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THE  NINE  YEAES  which  have  elapsod  since  this  work  was  commenced 
have  witnessed  important  changes  in  the  modes  of  viewing  and 
representing  the  constitution  of  chemical  compounds.  The  old  system  of 
notation,  foimded  on  the  dualistic  theory  of  chemical  combination,  and  the 
atomic  weights  adopted  in  Gmelin's  Handbook  and  other  standard  works 
of  older  date,  may  now  be  regarded  as  belonging  to  the  past ;  and  even  the 
new  system  introduced  by  Gerhardt  has  undergone  considerable  modifica- 
tion, the  atomic  weights  which  that  chemist  assigned  to  many  of  the  metals 
having  been  doubled,  and  his  system  of  typical  representation  having  been 
developed  into  the  modern  theory  of  atomicity.  These  changes  and  de- 
velopements  are  explained  in  the  article  Classification  by  Professor  G. 
C.  Foster,  and  the  articles  Atomic  Weights,  and  Metals,  Atomic  Weights 
AND  Classification  of,  by  Dr.  Odling.  The  smaller  atomic  weights  of 
many  of  the  metals  (Ba=68"7  ;  Hg  =  100  ;  Zn  =  32'5,  &c.)  having 
been  adopted  in  the  earlier  part  of  the  Dictionary,  it  was  thought 
advisable,  in  first  introducing  the  larger  ones,  to  distinguish  them  by 
doubled  symbols  (Bba  =  137,  Hhg  =  200,  &c.);  but  in  the  latter  part 
of  the  work  these  double  symbols,  which  are  rather  clumsy,  have  been 
abandoned,  and  the  ordinary  symbols  used,  with  accents  or  dashes,  when 
necessary,  to  indicate  the  equivalent  value. 

In  bringing  the  Dictionary  to  a  conclusion  I  have  to  regret  that  it  is  in 
some  respects  less  complete  than  I  could  wish.  Although  it  has  extended 
considerably  beyond  the  limits  originally  contemplated,  the  space  has  still 
been  found  too  narrow  for  the  adequate  treatment  of  manj  important 
subjects.  I  have  however  endeavoured  to  give  some  notice  of  every  com- 
pound discovered  up  to  the  time  of  the  publication  of  each  Part  of  the 
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work,  and  where  full  description  was  impossible,  reference  is  given  to  the 
original  sources  of  information.  The  earlier  volumes  are  necessarily 
somewhat  behind  the  present  state  of  knowledge,  but  should  the  work 
meet  with  the  success  for  which  we  hope,  this  deficiency  may  perhaps  be 
made  good  by  a  Supplement. 

In  conclusion  I  have  to  tender  my  best  thanlis  to  those  gentlemen  who 
have  enriched  the  work  by  their  valuable  contributions.  Several  of  these 
articles  have  taken  rank  as  classical  treatises  on  their  respective  subjects, 
and  to  them  the  work  will  be  in  a  great  measure  indebted  for  such  success 
as  it  may  attain. 

HENEY  WATTS. 


London:  May,  1868. 
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QVASBANTOXXSE.  A  term  applied  by  H.  Kose  to  oxides  containing  4  atoms 
of  metal  to  1  atom  of  oxygen,  such  as  suboxide  of  silver  Ag*0  :  better  called  tctravictalUc 
oxides  (see  Oxides,  iv.  304). 

QVADRI  and  QITADRO.  Prefixes  synonymous  with  Tetka  :  e.g.  SnCl'  = 
Quadrichloride  or  Tetrachloride  of  tin. 

QTTABTZ.  Native  crystalline  anhydrous  silica,  SiO-,  occurring  either  in  distinct 
crystals,  often  of  large  size,  or  in  crystalline  aggregates,  or  massive. 

The  crystals  belong  to  the  hexagonal  system,  being  six-sided  prisms  with  pyramidal 
summits,  made  up  of  the  two  opposite  rhombohedrons,  +R  and  —  R,  with  the  cor- 
responding prism  ooR  ;  hemihedral  or  tetartohedral,  exhibiting  the  modifications 
described  under  Crtsta.llogeaphy  (ii.  139 — 143).  For  K,  the  principal  axis  =  I'lOO. 
Angle  R  :  R  (terminal)  =  94°  15'.  For  the  hexagonal  pyramid,  the  angle  of  the 
terminal  edges  =  133°  4';  of  the  lateral  edges  =  103°  34'.  Cleavage  very  imperfect, 
parallel  to  R  and  ooR.  Twins  arc  of  frequent  occurrence,  the  face  of  comjjosition  being 
cither  the  basal  plane,  oR,  or  a  plane  truncating  the  pyramidal  edge,  or  the  face  R. 
The  two  crystals  compoimded  parallel  to  oR,  sometimes  penetrate  one  another  very 
irregidarly,  while  the  external  planes  are  regular  and  even  (Dana,  ii.  146).  Distorted 
crystals  also  occur,  sometimes  curved,  as  in  figxu-e  355  (ii.  166). 

Hardness  =  7.  Specific  gravity  —  2'5 — 2'8  ;  according  to  Beudant,  =  2-6413 — 
2-6541  ;  according  to  Hauy,  =  2'6701.  Lustre  vitreous,  sometimes  inclining  to  resiuous. 
Colourless  when  pure  (rock-crystal);  but  often  exhibiting  various  shades  of  yellow, 
red,  brown,  green,  blue,  and  black,  from  admixture  of  oxide  of  iron  and  other  metallic 
oxides.  Streak,  of  the  pure  varieties,  white  ;  of  the  impure,  often  the  same  as  the 
coloiir,  but  much  paler.  Transparent  to  opaque.  Fracture  perfect  conchoi'dal  to 
subconchoidal.  Tough  ;  lirittle  ;  friable.  Infusible  alone  before  the  blowpipe,  but 
with  carbonate  of  sodium  it  fuses  readily,  and  with  effervescence,  to  a  transparent 
g'ass. 

Quartz  exhibits  numerous  vai'ieties,  arising  from  peculiar  modes  of  formation  and 
crystallisation,  or  from  impurities.  They  may  be  divided  into  three  groups — namely,  the 
vitreous  varieties,  exhibiting  the  bright  glassy  lustre  of  broken  quartz-crystals  ;  the 
chalcedonic  varieties,  exhibiting  the  glistening  subvitreous  or  waxy  lustre  and 
translueency  of  chalcedony ;  and  the  jaspery  vai'ieties,  having  the  dixU  lustre  and 
colours  and  the  opacity  of  jasper.  The  varieties  belonging  to  the  second  and  third 
groups  have  been  already  described.  (See  Chaxcedony,  i.  844  ;  Jaspeh,  iii.  442  ;  and 
the  names  of  the  several  varieties.) 

The  vi  treous  group  includes  :  a.  Rock-crysfcd,  ex  pure  crystallised  quartz.  An 
a.steriated  variety  contains  whitish  impurities  or  opaque  particles,  arranged  along  the 
diametral  planes. — fi.  Amethyst :  clear  pm-ple  or  bluish-white  quartz-ei-}-.stal,  the  colour 
being  generally  ascribed  to  a  small  percentage  of  oxide  of  manganese.    According  to 

Heintz,  however,  it  is  due  to  a  compound  containing  iron  and  sodium  y.  lioac-quartz  : 

rose-red  or  pink  ;  transparent  or  nearly  so,  with  vitreous  lustre ;  usually  massive, 
and  often  much  cracked.  The  colour  is  probably  due  to  manganese,  but  is  attributed 
by  Fuchs  to  oxide  of  titanium,  and  by  Berthier  to  organic  matter. — 5.  False  topaz :  a, 
light-yellow  pellucid  variety  of  quartz-crystals,  resembling  yellow  topaz,  but  dis- 
tinguished therefrom  by  its  crystalline  form,  nnd  the  absence  of  cleavage. — €,  Smoky 
f  Vol.  V.  B 
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quartz  or  Cairngorm- stone  has  a  brownish  smoky  tint,  sometimes  pellucid. — f  Millcy 
quartz  :  one  of  the  most  common  varieties,  massive,  vitreous,  with  a  milk-white  colour. 
Sometimes  it  has  a  greasy  lustre,  and  is  then  called  greasy  quartz. — i).  Prase  is  a  leek- 
green  variety  of  massive  quartz. — 8.  Aventiirin  quartz  is  minutely  spangled  through- 
out the  mass  with  yellow  scales.  It  is  usually  translucent,  and  of  a  grey,  brown,  or 
reddish-brown  colour. — i.  Siderite :  a  blue  variety  from  GoUing,  near  Saltzburg. — 
K.  Ferruginous  quartz  is  of  an  opaque  red,  brownish-red,  or  ochre-yellow  colour,  due  to 
oxide  of  iron.  It  occurs  in  distinct  crystals,  sometimes  minute  and  aggregated  into 
masses,  like  the  grains  of  sand  iu  sandstone. 

Quartz  in  some  of  its  varieties  occurs  in  almost  every  rock-stratum.  It  is  an 
essential  ingredient  of  granite,  gneiss,  mica-slate,  and  other  allied  rocks.  The 
chalcedonic  varieties  occur  principally  in  the  vesicular  cavities  of  basaltic  and  allied 
rocks.  Fhnt  occurs  imbedded  in  chalk.  Hornstone  is  sometimes  imbedded  in  lime- 
stone. Jasper  is  also  associated  with  limestone,  and  with  basaltic  rocks  and 
porphyry. 

Quartz-crystals  sometimes  occur  of  enormous  size.  A  group  in  the  Museum  of  the 
University  at  Naples  weighs  nearly  half  a  ton.  The  British  Museum  also  possesses 
some  very  large  specimens. 

Quartz  is  distinguished:  1.  By  its /icrrffwm,  scratching  glass  with  facility. — 2.  7n- 
fusibility,  not  fusing  alone  before  the  blowpipe. — 3.  Insolubility,  not  being  attacked  by 
water  or  acids. — 4.  Unclcavahility  ;  one  variety  indeed  is  tabular,  but  true  cleavage  is 
never  observed. — 5.  The  reaction  with  soda  (p.  1).  It  is  only  pure  quartz,  however, 
that  forms  a  clear  glass. 

QlTAaTZ-POHPHirRY.  See  Porphyhy  (iv.  691). — For  analyses  of  several 
varieties  of  this  rock,  see  Tribolet  (Ann.  Ch.  Pharm.  Ixxxvii.  327;  Jahresb.  1863, 
p.  868). 

QUASSXA-CimSPHOR.  A  substance  which  separates  from  an  aqueous  infusion 
of  quassia-wood,  in  white  crystalline  plates,  lighter  than  water,  and  having  the  odour 
of  the  wood.    (Benuerscheidt,  Handw.  d.  Chem.  vi.  741.) 

QUiiSSIlff.  Qiiassiin.  Qnassite.  C'»H'=0''?  (Winckler,  Report,  Pharm.  li v. 
85. — AViggers,  Ann.  Ch.  Pharm.  xxi.  40.) — The  bitter  principle  of  qiuissia-wood 
{Quassia  amara,  L.).  To  extract  it,  the  concentrated  aqueous  infusion  of  the  wood, 
after  being  freed  from  pectin  and  other  substances  by  treatment  with  .slaked  lime,  is 
evaporated  to  dryness;  the  residue  is  digested  in  alcohol  of  80  or  90  per  cent.  ;  the 
alcoholic  solution  is  evaporated ;  the  yellow,  bitter,  crystalline  substance  which 
remains  is  treated  with  a  very  small  quantity  of  absolute  alcohol ;  the  resulting 
alcoholic  solution  is  mixed  with  a  large  quantity  of  ether ;  and  the  filtered  ethereal 
solution,  after  being  concentrated  by  evaporation,  is  poured  into  a  small  quantity  of 
water. 

The  liquid,  if  then  left  to  itself,  gi'adually  deposits  quassin  in  small  white  opaque 
prisms — very  bitter,  inodorous,  and  permanent  in  the  air.  It  melts  when  heated,  and 
forms,  on  cooling,  a  transparent,  yellowish,  very  brittle  mass.  At  a  higher  temperature 
it  becomes  more  fluid,  turns  brown,  carbonises,  and  then  yields  acid  products  free 
from  ammonia;  100  pts.  of  water  at  12°  dissolve  0'45  pt.  of  quassin.  Its  solubility  is 
increased  by  the  presence  of  very  soluble  saline  substances  or  organic  acids.  It 
contains,  according  to  Wiggers,  65'7  per  cent,  carbon,  and  6'9  hydrogen,  agreeing  very 
closely  with  the  formula  C'°H'^0^.  The  aqueous  solution  gives  a  white  precipitate  with 
tannin,  but  is  not  precipitated  by  iodine,  chlorine, mercuric  chloride,  iron-salts,  or  lead- 
salts.  It  dissolves  without  coloration  in  oil  of  vitriol,  and  in  nitric  acid  of  specific 
gravity  1'25  ;  hot  nitric  acid  converts  it  into  oxalic  acid. 

QUiiSSITJG.    Syn.  with  Quassin. 

QUSJEZ3"S  METAa..  An  alloy  consisting  of  9  pta.  tin,  1  antimony.  1  lead,  and 
1  bismuth. 

QUERJES Cl'ri?.lisr.  C^'H^O".  (Eochleder,  Ann.  Ch.  Pharm.  cxii.  1 12.)— 
A  substance  extracted  by  a.leohol  from  the  leaves  of  the  chestnut  (?  horse-chestnut).* 
It  forms  fine  yellow  crystalline  grains  of  the  size  of  poppy-seeds,  and  is  resolved  by 
hydrochloric  acid  into  quercetiu  and  glucose: 

C'II'«0-5  +  SffO    =    C"H'"0'»  +  3C''H"0°. 

QIT^RCHTAMISX:.  An  ammoniacal  solution  of  quereetin  left  to  itself  for  two 
months,  and  then  treated  with  hydrochloric  acid,  deposits  unaltered  quereetin ;  but  on 

*  Thesubstance  is  said  by  Rochleder  to  occur  '*  in  den  Kastanienblattern  ;  '*  but  the  name  quereescilrin., 
which  he  gives  to  it,  would  seem  to  imply  that  it  was  obtained  ftom  the  horse-chestnut  (JEsculiis 
Hippocaslanum).    See  Qi'ESCETIN. 
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adding  ammonia  to  thoaeid  filtrate,  quercetamide  is  obtained,  as  an  orange-yellow  pre- 
cipitate, which  alters  very  quickly  on  exposure  to  the  air.  At  a  temperature  of  115° 
to  160°,  this  body  is  formed  in  twelve  hours,  but  in  a  less  pure  stnte.  It  is  amorphous, 
slightly  soluble  in  water,  more  soluble  in  alcohol,  ether,  hydrochloric  acid,  and  excess 
of  ammonia.    (Schiitzenberger  and  Paraf,  Zeitschr.  Ch.  Pharm.  1862,  p.  41.) 

QUERCETIC  ACID.  C^WO^  or  C-'H'^O'",  or  C'^H'^O'  ?  (Hlasiwetz,  Ann. 
Ch.  Pharm.  cxii.  96. — Z  wenger  and  Dronke,  ibid.  Suppl.  i.  261  ;  also  cxxiii.  153. — 
Hlasiwetz  and  Pfaundler,  J.  pr.  Chem.  xciv.  65;  Jahresb.  1864,  p.  561.) — A 
compound  formed,  together  with  phloroglucin  and  other  products,  by  the  action  of 
boiling  potash  on  quercetin  : 

C-^H'^O'"  +  H^O    =    C"H'«08  +  CH^O' (Hlasiwetz). 
Quercetin.                          Quercetic  Phloro- 
acid.  gluciii. 

3CisH'«0s   +  H^O    =    C='H"0'»  +  3C«H«0' (Zwenger  and  Dronke). 

Quercetin.    ^  Quercetic  Phloro- 

acid.  glucin. 

C27Hi90'2  =    Ci^H"'0'  +  C'^ffO^  (Hlasiwetz  and  Pfaundler). 

Quercetin.  Quercetic  Morin.* 

acid. 

Preparation. — A  hot  very  concentrated  solution  of  3  pts.  potassium-hydrate  is 
boiled  down  in  a  silver  basin  with  1  pt.  quercetin,  and  the  residue  is  heated,  till  a 
sample  dissolved  in  water  on  a  watch-glass  no  longer  gives  a  flocculent  precipitate 
(paradatiscetin)  with  hydrochloric  acid,  and  the  residue  quickly  turns  dark-red  at  the 
edges;  it  is  then  immediately  diluted  with  water,  and  neutralised  with  hydrochloric 
acid.  After  being  left  to  cool  and  stand  for  a  while,  it  is  filtered  from  the  separated 
flocks,  which  contain  quercetin  and  paradatiscetin ;  the  filtrate  is  evaporated  to 
dryness  ;  the  residue  exhausted  with  alcohol  ;  the  alcohol  distilled  oir  from  the  brown 
tincture;  and  the  residue  diluted  with  water.  On  adding  neutral  acetate  of  lead  to 
this  solution,  quercetate  of  lead  is  precipitated  (phloroglucin  remaining  in  solution), 
which  may  be  decomposed  under  water  by  sulphydric  acid.  Aft^r  tlie  sulphide  of 
lead  has  been  filtered  off  and  washed  with  boiling  water,  the  solutions  are  evaporated 
in  a  current  of  hydrogen,  and  the  crystals,  which  separate  after  some  days,  are  collected 
and  decolorised  by  recrystallisation,  with  addition  of  animal  charcoal  (Hlasiwetz). 
Or  the  neutralised  solution,  mixed  with  one-fourth  of  its  volume  of  alcohol,  may  bo 
shaken  up  with  ether,  the  ether  evaporated,  and  the  residue  dissolved  in  water,  and 
treated  with  acetate  of  lead  as  above.    (Hlasiwetz  and  Pfaundler.) 

Properties. — Quercetic  acid  crystallises  in  slender  silky  needles,  which  effloresce  in  a 
warm  atmosphere,  and  give  off  15'49  per  cent,  water  between  120°  and  131° 
(C"H'-0*.HO^  requires  15'47  per  cent.).  The  composition  of  the  anhydrous  acid, 
according  to  calculation  and  analysis,  is  as  follows  : 


Carbon 
Hydrogen  . 
Oxygen 


Calcu/ation. 

.A. 

Mean  of 
analyses, 

Hlasiwetz 

1—  ■ 

flUi'^iwetz. 

CH'-O" 

Zweiigei'  and 
Drciilie. 

C='HiiO'» 

Hlasiwetz  and 
Pfaundler. 

C'*H'"0- 

.  59-30 
3-48 
.  37-22 

59-15 
3-28 
37-57 

59-60 
3-31 
37-09 

59-44 
3-73 
36-83 

ino-on 

100-00 

KiO-OO 

100  00 

The  last  formula  agrees  best  witli  the  analyses,  but  it  does  not  afford  so  ready  an 
explanation  as  the  others  of  the  simultaneous  formation  of  phloroglucin  from  quercetin 
(p.  5). 

Quercetic  acid  dissolves  sparingly  in  cold,  easily  in  boiling  water ;  it  is  soluble 
also  in  alcohol  and  ether.  The  aqueous  solution  turns  yellow  when  exposed  to  the  air. 
A  very  dilute  solution,  when  exposed  to  the  air,  acquires  first  a  yellow,  then  a  splendid 
carmine  colour.  The  acid  dissolves  with  red-brown  colour  in  oil  of  vitrio!,  and  is  pre- 
cipitated by  water  in  red  flocks,  forming  purple  solutions  vnxh  ammonia  and  potash 
(Hlasiwetz). — It  is  coloiu-ed  black-blue  \iy  feri-ic  chloride,  or  in  very  dilute  solution, 
a  splendid  bright  blue  (Hlasi  wetz).  Whpn  dissolved  in  water  together  with  urea, 
it  forms  a  compound,  and  with  excess  of  !(ri(T,  a  product  of  decomposition  (Pfaundler), 
By  fusion  with  potash,  it  is  converted  into  protoeatechuic  and  quereimeric  acids  : 
C'^H'»0'  +  H^O  -1-  O    =    C'H«0'  -i-  C»H«0-\ 

Quercetic  Protoeatechuic  Quereimeric 

acid,  acid.  acid. 

*  The  morin  is  said  to  be  further  transformed  into  phloroglucin,  with  simultaneous  formation  of 
oxalic  acid  ;  but  the  mode  of  decomposition  is  not  Riven. 
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Siaceto-quercetic  acid.  C^iK'^O'"  =  C"K">{Cm'OyO'?  (Pfaundler, 
Ann.  Ch.  Pharm.  cxix.  813.) — Obtained  by  heating  quercetic  acid  with  chloride  of 
acetyl  to  100°  in  a  sealed  tube,  expelling  the  excess  of  the  chloride  after  the  action  is 
over,  and  drenching  the  residual  glutinous  mass  with  water.  It  then  remains  in 
resinous  flocks,  which  may  be  purified  by  washing  with  water  and  crystallisation  from 
alcohol  It  is  decomposed  by  heat,  with  formation  of  acetic  acid.  It  reduces  alkaline 
solutions  of  copper-  and  silver-salts  ;  scarcely  colours  a  solution  of  ferric  chloride. 

The  above  reaction  also  gives  rise  to  the  formation  of  a  second  product,  probably 
monoacctoqnercctic  acid,  which  remains  dissolved  in  alcohol,  after  the  diaceto-compound 
has  crystallised  out,  and  is  precipitated  by  water  in  white  flocks  ;  it  colours  ferric 
chloride  deep  green .  (Pfaundler.) 

QtTERCSTlN'.  Mcletin. — A  product  of  the  decomposition  of  quercitrin  and 
similar  bodies,  discovered  in  1854  by  Eigaud  (Ann.  Ch.  Pharm.  xc.  283),  and 
further  examined  byHlasiwetz  (lAiVZ.  exii.  9G),  who  assigned  to  it  the  formula, 
(123JJI6Q10  .  Zwenger  and  Dronke  {ibid.  Suppl.  i.  21,  and  cxxiii.  ^3),  who  adopt 
the  formula  C'^H'^O",  proposed  by  Wurtz  (Ann.  Ch.  Phys.  [3]  xlii.  244) ;  and  lastly 
hy  Hlasiwetz  and  Pfaundler  (J.  pr.  Chem.  xciv.  65;  Jahrcsb.  1864,  p.  660),  who 
regard  it  as  C-'H'«0'^. 

Quercetin  is  produced,  together  with  sugar  or  a  similar  body,  by  boiling  quercitrin 
(Rigau  d),  rutin  (Rochleder  and  Hlasiwetz),  or  robinin  (Zwenger  and  Dronke), 
with  aqueous  mineral  acids,  and  separates  during  t  he  boiling  and  on  cooling,  partly  only 
after  the  liquid  has  been  left  at  rest  for  some  time.  It  is  likewise  obtained  in  the 
preparation  of  quercitrin  by  the  method  presently  to  be  described  (p.  6),  and  by  the 
decomposition  of  several  substances  identical  or  isomeric  with  querciti-in,  viz. — a.  A 
yellow  colouring-matter  from  ripe  horse-chestnuts,  likewise  found  in  the  full  but  not 
in  the  undeveloped  leaves,  and  in  the  flowers  (Rochleder).  — /8.  A  yellow  dye  from 
hops. — y.  A  yellow  dye  from  the  berries  of  the  sea-bnckthoni  or  sallowthorn  (Hi.p- 
popfiae  rhamndidcs). — S.  Flavin,  a  yellow-brown  powder  from  North  America  (ii.  655). 
— 6.  The  green  leaves  and  the  flowers  of  plants  contain  either  quercitrin  or  quercetin. 
(Filhol,  J.  Pharm.  [3]  xli.  151.) 

Rhamnetin  and  thujetin  are  regarded  by  Hlasiwetz  as  identical  with  quercetin,  which 
however  is  doubted  by  EoUeyin  the  case  of  rhamnetin. 

Quercetin  forms  eitlier  small,  very  slender,  bright-yellow  needles,  which  do  not  polarise 
light,  or  a  lemon-yellow  powder.  It  contains  water  of  crystallisation,  which,  according 
to  Hlasiwetz,  is  not  completely  expelled  at  120°,  or  even  between  200°  and  220°. 
Hlasiwetz  originally  assigned  to  hydrated  quercetin  dried  at  various  temperatures  the 
formula;  4C-'H"0'".H20,  2C2'H"=0'».H20,  and  C-^H"'0'».H20.  According  to  the  more 
recent  experiments  of  Hlasiwetz  and  Pfaundler,  anhydrous  quercetin  is  C^'H^'O'^,  and 
there  are  two  hydrates  containing  2C"H'«0'^H20  and  C"H'sO'MI"0.  [For  analyses, 
see  Gmelin's  Handbook,  xvi.  492,  and  the  memoir  of  Hlasiwetz  and  Pfaundler  above 
cited.] 

Quercetin  melts  above  251°  to  a  yellow  liquid,  without  decomposition  when  quickly 
heated,  and  solidifies  in  the  crystalline  form  on  cooling.  At  a  higher  temperature,  or 
when  slowly  heated  even  to  230° — 250°,  it  sublimes  with  partial  decomposition  in 
yellow  needles.    It  is  inodorous,  permanent  in  the  air,  and  neutral. 

Quercetin  is  nearly  insoluble  in  cold,  and  but  slightly  soluble  in  boiling  water, 
forming  a  yellow  solution  ;  easily  in  alcohol  even  when  very  dilute,  much  less  freely  in 
ether.  It  dissolves  without  decomposition  in  warm  acetic  add,  and  in  warm  concen- 
ti-ated  hydrochloric  acid.  From  solution  in  alcoholic  hydrochloric  acid  it  separates  on 
concentration  in  deep  orange-yellow  crystals. — Cold  nitric  acid  dissolves  it  readily,  and 
on  heating  the  solution,  oxalic  acid  is  formed,  together  with  a  small  quantity  of  picric  acid. 

Quercetin  dissolves  easily  in  alkaline  liquids,  forming  golden-yellow  solutions,  from 
which  it  is  precipitated  in  flocks  by  acids.  It  forms  with  potash  the  compound 
C^'H'^O'^.K^O,  or  C"H"^K=0'2.H-0,  a  corresponding  compound  with  soda,  and  with 
zinc-oxide  the  compound  C-'H"0'^Zn"H-0^.    (Hlasiwetz  and  Pfaundler.) 

The  alcoholic  solution  of  quercetin  forms  a  brick -red  precipitate  with  neutrcd  acetate 
of  lead: — Ferrous  chloride  colours  t!ie  alcoholic  solution  dark-red,  but  scarcely  affects 
the  aqueoiis  solution. — Ferric  chloride  colours  the  aqueous  solution  dark-green,  even 
when  very  dilute,  the  colour  changing  to  dark-red  when  heated.  An  alcoholic  solution 
of  quercetin  mixed  with  alcoholic  ferric  chloride  and  evaporated,  leaves  a  dark-green 
amorphous  mass,  nearly  insoluble  in  water,  but  dissolving  completely  in  alcohol  and 
ether,  the  solutions  having  the  colour  of  chlorophyll.    (Pfaund  ler.) 

Quercetin  easily  reduces  nitrate  of  silver  at  ordinary  temperatures,  chloride  of  gold 
at  the  boiling  heat,  and  ciqmc  oxide  in  alkaline  solution.  When  heated,  or  left  for 
some  time  in  contact  with  aqueous  ammonia,  itforms  quercetamide.  (Schiitzenber- 
ger  and  Paraf,  p.  2.) 
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Quei'cetin  liPated  with  potash  yields  quercetic  acid  and  otliei'  products,  varying 
according  to  the  duration  of  the  action.  When  it  is  heated  with  3  pts.  potassium- 
hydrate  till  a  sample  dissolved  in  water  exhibits  a  purple-red  colouring  on  the  edges, 
the  product  consists  chiefly  of  quercetic  acid,  phlorogluci  u,  and  paradatisce- 
tin,*  C'=H'°0' (formerly  called  hy  WiAA-wetz  al pha-qiurcciin,  and  regarded  as  C-''H-'''0"), 
which  separates  in  j'cllow  tlocks  on  the  addition  of  hydrochloric  acid.  If  the  action 
lie  further  prolonged,  protocatechuic  and  quercimeric  acids  are  produced  by 
the  decomposition  of  the  quercetic  acid,  also  a  body  which  has  not  been  obtained  in 
the  free  state,  but  remains  in  the  mother-liquor  from  which  the  pliloroglucin  has  been 
deposited,  and  is  characterised  by  yielding  a  fine  violet  colour  with  cai'bouate  of  sodium 
aud  iudigo-blue  with  strong  sulphuric  acid. 

lllasiwetz  and  Piiiundler  regard  quercetinas  a  compound  of  quercetic  acid  aud  morin  : 

Quercetin.  Morin.         Quercetic  acid. 

a  view  of  its  composition  which  explains  the  formation  of  quercetic,  quercimeric,  and 
protocatechuic  acids,  but  not  that  of  paradatiscetin.  The  quercimeric  and  protocate- 
chuic acids  are  formed  as  shown  by  the  equation  already  given  (p.  4).  The  pliloroglu- 
cin appears  to  be  formed  from  paradatiscetin,  thus: 

2CISHI0O3  +  5H»0  +  0*    =  5C«ffO^ 

The  quantity  of  pliloroglucin  produced  is  greater  as  the  action  is  more  prolonged.  [The 
mode  of  formation  of  quercetic  acid  and  pliloroglucin  according  to  the  older  formulse  of 
quercetin  has  been  already  given,  p.  3.] 

When  a  solution  of  quercetin  in  dilute  soda-ley  is  tve&iedLViiih  sodium-amalgam 
(containing  3  or  4  per  cent,  sodium)  till  the  liquid  has  acquired  a  light  brownish- 
yellow  colour,  then  neutralised  with  hydrochloric  acid,  and  shaken  up  with  ether,  the 
ether  extracts  phloroglucin,  together  with  two  other  bodies  which  may  be  separated  by 
precipitation  with  acetate  of  lead.  On  decomposing  the  precipitate  with  sulphydric 
acid,  and  evaporating  the  filtrate  in  a  vacuum,  a  crystalline  powder  is  first  deposited, 
consisting  of  a  body.  A,  having  the  composition  CH'^O^,  while  another  body  B,  consist- 
ing of  CH^O',  separates  in  granular  crystals  from  the  mother-liquid  after  longer 
standing  and  repeated  evaporation. 

The  less  soluble  body  A  is  a  weak  acid,  which  crystallises  from  hot  water  in  slender 
prisms,  and  dissolves  easily  in  alcohol  and  ether;  its  alcoholic  solution  is  coloured  dark- 
violet  by  ferric  chloride,  aud  violet  changing  to  brown-yellow  by  potash.  By 
renewed  treatment  with  sodium-amalgam  it  is  converted  into  phloroglucin ;  by  fusion 
with  potash,  into  phloroglucin  and  protocatechuic  acid : 

The  other  body  B  is  also  a  weak  acid  :  it  melts  at  130° ;  its  aqueous  solution  is  coloured 
dark  yellow-red  by  a  drop  of  caustic  potash,  green  by  ferric  chloride,  and  then  purple- 
violet  on  addition  of  sodic  carbonate.  It  reduces  silver-solution  and  alkaline  cuprie 
solutions,  and  is  converted  by  fusion  with  potash  into  protocatechuic  acid  : 

C'H'Qs  +  IPO    =    C'H«0'  +  2fl^ 

An  alcoholic  solution  of  quercetin  acidulated  with  hydrochloric  acid  is  converted  by 
sodium-amalgam  into  a  red  body  (Stein's  faracarthamin,  iv.  341),  which  is  easily 
reconverted  into  quercetin.    (lllasiwetz  and  Pfaundler.) 

QUERCIIVTEH.IC  /1.C135.  CTI'^O^ — Produced  by  the  action  of  melting  potash 
on  quercetic  acid,  or  by  its  prolonged  action  on  quercetin.  When  quercetin  is 
fused  with  hydrate  of  potassium  till  the  mass  no  longer  froths  up  in  large  bubbles,  and 
a  sample  of  it  dissolves,  no  longer  with  golden-yellow,  but  with  tawny-yellow  colour, 
changing  to  red  more  quickly  on  exposure  to  the  air,  quercimeric  acid  is  sometimes 
found  in  the  solution,  instead  of,  or  together  with,  quercetic  acid,  and  separates  from 
the  mother-liquor  in  granular  crystals,  which  may  be  purified  by  repeated  fractional 
crystallisation  and  decolorisation  with  animal  charcoal,  or  by  decomposition  of  the  lead- 
precipitate  with  sulphydric  acid. 

Quercimeric  acid  in  the  crystalline  state  contains  OTI'^OMI-0.    It  is  colourless,  has 

*  To  obtain  tliis  substance  pure,  it  is  dissolveii  in  ale  ibol  •,  tbp  sniution  is  mixed  with  acetate  of  lead, 
which  throws  down  quercetin  ;  the  liquid  freed  from  lead  by  sulphuric  acid,  and  concentrated  to  two- 
thirds,  is  mixed  will)  water  ;  and  the  tlocks  thereby  separ.ited  are  crystallised  from  very  we, ik  spirit. 
Par. idatiscetin  is  thus  obtained  in  yellowish  needles.  It  is  probably  isomeric  with  datiscetin  (ii.Wd) 
and  luteolin  (iii.  736)  ;  dissolves  easily  and  with  acid  reaction  in  ililnte  alcohol,  le^s  easily  m  alcohol, 
and  \<  nearly  insoluble  in  water.  The  alcoholic  soluiion  is  coloured  violet  by  ferric  chloride,  yellow  by 
potash,  turning;  preen  on  exposure  to  the  air,  red  or  red-brnwn  by  aqueous  bromine  or  chlorine.  It 
reduces  nitrate  of  silver  and  alkaline  cuprie  soltitions  when  heated  with  them.  When  boiled  with 
alkaline  earths,  it  yields  hydrated  salts  crystallisingin  lonp  need  es.  By  fusion  with  hydrate  of  potas- 
.sitnn  it  yields  phloroglucin,  but  no  quercetic  or  protocatechuic  acid.  (HIasiwctz  andPfaundler.) 
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an  acid  reaction  and  astringent  taste,  dissolves  readily  in  water,  alcohol,  and  ether,  and 
separates  therefrom,  in  granular  or  small  prismatic  crystals.  The  aqueous  solution 
immediately  becomes  purple-red  on  addition  of  a  trace  of  alkali,  dark-blue  ■with  fen  ic 
chloride.  Like  quercetic  acid,  it  reduces  nitrate  of  silver  and  alkaline  cupric  solutions, 
and  is  precipitated  by  acetate  of  lead.  When  fused  with  potash,  it  yields  proto- 
catechuic  acid : 

C»H«05  +  O    =    CH^O*  -1-  CO'. 

QUERCITATTBTIC  ACID.  An  acid  of  unknown  composition,  extracted  from 
oak-bark,  and  exhibiting  with  ferric  salts  the  same  reactions  as  gallotannic  acid.  It 
differs  however  from  the  latter  in  not  being  convertible  into  gallic  acid,  and  not  yield- 
ing pyrogalhc  acid  by  dry  distillation.  It  is  precipitated  by  sulphuric  acid  in  red 
flocks.    (St  en  house,  Ann.  Ch.  Pharm.  xlv.  16.) 

According  toEochleder  {ibid.  Ixiii.  202),  the  tannic  acid  of  black  tea  is  the  same 
as  that  of  oak-bark. 

QUERCXTE.  C°H'-0\  Quercin.  Sugar  of  Acorns.  (Braconnot,  Ann.  Ch.  Phys. 
[3]  xxvii.  392. — Dessaignes,  Ann.  Ch.  Pharm.  Ixxxi.  103  and  251.) — A  saccharine 
substance  contained  in  acorns.  To  prepare  it,  the  aqueous  extract  of  bruised  acorns 
is  freed  from  dissolved  tannic  acid  by  heating  it  with  lime ;  the  filtrate  is  left  to  fer- 
ment with  yeast,  to  remove  fermentable  sugar ;  the  filtered  liquid  is  evaporated  to  a 
syrup  ;  and  the  crystals  which  separate  after  a  while,  are  washed  with  alcohol,  and 
recrystallised  from  water  or  weak  spirit. 

Quercite  forms  hard  monocHnic  crystals,  grating  between  the  teeth.  It  is  permanent 
in  the  air,  and  does  not  alter  even  at  216^,  but  melts  at  235^,  with  partial  sublimation 
and  slight  carbonisation.  It  dissolves  in  8  to  10  parts  of  water,  forming  a  solution 
which  takes  up  a  small  quantity  of  lime  ;  also  in  hot  dilute  alcohol. 

Quercite  triturated  with  strong  sulphuric  acid,  forms  a  cenjugated  acid,  the  calcium- 
salt  of  which  does  not  crystallise.  By  hot  nitric  acid  it  is  converted  into  oxalic,  not 
into  mueic  acid.  A  mixture  of  nitric  and  sulphuric  acids  converts  it  into  nitro quer- 
cite, which  is  a  white  amorphous  resin,  insoluble  in  water,  soluble  in  hot  alcohol, 
reduced  to  quercite  when  its  alcoholic  solution  is  treated  with  sulphydric  acid. 

With  baryta,  quercite  forms  a  compound  containing  C''''H''''0'".Ba"0.2H'0.  It  forms 
a  white  precipitate  with  a  warm  solution  of  basic  lead-acetate  mixed  with  ammonia. 

Benzoquercite,  C'-'H^'O'  =  C''H"'0^(C'H50"ll— A  solid  neutral  compound  pro- 
duced by  heating  quercite  with  benzoic  acid  to  200°  in  sealed  tubes.  It  is  insoluble  in 
water,  soluble  in  etiier  and  in  alcohol.  When  dissolved  in  absolute  alcohol  and 
treated  with  hydrochloric  acid  gas,  it  is  resolved  into  quercite  and  ethylic  benzoate. 
(Berthelot,  Compt.  rend.  xliv.  452.) 

Stcaroqxiercite,  C^'^WO''  =  C^H'^O^. (C'^H'^O)'  is  a  white  solid  mass,  which 
reacts  like  the  preceding,  and  is  obtained  in  a  similar  manner.  (Berthelot.) 

Qucrcitartarie  acid,  C^H^W  ==  C^H'^O^  +  4C'H«^0<' -  2H'0,  is  obtained 
like  duloitartaric  acid  (ii.  348)  from  quercite  and  tartaric  acid.  Its  calcium-salt, 
C2^ff«Ca^O-'.2H-'0,  gives  off  16-1  per  cent,  water  at  110°.  (Berthelot,  Ann.  Ch. 
Phys.  [3]  liv.  82.) 

QUBKCITSJIK'.  Quercitric  Acid.  Quercimclin. — A  neutral  substance  occurring 
in  querciti'on-bark,  the  bark  of  Quercus  tinctoria. 

Preparation. — 1.  The  bark  is  boiled  with  water,  the  decoction  is  left  to  cool,  and  the 
impure  quercitrin  which  separates  is  collected,  then  rubbed  to  a  pulp  with  alcohol  of 
35°  B.,  heated  over  the  water-bath,  collected  on  linen,  and  pressed,  whereby  the  principal 
impurities  are  removed.  The  residue  is  dissolved  in  a  larger  quantity  of  boiling  alco- 
hol, the  solution  is  filtered  hot,  and  water  is  added  to  it  till  it  becomes  turbid,  so  that 
the  greater  part  of  the  quercitrin  separates  before  the  liquid  is  quite  cold.  It  is  then 
collected,  pressed,  and  purified  by  a  repetition  of  the  same  treatment  (Eochleder, 
J.  pr.  Chem.  Ixxvii.  34).* — 2.  The  pulverised  bark  is  exhausted  with  six  parts  alcohol 
of  specific  gravity  0'84  in  a  percolator,  till  the  liquid  is  of  a  bright  wine-yellow  colour. 
The  tincture  is  freed  from  tannic  acid  by  precipitation  with  washed  ox -bladder  or 
isinglass-solution,  andfiltered;  and  after  adding  water,  the  alcohol  is  distilled oif,  when  a 
quantity  of  brown  resinous  drops  first  separates,  and  afterwards  quercitrin  crystallises  out. 
The  crystals  must  be  collected  before  remaining  too  long  in  the  mother-liquor,  then 
washed  with  cold  water,  and  dissolved  in  absolute  alcohol;  and  the  filtrate,  after  addi- 
tion of  water,  evaporated  till  it  crystallises  (Bolley,  Ann.  Ch.  Pharm.  xxxvii.  101  ; 
Ixii.  136. — Eigaud,  ibid.  xc.  283). — 3.  The  bark,  in  small  pieces,  is  exhausted  with 
boiling  alcohol ;  the  alcohol  is  distilled  off;  and  the  residue,  while  still  warm,  is  mixed 

*  The  quercitrin  remaining  in  the  bark  is  obtained  as  queixetin  by  decomposinp;  a  second  decoction 
with  hydrochloric  acid  in  the  cold,  then  filtering,  and  heaiinu"  to  tlie  boiling-point,  the  quercetin  then 
separating.  It  is  to  lie  filtered  whilst  hot,  as  alterwards  only  a  little  impure  quercetin  is  deposited 
from  the  solution.    (R  o  c  Ii  I  e  d  e  r.) 
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■with  a  little  acetic  acid,  and  then  with  neutral  acetate  of  lead  ;  the  filtrate,  freed  from 
lead  by  siilphydric  acid,  is  evaporated ;  and  the  quereitrin  which  crystallises  is  purified 
by  repeated  crystallisation  from  alcohol  (Zwengor  and  Dronke,  Ann.  Ch.  Pharm. 
Suppl.  i.  266). — Stein  (J.  pr.  Chem.  Ixxxv.  3nl)  apprehends,  in  this  process,  a 
decomposition  of  the  quercitrin  by  the  free  acetic  acid. 

Properties. — Hydrated  quercitrin  forms  microscopic,  partly  rectangular,  partly 
rhombic  tablets  having  their  obtuse  lateral  edges  truncated:  pale-yellow  when  pulverised. 
It  is  neutral,  inodorous,  tasteless  in  the  solid  state,  bitter  in  solution,  permanent  in 
the  air. 

Air-dried  quercitrin  heated  to  100°  gives  off,  on  the  average,  S'T't  per  cent,  water, 
and  when  heated  to  165°  for  some  time,  a  further  quantity,  amounting  altogether  to 
ll'Sl  per  cent,  of  the  air-dried  substance.  After  dehydration,  the  quercitrin  melts  at 
160°  to  a  dark-yellow  resin,  which  solidifies  to  an  amorphous  mass  on  cooling. 
(Zwenger  and  Dronke.) 

Illasiwetz  and  Pfaundler  (Jahresb.  1864,  p.  564)  give  for  anhydrous  quercitrin 
the  formula  C='^H-"0",  and  .'itate  that  it  forms  three  hydrates— C^^IP»0".H20, 
C''''lP"0".'2H'-0,  and  C'^H'"'0"..3H-0.  Several  other  formula;  have  been  proposed  for 
quercitrin.  Illasiwetz  at  different  times  assigned  to  it  the  formula;  C-'IP"0"  and 
Cl'*n^*0-°,  while  Zwenger  and  Dronke  regard  it  as  C"'H'*'0'°.  It  is  by  no  means 
certain  that  the  so-called  quercitrius  examined  by  these  several  chemists  are  identical 
with  one  another  (p.  4).  [For  analyses  and  calculations,  see  Gmelin's  Handbook, 
xvi.  497.] 

Quercitrin  is  slightly  soluble  in  cold,  somewhat  more  soluble  in  hmlmg  icatir  ; 
much  more  soluble  in  alcohol,  slightly  in  ether.  It  dissolves  also  in  warm  acetic  acid, 
in  dilute  aqueous  ammonia,  and  in  caustic  soda  ;  the  ammoniaeal  solution  gradually 
deepens  in  colour  on  expo.'iuvi'i  to  the  air. 

(juercitrin  is  almost  wholly  precipitated  from  its  solution  by  neutral  or  basic  acetate 
of  lead,  the  precipitate  being  readily  soluble  in  acetic  acid.  Aqueous  or  alcoholie 
qiu  rcitrin  is  coloured  dark-green  by  ferric  chloride,  even  when  diluted  to  4,000  or  5,000 
limes  its  bulk  (Eigaud).  It  is  not  coloured  at  first  by  ferrous  chloride,  but  the  solu- 
tion turns  greenish  on  exposure  to  the  air.    (Zwenger  and  Dronke.) 

J)ecom2Msitions. — 1.  Quercitrin  yields,  by  dry  distillation,  empyreumatie  products, 
together  with  yellow  crystals  of  quercetin,  and  leaves  a  light  difficultly  combustible 
charcoal. — 2.  Solutions  of  quercitrin  acquire  a  brown-red  colour  liy  exposure  to  the 
air(Boney).  Concentrated  nitric  aeid  piroduces  a  violent  evolution  of  nitric  oxide 
ar.d  carbonic  anhydride,  and  forms  a  clear  red-brown  solution  containing  oxalic  acid 
(liigaud).  Besides  a  large  quantity  of  oxalic  acid,  there  is  produced  a  trace  ofpicricacid 
(Zwenger  and  Dronke) ;  none  according  to  Stenhouse  (Ann.  Ch.  Pharm.  xcviii.  179). 
Dilute  nitric  acid,  when  warmed  with  quercitrin,  produces  at  first  the  same  splitting- 
up  as  other  acids,  afterwards  more  complete  decomposition  (Rigaud). — 4.  Quercitrin, 
heated  with  oxide  of  manganese  and  sulphuric  acid  (B  o  1 1  ey),  with  chromate  of  potassium 
and  sulphuric  acid  (Rigaud),  yields  formic  acid. — 5.  The  dark-brown  precipitate  pro- 
duced by  nitrate  of  silver  in  solutions  of  quercitrin  is  quickly  reduced  to  the  metallic 
state  (Bolley).  Quercitrin  reduces  nitrate  of  silver  and  trichloride  of  gold  qmck]y 
in  the  cold,  cuprate  of  potassiimi  only  after  continued  boiling  or  long  standing 
(Zwenger  and  Dronke). — 6.  Oil  of  vitriol  forms  with  it  a  solution  which  soon 
becomes  dark  and  black  (Rigaud). — 7.  Quercitrin  is  decomposed,  by  boiling  with 
dilute  minercd  acids,  into  quercetin,  which  separates,  and  a  saccharine  substance, 
also  according  to  Rigaud  by  Ijoiling  with  alum,  but  not  by  prolonged  heating  with 
acetic  aeid.  The  decomposition  is  not  effected  by  emulsin  (Zwenger  and  Dronke). 
According  to  Illasiwetz  and  Pfaundler,  the  sugar  produced  is  isodulcite,  C"H"0'*, 

Quercitrin.  Quercetin.  Isodulcite. 

100  pts.  of  anhydrous  quercetin  were  foimd  to  yield  25-5  pts.  isodulcite  ;  calculation 
requires  26-4  pts.  Hlasiwetz  formerly  found  27'87  per  cent,  sugar,  which  he  regarded 
as  isomeric  with  glucose,  representing  its  formation  by  the  equation, 

C2»H-»0"    =    C^^II'^O'"  -i-  CH'^O^  -f  H^O, 

Quercitrin.  Quercetin.  Sugar. 

which  requires  27'4  per  cent.  Rigaud,  on  the  other  hand,  found  that  100  pts.  of 
quercitrin  yielded  on  the  average  44-35  pts.  sugar  and  61-44  quercetin,  and  Stein 
oljtained  62-9  pts.  quercetin.  These  numbers  agree  appfoximately  with  tho  equation 
given  by  Zwenger  and  Dronke : 


Quercitrin. 


=    C'^H'^O"  +  CII'^O^ 

Quercetin.  Sugar. 
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•wHich  requires  60'50  per  cent,  quereetin  and  41-57  sugar.  The  great  divergences  in 
these  results  seem  to  indicate  that  substances  diifering  from  one  another  in  constitu- 
tion have  been  confounded  together  under  the  name  of  quercitrin. 

QUERCITROir.  A  yellow  dye-stuff  consisting  of  the  shavings  and  powder  of 
the  bark  and  alburnum  of  Qucrnis  tinctoria,  Q.  nigra,  or  Q.  citrina,  si.  kind  of  oak 
indigenous  in  North  America,  especially  in  Carolina,  Georgia,  and  Pennsylvania.  It 
is  used  in  America  for  tanning,  in  Europe  for  dyeing  only.  For  the  latter  purpose, 
the  aqueous  decoction  (which  contains  quercitrin)  mordanted  with  alum  or  stannic 
chloride  is  employed.  According  to  Leesching  (Eep.  of  Patent  Inventions,  Jan. 
1856,  p.  55),  a  product  of  greater  colouring  power  may  be  obtained  by  boiling  the  bark 
with  dilute  sulphuric  acid  or  hydrocliloric  acid.  This  result  is  probably  due  to  the 
conversion  of  the  quercitrin  into  quereetin,  which,  according  to  Eigaud,  produces 
much  purer  and  brighter  colours  on  tissues  than  quercitrin. 

QUERCUS.  Oak. — The  wood  of  Quercus  scssiliflora  *  h^s  a  specific  gravity  of  0'65, 
and  in  the  air-dried  state  contains  48'8  per  cent,  carbon,  6'1  hydrogen,  and  45'1  oxygen 
(Schadler  and  Petersen,  Ann.  Chem.  Pharm.  xvii.  139).  Vogel  (N.  Jahresb. 
Pharm.  vii.  367)  found  49-5  C  to  6-3  H,  43-7  0,  and  1-5  ash  ;  in  the  mould  of  oak-wood 
52-5  C  to  5-0  H,  iO-6  0,  and  19  ash.  Sprengel  (J.  Techn.  Chem.  xiii.  383)  found  in 
the  air  dried  wood  only  0'20  per  cent.  ash. 

The  leaves  of  the  oak  contain,  according  to  Sprengel,  48pts.  water  and  52  pts.  dry 
substance,  25  pts.  of  which  are  soluble  in  water,  and  67  pts.  in  dilute  potash-ley.  Ac- 
cording to  Boussingault  (Ann.  Ch.  Phys.  [2]  Ixvii.  408),  100  pts.  of  the  dried  leaves 
contain  2'1  per  cent,  nitrogen,  and  according  to  Sprengel,  100  pts.  of  the  air-dried 
leaves  yield  5'06  per  cent.  ash. 

Oak-bark  contains,  besides  quercitannic  acid  (p.  6),  a  small  quantity  of  gallic 
acid,  red  tannin-deposit  (oak-red),  wax.  pectin,  and  other  vegetable  constituents  ;  it  also 
yields  2  per  cent,  ash,  consisting  of  lime,  magnesia,  oxides  of  iron  and  manganese, 
phosphoric,  silicic,  and  carbonic  acid.  The  proportion  of  soluble  constituents  in  general 
and  of  tannin  in  particular,  is  less  in  old  than  in  young  bark,  less  also  in  the  outer  than 
in  the  inner  bark.  Davy  (Gehl.  N.  Chem.  J.  iv.  343)  found  in  100  pts.  of  oak -bark, 


Extractive  Tannin, 
matter. 

Inner  white  bark  of  old  oaks      ....       22-5  15-0 

Inner  white  bark  of  young  oaks  ....       23'5  16'0 

Entire  bark  in  spring         .....       12'7  6-0 

Entire  bark  in  axitumn       .....         —  4'4 

Bark  of  oak  underwood      .....         —  6 '6 

Middle  coloured  bark  9-0  4-0 


Fehling  (Wurtemb. Gewerbebl.  1856, p. 77)  found  in  old  oak-bark  about  9 per  cent., 
in  bark  of  better  quality  from  13  to  16  per  cent.,  and  in  the  best  inner  bark  19  to  21 
per  cent,  tannin.  Miill  er  (Ai-ch.  Pharm.  xxxviii.  266)  obtained  from  the  bark  of  stems 
two  or  three  years  old,  about  11  per  cent.,  and  from  that  of  older  stems  6  per  cent, 
tannin. 

The  barks  of  Qnerciis  sessiliflora,  Q.  pedunculata,  and  Q.  Bex  are  extensively  used 
in  tannin.  Oak -bark  has  also  been  used  for  the  preparation  of  inks,  and  in  medicine 
for  its  styptic  and  astringent  qualities. 

Acorns,  Glandiis  qticrcus,  the  fruit  of  the  oak,  have  been  examined  by  several 
chemists.  The  shell  or  cup  constitutes  aboiit  one-fourth  of  the  entire  fruit.  Shelled 
acorns  contain,  according  to  Brande,  20'3  per  cent,  starch,  2'9  tannin,  51-7  extractive 
matter  and  water,  7'1  wood-fibre,  and  18'0  per  cent,  gluten.  The  results  of  analyses 
by  other  chemists  are  as  follows : 

Composition  of  shelled  acorns. 


Lowig. 

Braconnot. 

V.  Bibra 

Starch  

38-0 

37-0 

34-9 

Uncrystallisable  sugar 

70 

81 

Gum  and  extractive  matter  . 

6-4 

5-0 

Nitrogenous  substances 

15-0 

7-3 

Tannic  acid  ..... 

9-0 

7-0 

Fixed  oil   

4-3 

3-3 

3-8 

Woody  fibre  ..... 

1-9 

31-9 

Water  ...... 

31-8 

Vegetable  mucilage,  gum,  woody  fibre,  &c. 

44-0 

♦  TIlis  is  tlie  common  oal<  in  Germany  ,ind  tlif  South  of  Enropp,  and  is  Itnown  as  Quercus  It  our. 
In  England  tlie  latter  term  is  applied  to  Q.  pedunculata,  which  is  tlie  most  common  at  the  presentday  ; 
but  in  former  times,  the  sessile-fruited  oak,  which  is  a  larger  and  finer  tree  and  produces  more  durable 
timber  than  the  pedunculated  species,  was  the  most  abundant  (see  Pcnnij  Ctjclopicdia,  article  Quercus). 


QUICKSILVER-QUINIC  ACID. 


9 


Braconnot  also  found  citric  acid  and  quercite  in  acorns.  According  to  v.  Bibra, 
they  also  contain  a  small  quantity  of  volatile  oil. 

An  infusion  of  roasted  acorns  {acorn  coffee)  is  sometimes  recommended  as  a  tonic  and 
astringent.  The  roasting  converts  part  of  the  starch  into  dextrin,  and  forms  bitter 
matter  and  empyreumatic  oih 

The  ash  of  acorns  has  been  analysed: — a.  By  Grab  am,  Stenhouse,  and  Camp  bell 
(Chem.  Soc.  Q.  J.  ix.  33);  b.  by  Kleinschmi  dt  (Ann.  Ch.  Pharm.  1.  117),  with  the  fol- 
lowing results  : — • 

K=0.    Na20.    CaO.     MgO.    Fe-O^.  P20\      SiO=.    SO'.       CI.  CO^. 

a.  54-9        0  6        6-1        4'3        0-5       IM        1-0        4H        2-5       i;)-7  = 

b.  64-6        0-5        6-9        5-6        1-4       17  0        I'O        2-7        OC        —     =  100-3 

The  cups  of  the  acorns  of  Q/ierciis  JEgilo2)s  are  imported  from  Smyrna,  Cyprus,  and 
other  places  in  the  Levant  as  Valonice  ;  they  are  very  rich  in  tannin,  and  are  therefore 
used  in  place  of  gall-nuts;  they  likewise  contain  gallic  acid.  The  tannin  contained  in 
them  differs,  however,  from  gallo-tannic  acid,  in  not  yielding  pyrogallic  acid  by  dry 
distillation.  (Stenhouse.) 

The  cups  of  various  kinds  of  oak,  when  distorted  by  the  punctm'es  of  the  gall-wasp, 
form  the  so-called  oak-apples.  These  are  also  used  in  tanning,  but  they  contain 
only  a  small  proportion  of  tannic  acid.  The  true  gall-nut.sor  nut-galls  are  ex- 
cresences  produced  on  the  loaves  and  leafstalks  of  the  dyer's  oak  {Qucrcus  infectoria), 
by  the  punctures  of  the  same  insect  (ii.  762). 

QUXCKSIIiVXill.    Syn.  with  Mercuhy. 

QTTIIiXiAVA.  The  bark  of  QnUlaya  sa-ponaria,  a  tree  growing  in  Mexico,  yields  a 
soapy  infusion,  which  is  used  for  washing.  It  contains  a  considerable  quantity  of 
saponin  ;  also  deposits  of  crystalline  oxalate  and  tartrate  of  calcium,  formerly  mistaken 
for  sulphate.    (Fliickiger,  Jahresb.  1862,  p.  524;  1863,  p.  610.) 

QXTIZiXiA'S'm'.  A  name  applied  to  saponin  from  quillaya-bark,  before  its  identity 
with  saponin  from  other  sources  was  recognised. 

QUINAUIIIDS,  or  Phcnijl-quinamidc.  C'5H"N0^  =  N.C'H"0\C''HMr. 
(0.  Hesse,  Ann.  Ch.  Pharm.  ex.  335. "l — This compoimd  is  produced  by  heating quinic 
acid  with  excess  of  aniline  to  180°,  freeing  the  product  from  unaltered  aniline  by 
means  of  ether,  and  dissolving  the  residue  in  ether-alcohol.  The  solution  on  cooling 
deposits  quinanilide  in  small  white  silky  needles,  containing  1  at.  water,  which  they 
give  off  at  90°.  It  melts  at  17-1°  (corrected),  and  decomposes  without  subliming 
when  heated  above  240°.  It  dissolves  easily  in  water  and  in  alcohol,  sparingly  in 
ether. 

QXT1N'C&.  Gydonia  vulgaris. — The  juice  of  quinces  contains  maUc  acid.  Lancaster 
(Am.  J.  Pharm.  xxxi.  198)  obtained  r6  grm.  crystallised  malate  of  lead  from  the 
acid  contained  in  453  grms.  of  the  fruit.  The  seeds  contain  a  large  quantity  of  mucilage 
(ii.  953). 

QVIircXTS.  A  hydrated  silicate  of  magnesium,  occurring  near  the  village  of 
Quincey  in  France,  in  light  carmine-red  particles  disseminated  through  a  limestone 
deposit.  Contains,  according  to  Berthier,  64  per  cent,  silica,  19  magnesia,  8  ferrous 
oxide,  and  17  water  ( =  98).  Strong  concentrated  acids  dissolve  out  the  magnesia  and 
iron,  leaving  gelatinous  silica.    (Dana,  ii.  281.) 

QTSTNUTTN.  The  name  given  by  Marchand  (J.  Pharm.  xiv.  247)  to  a  product 
which  he  obtained  by  oxidising  quinine  with  peroxide  of  lead  and  sulphuric  acid.  It 
was  not,  however,  a  definite  compound,  as  it  was  separaVde  by  water  into  a  red  bitter 
substance,  soluble  therein,  and  another  substance  insoluble  in  water  but  crystallisablo 
from  alcohol. 

Q'O'XK'H'S'BSON'e:.    Green  Hydroquinone  (iii.  213). 

QUIjMIC  A.CXT3.  C'H'-O".  Kinic  acid.  CMnasaKre.  Acide  qvhuqKc.  (Ilof- 
mann,  Crell.  Ann.  ii.  314. — Vauquelin,  Ann.  Chim.  lix.  162. — Pelletier  and 
Caventou,  Ann.  Ch.  Phys.  [2]  xv.  340. — Liebig,  Pogg.  Ann.  xxi.  1;  xxix.  70. — 
Baup,  Ann.  Ch.  Phys.  [2]  li.  5. — Woskresensky,  Ann.  Ch.  Pharm.  xxiv.  257. — 
Hesse,  Ann.  Ch.  Pharm.  ex.  194,  333;  cxii.  52  ;  cxiv.  292  ;  Untersuchungen  ilher  die 
Chinongmppc,  Gottingen,  1860. — Clemm,  Ann.  Ch.  Pharm.  ex.  345. — Zwenger 
and  Siebert,  ibid.  cxv.  108;  Suppl.  i.  77. — Zwenger  and  Himmelmann,  ilnd. 
cxxix.  203.— Gm.  xvi.  222). 

This  .acid  was  first  isolated  in  1785  by  Hofmann,  an  apothecary  of  Leer,  from  the 
calcium-salt  of  cinchona-barks,  ah-eady  known  by  the  researches  of  Hennbstadt, 
Deschamp,  and  others;  afterwards,  in  1806,  by  Vauquelin. 

Occurrence. — In  the  true  cinchona- barks,  in  the  bilberry  plant  (  Vacciniv)n  Mi/rti//ii.s), 
and  in  coffee-beans ;  also  in  the  leaves  of  the  coffee-plant,  and  of  the  common 
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holly  {Eex  Aquifolium),  of  Bex  'paraguaycnsis,  privet  {Ldgustrum  vulgare),  ivy  {tledera 
Helix),  the  common  oak  (Qiurcus  Eobur),  the  evergreen  oak  {Q.  Ilex),  the  common 
elm  ( JJlmus  cainpcstris),  the  ash  {Fraximcs  excelsior),  and  Cyclopia  latifolia,  inasmiich 
as  Stenhouse  (Phil.  Mag.  [-t]  vii.  21)  found  that  all  these  leaves,  as  well  as  cofl'ee- 
beaus,  when  distilled  with  sulphuric  acid  and  manganic  peroxide,  yield  quinone,  which 
is  a  product  of  the  decomposition  of  quinic  acid.  The  ericaceous  plants,  Cal.luna 
milgai'is,  Pgrola  timbellaia,  Bhododcndro?i  ferrugineum,  and  Arbutus  Uva  Ursi,  yield  by 
dry  distillation  hydroquinone,*  also  derived  from  quinic  acid,  or,  in  the  case  of  the 
arbutus,  probably  from  arbutin. 

Preparation  of  the  calcium-salt. — a.  From  Cinchona-hark:  1.  The  liquid  obtained 
by  precipitating  the  sulphuric  acid  extract  with  milk  of  lime  in  the  preparation  of 
quinine  (p.  16),  is  evaporated  to  a  syrup,  decanted  from  sulphate  of  calcium,  and 
evaporated  over  the  water-bath  to  a  soft  extract ;  this  is  boiled  two  or  three  times 
with  alcohol;  and  the  residue  is  dissolved  in  a  small  quantity  of  water.  The  solution, 
after  standing  for  some  days,  solidifies  to  a  crystalline  mass,  which  is  strongly  pressed 
and  purified  by  recrystallisation.  The  mother-liquor  yields  a  further  quantity  of  the 
salt  (Henry  and  Plisson). — 2.  A  decoction  of  cinchona-bark,  in  water  containing 
sulphuric  acid,  is  filtered  whilst  hot,  and  to  the  filtrate  freshly  precipitated  oxide  of 
lead  is  gradually  added,  until  the  liquid  becomes  neutral,  and  exiiibits  no  longer  a  red  but 
a  pale-yellow  colour.  (If  too  little  oxide  be  added,  colouring-matter  remains  in  solu- 
tion ;  if  too  much,  basic  quinate  of  lead  is  thrown  down).  The  filtrate  is  freed  from 
lead  by  sulpliydric  acid  and  filtered  ;  millc  of  lime  is  then  added,  to  precipitate  the 
quinine  and  cinchonine ;  and  the  filtered  liquid  is  evaporated  to  a  syrup,  wliich  yields, 
on  cooling,  a  erystalhne  mass  of  calcic  quinate  (Henry  and  Plisson). — The  deposit 
frequently  found  in  extract  of  cinchona  is  impure  quinate  of  calcium ;  it  may  be 
obtained  in  crystals  by  precipitating  an  aqueous  solution  with  neutral  acetate  of  lead, 
removing  the  excess  of  lead  by  sulphydric  acid,  and  evaporating.  (Oenicke,  Phavm. 
Centr.  1838,  p.  158.) 

/3.  From  the  Bilberry  plant. — The  fresh  plant,  collected  in  May,  is  boiled  in 
water  with  addition  of  lime  ;  the  decoction  is  evaporated,  and  the  quinate  of  calcium 
thrown  down  by  alcohol.  The  glutinous  precipitate,  dissolved  in  water  containing 
acetic  acid,  is  freed  from  colouring-matter  by  addition  of  neutral  acetate  of  lead,  then 
filtered ;  and  the  filtrate  (freed  from  lead)  is  evaporated  to  a  syrup,  from  whicli  tlie 
quinate  of  calcium  crystallises  after  some  days.  (Zwenger.) 

y.  From  Cojfee-beans. — The  thoroughly-dried  (or  roasted)  and  coarsely-powdered 
beans  are  boiled  repeatedly  in  water ;  the  decoction,  after  being  mixed  with  milk  of 
lime,  is  concentrated,  first  over  an  open  fire,  and  later,  after  filtration,  on  a  water-bath, 
to  a  syrup  ;  twice  its  volume  of  alcohol  is  then  added;  and  the  precipitate  thereby 
formed  is  separated,  after  24  hours,  from  the  solution,  which  contains  caffeine.  The 
precipitate  is  washed  with  alcohol,  pressed,  and  dissolved  in  hot  water.  The  filtered 
solution  is  slightly  acidified  with  acetic  acid,  and  precipitated  with  neutral  acetate  of  lead, 
whereby  tannate  of  lead  and  other  substances  are  thrown  down  ;  and  after  separating 
these  by  filtration,  the  quinic  acid  is  precipitated  by  basic  acetate  of  lead.  The 
lead-salt  thus  obtained,  after  being  washed  and  decomposed  under  water  with  sul- 
phydric acid,  yields  aqueous  quinic  acid,  wliich  is  converted  into  the  calcium-salt  by 
neutralisation  with  carbonate  of  calcium.  (Zwenger  and  Siebert.) 

The  quinate  of  calcium  is  purified  by  repeated  crystallisation,  or  by  precipitating  it 
with  alcohol  of  sp.  gr.  0-849,  and  dissolving  in  alcohol  of  sp.  gr.  0-948. 

Separation  of  the  acid  from  the  calcium-salt. — 1.  A  solution  of  the  calcium-salt  in 
water  is  decomposed  by  an  exactly  equivalent  quantity  of  oxalic  acid,  filtered  from  the 
oxalate  of  calcium,  and  evaporated  to  crystallisation  (Vauqiielin).  Hesse  employs 
a  slight  excess  of  oxalic  acid,  which  he  removes  from  the  filtrate  by  means  of  neutral 
acetate  of  lead;  the  excess  of  lead  is  then  removed  by  sulphydric  acid. — 2.  An 
aqueous  solution  of  the  salt  is  precipitated  by  basic  acetate  of  lead  ;  the  washed  pre- 
cipitate, suspended  in  water,  is  then  decomposed  by  sulphydric  acid  ;  and  the  solution 
is  filtered  and  evaporated  (Berzelius). — 3.  The  calcium-salt  is  decomposed  by  an 
aqueous  or  alcoholic  solution  of  sulphuric  acid. 

Properties — Quinic  acid  crystalhses  in  monoclinic  prisms,  ooP  .  oP,  with  «Poo  and 
[wPco  ]  subordinate;  sometimes  oP  predominates  so  far  as  to  give  the  crj'stals  a 
tabular  form.  Angle  coP  :  ooP  =  146°  48';  aP  :  oP  =  125°  45'.  Specific  gravity 
=  1-637  at  8-5°.  The  acid  does  not  lose  weight  at  100°,  but  melts,  with  loss  of  water, 
at  161-6°  corrected  (Hesse;  Zwenger  and  Siebert) ;  at  156°  (Woskresensky), 
and  solidifies  on  cooling  to  a  hard  amorphous  mass.    It  exerts  a  left-handed  action 

*  The  hydroquinone  thus  produced  was  regarded  by  Uloth,  who  first  obtained  it  from  ericaceous 

Slants,  as  a  distinct  substance,  and  caUcd  ericinonc.  Hesse,  however,  sugpested  its  identity  with 
ydroquinone,  and  the  correctness  of  this  view  has  been  demonstrated  by  Zwenger  and  Himmelmanu. 
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on  polarised  light,  the  molecular  rotatory  power  being  greater  in  a  solution  prepared 
with  cold  than  in  one  prepared  with  hot  water,  least  of  all  in  a  solution  of  the  fused 
acid.  (Hesse.) 

Quinic  acid  dissolves  slowly  in  2^  pts.  of  cold  water,  and  in  a  much  smaller  quantity 
of  boiling  water.  The  solution,  if  quite  piu'e,  niay  be  evaporated  without  turning 
yellow.  The  acid  is  very  slightly  soluble  in  alcohol  of  94  per  cent.,  but  dissolves 
easily  in  alcohol  of  ordinary  strength ;  it  is  nearly  insoluble  in  cold  ether. 

Decompositions. — 1.  Quinic  acid  heated  to  200'^ — 225-' gives  oif  water,  and  is  con- 
verted into  quinide,  C'TI"'0^  =  C'H'-0°  —  H^O.  Other  products  arc,  however, 
formed  at  the  same  time:  for  the  calculated  loss  of  water,  according  to  the  preceding 
equation,  is  9'95  per  cent ,  whereas,  according  to  Hesse,  10  per  cent,  are  given  oif  at 
165°,  and  more  than  13  per  cent,  at  220".  Quinic  acid  which  has  been  heated  above 
200°  contains  small  quantities  of  carbohydroquinonie  acid  (iii.  214),  recog-nisable  by 
its  reaction  with  ferric  chloride  (Hesse). — 2.  The  acid,  when  quickly  heated  in 
contact  with  the  air,  bm-ns  with  a  yellow  flame,  emitting  an  odour  like  that  of  burnt 
tartar. 

3.  Quinic  acid  subjected  to  dry  distillation  in  a  retort,  melts,  boils,  and  at  about  2.S0-' 
turns  brown,  giving  off  water  and  a  gas  which  burns  with  a  pale-blue  flame.  At  a 
higher  temperature,  it  yields  a  sublimate  of  yellowish  prisms,  which  melt  and  condense 
to  an  oily  distillate  containing  hydroquinone  (iii.  213),  benzoic  acid,  phenol,  ben?<'ne, 
and  pyrocatechin.*   The  formation  of  hy  droquin  one  is  represented  by  the  equa-acid : 

C'H"0«    =    C'H'^O-  +  CO  +  3H'0. 

4.  Quinic  acid  dissolves  in  strong  sulphuric  acid  at  a  moderate  heat,  with  evolution 
of  carbonic  oxide  and  formation  of  disulp ho-hy droquinoni c  acid  (iii.  217): 

C'Hi=0'=  +  2S0'    =    C«ffS'-0»  +  CO  +  3H-^0. 
Sulphuric  anliydride  and  fuming  sulphuric  acid  also  produce  disulpho-hydronuinonic 
acid,  but  carbonise  a  largo  quantity  of  the  quinic  acid  (Hesse). — 5.  A  solution  of 
quinic  acid  in  aqueous  phosphoric  acid  gives  off  a  largo  quantify  of  gas  when  con- 
centrated, and  forms  plio s  pho  -  h y droquin onic  acid  (iii.  217)  : 

C'H'20«  +  H'PO'    =    C'H-P0i>  +  CO  +  4H=0  (Hesse). 
0.  Nitric  acid  converts  quinic  acid  into  oxalic  acid,  another  acid  which  has  not 
been  examined  being  also  formed  at  the  beginning  of  the  action. — 7.  The  aqueous  acid 
treated  with  peroxide  of  had  gives  off  carbonic  anhydride  and  j-ields  hydroquinone 
(Hesse) : 

C'H"0«  +  PbO^    =    CIPO-  +  CO^  +  3H-0  +  PbO. 
8.  Quinic  acid  or  its  salts  distilled  with  sulphuric  acid  and  peroxide  of  manganese, 
yields  a  yellow  crystalline  sublimate  of  quinone  : 

C'H'^O"  +  0^    =    C'H'O-  +  CO^  +  4H=0. 

This  reaction  is  very  delicate,  and  will  indicate  the  presence  of  quinic  acid  in  a  few 
grammes  of  cinchona-bark.  For  this  purpose  the  bark  is  boiled  with  milk  of  lime, 
and  the  alkaline  tiltrate  concentrated  by  evaporation  is  treated  in  a  small  cap- 
sule with  sulphuric  acid  and  oxide  of  manganese  :  the  presence  of  quinic  acid  is  then 
immediately  indicated  by  the  pungent  odour  of  quinone  (p.  27),  (Stenhouse,  Ann. 
Ch.  Pharm.  liv.  100). — 9.  The  acid  distilled  with  peroxide  of  mancfcmese,  sulphuric 
acid,  and  common  salt,  yields  a  distillate  containing  mono-,  di-,  tri-  and  tetra- 
chloroquinone  together  with  pentachloracetone.  The  same  products,  to- 
gether with  lower  chlorinated  acetones,  are  obtained  by  boiling  quinic  acid  with 
hydrochloric  acid  and  chlorate  of  potassium  (Stiideler,  Ann.  Ch.  Pharm.  Ixix.  300; 
cxi.  293) ;  also  cax-bohydroquinonic  acid.  (Hesse.) 

10.  J?roi/«i/2C  dropped  into  acjueous  quinic  acid  converts  it  into  carbohydroqui- 
nonie acid. 

11.  Quinic  acid  heated  for  several  hours  to  11.'^° — 120°  with  saturated  aqueous 
hydriodic  acid,  is  converted  into  benzoic  acid.  The  same  product  is  formed  when  a 
syrupy  solution  of  quinic  acid  is  di.stilled  with  4  at.  diniodide  of  phosphorus.  When 
quinic  acid  is  heated  to  140°  with  hydriodic  acid  and  phosphorus  (the  addition  of 
which  prevents  the  action  of  free  iodine),  an  acid  is  produced  containing  6  at.  hydrogen 
more  than  benzoic  acid.    The  reduction  appears,  therefore,  to  take  place  as  follows: — 

C'H'^O"  +  8HI    =    C'H'-O-  +  4H-0  +  4P; 

Quinic 
acid. 

and  C'H'-0=  +  4P      =    C'H'^O^    +  6HI     +  l\ 

Benzoic 
acid- 

*  W(i  h  ler  (Ann,  Ch.  rharm.  xlv.  :i51)  round  aUf>  salicyloii^  acid;  hnt  Mrcorduitr  Jo  Zwcngci  ;.iid 
(Iimmelniann,  this  budy  does  not  occur  among  tho  inoducts  of  d  :~lillaijnn  ol  (luuiic  arid. 
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Qiiinic  acid  in  tlic  form  of  calcium-salt  is  converted  in  the  animal  organism  into  liip- 
purie  acid.    (Lautemann,  Ann.  Cli.  Pharm.  cxxv.  9.) 

12.  Quinic  acid  heated  with  aniline  is  converted  into  quinanilide.  (Hesse,  p.  9.) 

Quinates.  Quinic  acid  decomposes  carbonates.  It  is  monobasic,  the  general  for- 
mula of  its  salts  being  C'H"MO*.  No  acid  or  double  quinates  are  known,  but  basic 
quinates  of  barium,  lead,  ii'on,  and  copper  have  been  obtained.  The  quinates  are  for 
the  most  part  ci'ystallisable,  and  have  a  neutral  reaction  ;  with  the  exception  of  the 
basic  lead-salt  they  are  soluble  in  water,  but  insoluble  in  alcohol  stronger  than  32°  Bm., 
and  are  separated  from  their  solution  by  strong  alcohol  in  the  form  of  glutinous  preci- 
pitates. Most  of  them  retain  their  water  of  crystallisation  at  100°.  By  dry  distillation 
they  yield  formic  acid  and  a  sublimate  of  quinone  (Woskresensky).  Quinic  acid 
acts  like  tartaric  acid  in  preventing  the  precipitation  of  metallic  oxides  by  alkalis. 
(Hesse.) 

Quinate  of  Ammonium  is  deliquescent,  and  gives  off  part  of  its  ammonia  on 
evaporation. — The  potassium-salt  is  bitter  and  deliquescent. — The  sodium-salt, 
C'H"NaO".5H-0,  crystallises  in  six-sided  prisms  containing  14"5  per  cent,  water  of 
crystallisation.    It  dissolves  in  half  its  weight  of  water  at  15°. 

Quinate.  of  5a r 2?< m,  C'''H-^Ba"0'^.6H-0,  obtained  by  saturating  the  acid  with 
carbonate  of  barium,  crystallises  in  dodecahedrons  formed  by  the  junction  of  two  acute 
six-sided  pyramids.  It  contains  17*4  per  cent,  water  of  crystallisation,  is  very  soluble 
in  water,  slightly  soluble  in  alcoh  o  of  83  per  cent. 

The  calcium-salt,  C'''H^'Ca"0'^.10H"0,  occurs,  as  already  observed,  in  cinchona- 
bark,  and  is  precipitated  by  chloride  of  calcium  from  alkaline  quinates,  after  adding 
alcohol  and  ammonia,  and  leaving  the  mixture  to  stand.  It  crystallises  in 
rhomboi'dal  plates  of  about  78°  and  112°,  often  becoming  hexagonal  by  truncation  of 
the  two  acute  angles,  and  easily  splitting  into  shining  laminae.  It  dissolves  in  C  pts. 
of  water  at  16°,  its  solubility  varying  greatly  according  to  the  temperature;  nearly 
insoluble  in  alcohol.  Contains,  according  to  Baup,  29-5  per  cent,  water  of  crystallisa- 
tion, which  it  loses  at  100°  (calc.  30'3  per  cent.) ;  it  suffers  no  further  loss  of  weight  at 
120°. 

The  strontium-salt,  C''H''Sr"O''.10H'O,  crystallises  in  tables  apparently  isomor- 
phous  with  the  calcium-salt,  but  distinguished  by  their  rapid  efflorescence,  and  the 
nacreous  aspect  which  they  assume  on  exposure  to  the  air.  It  dissolves  in  2  pts.  of 
water  at  12°,  and  in  a  much  smaller  quantity  of  boiling  water.  Contains  27'9o  per 
cent,  water  of  crystallisation,  of  which  it  loses  three-tenths  by  efflorescence. 

Themagnesium-salt  is  very  soluble,  and  forms  crystalhne  efflorescences  like  cauli- 
flower-heads.— The  yttrium-salt  dries  up  to  a  gummy  mass. 

Quinate  of  Cadmium,  C'''H'^Cd"0'^,  forms  dirty-white  laminae  and  small  white 
crystalline  needles,  permanent  at  180°,  soluble  in  about  253  pts.  of  cold  water. — The 
cobalt-salt,  C'''H^'-Co"0'^5H-0,  separates  from  the  dark-red  solution,  after  it  has 
been  left  for  several  days  to  dry  up  to  a  syrup  and  then  diluted  with  water,  in  small 
red  nodules,  which  quickly  effloresce  and  assume  a  lighter  colour.  After  drying  over 
oil  of  vitriol,  or  in  the  air,  it  gives  off  5  at.  water  at  150°,  and  becomes  reddish-blue. 
Does  not  melt  when  burnt. 

Quinates  of  Copper. — a.  The  normal  salt,  C'''ff'Cu"0'^,  is  obtained  by 
mixing  aqueous  quinic  acid  in  excess  with  hydrate  or  carbonate  of  copper,  and 
cooling  the  resulting  solution,  or  leaving  it  to  evaporate,  any  portion  of  green  basic 
salt  that  may  be  precipitated  at  the  same  time  being  removed,  and  the  neutral  salt 
crystallised  from  water  containing  quinic  acid.  It  forms  pale-blue  laminae  or  needles, 
which  contain  5  at.  water  of  crystallisation,  and  give  off  two-thirds  of  it  in  contact 
with  the  air:  dissolves  in  about  3  pts.  of  cold  water,  the  solution  decomposing  on  stand- 
ing, and  more  quickly  when  heated,  with  separation  of  a  basic  salt. — p.  A  basic  salt, 
C"H^'''Cu"0'2.Cu"H'=0-.2H20,  orG'H'»Cu"0'=.2H-0,  isobtained:—l.  By  decomposing  the 
barium-salt  with  somewhat  less  than  the  equivalent  quantity  of  cupric  sulphate,  and 
adding  a  few  drops  of  baryta-water  to  the  clear  filtrate,  which  then,  on  standing  or 
evaporating,  deposits  regular  crystals. — 2.  By  boiling  aqueous  quinic  acid  with  excess  of 
cupric  hydrate,  and  precipitating  the  filtrate  with  ether-alcohol.  In  this  mode  of 
preparation,  however,  it  is  difficult  to  separate  the  sparingly  soluble  salt  from  the  excess 
of  cupric  hydrate. — 3.  The  salt  is  likewise  formed  in  small  quantity;  with  evolution  of 
acetic  acid,  on  evaporating  a  solution  of  calcic  quinate  with  cupric  acetate.  Over  oil 
of  vitriol  it  gives  off  only  its  adhering  water  (Kremers),  amounting  to  between  1  and 
2-5  per  cent.  Between  100°  and  120°,  it  gives  off  all  its  water  of  crystallisation 
(Liebig),  and  decomposes  at  a  temperature  above  140°.  Dissolves  in  1150  to  1200 
pts.  water  at  18°. 

The  ferric  salt  is  a  yellowish-red  gummy  mass,  easily  soluble  in  water. 
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Lead-salts. — a.  The  normal  salt,  C"H'-Pb"0".2H-0,  forms  needle-shaped  crj-s- 
tals  soluble  in  alcohol  and  extremely  soluble  in  water. — /3.  A  basic  salt,  C'^H'^Pb^O'^ 
or  C'H'Pb-O'*,  is  deposited  as  a  white  bulky  precipitate  on  mixing  an  alkaline  quinate 
with  basic  acetate  of  lead,  or  on  adding  a  little  ammonia  to  the  boiling  solution  of  the 
normal  salt.  It  is  insoluble  in  boiling  water,  soluble  in  basic  acetate  of  lead,  and 
quickly  attracts  carbonic  acid  from  the  air. 

The  manganese-salt  crystallises  in  rose-coloured  laminae. — The  mercuric  salt 
is  colourless,  uncrystallisable,  and  yields  on  desiccation  a  yellowish-red  residue, 
sparingly  soluble  in  water. — The  nickel -salt  is  a  green,  gummj',  very  soluble  mass. 

Silver-salt,  C'H"AgO'^. — On  adding  nitrate  of  silver  to  an  alkaline  quinate,  the 
mixture  blackens,  and  quickly  deposits  metallic  silver.  The  silver-salt  may,  however, 
be  obtained  by  saturating  a  weak  solution  of  the  acid  with  recently  precipitated  car- 
bonate of  silver.  The  solution  evaporated  in  a  vacuum  yields  niammellated  groups  of 
crystals,  which  are  perfectly  white,  but  easily  blacken  when  exposed  to  light. 

The  zinc-salt,  C'''H-'Zn"0"',  resembles  the  cadmium-salt  in  appearance,  but  is  very 
soluble  in  water. 

QUINIC  ETHSR.  EthjUc  Quinate,  CH'^O'  =  C'H"(C2H-'')0'',  obtained  by 
heating  quinate  of  silver  with  ethylic  iodide,  is  a  yellow  syrup,  viscid  at  mean  tempe- 
ratures, mobile  at  50°,  having  a  bitter  taste  and  aromatic  odour,  easily  soluble  in 
water  and  in  alcohol,  less  soluble  in  ether.  It  appears  to  distil,  partly  without  decom- 
position, between  240'^  and  250°,  in  a  stream  of  carbonic  anhydride,  but  a  large  portion 
of  it  is  decomposed  with  intumescence  at  a  temperature  a  little  above  100°.  Heated 
on  platinum-foil,  it  first  volatilises  in  wliite  smoke,  and  ultimately  burns  away  wi.ii 
n,  bright  flame.    (Hesse,  Ann.  Cli.  Pharm.  ex.  335.) 

QVIN-Icmi:.  C-°H-'N-0-.  (Pasteur,  Compt.  rend,  xxxvii.  Ill  and  166.)— 
An  alkaloid  isomeric  with  quinine  and  quinidine,  and  produced  by  the  molecular  trans- 
formation of  either  of  those  bases.  It  is  prepared  .similarly  to  cinchouicine  (i.  971),  by 
heating  sulphate  of  quinine  with  a  small  quantity  of  water  and  sulphiu'ic  acid.  The 
salt  remains  fused  even  after  all  the  water  has  been  expelled;  and  by  three  or  four 
hours'  heating  in  the  oil-bath  to  120° — 130°,  the  whole  mass  is  transformed  into 
sulphate  of  quinicine,  mixed  with  an  extremely  small  quantity  of  colouring-matter. 

Quinieine  is  insoluble  in  water,  but  very  soluble  in  absolute  alcohol  and  in  spirit  of 
ordinary  strength.  It  is  very  bitter,  possesses  febrifugal  properties,  and  is  precipitated 
from  its  solutions  by  alkalis  as  a  fluid  resin.  It  turns  the  plane  of  polarisation  to  the 
right.  It  unites  ea.sily  with  carbonic  acid,  and  expels  ammonia  from  its  compounds 
at  ordinary  temperatures.  A  solution  of  quinicine  in  aqueous  racemic  acid  deposits  at 
first  chiefly  the  dextrotartrate,  whilst  the  Icevotartrate  remains  in  the  mother-liquor. 
Quinicine  is  coloured  green  by  chlorine-water  and  ammonia,  though  less  strongly  than 
quinine.  (Herapath.) 

QTrrnriSX:  or  Quinic  Anh/dridc,  C'H'°0^  =  CH'^C*  -  H=0.  — Prepared  by  heat- 
ing quinic  acid  to  220° — 250°,  dissolving  the  residue  in  boiling  alcohol,  and  leaving 
the  clarified  solution  to  evaporate.  When  recrystallised  from  water,  it  forms  small 
crystals  resembling  sal-ammoniac.  It  has  an  acid  reaction,  dissolves  easily  in  water, 
sparingly  in  dilute  alcohol,  and  in  presence  of  certain  bases  is  reconverted  into  quinic 
acid.    (Hesse,  Ann.  Ch.  Pharm.  ex.  335.) 

QUIWIDII'i.".  C^°H^^N  O^. — This  base,  isomeric  with  quinine,  exists  in  certain 
cinchona-barks  together  with  quinine  and  cinchonine.  It  was  first  observed  in  1833,  by 
Henry  and  Delendre  (J.  Pharm.  xix.  633),  in  the  quinoidine  of  commerce,  in  which 
it  exists,  together  with  smaller  quantities  of  quinine,  cinchonine,  and  resin.  Van 
Heijningen,  however  (Ann.  Ch.  Pharm.  Lxxii.  302),  first  separated  it  from  thi-i 
mixture  in  the  pure  state,  and  showed  that  it  is  isomeric  with  quinine.  Its  action  on 
polarised  light  has  been  studied  by  Pasteur  (Compt.  rend,  xxxvi.  26).  Several  of 
its  double  salts  have  been  prepared  and  examined  hy  Stenhouse  (Proc.  Eoy.  Soc. 
xii.  491). 

Occurrence. — In  cinchona-barks,  especially  in  some  of  the  yellow  barks  (Henry  and 
Delondre).  According  to  Howard  (Pharm.  J.  Trans,  v.  368),  it  occurs  in  certain 
varieties  of  Cinchona  condaminea,  more  especially  var.  pitai/msis ;  according  to 
Henkel  (N.  Repert.  Pharm.  xiii.  200),  in  Cinchona  nitida,  together  with  cinchonine 
and  a  little  quinine.  The  root-bark  of  C.  Calisaya  contains  quinidine  and  a  small 
quantity  of  quinine.  The  red  bark  of  C.  officinalis,  C.  niicrantha,  and  C.  succinihru, 
grown  in  the  East  Indies,  and  taken  at  the  age  of  eighteen  months  or  less,  was  found 
to  contain  6  per  cent,  of  alkaloids,  of  which  about  4  per  cent,  consisted  of  quinidine, 
cinchonidine,  and  quinine,  and  0-9  per  cent,  of  cinchouicine  with  traces  of  cinchonine 
(Howard).  According  to  Pasteur,  the  quinidine  of  commerce  is  for  the  most  part 
a  mixture  of  true  quinidine  with  a  second  base. 
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Preparation. — Commercial  quinoi'dine  is  dissolved  in  the  smallest  possible  quantity 
of  ether;  the  filtrate  is  freed  from  ether  by  distillation  ;  the  residue  is  dissolved  in 
dilute  sulphm-ic  acid ;  the  solution  is  decolorised  by  animal  charcoal,  and  precipitated 
by  ammonia;  the  washed  precipitate  is  dissolved  in  ether;  and  the  ethereal  solution, 
mixed  with  one-tenth  of  its  volume  of  alcohol  of  90  per  cent.,  is  left  to  evaporate.  It 
then  deposits  crystals  of  quinidiue,  which  are  purified  by  washing  with  alcohol.  The 
mother-liquors  saturated  with  sulphviric  acid  yield,  first  crystals  of  sulphate  of 
quinidine,  and  afterwards  of  sulphate  of  quinine.  Q.uino'idine  thus  treated  yields  from 
50  to  60  per  cent,  of  quinidine.    (van  Heijningen.) 

De  Vrij  (J.  Pharm.  [3]  xxxi.  183,  369)  dissolves  commercial  quinoidine  in  the 
smallest  possible  quantity  of  alcohol,  and  neutralises  the  solution  with  aqueous  hy- 
driodic  acid ;  whereupon  crystals  of  hydriodate  of  quinidine,  amounting  to  23  per  cent, 
of  the  quinoidine  employed,  soon  make  their  appearance. 

Properties. — Quinidine  separatee  from  its  hot  ethereal  or  alcoholic  solution  in  large 
transparent  monoclinie  prisms,  which  efiloresce  and  become  opaque  when  exposed  to 
the  air.  They  contain  2  at.  =  10'8  per  cent,  water  of  crystallisation,  which  they  give 
off  between  110°  and  130°.  The  anhydrous  base  melts  at  160°,  and  solidifies  in  a 
resinous  mass  on  cooling. 

The  composition  of  anhydrous  quinidine  is  as  follows : — 


Henry  ,ind 

van  Heijningen. 

Calculated. 

Delondre. 

mean. 

Stenhouse. 

240 

74-07 

74-44 

74-08 

74-04 

24 

7-41 

7-10 

7-44 

7-71 

TS.^  28 

8-64 

8-68 

8-55 

0*  32 

9'88 

9-78 

9-93 

C^oH'^N^O^  324 

100-00 

100-00 

100-00 

Quinidiue  (?  crystallised)  dissolves  in  1500  pts.  of  cold  and  750  pts.  of  boiling 
mater ;  in  3-7  pts.  of  hot  alcohol  of  ordinary  strength  ;  in  45  pts.  of  absolute  alcohol,  and 
90  pts.  of  cold  ether  (van  Heijningen).  Its  solution  in  absolute  alcohol  turns  the 
plane  of  polarisation  strongly  to  the  right ;  [a]  =  250-75°  for  the  transition  tint 
(Pasteur).  This  property  distinguishes  quinidine  from  quinine,  which  is  Isevo- 
rotatory. 

According  to  Kerner  (Zeitschr.  Anal.  Chem.  i.  152),  there  are  three  varieties  of 
quinidine — viz. :  a.  Slightly  soluble  in  lukewarm  ether,  crystallising  from  alcohol  in 
large  slowly  efflorescent  prisms,  forming  a  sulphate  which  dissolves  in  180  to  300  pts. 
of  cold  water. — /8.  Much  more  soluble  in  ether ;  crystallises  from  alcohol  in  small 
needles;  sulphate  soluble  in  10  to  110  pts.  water,  the  solution  yielding  a  pulverulent 
precipitate  with  iodide  of  potassium,  whereas  the  sulphates  of  all  other  cinchona-bases, 
except  quinine,  yield  oleo-resinous  precipitates  with  iodide  of  potassium. — y.  Still  more 
soluble  in  ether ;  the  sulphate  has  the  same  solubility  as  that  of  the  a  modification. 

Decompositions. — 1.  Quinidine  burns  on  platinum-foil  with  an  aromatic  odour  like 
that  of  melilot,  and  partly  volatilises. — 2.  Quinidine-salts,  when  heated,  are  converted 
into  salts  of  quinicine  (p.  13).  Chlorine-iuatcr  and  ammonia  colour  quinidine  green, 
even  in  solutions  containing  only  ^oVo*!''  of  the  alkaloid  (Pasteur  ;  Herapath).  In 
concentrated  solutions  a  precipitate  is  formed,  which  is  not  the  case  with  quinine 
(Herapath).  Chlorine-water,  ferricyanide  of  potassium,  and  ammonia,  added  in 
succession  to  salts  of  quinidine,  produce  a  permanent  bulky  precipitate ;  whilst  the 
same  reagents  produce,  with  salts  of  quinine,  only  a  red  coloration,  which  quickly 
disappears  (Schwarzer,  N.  Jahrb.  Pharm.  xxiii.  348). — Quinidine  forms  with  iodine 
and  sulphuric  acid  a  compound  corresponding  to  sulphate  of  iodoquinine  (p.  25). 
— Quinidine  heated  for  half  an  hour  with  iodide  of  ethyl,  forms  hydriodate  of  ethyl- 
quinidine.  (Stenhouse.) 

Salts  of  Quinidine. — Quinidine  forms  mono  •  and  di-aeid  salts,  which  resemble  the 
salts  of  quinine,  but  are,  for  the  most  part,  more  easily  crystallisable.  The  sulphates, 
the  mono-acid  hydrochlorate,  and  the  oxalate  exert  a  powerful  action  on  polarised 
light  (Herapath).  These  salts  are  in  some  cases  more  soluble  than  the  corresponding 
salts  of  quinine,  so  that  oxalic,  acetic,  and  tartaric  acids  do  not  precipitate  soluble 
quinidine-salts.  The  hydrochlorate  and  nitrate  are  more  difiicultly  soluble.  AVith 
excess  of  acid  the  salts  are  as  higlily  fluorescent  as  those  of  quinine.  The  precipitate 
thrown  down  by  ammonia  in  their  solutions  dissolves  far  less  easily  than  quinine,  but 
more  easily  than  cinchonidine,  in  excess  of  ammonia.  (Riegel.) 

Acetate  of  Quitiidine  crystallises  from  its  sjTupy  solution  in  fine  transparent 
crystals. 

The  hydrobr ornate  precipitated  by  bromide  of  potassium  from  the  sulphate  or 
hydrochlorate  is  soluble  in  200  pts.  water  at  14°. 
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Tlydrochlorates. — The  mono-acid  or  neutral  salt,  C'H-^N-C.HCl, is  obtained  by 
lissolving  the  base  in  hydrochloric  acid,  or  by  precipitating  a  cold  saturated  solution 
if  the  sulphate  -with  cliloride  of  sodium,  in  crystals  containing  1  at.  water,  which 
hey  give  off  at  120-'.  It  dissolves  easily  in  water  and  in  alcohol  (van  Heijningen). 
Dhe  acid  salt,  C-''H-^N^0-.2HC1,  is  produced  by  exposing  quinidine  to  the  action  of 
lydrochloric  acid  gas,  100  pts.  of  the  base  taking  up  22'52  pts.  of  the  acid  (calc. 
=  2r91  pts.).   Its  aqueous  solution  yields  large  fine  crystals,    (van  Heiiningen.) 

Chloro-aurate,  C="H-''N-0^2HC1.2AuCF.— Pale-yellow  precipitate,  melting  and 
urning  brown  when  heated  to  115°,  or  boiled  with  water.    (Stenhous  e.) 

Chloromercurate,  C-°H-'N-0-.2HCl.Hg"Cl-. — White  precipitate,  separating  from  a 
olution  in  boiling  alcohol  in  pearly  laminae.  It  melts  under  boiling  water  ;  dissolves 
lightly  in  cold,  more  easily  in  hot  water,  and  especially  in  water  containing  hydro- 
hloric  acid,  from  which  last  solution  it  is  occasionally  deposited  in  the  form  of  a  resin. 
St  e  nhouse.) 

Chloroplatinate,  C™H-<N'0^2HCl.Py^Cr'.2H-0.— Precipitated  immediately  from  cold 
loncentrated  solutions,  in  crystals  after  a  while  from  hot  or  dilute  solutions  ;  decom- 
)0ses  at  200°,  with  an  odour  of  white-thorn ;  dissolves  with  difficulty  in  water,  either 
■old  or  boiling;  gives  off  4-86  per  cent,  water  at  100°. 

Chlorozincates.  —  SWg\\i\y  acid  solutions  of  chloride  of  zinc  throw  down  from 
dcoholic  quinidine  a  granular  powder,  slightly  soluble  in  cold  and  in  boiling  water, 
iasily  soluble  in  dihite  hydrochloric  acid.  The  easily  formed  solution  of  the  precipi- 
ate  in  alcohol  of  60  per  cent,  yields  crystals  resembling  calc-spar,  and  containing  2tv7 
)er  cent,  of  chlorine  (C-'''H''"N-'0^.2HCl.Zn"Cl-  =  26-65  per  cent.  CI) ;  when  recrystal- 
ised,  the  compound  gives  up  hydrochloric  acid  and  chloride  of  zinc,  and  is  ultimately 
jansformed  into  large  hexagonal  tables  and  prisms.  The  latter  contain  7'4-l  per  cent. 
)f  zinc  at  100^,  and  are,  therefore,  2(C2''H--'N=U-'.HCl).Zn"CP  (calc.  =  7-58  per  cent, 
line.  (Stenhouse.) 

Hy driod ates. — The  mono-acid  or  neutral  scdt  is  thrown  down  by  iodide  of  potas« 
iium  from  sulphate  or  hydrobromate  of  quinidine,  as  a  white  granular  precipitate, 
ivhich  dissolves  in  1250  pts.  water  at  15°,  and  separates  from  a  boiling  saturated  solii- 
:,ion  in  small,  white,  very  hard  crystals  (De  Vrij).  The  diacid  salt  has  a  pale-yel- 
low colour,  and  dissolves  in  90  pts.  water  at  15°.    (De  Vrij.) 

Nitrate. — Large,  flat,  shining  crystals,    (van  Heijningen.) 

Argento-nitrate,  C-''H-'N-0-.AgNO'. — An  alcoholic  solution  of  quinidine  mi.^ed  wilh 
nitrate  of  silver  solidifies  to  a  mass  of  fine  needles,  which  may  be  recrystallised  from 
boiling  water  containing  nitric  acid.  It  then  forms  fine  silky  needles,  having  a  silvery 
lusti-e  when  dry.  When  recrystallised  from  alcohol,  it  decomposes  with  separation 
of  silver.  (Stenhouse.) 

Oleatr. — Quinidine  behaves  like  quinine  (p.  21),  with  oleic  acid  and  olive  oil 
(Attfield.) 

Oxalates. — By  neutralising  oxalic  acid  with  quinidine,  a  neutral  salt, 
2C^"H-'N-0-.C'-H^0\H-0,  is  obtained  in  small  brittle  crystals,  nearly  insoluble  in  cold 
but  freely  soluble  in  boiling  water  (Stenhouse).  According  to  van  Heijniugen,  on 
the  other  hand,  the  salt  thus  obtained  is  anaciVZ  scdt  containing  C-°H-  'N'-'0-.C-H-C>.II-0. 

Pier  ate. — A  solution  of  quinidine  in  boiling  picric  acid  deposits  on  cooling  a  resin, 
which  does  not  crystallise  by  evaporation  from  solution  in  alcohoL  (Stenhouse.) 

The  setcc «M a forms  pearly  pri.sms.    (Henry  and  Delondre.) 

Sulphates.— Tlia  ncntrcd  salt,  2C-"'IP'N=0^mS0-'. 611^0,  is  very  much  like  the  cor- 
responding quinine-salt,  but  more  woolly.  It  dissolves  at  10°  in  350  pts.  water,  and  in 
32  pts.  absolute  alcohol.  Gives  off  12-6  per  cent,  water  at  130°  (calc.  for  6  at.  =  12-8  4: 
per  cent.). 

The  acid  sulpJiate  is  crystaUisable  and  very  soluble  in  water,    (van  Heijningen.) 

Sulphate  of  lodoquinidine. — Wlien  a  dilute  solution  of  di-acid  sulphate  of  quinidine 
is  heated  to  70°  or  80°  with  one-third  or  half  its  volume  of  alcohol,  and  a  little  tincture 
of  iodine  is  added,  long  four-sided  prisms  of  a  deep  garnet-red  colour  crystallise  out. 
The  crystals  are  purple-red  by  reflected  and  dark  brown-red  by  transmitted  liglit,  and 
polarise  light  like  the  corresponding  quinine-salt  (p.  25).  They  dissolve  in  121  pts. 
of  cold  and  31  pts.  of  boiling  alcohol,  from  which  they  are  precipitated  by  water  in 
the  form  of  a  cinnamon-brown  powder.  They  contain  32-76  per  cent.  C,  4-44  N, 
3-98  H,  6  34  SO-',  and  39-73  I,  corresponding,  according  to  Herapath,  to  the  formula 
C"''N'^H''>0'P.SO\HO  +  5  aq.— Other  and  optically  different  crystals  are  obtained 
when  tincture  of  iodine  is  dropped  into  a  strong  solution  of  di-acid  sulphate  of  quini- 
dine mixed  with  30  or  40  volumes  of  alcohol  at  a  temperature  below  70°.  (Herapath, 
Chem.  Soc.  Qu.  J.  xi.  139.) 

Tannate  of  Quinidine.— AcineoMS  quinidine  forms  a  white  precipitate  with 
tannic  acid. 
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Tartrate  of  Quinidine. — Pearly  crystals,  obtained  in  the  same  way  as  tho 
oxalate  (van  Heijningen).  The  dextro-  and  Isevo-tartrates  undergo  the  same 
transformation  as  the  quinine-salts  when  heated.  (Pasteur.) 

Tartrate  of  Quinidine  and  Totassium. — Quinidine  and  cream  of  tartar  yield  crystals 
soluble  in  alcohol.    (Henry  and  Delondre.) 

(C^H<0')"  ) 

Tartrate  of  Qzdnidine  and  Antimony,  C"H2'ls20^C'H=(SbO)0"  =  C^'H^N^O^  -q* 

SbO  j 

— 1.  Mono-acid  tartrate  of  quinidine  is  boiled  for  some  hours  with  freshly  precipitated 
oxide  of  antimony,andthefiltrateis]eftto  evaporate. — 2.  Powdered  quinidine  is  added  to 
a  cold  saturated  aqueous  solution  of  tartar-emetic  ;  the  liquid  is  heated  to  boiling;  and 
the  excess  of  quinidine,  together  with  the  precipitated  oxide  of  antimony,  is  separated 
by  filtration  from  the  solution  of  the  double  salt  and  neutral  tartrate  of  potassium. 
Long  slender  needles,  which,  after  drying  in  a  vacuum,  lose  5  to  1  percent,  of  water  at 
100°.  Dissolves  slightly  in  cold,  easily  in  hot  water,  and  easily  also  in  boiling  alcohol, 
from  which  it  crystallises.    (Ste  nhouse.) 

Ethylquinidine,  C^^H'-^'N'O;  =  C-''H-^(C-H^)N-02.— Not  known  in  the  free  state. 
The  hydriodate,  C--H-''N'''0'^.HI,  is  obtained  by  heating  quinidine  with  excess  of  ethylic 
iodide,  and  ci-ystallises  from  boiling  dilute  alcohol  in  long  silky  needles,  nearly  insolu- 
ble in  water.  On  removing  the  iodine  by  oxide  of  silver,  and  filtering,  a  bitter  alkaline 
solution  is  obtained,  which  absorbs  carbonic  acid  but  yields  no  crystals.  On  decomposing 
the  hydriodate  with  chloride  of  silver,  and  treating  the  filtrate  with  platinic  chloride, 
chloroplatinate  of  cthylquinidine,  C-'^H^'N'-0-.2HCl.Pt'''Cl'',  is  precipitated  as  a  pale- 
yellow  powder,  which  dissolves  very  slightly  in  water  either  hot  or  cold,  more  freely 
in  hot  dilute  hydrochloric  acid.    (St en  house,  Ann.  Ch.  Pharm.  cxxix.  20.) 

Sulphate  of  lodethyl quinidine  is  obtained  in  the  same  manner  as  the  corresponding 
quinine-compound.    (Herapath,  p.  25.) 

QUITfZXI'S.  C'°H^']SI^O-.  Chinin.  The  cinchona  resin  of  the  older  chemists. — 
The  memoirs  cited  under  Cinchoninb  (i.  973)  relate  also  to  quinine ;  see  alsoPasteur 
(Compt.  rend,  xxxvi.  26;  xxxvii.  110,  162;  Jahresb.  1853,  p.  419;  Schiitzenberger 
(Ann.  Ch.  Pharm.  cviii.  347,  350;  Jahresb.  I808,  p.  369). — On  quinine  alone:  Kobi- 
quet  (Ann.  Ch.  Phys.  [2],  xvii.  316);  Stratingh  (Kepert.  Pharm.  xv.  139); 
Pelleti  er  (J.  Pharm.  xi.  249);  Duflos  (Berz.  Jahresb.  xxvii.  1,  110);  Strecker 
(Ann.  Ch.  Pharm.  xei.  155  ;  Jahresb.  1854,  p.  505). 

This  alkaloid,  the  most  important  constituent  of  the  true  cinchona-barks,  on  account 
of  its  tonic  and  antifebrile  properties,  was  first  obtained,  but  in  an  impure  state,  by 
Gomez  of  Lisbon,  and  by  Pfaff  in  1811  ;  Pelletier  and  Caventou,  in  1820,  succeeded 
in  separating  it  from  the  other  constituents  of  the  bark,  and  examined  many  of  its  pro- 
perties; and  its  composition  was  established  by  Liebig  in  1838. 

The  proportions  of  quinine  and  of  the  other  alkaloids  in  various  kinds  of  cinchona- 
barks,  as  determined  by  different  analysts,  have  already  been  given  in  the  article 
CiNCHONA-BAEKS  (i.  970).  The  following  table  exhibits  the  average  results  of  the 
several  determinations  of  the  quantities  of  quinine  and  cinchonine: — 

1.  Brown  or  Grey  barks: 

Huanoco      .       .       0'4    per  cent,  quinine,  1-7   per  cent,  cinchonine. 
Loxa    .       .       .       0-35  „  0  34  „ 

Pseudoloxa  .       .       0-35  „  0-66  „ 

Huamalies  .       .       0-3  „  0-8  „ 

Jaen  pallida        .       0-56  „  0-60  „ 

2.  Yellow  or  Orange  barks : 

Eoyal  or  Calisaya  bark. 

a.  plana     .       .       2-2    per  cent,  quinine,  0-28  per  cent,  cinchonine. 

b.  convoluta  .  I'l  „  0'42  „ 
Cinchona  jlava fibrosa  r05  „  0-83  „ 
Cinchona  flava  dura  0-54  „  0'48  „ 
Pitaya        .       .       1-68             „  0-90  „ 

3.  Eed  bark: 

Cinchona  rubra   .       0-91  per  cent,  quinine,  l-Oo  per  cent,  cinchonine. 

According  to  M'lvor,  a  covering  of  moss  on  the  bark  during  its  growth  increases  the 
percentage  of  the  alkaloids ;  and  this  observation  has  been  confirmed  by  De  Vrij,  who 
found  in  a  young  bark  covered  with  moss,  8'4  per  cent,  of  alkaloids. 

The  extraction  of  quinine  and  cinchonine  from  cinchona-barks,  by  treating  the  bark 
with  a  dilute  acid,  and  precipitating  with  lime  or  carbonate  of  sodium,  has  been 
already  described  under  Cinchonine  (i.  973) ;  also  the  usual  methods  of  separating  the 
two,  depending:  a.  On  the  greater  solubility  of  sulphate  of  cinchonine  in  water,  and 
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;he  greater  facility  of  crystallisation  of  the  quinine-salt. — On  the  greater  solubility 
if  quinine  in  cold  alcohol,  and  in  ether.  Thiboumery  (J.  Pharm.  [3]  xvi.  369) 
extracts  the  alkaloids  from  the  linie-preeipitate  with  oil  of  turpentine  or  coal-oil, 
nstead  of  alcohol ;  Herring  uses  benzene  for  the  same  purpose.  These  liquids  dissolve 
he  quinine,  with  very  little  cinchonine,  and  give  it  up  again  to  dilute  acids  :  they  have 
he  advantage  of  taking  up  less  of  the  colouring-matter  than  alcohol  does.  When  the 
ilkaloids  have  been  precipitated  by  carbonate  of  sodium,  hot  fatty  oils  may  also  be  used 
'or  the  extraction.  [For  other  methods,  see  Gmelin's  Handbook,  xvii.  266.  For  the 
juantitative  estimation  of  the  alkaloids,  in  cinchona-barks,  see  the  same  work,  xvii. 
i68;  also  this  Dictionary,  i.  968.] 

Properties. — Quinine  is  precipitated  by  an  alkali  from  the  solutions  of  its  salts,  as  a 
ifhite  curdy  hydrate,  porous  and  friable  when  dry,  agglutinating  when  heated.  By 
"usion  in  a  vacuum,  or  by  prolonged  heating  to  120°,  it  may  be  deprived  of  its  combined 
ivater,  leaving  a  white  opaque  mass,  which  has  a  crystalline  surface  and  concentric 
radiated  fracture,  becomes  strongly  negatively  electric  when  rubbed,  and  melts  to  a 
transparent  liquid  at  a  higher  temperature. 

Quinine  is  permanent  in  the  air,  inodorous,  very  bitter,  and  antifebrile.  According 
to  Robin  (Compt.  rend,  xxxii.  650),  it  prevents  putrefaction.  It  restores  the  blue 
colour  of  reddened  litmus.  In  alcoholic  solution  it  exerts  a  left-handed  action  on 
polarised  light:  [o]  =  -  141-33°  at  25°  for  the  red  ray  (De  Vrij  and  Alluard, 
I.  Pharm.  [3]  xlvi.  192) ,  =  -  121-5°  at  22-6°  and  -  129-56°  at  16°,  weaker  therefore 
in  warm  than  in  cold  solutions.  Acids  increase  the  rotatorj'  power ;  ammonia  restores 
it  to  its  original  amount  (Bouchardat,  Ann.  Ch.  Phys.  [3]  ix.  213).  For  solutions 
^f  quinine  in  acetic  or  sulphuric  acid,  [a]  =  287'16°  at  24°  for  the  transition-tint ; 
therefore  220-15°  for  the  red  ray.   (De  Vpij  and  Alluard.) 

The  composition  of  anhydi-ous  quinine  is  as  follows : 


Pelletier 

Calculation. 

and  Dumas. 

Regnault. 

Liebig. 

Laurent. 

Streckpi- 

240 

74-07 

75-02 

73-38 

74-09 

73-41 

74-05 

H^*  . 

24 

7-41 

6-66 

7-65 

7-57 

7-10 

7-50 

la^  . 

28 

8-64 

8-45 

8-55 

32 

9-88 

9-87 

10-42 

324 

100-00 

100-00 

100-00 

Pelletier  and  Dumas  gave  the  formula  C''H"'NO- ;  Regnault  C'^H'^N-O^ ;  Laurent 
(j3ejj22]^-2Qi      C'''H-']Sf-0^.    The  correct  formula  was  deduced  from  Liobig's  analyses. 

Quinine  forms  two  hydrates,  containing  respectively  one  and  three  atoms  of 
water. 

a.  Trih/drctte,  C-*H-'N'0^3H=0. — This  is  the  ordinary  hydrate  obtained  by  precipi- 
tation. When  a  dilute  solution  of  quinine-sulphate  mixed  with  excess  of  ammonia  is 
left  to  evaporate,  slender  needles,  consisting  of  the  same  hj'drate,  gradually  form  on 
the  surface ;  when  dried,  however,  they  present  the  appearance  of  an  amorphous 
powder.  A  solution  of  quinine  in  absolute  alcohol  leaves  on  spontaneous  evaporation 
a  resinous  mass,  containing  a  few  needles  of  the  trihydrate,  but  it  does  not  crystallise 
readily  from  alcohol ;  the  ethereal  solution  of  quinine  leaves  nothing  but  a  resinous 
mass. 

/3.  Mono-hydrate,  C-^H-^N^O'.H-O. — When  the  amorphous  trihydrate  ft-eshly  pirecipi- 
tated  -and  washed  is  exposed  to  the  air  and  frequently  moistened,  it  is  slowly  trans- 
formed into  crystals  of  the  mono-hydrate,  which  dissolve  in  warm  alcohol,  crystallise 
again  on  cooling,  and  give  up  their  water  at  130°  (Van  Heijningen,  Jahresb.  1849, 
p.  374),  This  hydrate  constitutes  Van  Heijningen's  ■y-eminine.  It  dissolves  le.^s 
easily  than  ordinary  quinine  in  alcohol,  and  is  said  to  form  a  neutral  sulphate  different 
from  the  ordinary  salt.  De  Vrij  (N.  Jahrb.  Pharm.  xiv.  268)  did  not  succeed  in 
preparing  it. 

Quinine  dissolves  in  364  pts.  of  cold  water  (Duflos);  in  480  pts.  tmtrr  at  18-75° 
(Abl);  in  200  pts.  of  boiling  water  (Pelletier  and  Caventou);  267  pts.  (D  uf  los). 
It  is  very  soluble  in  cdcohol,  and  dissolves  in  ether,  much  more  easily  than  cinehonire. 
It  dissolves  also  in  volatile  oils,  fixed,  oil,':,  and  chloroform.  It  is  not  quite  insoluble  in 
aqueous  alktdis,  especially  when  recently  precipitated  from  its  salts.  According  to 
Duflos,  however,  it  is  precipitated  from  aqueous  solution  by  alkalis  and  alkaline  carbo- 
nates, so  that  the  presence  of  acids  probably  influences  its  solubility.  It  dissolves  in 
2,146  pts.  of  lime-water.  (Calvert.) 

Decompeisitlons. — 1.  Quinine  when  .strongly  heated  in  the  air  turns  brown,  burns 
with  flame,  evolving  an  aromatic  odour,  and  leaves  a  bulky  easily  combustible  charcoal. 
—  2.  Solutions  of  quinine-salts  turn  brown  in  sunshine. — 3.  Tliey  are  violently  acted 
upon  by  the  electric  current  (Hlasiwetz  and  Rochleder). — 4.  With  aqueous  7iitrite 
o/ ywff/.ssiifw,  sulphate  of  quinine  evolves  nitrogen,  and  is  convprted  into  oxyouinino 
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(Scliutzenberger,  iv.  320). — 5.  A  solution  of  quinine  in  strong  nitric  acid  becomes 
coloured  on  heating  (Eiegel),  without  forming  picric  acid  (Liebig). — 6.  A  solution 
in  oil  of  vitriol  immediately  colours  chromate  of  potassium  dark-green,  with  evolution 
of  gas  (Riegel  and  Eboli). — 7.  Permangaiiate  of  potassium  acts  upon  quinine  in  the 
cold,  and  more  completely  at  boiling  heat,  forming  carbonate  and  nitrate  of  potassium, 
and  a  peculiar  acid  (Cloez  and  Guignet,  Compt.  rend,  xlvii.  710). — 8.  Peroxide  of 
lead  colours  a  solution  of  quinine  in  sulphui'ic  acid  grey-brown  (Riegel).  When  a 
solution  of  quinine-sulpliate  is  boiled  with  peroxide  of  lead,  and  dilute  sulphuric  acid 
is  gradually  dropt  into  it,  a  red  substance  called  quinetin,  partly  soluble  in  water, 
is  produced.    (Marchand,  p.  9.) 

9.  In  contact  with  zinc  and  dilute  sidphiiric  acid,  qxiinine  takes  up  1  at.  of  water, 
and  is  converted  into  hydroquinine,  C^H^^N'-'O^  (Scliiitzenb erger). — 10.  Wlicn 
heated  to  240°  or  260°  with  water  in  a  sealed  tube,  it  forms  chinoliue.  (Reynoso, 
Compt.  rend.  xxiv.  795.) 

11.  The  solution  of  quinine  in  oil  of  vitriol  acquires  a  yellowish- brown  colour  when 
heated  (Riegel);  fuming  sulphuric  acid  colours  quinine  yellowish-green  (Schlieken- 
kamp),  forming  quinine-sulphuric  acid  (Schlitzenberger). — Salts  of  qxiinine 
heated  alone,  or  with  sulphuric  acid  and  water,  are  converted  into  salts  of  quinicine 
(p.  13  •,  Pasteur). 

12.  Quinine  assumes  a  dirty-yellow  colour  in  vapour  of  iodine  (J) onwe).  AVhen 
triturated  with  iodine,  it  forms  a  brown  compound,  which  appears  to  be  identical  with 
the  precipitate  formed  on  adding  a  solution  of  iodine  in  iodide  of  potassium  to  a 
quinine-salt.  Quinine  is  decomposed  by  aqueous  periodic  acid,  with  liberation  of 
iodine  (Bodeker).  When  quinine,  or  its  sulphate,  is  warmed  with  an  equal  quantity 
of  iodic  acid,  an  explosive  evolution  of  gas  takes  place.  (Brett,  J.  Pharm.  [3]  xxvii. 
116.) 

13.  Quinine,  sulphuric  acid,  and  iodine  together  yield  sulphate  of  iodoquinine  (p.  25). 

14.  Quinine  exposed  to  a  current  of  dry  chlorine,  takes  up  a  large  quantity  of  the 
gas  ;  according  to  Andre,  it  assumes  a  carmine-red  coloxir  in  a  few  seconds,  and 
becomes  soluble  in  water ;  but  according  to  Pasteur,  it  turns  greenish,  and  then 
gives  up  to  boiling  or  cold  water  only  a  small  quantity  of  a  substance  having  an  acid 
reaction,  whilst  the  remainder  behaves  like  the  body  formed  by  the  action  of  chlorine 
on  quinine  suspended  in  water.  Quinine  suspended  in  water  is  reddened  by  chlorine 
(Andre  and  Pelletier).  A  solution  of  quinine  in  400  pts.  of  water,  acidulated 
with  sulphuric  acid,  is  not  coloured  or  rendered  turbid  on  passing  chlorine  into  it  for 
ten  minutes.    (Lepage,  J.  Pharm.  xxvi.  140.) 

When  chlorine-water  and  then  ammonia  are  added  to  a  solution  of  a  quinine-salt,  a 
green  precipitate  is  produced,  which  is  dissolved  by  more  ammonia  to  a  fine  emerald- 
green  liquid.  Exact  neutralisation  of  the  liquid  colours  it  a  sky-bliie,  changing  to  violet 
or  fiery-red  on  further  addition  of  acid;  ammonia  restores  the  green  colour  (Andre, 
J.  Pharm.  xxii.  132).  In  this  way  [especially  by  employing  an  ethereal  sohition 
(Leers)]  mere  traces  of  quinine  may  be  recognised;  quinidine,  however,  exhibits  the 
same  reaction. 

The  green  colour  is  not  produced  by  other  alkalis  instead  of  ammonia.  It  is  not 
produced  when  the  chlorine-water  is  allowed  to  act  too  long,  nor  with  all  proportions  of 
chlorine-water  and  ammonia ;  since  with  too  little  cldorine-water,  ammonia  throws 
down  a  greenish-white  precipitate,  and  with  too  much  it  produces  a  yellow  coloration 
(Brandes).    Reddish-green  or  brown  colours  may  also  be  produced.  (AndrtS.) 

When  200  grains  of  sulphate  of  quinine  are  dissolved  in  80  ounces  of  chlorine-water, 
and  the  solution  is  mixed  at  once  with  1 0  ounces  of  ammonia- water,  a  green  precipitate 
is  produced,  amounting  to  about  60  grains,  whilst  the  liquid  remains  of  a  deep-green 
colour.  The  precipitate  is  Brandes  and  Leber's  dedleiochine :  the  colouring-matter  of 
the  solution  is  not  removed  by  agitation  with  ether,  nor  in  an  unchanged  state  by 
other  means,  but  splits  up  on  evaporation  into  red  rusiochine,  soluble  in  alcohol,  and 
dark-brown  inekmochine,  insoluble  in  water  and  alcohol.  (See  Gmeliii's  Handbook, 
xvii.  272.) 

15.  AVhon  strong  ehlorine-water  free  from  hydrochloric  acid  is  poured  into  a  concen- 
trated solution  of  sulphate  of  quinine,  till  the  liquid  exhibits  a  faint  yellowish  colour, 
and  finely  pulverised  ferrocyanidt  of  potassium  is  then  added  till  the  colour  changes 
to  light  rose-rod,  this  tint  gradually  changes  to  dark-red,  especially  on  addition  of  a 
larger  quantity  of  tlie  forrocyanide.  The  red  colour  is  not  due  to  the  formation  of  any 
cyanogen-compound,  for  it  may  bo  equally  well-produced  by  means  of  baryta  or  lime- 
water,  or  of  sodic  borate  or  phosphate.    (A.  Vogel.) 

16.  AVhen  quinine  is  heated  with  strong  potash-ley,  hydrogen  is  evolved,  chinoline 
(i.  869)  distils  over,  and  the  residue  appears  to  contain  formic  acid.  (Gerhardt  and 
Wertheim.) 

17.  With  iodideof  meth-i/l  wd  iodide  of  ethyl,  quinine  forms  hydriodate  of  methyl-  or 
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ethyl- quinine  (p.  25).  With  chloride  of  acetyl  and  chloride  qf  benzoyl  it  yields  the 
hydrochloratos  of  acetyl  and  benzuyl-quinine  (p.  26). 

Quinine-salts. — Quinine  neutralises  acids  completely,  forming  mono-acid  or 
neutral  and  di-acid  salts.  The  salts  are,  for  the  most  part,  more  easily  crystallisable 
and  less  soluble  in  water  than  the  salts  of  cinchonino.  They  have  a  strong  bitter 
taste,  and  frequently  exhibit  a  pearly  or  silky  lustre.  They  are  precipitated  by  aJJcalis 
and  their  carbonates,  by  the  hydrates  of  calcium  and  magnesium,  and  by  ammonia  and 
carbonate  of  ammonia,  hydrate  of  quinine  being  thrown  down  in  white  flocks.  The 
precipitate  produced  by  potash,  ammonia,  or  carbonate  of  potassium  is  pidverulont, 
and  not  crystalline  or  soluble,  to  any  great  extent,  o%'en  in  excess  of  the  precipitant; 
the  sulphate  alone  yields  a  jrecipitate  easily  soluble  in  excess  of  ammonia  (v. 
Plauta).  Cyanide  of  potassium  colours  quinine-salts  carmine-red  (Schwalie). 
JAme-viater  added  in  excess  to  quinine-salts  redissolves  tlie  precipitate  formed  at  first. 
Solutions  of  quinine-salts  containing  excess  of  acid  are  highly  fluorescent. 

Acetate  of  Quinine,  C-"H-^N-0-.C-iI'0-,  crystallises  in  long  needles,  which  melt 
to  a  colourless  glass.  It  gives  off  acetic  acid  at  the  heat  of  the  water-bath,  is  slightly 
soluble  in  cold,  very  soluble  in  boiling  water.  (Regnault.) 

The  arsenate  forms  needle-sh.-ipcd  prisms  resembling  the  phosphate,  but  less 
pearly. 

The  aspartate  forms  indistinct  crystals,  easily  soluble  in  water. 

Borate. — A  hot  solution  of  quinine  in  aqueous  boric  acid  yields  crystalline  granules 
on  cooling ;  by  spontaneous  evaporation  with  an  excess  of  boric  acid,  a  varnish  is 
obtained. 

Carbonate,  C'lI-'N^'O^H-COMl^O.— This  s.alt  is  not  formed  by  precipitation  ;  but 
when  quinine  precipitated  from  the  sulphate  by  ammonia  is  suspended  in  water, 
and  carbonic  acid  is  passed  into  the  solution  till  the  quinine  dissolves  completely, 
an  alkaline  liquid  is  obtained,  from  which  crystals  of  carbonate  of  quinine  are 
deposited  on  exposure  to  the  air  for  twenty-four  hours.  By  spontaneous  evaporation 
of  the  mother-liquor,  quinine  is  obtained  free  from  carbonic  acid.  Tiie  carbonate  forms 
translucent  needles,  having  an  alkaline  reaction,  efflorescing  rapidly  in  the  air,  and 
decomposing  at  110°,  with  liberation  of  carbonic  acid  ;  they  are  soluble  in  alcohol,  but 
insoluble  in  ether.    (Langlois,  Ann.  Ch.  Phys.  [3]  xli.  89.) 

The  chlorate,  formed  by  dissolving  quinine  in  warm  aqueous  chloric  acid,  crj-s- 
tallises  in  tufts  of  slender  needles,  melting  to  a  colourless  liquid,  which  solidifies  to  a 
transparent  varnish  ;  it  explodes  when  strongly  heated.  (Serullas,  Ann.  Ch.  Phys. 
[2]  xlv.  279.) 

Chro mates. — The  neutral  salt,  2G-"'S\-\\-^0-.Q<vO^,  is  precipitated  from  an  aqueous 
solution  of  neutral  or  acid  sulphate  of  quinine  by  neutral  chromate  of  potassium,  in 
the  absence  of  free  acids,  and  is  slowly  deposited  in  tufts  of  shining  golden-yellow 
needles,  not  affected  by  light,  but  assuming  a  green  colour  wlien  heated  above  92°.  It 
dissolves  in  2,400  pts.  of  water  at  15°,  in  160  pts.  of  boiling  water;  in  alcohol,  but 
not  in  ether.  (Andre.) 

The  acid  chromate,  C-°H-^N'0-.Cr0^8H-'0,  is  thrown  down  by  acid  chromate  of 
potassium  from  a  cold  aqueous  .solution  of  sulphate  of  quinine  containing  sulphuric  acid, 
as  an  orange-yellow  precipitate,  consisting  of  microscopic  needles.  It  decomposes 
rapidly  in  the  light,  turns  brown  at  60°  or  65°,  or  when  boiled  with  water,  evolving 
oxygen.    More  soluble  than  the  neutral  salt.    (Andre,  J.  Pharm.  [3]  xli.  311.) 

The  citrate,  2C-''H-'N-0-.C''II"0',  is  a  sparingly  solnble  salt,  crystallising  in 
delicate  needles. 

Croconate  and  Bho  d  iz  nn  ate  of  Quinine  are  deep  yellow  or  red  amorphous 
masses,  soluble  in  water  and  alcohol  (Heller). — The  cya  uu  rate  is  a.  white  amorphous 
mass  (Elderhorst). — The /ormtti'e  crystallises  easily  in  neixllcs  resembling  the  sul- 
phate.   (L.  L.  Bonaparte,  J.  Chim.  med.  xviii.  680.) 

Gallate. — Gallic  acid  and  alkaline  gallates  form  precipitates  with  all  salts  of 
quinine,  provided  the  solutions  are  not  too  dilute.  The  precipitate  dissolves  in  boiling 
water,  the  liquid  becoming  milky  and  yielding  an  opaque  deposit  on  cooling.  Gallate 
of  quinine  is  soluble  in  alcohol  and  in  excess  of  acid  (Pelletier  and  Caventou). 
According  to  Pfaff  and  Henry,  gallic  acid  and  alkaline  gallates,  when  free  from  tannin, 
do  not  precipitate  quinine-salts. 

Hydriodate  of  Quinine,  C™H''N-'O^.HI,  is  obtained  by  direct  union  of  the 
acid  and  base,  or  by  double  decomposition,  in  nodular  groups  of  delicate  crystals 
(Pelletier),  lemon-yellow  prisms  (Herapath).  A  solution  of  sulphate  of  quinine  in 
boiling  water,  mixed  with  an  equivalent  quantity  of  iodide  of  potassium,  yields  on  cooling 
nothing  but  crystals  of  sulphate  of  quinine  ;  but  when  210  pts.of  hydroch'lorafe  of  quinine 
are  mixed  with  460  pts.  of  iodide  of  potassium,  in  hot  aqueous  solution,  a  colourless 
turpentine-like  muss  is  deposited  as  the  liquid  cools  ( W  i  n  e  k  1  e  r).  Iodide  of  potassium 
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throws  down  from  acetate  or  hydrochlorate  of  quinine,  a  heavy  white  powder, 
which  runs  into  drops  (v.  Planta).  The  hydriodate  melts  to  a  resin  over  the  water- 
bath.  It  dissolves  in  water  more  freely  than  the  sulphate  ;  in  nearly  all  proportions  in 
alcohol,  and  in  ether  (AVinckler,  Jahrb.  pr.  Pharm.  xx.  321).  From  a  solution  con- 
taining excess  of  hydriodic  acid,  an  acid  hydriodate,  C-''H-*N'-'0^2HI.5H'0,  separates, 
according  to  Regnault,  in  large  laminae  having  a  fine  yellow  colour  and  strong  acid 
reaction. 

By  mixing  acid  sulphate  of  quinine  with  solution  of  iodide  of  potassium,  Righini 
(J.  Chim.  med.  xiii.  116),  obtained  a  red  powder,  containing,  according  to  his  analysis, 
50  per  cent,  of  quinine,  30  of  hydriodic  acid,  and  20  of  iodine,  being  a  mixture  of 
hydriodate  of  quinine  and  iodoquinine.  Accoi'ding  to  Reignier  {ibid.  119),  on  dis- 
solving this  precipitate  in  alcohol,  and  evaporating  the  solution,  transparent  four- 
sided  prisms  are  obtained,  which  turn  dull  and  bi"own-red  in  the  air. 

Hydrochlorates.—The  neutral  salt,  2(C-'H2'N=0=.HCl).3H-0,  is  easily  obtained 
by  dissolving  quinine  in  a  slight  excess  of  warm  dilute  hydrochloric  acid,  and  separates 
on  cooling  in  long  silky  fibres.  It  may  also  be  prepared  by  precipitating  sulphate  of 
quinine  with  chloride  of  barium,  but  the  salt  thus  formed  soon  turns  resinous  in 
presence  of  an  excess  of  hydrochloric  acid  (Winckler).  At  140^  in  a  current  of  dry 
air  it  gives  oif  7' 105  per  cent,  water  of  crystallisation.  An  acid  ht/drochlorate  separates 
from  a  solution  of  quinine  in  a  large  excess  of  hydrochloric  acid ;  but  on  redissolving  it 
in  water,  the  solution  deposits  the  greater  part  of  the  quinine  as  neutral  hydro- 
chlorate. 

The  neutral  hydrochlorate  forms  yellow  precipitates  with  au7-ic  and  iridic  chlorides. 
— The  chloromercurate ,  C"°H^'N^0'.2HCl.IIg"Cr-,  is  obtained  as  a  granulo-crystalline 
precipitate,  by  dissolving  equal  parts  of  quinine  and  mercuric  chloride  in  strong 
alcohol,  and  mixing  the  liquids  after  adding  a  little  hydrochloric  acid  to  the  quinine- 
solution.  If  weak  alcohol  is  used,  the  precipitate  forms  more  quickly,  but  is  less  crystal- 
line. It  is  very  slightly  soluble  in  water,  cold  alcohol,  and  ether. — The  chloroplatinate, 
C=°H-*N'''0^2HCl.Pt"'CP.H-0,  is  obtained  by  adding  platinic  chloride  to  a  solution  of 
quinine  in  a  slight  excess  of  hydrochloric  acid,  as  a  yellowish  flocculent  precipitate  which 
on  agitation  becomes  orange-coloured  and  crystalline,  sinking  to  the  bottom  of  the 
vessel  and  attaching  itself  to  the  sides.  It  does  not  give  off  any  water  at  100°,  but 
the  whole,  equal  to  2-37  per  cent.  (1  at.),  at  140°.  (Gerhardt.) 

Hy  drocy  anate. — Quinine  triturated  and  agitated  with  aqueous  hydrocyanic  acid 
dissolves  to  a  yellow  liquid. 

Cyanoflatincdes.  —  A  solution  of  quinine-sulphate  precipitated  with  platinocya- 
nide  of  potassium  yields  the  salt  C-''H2^N-02.2HCy.Pt"Cy«.H'-^0,  and  with  platinid- 
cyanide  of  potassium,  the  salt  C^"H='N-02.2HCy.Pt"Cy'  (Wertheim,  Ann.  Ch.  Pharm. 
Ixxiii.  210). — According  to  Schwa  rzenbach  (Pharm.  Viertelj.  viii.  210),  platinocya- 
nide  of  potassium  throws  down  : — a.  From  a  solution  of  quinine  in  aqueous  acetic  acid, 
a  white  precipitate  of  the  salt,  3C'^"H-'N-0-.2IICy.Pt"Cy-,  partly  converted  into  needles 
on  standing. — R.  From  a  solution  of  quinine  in  a  moderate  excess  of  sulphuric  acid,  a 
bulky  white  precipitate,  which  when  left  at  rest  is  transformed  into  tabular  crystals 
containing  2(C-"H^'N'-0^.2HCy.Pf'Cy-).H'0,  warty  groups  of  needles  consisting  of 
C-'"II''N-'0-.2HCyPt"Cy^.H-0,  and  a  resin  having  the  same  composition. 

Hijdroferricyanate  of  Quinine,  2(C2''ff-'N'02.HTe"'Cy^)3H-0,  is  precipitated  by  a 
concentrated  aqueous  solution  of  ferricyanide  of  potassium  from  a  strong  aqueous  solu- 
tion of  hydrochlorate  of  quinine  containing  a  little  free  hydrochloric  acid  in  golden- 
yellow  crystalline  laminre,  which  after  drying  resembles  mosaic  gold.  The  salt  does 
not  lose  weight  at  100°;  dissolves  easily  in  water,  and  deposits  a  blue  powder  on 
evaporating  the  solution  (Dollfus,  Ann.  Ch.  Pharm.  Ixv.  224). — The  hydroferrncyanate, 
C™H'^^N^0-.H''Fe"Cy''.2H'0,  is  an  orange-yellow  crystalline  precipitate,  obtained  on 
mixing  the  alcoholic  solutions  of  quinine  and  hydroferrocyanic  acid. 

Hypophosphite,  C-''II-<iS[-02.H:'P01— To  prepare  this  salt,  100  pts.  of  sulphate  of 
quinine  are  heated  to  94°  with  6,000  pts.  of  water  and  38-7  pts.  of  hypophosphorovis 
acid  ;  a  quantity  of  hypophosphite  of  barium,  barely  sufficient  for  the  complete  decom- 
position of  the  sulpluite,  is  then  added,  and  the  liquid  is  filtered  and  left  to  crystallise. 
The  mother-liquor  and  wash-water  yield  colourless  crystals  only  when  cautiously 
evaporated. — It  is  a  light  very  loose  mass,  having  a  pure  bitter  taste  ;  melts  and  turns 
brown  at  loO°,  with  loss  of  water;  dissolves  in  60  pts.  of  water  at  15-5°,  and  more 
easily  in  boiling  water.   (L.  Smith,  Zeitschr.  Ch.  Pharm.  i.  159.) 

Hyposulphite  of  Quinine,  C^'H'^N^O-.H-S^O^  (at  100°),  is  obtained  by  adding 
hyposulphite  of  sodium  to  a  solution  of  hydrochlorate  of  quinine,  as  a  flocculent 
precipitate  sparingly  soluble  in  cold  water.  It  crystallises  from  hot  alcohol  in  fine 
needles  containing  1  at.  water,  which  they  give  off  at  100°,  yielding  a  powder, 
strongly  electric  when  hot. — Hypo  sulphate. — Deposited  in  crystals  from  a  hot 
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Eolution  of  sulphate  of  quinine  mixed  -with  hyposulpliate  of  barium.  (Wetherill, 
Ann.  Ch.  Pharm.  Ixvi.  160;  How,  Ed.  N.  Phil.  J.  [2],  i.  47.) 

lodates. — The  neutral  salt  crystallises  in  moderately  soluble  silky  needles;  the 
acid  salt  is  a  sparingly  soluble  precipitate.  (Serullas.) 

Lactate  of  Quinine  crystallises  by  spontaneous  evaporation,  in  flat  silky  needles 
resembling  the  neutral  sulphate,  but  more  soluble.  It  is  said  to  be  efficacious  in  the 
treatment  of  intermittent  fevei'.    (L.  L.  Bonaparte.) 

Mellitate. — Alcoholic  quinine  produces,  with  solution  of  mellitie  acid,  an  abun- 
dant white  precipitate,  which  becomes  pearly  and  crystalline  when  washed  with  weak 
alcohol.  It  does  not  lose  water  at  100°,  but  evolves  a  little  water  and  ammonia  at 
130°,  turning  sulphur-yellow;  dissolves  very  .slightly  in  cold,  and  somewhat  more 
freely  in  hot  water,  from  which  it  is  deposited  as  a  crystalline  powder  on  cooling. 
(Karmrodt,  Ann.  Ch.  Pharm.  Ixxxi.  170.) 

Hforintannatc. — Pale-ycUow  precipitate,  slightly  soluble  in  water,  easily  in 
alcohol. 

Nitrate,  C^^H-'N'O-.HNO^. — An  aqueous  solution  deposits  on  evaporation  oily 
drops,  which  turn  waxy,  and  when  kept  under  water  for  many  days  are  transformed 
into  very  oblique  rhombic  prisms  (Pelletier  and  Caveiitou).  Crystals  are  obtained 
only  by  evaporating  the  excess  of  acid,  and  dissolving  the  residue  in  water  (van 
lleijuingen). — When  neutral  sulphate  of  quinine  is  decomposed  by  nitrate  of 
liarium,  and  the  filtrate  is  allowed  to  evaporate  spontaneously,  large  transparent 
jirisras  separate,  which  give  off  4'2  per  cent,  of  water  at  100°  (1  at.  —  4'4  per  cent.) 
(Streeker). — Argento-nitrate.  Alcoholic  nitrate  of  silver  throws  down,  from  alcoholic 
solution  of  quinine,  a  crystalline  precipitate  containing  1  at.  silver-oxide  to  1  at. 
quinine.  (Streeker.) 

Olcate. — Quinine  is  nearly  insoluble  in  olive-oil,  and  does  not  saponify  wlien  heated 
with  it.  AVlien  1  pt.  of  quinine  is  digested  with  2  pts.  of  oleic  acid  for  one  to  two 
hours  at  100°,  a  solution  miseible  with  fat  oil  is  obtained  (Attfield,  Pharm.  J. 
Trans.  1863,  pp.  4,  388).  By  the  action  of  quinine  on  olive-oil  or  margaric  acid, 
Tripier  (J.  Pharm.  [3],  xlvi.  234)  obtained  soaps  miseible  in  all  propoi-tions  with 
oils  and  fats.  Tlie  very  viscid  "  Olcomargarate  do  Quinine  "  thus  formed  ultimately 
crystallises  by  slow  cooling  in  shining  globules. 

Oxalates.— The  neutral  salt,  2C-"H-'N-0\C=H=0'  (at  125°),  is  obtained  by  precipi- 
tating a  cold  solution  of  the  acetate  with  oxalate  of  ammonium,  washing  the  preci- 
pitate with  a  little  cold  w.ater,  and  rocrystallising  from  boiling  alcohol,  which  deposits 
it  on  cooling  in  very  fine  needles. —  The  acid  salt  forms  needles  very  soluble  in  water. 

Perchlorate,  C-''H"N-0-.HC10'.7H-0.— When  sulphate  of  quinine  is  precipitated 
by  perchlorate  of  barium,  ami  the  filtrate  is  evaporated,  yellowish  oily  drops  are 
deposited,  which  redissolve  on  gently  warming  the  liquid,  and  afterwards  separate  in 
crystals  on  cooling.  By  concentration,  the  mother-liquor  yields  a  furtlier  c^uantity  of 
oil,  which  solidifies  in  contact  with  a  crystal. — According  to  Bodeker,  the  salt  forms 
striated  prisms,  exhibiting  a  faint  dichroi'sm  of  blue  and  yellow;  according  to  Dauber 
(Ann.  Ch.  Pharm.  Ixxi.  65),  it  forms  truncated  rhombic  octahedrons,  cleavable  parallel 
to  the  end-face.  P  :  P  basal  =  149°  46' ;  macrodiagonal  =  80°  30' ;  brachydiagonal 
=  107°  32'.  The  crystals  melts  at  45°,  and  likewise  at  a  moderate  temperature  over 
oil  of  vitriol ;  and  the  fused  salt  solidifies  on  cooling  to  a  clear  brittle  mass,  which  loses 
14-3  per  cent,  of  water  at  110°,  puffs  up  strongly  at  150°,  aud  solidifies  again  at  160°, 
having  then  lost  IS'63  per  cent,  of  water.  On  further  heating,  a  violent  explosion 
occurs,  accompanied  by  flame. — Aqueous  solutions  of  a  certain  strength  yield  highly 
lustrous,  dichro'ic,  rhombic  tables,  which  melt  to  an  oil  under  water,  but  only 
at  210°  when  heated  alone,  losing  6'5  per  cent,  of  water  (2  at.  =  6'4  per  cent.). 
(Bodeker.) 

Periodatc,  C-°H^'N''O^.HIO'. — Freshly  precipitated  quinine  neutralises  aqueous 
periodic  acid  but  incompletely  in  the  cold,  and  on  warming  the  liquid,  iodic  acid  is 
formed.  When  the  acid  solution  is  evaporated  over  oil  of  vitriol,  it  becomes  covered 
with  oily  drops,  which  are  converted  into  crystals  as  the  evaporation  proceeds.  The 
periodic  acid  contained  in  the  crystals  is  reduced  on  keeping  for  a  short  time,  the  crystals 
acquiring  a  yellow  colour.  On  neutralising  the  alcoholic  solution,  and  evaporating  at 
30°  to  40°,  roundish  masses  of  needles  are  obtained.  They  dissolve  easily  in  water 
containing  nitric  acid,  but  with  difficulty  in  pure  water,  and  after  drying  at  40°  retain 
9  at.,  and  at  100°,  6  at.  water.    (Langlois,  Ann.  Ch.  Phys.  [3],  xxxi.  274.) 

Phosphates. — Quinine  dissolves  easily  in  warm  aqueous  phosphoric  acid,  and  the 
solution  on  cooling  yields  a  pulpy  mass  of  needle-shaped  crystals.  A  more  dilute, 
solution  deposits  radiated  groups  of  very  thin  silky  needles,  perfectly  neutral  to  test- 
paper.    They  give  off  7"57  to  7'85  per  cent,  water  at  120°,  and  probably  consist  of 
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3C2ojj2Jij202  2PH30<  (Anderson,  Ann.  Ch.  Pharm.  Levi.  59),  or,  according  to 
G  e  rh  ard  t  ( Traite,  iv.  118),  of  2C=''H2']Sf-'O^PH='0'.2H20.— A  hot  solution  of  .sulphate 
or  hydrochlorate  of  quinine  mixed  with  a  slight  excess  of  sodic  phosphate,  deposits  on 
cooling  a  white  crystalline  mass,  very  slightly  soluble  in  water.  (Winckler.) 

A  pyrophosphate  of  quinine  is  obtained  by  precipitating  the  hydrochlorate  with  sodic 
pyrophosphate. 

Pier  ate. — Obtained  by  precipitation  as  a  yellow  powder,  very  slightly  soluble  in 
water,  freely  in  alcohol.  When  boiled  in  water,  it  melts  and  floats  on  the  surface  in 
oily  drops(L.  L.  Bonaparte).  According  to  Carey  Lea  (SiU.  Am.  J.  [2]  xxvi.  379), 
it  crystallises  from  the  alcoholic  solution  in  yellow  needles  ;  according  to  L.  Bonaparte, 
the  alcoholic  solution  does  not  yield  any  crystals. 

Quinate  of  Quinine  occiirs  in  cinchona-barks  (Henry  and  Plisson).  A 
solution  of  sulphate  of  quinine  mixed  with  quinate  of  barium  deposits  the  salt  usually 
in  mammellated  crusts,  having  a  horny  appearance  at  the  edges,  sometimes,  however, 
in  needles.  It  dissolves  in  3-5  pts.  water  at  110°,  and  in  8  pts.  of  alcohol  of  88  per 
cent.  (Baup.) 

Succinate  of  Quinine  forms  pearly  prisms. 

Sulphates  of  Quinine.— a.  Neutral  salt,  iC^^W^WO^.W^O*,  commonly  but  im- 
properly called  Basic  sulphate  of  quinine.  This  salt  is  produced  by  neutralising 
quinine  with  dilute  sulphuric  acid,  a  few  drops  of  alkali  added  to  the  solution  quickly 
determining  the  crystallisation  (see  also  p.  16).  It  crystallises  in  scales,  or  in  long 
slightly  flexible  needles,  having  a  nacreous  aspect  'The  crystals  are  monoclinic,  ex- 
hibiting the  combination  oP  .  ooPos  .  [  ooPw  ].  Angle  oP  .  [  ooPoo  ]  =  95°  50' ; 
oc'Poo  :  [  ooPoo  ]  ==  90°.  They  are  often  hemitropic.  Cleavage  distinct,  parallel  to 
oP  and  00 P.  The  salt  is  as  light  as  magnesia,  has  a  bitter  taste,  and  efiSoresces  quickly 
on  exposure  to  the  air. 

The  sulphate  dried  in  the  air  at  8°  to  15°,  or  over  oil  of  vitrol  diluted  with  3'2  to 
3-5  its  volume  of  water,  has  the  composition  2(2C-»H2'N20'.H«SO').15H-'0 ;  the  moist 
salt  loses  its  excess  of  water  when  placed  over  acid  of  this  strength,  whilst  the  air- 
dried  salt  does  not  alter  in  weight.  Wlien  heated  to  110°  to  120°,  it  loses  the  wliole 
of  its  water  of  crystallisation,  but  rapidly  absorbs  4'87  to  5'1  per  cent,  again  on  ex- 
posure to  moist  air  (4  at.  =  4-82  per  cent.)  (Jobst  and  Hesse);  the  same  quantity 
of  water  is  retained  by  the  salt  dried  over  oil  of  vitriol  [or  in  dry  air  (Baup)].  A 
solution  of  1  pt.  of  the  air-dried  salt  in  40  pts.  or  mere  of  alcohol  of  specific  gravity 
0-852.  deposits  on  evaporation  white  needles,  containing  4  at.  water.  (Jobst  and 
Hesse,  Ann.  Ch.  Pharm.  cxix.  361.) 

Commercial  sulphate  of  quinine  contains  quantities  of  water  varying  between  51  and 
13-3  per  cent.  (Millon  and  Comaille).  It  usually  appears  half- effloresced,  but 
still  contains  15-6  per  cent,  of  water.  (Guibourt.) 

The  anhydrous  salt  dissolves  in  793  pts.  water  at  6°,  and  in  788  pts.  at  9"5  (Jobst 
and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves  in  265  pts.  of  cold, 
and  in  24  pts.  of  boiling  water  (Bussy  and  Guibourt) ;  in  335  pts.  cold,  and  33-6 
pts.  boiling  (Howard) ;  in  720°  pts.  at  1875°  (Abl) ;  in  740  pts.  at  13°,  and  in  30 
pts.  at  100°  (Baup);  in  740  pts.  at  10°  (van  Heijningen  ;  Cap  and  Garot).  The 
commercial  salt  dissolves  in  738  to  770  pts.  of  water  at  12°  to  15°  (Kerner).  It 
dissolves  very  sparingly  in  a  cold  saturated  solution  of  Glauber's  salt,  and  scarcely  at 
all  in  Eochelle  salt,  so  that  the  solution  is  scarcely  clouded  by  ammonia,  or  coloured 
by  chlorine-water  and  ammonia  (Mann).  The  solubility  of  sulphate  of  quinine  in 
water  is  reduced  by  sulphate  of  sodiiim  and  sulphate  of  magnesium,  but  increased  by 
sal-ammonia:^,  saltpetre,  and  chlorate  of  potassium.  (Calloud.) 

One  part  of  anhydrous  sulphate  of  quinine  dissolves  in  100  to  115  pts.  of  alcohol  of 
specific  gravity  0-852 ;  the  strength  of  the  alcohol,  however,  is  altered  by  the  salt  dis- 
solved in  it  (Jobst  and  Hesse).  One  part  of  the  salt  [crystallised  or  dry?]  dissolves 
in  60  pts.  of  cold  alcohol  of  specific  gravity  0-85  (Baup) ;  in  60  pts.  of  cold  alcohol  of 
21°  (Delondre  and  Henry) ;  in  40  pts.  of  alcohol  (Cap  and  Garot) ;  in  7'5  pts.  of 
boiling  alcohol  of  90  per  cent.  (Bussy  and  Guibourt),  from  which  it  is  deposited 
almost  entirely  on  cooling.  Sulphate  of  quinine  dissolves  in  40  pts.  of  glycerin,  but 
not  in  fatty  oils  (Cap  and  Garot ;  Attfield).  It  dissolves  abundantly  in  creosote  at 
20°,  and  slowly  in  cold  picamar  (Keichenbach).  It  is  insoluble  in  chloroform. 
(Schlimpert.) 

The  solution  of  quinine-sulphate  in  water  acidulated  with  sulphuric  acid  turns  the 
plane  of  polarisation  of  a  ray  of  light  strongly  to  the  left.  For  the  transition-tint 
[a]  =  255-6  for  the  anhydrous  sidphate,  and  210-87°  for  the  sulphate  with  15-72  per 
cent,  water  (De  Vrij  and  Alluard,  Compt.  rend.  lix.  201).  The  same  solution  ex- 
hibits a  powerful  blue  fluorescence.    (See  Light,  iii.  633.) 

Sulphate  of  quinine  becomes  luminous  at  100°;  the  phosphorescence  is  likewise 
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produced  by  friction,  the  rul/ulng  liody  Lecomiiig  charged  at.  the  same  time  -witli 
negative  electricity  very  sensible  to  the  electroscope.  The  salt  melts  easily,  forming  a 
liquid  like  melted  wax.  At  a  higher  temperature  it  assumes  a  fine  red  colour,  and 
ultimately  burns  and  carbonises. 

Inqnirities  and  Adulterations  of  Sidphate  of  Quinine. — Sulphate  of  quinine  may  be 
intentionally  adulterated,  either  ,vith  inorganic  substances  (sucli  as  sulphate  or  carbo- 
nate of  calcium  or  magnesium),  the  presence  of  -which  is  detected  on  heating,  or  with 
organic  substances.  Of  the  latter  class  of  bodies,  starch-powder  and  stearin  are  recog- 
nised by  their  insolubility  in  acidulated  water,  and  gum  by  its  insolubility  in  alcohol; 
salicin,  phlorizin,  and  cane-sugar  assume  a  red  or  brown  colour  with  oil  of  vitriol;  the 
other  varieties  of  sugar,  as  well  as  other  substances  soluble  in  water,  remain  in  solution 
on  boiling  the  sulphate  with  baryta-water,  passing  carbonic  acid  into  the  liquid,  and 
filtering,  and  may  be  recognised  on  evaporating  the  solution.  The  pure  sulphate  thus 
treated  leaves  only  a  slight  residue,  corresponding  to  the  solubility  of  the  salt  in 
water. 

Since  cinchonine  and  cinehonidine  exist,  together  with  quinine,  in  cinchona-barks, 
the  sulphates  of  those  bases  may  occur  as  impurities  in  sulphate  of  quinine.  They 
may  be  recognised  by  the  following  quininc-test  of  Liebig: — 10  grains  of  the  sulphate 
to  be  tested  are  warmed  with  10  drops  of  dilute  sulphuric  acid  and  15  drops  of  water 
in  a  test-tube;  the  solution  is  cooled;  60  drops  of  commercial  ether  and  20  drops  of 
ammonia-water  are  added;  the  whole  is  shaken;  and  the  tube  stopped.  If  the  quinine 
is  free  from  cinchonine,  and  does  not  contain  more  than  10  per  cent,  of  quinidino,  the 
whole  remains  in  solution;  but  if  cinchonine  is  present,  it  is  deposited  as  a  white 
pulverulent  layer  between  the  ether  and  the  water,  as  is  also  the  case  with  cineho- 
nidine when  present  in  large  quantity.  Smaller  portions  of  cinehonidine  crystallise 
from  the  ether  ou  standing  for  a  short  time,  and  still  smaller  quantities  when  ether 
saturated  with  cinehonidine  is  employed  in  the  first  instance.  As  it  sometimes  happens 
tliat  the  upper  ethereal  layer  solidifies  to  a  jelly,  even  with  pure  sulphate  of  quinine, 
it  is  more  convenient  to  employ  ether  containing  alcohol,  or  to  take  a  somewhat 
larger  proportion  of  ether  than  is  directed  above.  Guibourt  evaporates  the  ammonia 
before  adding  the  ether  (J. Pharm.  [3]  xxi.  47). — Instead  of  ether,  Ri egel  (Jahrb.  pr. 
I'liarm.  xxv.  340)  emploj's  100  di'ops  of  chloroform,  whereby  the  cinehonidine  also  is 
dissolved.  To  separate  this  last  substance,  he  dissolves  10  grains  of  the  sidphate 
in  water,  with  addition  of  tartaric  acid,  and  adds  acid  carbonate  of  sodium  to  the 
sohition.  The  resulting  precipitate  consists  of  cinchonine  and  cinehonidine,  whilst 
quinine  remains  in  solution.  The  cinchonine  and  cinehonidine  may  then  be  separated 
liy  chloroform.  O.  Henry  (J.  Pharm.  [3]  siii.  107)  likewise  separates  quinine  and  cin- 
clionine  by  means  of  ether  or  cold  alcohol,  but  first  removes  the  greater  part  of  the 
quinine  by  converting  it  into  acetate  (by  precipitating  with  caustic  soda  and  dissolving 
the  precipitate  in  acetic  acid),  and  crystallising  out  as  far  as  possible. — Delondre  and 
O.  Henry  (J.  Pharm.  [3]  xxi.  281)  triturate  10  grms.  of  the  sulphate  and  4  grms. 
of  acetate  of  barium  with  60  grms.  of  water  and  a  little  acetic  acid,  separate  the 
crystals  which  form  after  a  few  minutes,  and  dilute  the  filtrate  witli  twice  its  volume 
of  alcohol  of  36°.  After  adding  a  little  sulphuric  aeid  and  again  filtering,  the  liquid  is 
boiled  with  excess  of  ammonia.,  and  after  standing  for  24  hours,  the  cinchonine  crystal- 
lises in  needles.  The  cinchonine  may  also  be  obtained  in  crystals  by  dissolving  5  grms. 
of  the  sulphate  in  120  grms.  of  warm  acidulated  alcohol,  boiling  the  solution  with 
excess  of  ammonia,  and  setting  it  aside  for  24  hours.  (For  references  to  otlier  methods 
see  Gmdin's  Handbook,  xvii.  280.) 

3.  Acid  sulphate,  C^''H2'H-0=.H=SO''.1.5H-0,  improperly  called  neutral  stdphatc.^ 
This  salt,  which  always  separates  from  a  solution  of  quinine  in  excess  of  sulphuric  acid, 
is  distinguished  from  the  neutral  sulphate  by  its  much  greater  solubility.  It  usually 
crystallises  on  cooling  in  small  needles,  but  by  evaporation  in  a  hot-air  chamber,  it 
may  be  obtained  in  rectangular  prisms  terminated  by  a  truncation,  or  by  two,  three,  or 
four  facets  resting  on  the  faces  of  the  prism. 

It  melts  in  its  water  of  crystallisation  at  100°,  dissolves  in  11  pts.  of  water  at  13°, 
and  in  8  pts.  at  22° ;  and  in  dilute  or  absolute  alcohol,  much  more  freely  in  the  hot 
liquids  than  in  the  cold.  From  a  solution  in  absolute  alcohol  it  is  deposited  in 
crystals,  which  immediately  fall  to  powder  on  exposure  to  tbe  air.  (Baup.) 

8ul pjhatc  of  Quinine  and  Iron. — A  mixture  of  sulphate  of  quinine  and  ferric  sulphate, 
left  for  some  months  in  a  partially-covered  vessel,  deposits  this  salt  in  small,  perfectly 
regular,  colourless  octahedrons.    (Will,  Ann.  Ch.  Pharm.  xlii.  111.) 

Sulphate  of  lodoquinine  (see  p.  25). 

Sulphite  of  Quinine. — Dry  quinine  absorbs  sulphurous  anhydride  with  consider- 
able evolution  of  heat,  forming  an  anhydrous  salt.    (Liebig  and  Pelouze.) 

Sulphocyanate  of  Qtcininc,  C^<'H-'N-0^.2CyHS,  obtained  by  precipitating  a 
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solution  of  quiuine-sulphate  with  sulphocyanate  of  potassium,  forms  fine  lemon-yellow 
monoclinio  crystals  (Wertheim).  Quinine  treated  with  sulphocyanic  acid  yields  two 
salts  crystallising  together,  the  one  white,  the  other  yellow  and  resinous  (Do llfus). 
By  precipitating  sulphocyanate  of  quinine  with  mercuric  chloride  and  cyanide,  two 
double  salts  are  formed,  containing  respectively  3(C2''H2^N^0^2CyHS).4Hg"Cr- 
and  2(C-»H2^N20l2CyHS).Hg"Cy2.  (Wertheim.) 

Tannates. — Quinotannic  acid  occurs  in  cinchona-bark  (Henry  and  PHsson). 
Gallotannic  acid  foi'ms  with  dilute  quinine-solutions  a  yellowish-white,  amorphous, 
slightly  bitter  precipitate,  sparingly  soluble  in  boiling  water,  very  soluble  in  alcohol. 
This  salt  is  used  in  the  treatment  of  fever,  and  is  said  to  exert  less  action  than  the 
sulphate  on  the  digestive  organs  and  on  the  nervous  system.  (See  Eeport  of  MM. 
OrjUa,  Bussy,  and  Bouvier  on  a  Memoir  by  M.  Beirreswil  on  the  Therapeutic  Properties 
of  Tannate  of  Quinine,  J.  Pharm.  [3]  xxi.  206.) 

Tartra  tes.—a.  Bextrotartrates.  The  7ieiitral  salt,  1(y^'>W*W0''.G^W0<^,  is  precipitated 
on  mixing  sulphate  cf  quinine  with  neutral  dextrotartrate  of  potassium,  as  a  crystal- 
line powder,  neutral,  fusible,  and  having  abitter  taste  (Arppe,  J.pr.  Chem.  liii.  334). 
The  acid  salt,  C-''H-'N-0'.C'H''0'^.H-0,  is  obtained  by  mixing  equivalent  quantities  of 
the  acid  and  base,  and  leaving  the  liquid  to  crystallise.  It  gives  oif  1'4  per  cent, 
water  at  100*^,  and  the  remainder,  4-4  per  cent,  in  all,  at  160°,  decomposing  when 
heated  for  some  time  to  that  temperature  (Pasteur). — -Tartrate  of  quinine  and  potas- 
sium forms  crystals  soluble  in  alcohol  (Delondre  and  Henry).  Quinine  boiled 
with  solution  of  tartar-emetic  does  not  form  a  double  salt  analogous  to  that  of  quinidine. 
(Stenhouse.) 

Lmvotartrate. — Obtained  like  the  dextrotartrate,  and  has  the  same  composition; 
it  differs  however  in  crystalline  form,  gives  off  nearly  all  its  water  of  crystallisation  at 
100°,  and  is  much  more  soluble  in  water  than  the  dextrotartrate.  (Pasteur.) 

Vrate  of  Qioinine,  C^^H^JN-'O^C^H^N^O^?— Prepared  by  boiling  ui-ic  acid  for 
some  time  with  quinine  and  a  large  quantity  of  water,  and  filtering  the  liquid  while 
hot ;  it  is  a  white,  amorphous,  laminated  mass  (Elderhorst),  or  a  dull  white  powder 
composed  of  microscopic  prisms.  It  has  a  bitter  taste ;  burns  without  melting  when 
heated;  dissolves  in  855  pts.  cold  and  36'2  pts.  boiling  water ;  in  1580  pts.  cold  and 
45-3  pts.  boiling  alcohol ;  still  less  freely  in  ether.   (Andrea,  Pharm.  Viertelj.  x.  382.) 

Valerate  of  Quinine,  C-''H^'N20-.C=H'»0-.2H20.— On  neutralising  alcoholic 
quinine  with  a  slight  excess  of  valerianic  acid,  and  allowing  a  mixture  of  1  vol.  of  the 
liquid  with  2  vols,  of  water  to  evaporate  at  ordinary  temperatures,  or  not  above  50°, 
hard  rectangular  octahedrons  or  cubes,  pennanent  in  the  air,  and  by  rapid  evaporation 
also,  needles  are  obtained  (L.  Bonaparte).  The  salt  may  also  be  prepared  byadding 
carbonate  of  sodium  to  a  mixture  of  1  pt.  of  valerianic  acid  and  2  pts.  of  water  in 
sufficient  quantity  to  i-ender  the  liquid  slightly  alkaline,  and  pouring  the  mixture, 
at  a  temperature  of  48°,  into  a  solution  of  2  pts.  of  sulphate  of  quinine  in  water 
containing  sulphuric  acid  :  the  solution,  on  standing  for  24  hours,  deposits  crystals, 
which  are  washed  with  water  at  36°  (Chatin,  J.  Pharm.  [4]  i.  268).  It  smells  of 
valerianic  acid:  tastes  very  bitter,  and  afterwards  of  the  acid,  melts  at  90°  to  a  trans- 
parent liquid,  giving  off  3i  per  cent,  of  water,  and  solidities  to  a  glass  on  cooling. 
When  more  strongly  heated,  it  gives  off  valerianic  acid.  The  salt,  fused  at  90°, 
dissolves  easily  in  alcohol,  and  remains  on  evaporation  as  an  amorphous  mass  when 
the  alcohol  is  strong,  or  in  the  form  of  crystals  when  weaker  alcohol  is  employed. 
(Bonaparte.) 

The  crystals  dissolve  in  110  pts.  of  cold  [96  pts.  at  18-75°  (Abl)],  and  in  40  pts.  of 
boiling  water  (Wittstei  n).  The  solution  on  boiling  deposits  resinous  drops  of  the 
anhydrous  salt,  which  do  not  become  crystalline  on  cooling  or  standing  in  water,  but 
crystallise  from  dilute  alcohol.  Tlie  same  anhydrous  salt  is  precipitated  by  valerianic 
acid  from  an  aqueous  solution  of  the  crystals  (Bonaparte,  J.  Chim.  med.  xviii.  680  ; 
xix.  330).  Dissolves  in  6  pts.  of  cold,  and  in  1  pt.  of  boiling  alcohol  of  80  per  cent. 
(Witt  stein,  Eepert.  Ixxxvii.  295).  The  salt  prepared  with  natural,  but  not  that  made 
with  artificial,  valerianic  acid,  becomes  pliospliorescent  when  rubbed,  especially  after  it 
has  elBoresced.  The  two  salts  also  exhibit  different  crystalline  forms.  (Landerer,  N. 
Br.  Arch.  cxix.  240.) 

Derivatives  of  Quinine. 
1.  By  Addition. 

Bydroquinine,  C^^H^^N^O^  =  C'oH^^N^OMT-O  (at  150°)  (Schiitzenberger, 
Ann.  Ch.  Pharm.  cviii.  347). — This  compound,  which  contains  the  elements  of  1  at. 
water  more  than  quinine,  is  obtained  by  the  action  of  zinc  and  sulphuric  acid  on 
quinine.    It  is  an  amorphous  resin  nearly  as  bitter  as  quinine.    When  dried  at  120°, 
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it  retains  1  at.  water,  forming  the  niuno-hydrate  C^''H-'^N-O^.H-0,  wliirli  slowly  pives 
off  half  its  water  at  140^,  leaving  the  compound  2C=°H=°N=0''.H-0.  Tiie  moiio-iiydrafe 
softens  at  35°  and  melts  at  100°.  Hydroquinine  dissolves  in  alcohol  and  ether,  and 
exhibits  with  chlorine-water  and  ammonia  the  same  green  coloration  as  quinine.  It's 
salts  are  more  soluble  than  the  corresjwnding  salts  of  quinine.  The  sulphate  crystal- 
lises with  difficulty.  The  cMoroplatinatc  dried  at  100^  contains  26'2  per  cent, 
platinum,  agreeing  exactly  with  the  formula  C'-''ff«N20\2HCl.Pl"CI^. 

Xodoquinine,  2C-"H-''N'-0'.I-  ?. — By  triturating  quinine  with  iodine,  a  brown 
substance  is  obtained,  exactly  resembling  iodocinehonine  (i.  979).  and  containing  28  0 
per  cent,  iodine  (ealc.  =  30'3).    (Pasteur,  Compt.  rend,  xxxvii.  110.) 

Sulphate  of  lodoqxiinine,  or  Sidphato-iodide  of  Quinine.  This  salt,  dis- 
covered by  Herapath,  is  obtained  by  dissolving  acid  sulphate  of  quinine  in  strorg 
acetic  acid,  and  gradually  dropping  into  it  an  alcoholic  solution  of  iodine.  The 
mixture,  if  left  at  rest  for  a  few  hours,  deposits  the  salts  in  large  plates,  generally 
rectangular,  sometimes  rhombic,  octagonal,  or  hexagonal.  These  crystals,  when  viewed 
by  reflected  light,  exhibit  an  emerald-gi-een  colour,  with  an  almost  metallic  lustre  like 
the  wing-cases  of  cantharides  or  the  crystals  of  murexide  ;  by  transmitted  light  they 
are  nearly  colourless,  having  only  a  faint  olive-green  tint ;  but  when  two  of  them 
are  placed  across  one  another,  so  that  their  longest  dimensions  shall  intersect  at  right 
angles,  the  superposed  portions  are  quite  impervious  to  light,  just  like  two  crossed 
tourmalines.  This  effect  is  produced  even  with  crystals  not  thicker  than  i^gth  of  a 
millimetre.  In  polarised  light,  the  crossed  plates  exhibit  complementary  coloui's,  one 
for  example  being  green  and  the  other  rose-coloured,  and  the  superposed  portions  are 
of  a  dai'k  chocolate-brown  colour.  In  short,  these  crystals  possess  all  the  optical  pro- 
perties of  tourmalines,  and  may  be  substituted  for  them,  presenting  moi'cover  the 
advantage  of  transmitting  a  greater  proportion  of  the  incident  light ;  but  they  are 
somewhat  difficult  to  manipulate  with,  on  account  of  their  brittleness. 

The  composition  of  this  salt  has  not  yet  been  ascertained  with  eei'tainty.  Herapath 
originally  assigned  to  it  the  improbable  formula  C'''H''''N-0--r-/lHSO\^HO.  His 
latest  analysis,  however,  agrees  bettor  with  the  formula  2C^"H'-*N''02.3H2SO'.I''.  Von 
Hauer's  analysis,  made  in  Kraut's  laboratory,  agrees  nearly  with  same  formula  +  3H-0  : 
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240-0 

10-19 

9-77 

3S0^ 

210-0 

9-96 

9-98 

2362-6 

10CK)0 

100-00 

2406-6 

100-00 

—Herapath,  Phil.  Mag.  [4],  iii.  161;  iv.  186 :  vi.  171,  346 ;  vii.  352;  ix.  366  ;  xiv. 
224;  complete  Chem.  Soc.  Qu.  J.  xi.  130;  Chem.  Gaz.  1858,  p.  437;  Jahrosb.  1858, 
p.  364. — Haidinger  and  Stokes,  AVien.  Akad.  Ber.  x.  106;  Jahrcsb.  1853, 
p.  198.— Gm.  xvii.  312. 

Sulphate  of  lodeflijilqidniae,  prepared  in  like  manner,  forms  either  thin  needles  per- 
fectly opaque,  or  thick  plates,  transparent  and  purple  in  thin  films,  and  of  a  shining 
metallic  green  colour  by  reflected  light,  or  dark-red  or  orange-red  lamina?,  transparent 
and  orange-yellow  by  transmitted  light. 

Oxyquinine,  C'-'H-'N-O'. — Produced  by  boiling  sulplinte  of  quinine  with  nitrate  of 
potassium,  and  precipitating  by  ammonia.    Already  described  (iii.  320). 

2.  I?//  Suhsfdutiim. 

Methylquinine,  C='H-»N"0=  =  C™H^'(<^H')N=0-.  (Strecker,  Ann.  Ch. 
Phar-m.  xei.  164.) 

When  iodide  of  methyl  is  added  to  an  ethereal  solution  of  quinine,  crystals  of  h/di  io- 
date  of  inethylquinine,  C-''H"'^N-0-.HI,  are  formed  in  the  liquid  after  standing  for 
a  while.  The  compound  resembles  hydriodate  of  othylqninine  in  its  behavioiu-  with 
ammonia  and  caustic  potash. 

Ethylqulnine,  C-^H^'N'O^  =  _C=»H=^(C=H5)N-0^  (Strecker,  ^oc  c/;!.)— Iodide 
of  ethyl  in  contact  with  alcoholic  or  ethereal  solution  of  quinine,  forms,  after 
some  hours,  yellow  needles  of  hydriodate  of  ethylquinine,  an  aqueous  solution  of 
which  is  converted  by  oxido  of  silver  into  iodide  of  silver  and  a  strongly  alkaline  solu- 
tion of  ethylquinine.  When  the  latter  is  evaporated,  and  the  amorphous  residue  is 
dissolved  in  alcohol  and  mixed  with  ether,  a  syrup  is  precipitated  which  is  gradually 
converted  into  colourless  needles,  probably  of  hydrate  of  ethylquinine.  The 
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base  tastes  caustic  and  bitter  in  aqueous  solution. —When  heated  to  120°,  it  evolves 
an  odoiu-  of  chinoline  and  decomposes.  A  strong  alcoholic  solution  is  not  altered  by 
iodide  of  ethyl. 

Ethylquiuine  dissolves  easily  in  water  and  in  alcohol.  It  forms  with  acids  mono- 
and  di-acid  salts.  Aqueous  ethylquinine  absorbs  carbonic  acid  from  the  air,  and  is 
converted  into  an  uncrystalli sable,  alkaline  salt. 

Hydwchlorate  of  Etliylquinim,  C^'^H'-^^N-'O^.HCl,  or  C^^H^'N^O'.C^H'Cl,  crystal- 
lises in  slender  needles  united  in  hemispherical  groups. — The  chloroplathiate, 
Q22jj2sjj2()2  2HCl.Pt'''CP,  is  a  yellow  precipitate,  soluble  in  boiling  water,  and  separating 
in  indistinct  crystals  on  cooling. 

The  Injdriodatc,  C^^ff'N-O^HI,  or  C^H'^N^O^.C^m,  when  purified  by  washing 
with  water,  and  recrystallising  from  ether,  forms  very  light,  colourless,  silky  needles, 
neutral,  unchangeable  at  110°,  melting  at  a  higher  temperature,  without  loss  of  weight, 
and  solidifying  to  a  vitreous  mass  on  cooling.  Tastes  very  bitter.  Dissolves  freely  in 
water,  and  is  not  precipitated  by  ammonia,  but  is  thrown  down  in  an  unaltered  state 
by  a  large  quantity  of  caustic  potash  after  standing  for  some  time.  Dissolves  in 
alcohol,  but  not  in  ether. 

The  neutral  sulphate,  2C'^-H''N=0^.H'-S0',  obtained  by  decomposing  the  hydriodate 
with  sulphate  of  silver,  is  slightly  soluble  in  water,  more  soluble  in  alcohol  than  the 
acid  salt. 

The  acid  sulphate,  C^'H^*N^O-.H^SO*,  crystallises  in  needles,  which  have  an  acid  re- 
action, and  after  drying  over  oil  of  vitriol,  give  oif  8-2  per  cent,  water  (  =  2  at.)  at  120°. 
It  is  very  soluble  in  water,  less  soluble  in  alcohol  than  the  neutral  sulphate.  Potash 
added  to  the  concentrated  aqueous  solution  throws  down  a  precipitate  of  the  neutral 
sulphate,  which  dissolves  in  water. 

Benzoyl-quinine,  C^H^'N^O^  =  C2"H='(C'H=0)N^0^  (Schutzenberger, 
Compt.  rend,  xlvii.  334). — When  chloride  of  benzoyl  is  poured  upon  quinine  dried  at 
130°,  an  evolution  of  heat  occurs,  and  the  quinine  deliquesces  to  a  thick  syrup,  com- 
posed of  hydrochlorate  of  benzoyl-quinine  and  excess  of  chloride  of  benzoyl.  The  syrup 
is  dissolved  in  water;  the  base  is  precipitated  by  ammonia;  and  the  white  resinous 
mass  is  dried  at  140°,  at  which  temperature  it  gives  off  a  large  quantity  of  water. 

Benzoyl-quinine  is  coloured  green  by  chlorine-water  and  ammonia.  The  platinum- 
salt  contains  23-2  per  cent,  of  platinum  (calc.  for  C-'H-«N=0-.2HCl.Pt"Cl^  requires 
23-5  per  cent.  Pt). 

QUimXN'S-SVI.PHTTRIC  ACID,  C^H'^N'SO'  =  '2C'">B?*WO''.^0''.—Sulphoqidnic 
acid.  Obtained  by  dissolving  quinine  in  fuming  sulphuric  acid,  neutralising  with  baryta, 
and  decomposing  the  barium-salt  with  sulphui-ic  acid.  It  is  a  solid  amorphous  acid 
mass,  easily  soluble  in  water  and  in  alcohol. — The  harium-salt,  C''°H""'Ba"N''SO',  is  a 
transparent  friable  vitreous  mass  having  a  bitter  taste.  (Schiitzenb  erger,  Ann.  Ch. 
Pharm.  cviii.  353.) 

Cinchonine  forms  a  similar  acid,  containing  C^H^^N^SO^  (Schiitzenberger.) 
^^UIUOii-SEBDS.    See  Chenopodium  (i.  868). 

QirXN'OXQXZTS.  This  name  is  applied  to  the  brown  resinous  mass  obtained  in 
the  manufar-ture  of  quinine  and  cinchonine,  by  precipitating  the  brown  uncrystallisable 
mother-liquor  with  ammonia  or  potash,  or  by  evaporating  the  mother-liquors  of  sul- 
phate of  quinine  to  dryness.  There  appear  to  be  two  kinds  of  quinoidine — the  one 
freely  soluble  in  ether,  and  containing  quinidine,  with  smaller  quantities  of  quinine, 
cinchonine,  and  resin ;  the  other,  which  is  only  partially  soluble  in  ether,  consisting 
chiefly  of  uncrystallisable  transformation-products  of  the  cinchona-bases.  The  form(_-r 
is  obtained  from  inferior  kinds  of  cinchona-bark,  but  not  from  Cinchona  rcgia  or 
C.flava  dura.    (Winckler;  see  Gmelin's  Handbook,  xvii.  303.) 

Animal  quinoidine. — This  name  is  applied  by  Be  nee  Jones  and  Dupre  (Proc. 
Boy.  Soc.  XV.  73), to  a  fluorescent  substance  resembling  quinine  in  optical  and  chemical 
properties,  which  may  be  extracted  from  every  texture  of  man  and  of  some  animals,  and 
is  identical  with  the  fluorescent  substance  existing  in  the  crystalline  lens. 

QUXNOZIi.    An  old  name  of  Quinine. 

QtJIIIOSiBIWE.    Syn.  with  Chinoline  (i.  869). 

QUlSSrojffii.MlC  ACXIt.    Syn.  with  QuiN0Yi.A.Mi3  AoD. 

QUIirON'AIVXZDE.  CffNO.  (Woskresensky,  J.  pr.  Chem.  xxxiv.  251.)— A 
produ.^t  intermediate  in  composition  between  quinone(C'^II^O''')  and  diphenine  (CffN*), 
formed  by  the  action  of  dry  ammonia  or  quinone  : — 

C^H^O^    +    NH^     =     C«ffNO    +  H=0. 
It  is  a  ci-ystalline  mass  of  a  fine  emerald-green  colour,  soluble  in  water,  but  quickly 
decomposing,  and  yielding  a  nearly  black  solution. 


QUINONE. 


27 


(^VZM'OM'E,  C^H'O^  (Woskreseusky,  Aim.  Ch.  Pliarm. xxxvli.  168. — Wokler, 
ihid.,  li.  148. — Laurent,  Compt.  ehim.  18-19,  p.  190. — Hesse,  Ann.  Cli.  Pliarm.  xiv. 
299.) — A  compound  produced:  1.  By  the  oxidation  of  quinic  acid.  When  quinie 
acid  or  a  quinate  is  heated  with  about  4  pts.  peroxide  of  manganese  and  1  pt.  stvong 
sulphuric  acid  diluted  with  half  its  weight  of  water,  the  mass  froths  up,  and  gives  off 
thick  white  vapours,  which  condense  in  the  receiver  to  shining  golden-yellow  needles  of 
quinone  ;  the  reaction  is  : 

CH'^O"  +  0=    =    CnVO-  +  CO^  +  4H=0. 

Quinic  .icid.  Quiiione. 
The  product  is  pressed  between  paper,  and  purified  by  sublimation.  In  like  manner 
quinone  may  be  obtained  from  coffee  and  other  vegetable  substances  containing  quinie 
acid  (p.  9). —  2.  By  the  di-y  distillation  of  quinates. — 3.  From  hydroquinone,  by  the 
action  of  heat  (iil.  213). — 4.  From  benzidine,  aniline,  and  phenylene-damine,  especially 
the  ^-modification  (iv.  481),  by  oxidation  with  manganic  peroxide  and  suljshui'ic  acid. 
Benzidine  thus  treated  yields  a  large  quantity  of  quinone  : 

C"H'^N=  +  H=0  +  0^    =    2C^E*0^  +  2NH'. 
Aniline  yields  but  a  small  quantity :  C«H'N  +  0^  ==  G^WO'^  +  NIP,  the  greater 
part  suffering  more  complete  decomposition.    (Hofmann,  Proc.  Koy.  Soe.  xiii.  4.) 

Properties. — Quinone  when  subhmed  fonns  long,  transparent,  golden-yellow,  shining 
needles  (Woskres  ensky) ;  after  crystallisation  from  hot  water  it  is  of  a  darker  and 
dingier  colour,  and  less  transparent  (Wohler) ;  from  solution  in  hot  ethylic  iodide, 
it  crystallises  in  beautiful  laminae  (Hesse).  It  is  heavier  than  water,  melts  at  100° 
(Woskreseusky),  at  115'7°  (Hesse),  to  a  yellow  liquid,  which  crystallises  on  cooling 
(Wohler),  at  115'2°  (Hesse).  Itvolatilises  without  alteration,  and  sublimes,  even  at 
ordinary  temperatures,  from  one  part  of  the  containing  vessel  to  another.  It  has  a 
pungent  ii-ritating  odour.  It  is  very  slightly  soluble  in  cold  water,  more  soluble  in 
alcohol  and  ether ;  the  solutions  have  no  effect  on  vegetable  colours,  but  the  aqueous 
solution  colours  the  skin  brown.  It  dissolves  with  yellow  colour  in  dilute  hydrochloric 
and  nitric  acids.  The  aqueous  solution  forms  a  pale-yellow  gelatinous  precipitate  with 
basic  acetate  of  lead,  but  does  not  precipitate  the  neutral  salts  of  lead,  copper,  or  silver. 

Decompositions. — 1.  The  aqueous  solution  of  quinone  acquires,  by  exposure  to  the 
air,  a  continually  deeper  yellowish-red  colour,  and  ultimately  deposits  a  black-brown 
mouldy  substance  (Wohler").  The  aqueous  solution  mixed  with  ammonia  or  potash 
absorbs  oxygen,  and  assumes  a  black-brown  colour  on  exposure  to  the  air,  and  then 
forms  with  acids  a  black  mouldy  precipitate,  resembling  raelanic  acid  (iii.  867 ; 
Laurent,  Compt.  rend.  xxvi.  35). — 2.  With  dry  chlorine  gas,  quinone  forms  trichloro- 
quinone,  the  action  being  attended  with  great  rise  of  temperature  and  evolution  of 
hydrochloric  acid  (Woskreseusky) : 

Cm'O-  +  CP  =  CHCPO^  -f  3HC1. 
— 3.  Heated  with  hydrochloric  acid  and  chlorate  of  potassium,  it  is  quickly  converted 
into  tetrachloroquinone  (Hofmann,  Ann.  Ch.  Pharm.  Ixii.  65). — 4.  Oil  of  vitriol 
carbonises  quinone  (Woskreseusky).  —  5.  Strong  hydrochloric  acid  colours 
cjuinone  brownish-black,  and  then  dissolves  it, forming  a  red-brown  afterwards  colourless 
liquid,  which  no  longer  smells  of  quinone,  but  contains  chlorohydroquinone,  C'>H^C10^. 
(Wohler).  The  first  products  are  probably  quiuhydrone  and  chloroquinhydrone  (iii. 
213,  217),  the  presence  of  both  of  which  in  the  black  magma  formed  at  the  begininng 
of  tlie  action  was  pointed  out  by  Stadeler  (Ann.  Ch.  Pliarm.  Ixix.  308)  : 

4C'=H^0-  +  2HC1    =    C'-H'^O'  +  C'-H»CPO'  ; 
and  these  compounds,  by  the  further  action  of  the  hydrochloric  acid,  are  converted 
into  chlorhydroquinone,  being  at  the  same  time  dissolved  and  decolorised : 

C"H'«0'  -f  C'^H>*Cl-Oi  +  2HC1  =  4C'^ffC10'-=. 
Chlorhydroquinone  is  likewise  formed  by  the  action  of  hydrochloric  acid  gas 
upon  di'y  quinone  (Wohler). — 6.  Quinone  heated  with  nitric  acid  yields  oxalic 
and  picric  acids.  On  treating  it  with  nitric  and  strong  sulphuric  acids,  and 
immersing  metallic  zinc  in  the  diluted  solution,  a  base  is  produced  resembling 
aneine  or  einchovatine  (Schoonbroodt,  Bull.  Soc.  Cliim.  1861,  p.  107). —  7. 
Ammoniacal  gas  passed  over  quinone,  quickly  converts  it,  with  separation  of 
water,  into  quinonamide  (p.  26). — 8.  Siilphi/dric  acid  gas  has  no  action  upon  dry 
quinone,  but  when  passed  through  the  cold  aqueous  solution,  first  reddens  it, 
and  then  throws  down  flakes  of  brown  sulpholiydroquinone,  which,  if  the  pas- 
sage of  the  gas  be  still  continued,  and  especially  if  the  action  be  aided  by  heat,  is 
converted  into  yellow  snlphohydroquinone.  The  same  compound  is  formed  when 
sulphydrate  of  ammonium  is  poured  upon  quinone  (Wohler). — 9.  Quinone  dissolved 
in  water  is  converted  into  hydroquinone  by  excess  of  hydriodic  or  hydrotclluric  acid, 
with  precipitation  of  iodine  or  tellurium;  and  hy  sulphurous  acid, wiWi  formation  of 
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sulpliuric  acid  (Wohler).  Sulphurous  anhydriie  has  no  action  upon  dry  quinone ; 
and  even  phosphuretted  hydrogen,  arsenetted  hydrogen,  and  hydrocyanic  acid  are 
without  action  upon  it  (Woliler). — 10.  QuicMime,  or  hydrate  of  -potassiu'in,  in  contact 
■with  moist  cr3fstals  of  quinone,  acquires  a  fine  indigo-blue  colour;  and  on  trituration  a 
blue  powder  is  formed,  having  a  coppery  lustre,  and  yielding  a  blackish -green  solution 
with  water  (Hesse). — 11.  Quinone  heated  with  hydrate  of  potassium  is  converted 
into  quinonic  acid,  C'^H'O''  (Schoonbroodt,  p.  30), — 12.  Quinone  heated  for  a  long 
time  to  118°  with  iodide  of  ethyl  in  sealed  tubes,  yields  long  white  crystals  (Hesse). — 
13.  With  aniline  in  boiling  alcoholic  solution,  it  forms  diplienyl-quinoyl-diamide. 
(Hofmanu,  iv.  430.) 

Cbloroquinones.  When  quinic  acid  or  a  quinate  is  heated  with  a  mixture  of  per- 
oxide of  manganese,  sulphuric  acid,  and  common  salt,  a  yellow  crystalline  sublimate  is 
obtained,  consisting  of  several  chlorinated  derivatives  of  quinone,  which  may  be 
separated  by  their  different  degrees  of  solubility  in  alcohol.  These  compounds  are 
more  like  quinone  in  proportion  as  they  contain  less  chlorine,  mono-  and  di-chloro- 
quinone  still  crystallising  in  prisms,  whereas  tri-  and  tetra-chloroquinone  crystallise 
in  laminae.  By  redxicing  agents,  and  especially  by  sulphurous  acid,  they  are  converted 
into  the  corresponding  chloriiydroquinones  (iii.  216). 

Monochloroquinone,  C'H'CIO'^  (Stiideler,  Ann.  Ch.  Pharm.  Ixix.  300).  Pre- 
paration.—One  pt.  of  quinate  of  copper,  or  any  other  quinate  (25  grammes  at  most), 
is  distilled  with  4  pts.  of  a  mixture  of  3  pts.  common  salt,  2  pts.  peroxide  of  manga- 
nese, and  4  pts.  oil  of  vitriol  (diluted  with  three  times  its  bulk  of  water),  in  a  flask 
provided  with  a  descending  tube  six  feet  long,  and  kept  cool  at  the  upper  part  by  a 
wet  cloth,  but  not  so  much  as  to  cause  the  liquid  which  distils  over  to  crystallise. 
At  first  the  mixture  froths  up  considerably,  giving  off  carbonic  anhydride  witli  a  small 
quantity  of  clilorine  ;  but  when  the  liquid  begins  to  boil,  the  evolution  of  chlorine 
ceases.  The  rapid  ebullition  must  be  kept  up,  as  long  as  any  oil  passes  into  the  receiver 
from  the  tube,  in  which,  if  it  be  moderately  cooled,  all  the  tetrachloroquinone  is  deposited. 
This  oil,  which  solidifies  on  cooling,  is  collected  on  a  filter,  repeatedly  washed  with 
cold  water,  dried,  pulverised,  and  exhausted  with  successive  small  quantities  of  cold  alco- 
hol of  85  per  cent.,  as  long  as  the  alcohol  acquires  a  yellow  colour  and  gives  a  precipitate 
with  water.  Dichloroquinone  then  remains  undissolved,  together  with  a  small  quantity 
of  tri-  and  tetra-chloroquinone,  whilst  the  alcohol  retains  in  solution  the  quinone  and 
trichloroquinone,  which  colour  it  yellow.  These  compounds  are  precipitated  from  the 
solution,  by  addition  of  a  triple  volume  of  water,  in  slender  needles  and  laminae,  and 
dissolved  in  a  small  quantity  of  hot  moderately  strong  alcohol ;  the  solution  is  cooled, 
till  the  large  yellow  lamin»  of  trichloroquinone,  which  sepai-ate  out,  begin  to  be  asso- 
ciated vrith  needles  of  monochloroquinone;  the  liquid  is  then  immediately  filtered  and 
mixed  with  water ;  and  the  precipitate,  consisting  of  monochloroquinone  and  a  small 
quantity  of  trichloroquinone,  is  freed  from  the  latter  by  repeatedly  treating  it  as 
above  with  alcohol,  which  however  cannot  be  effected  completely,  and  is  attended 
with  great  loss. 

Monochloroquinone  crystallises  in  long  yellow  needles,  very  soluble  in  ether,  mode- 
rately soluble  in  alcohol  and  acetic  acid.  It  dissolves  also  in  boiling  water,  and  separates 
on  cooling ;  but  if  the  boiling  be  prolonged,  the  solution  becomes  dark-red  and  opaque, 
with  formation  of  brown  chloroquinbydrone  (iii.  217).  Chloroquinoue  melts  at  160°  to 
a  deep  yellow  oil,  having  an  aromatic  odour  and  biting  taste.  It  colours  the  epidermis 
purple,  like  gold-salts.  It  dissolves  in  cold  aqueous  sulphurous  acid,  and  is  reduced 
thereby  to  chlorohydroquinone  (iii.  216). 

Dichloroquinone,  CH^Cl'-G^ — This  compound  forms  the  portion  of  the  oily 
product  obtained  in  the  preparation  of  monochloroquinone,  which  is  but  slightly 
soluble  in  alcohol.  When  purified  by  repeated  crystallisation  from  hot  alcohol,  it 
forms  shining,  deep  yellow,  well-defined  monoclinic  prisms,  melting  at  160°,  insoluble 
in  water,  nearly  insoluble  in  cold  alcohol,  soluble  in  hot  alcohol,  very  soluble  in  ether. 
It  dissolves  in  weak  potash,  forming  a  red-brown  solution,  from  which  liydrochloric 
acid  throws  down  prisms  consisting  of  a  peculiar  acid. — Dichloroquinone  dissolves 
slightly  in  ammonia,  forming  a  yellow  solution  gradually  changing  to  red  and 
brownish-black.  Sulphuric,  hydrochloric,  nitric,  and  acetic  acids  dissolve  dichloro- 
quinone, especially  when  hot,  and  deposit  it  in  crystals  on  cooling.  Sidphurous  acid 
at  the  boiling  heat  converts  it  into  dichlorohydroquinone  or  dichloroquinhydrone. 
(Stadeler,  loc  cit.) 

Trichloroquinone,  C^H^CPQ-.  (Woskresensky,  J,  pr.  Chera.  xviii.  419. — 
Stadeler,  Ann.  Ch.  Pharm.  Ixix.  318.) — Produced  by  the  direct  action  of  chlorine 
on  quinone;  also,  together  with  the  other  chloroquinones,  by  the  action  above-mentioned. 
The  action  of  chlorine  on  quinone  is  so  violent  at  first,  that  the  vessel  requires  to  be 
kept  cool  at  the  beginning,  but  towards  the  end  of  the  process  it  must  be  surrounded 
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ritli  boiling  water.  The  product  tlien  volatilises  with  the  vapours  of  hydrochloric 
icid,  and  is  deposited  in  crystals  on  the  cold  parts  of  the  apparatus  ;  it  may  be  purified 
yy  crystallisation  from  hot  alcohol. 

Trichloroquinone  forms  small  yellow  prisms  melting  at  160°  and  subliming  at  a 
ower  temperature.  It  does  not  colour  the  skin,  is  quite  insoluble  in  water,  very 
loluble  in  cthir,  soluble  in  liot  alcohol.  Aqueous  potash  colours  it  green,  and  forms  a 
^rown  solution,  wliich  gradually  deposits  long  needles  of  a  red  salt,  the  acid  of  which 
s  precipitated  by  hydroeliloric  acid  in  red  needles. 

Trichloroquinone  is  coloured  green  by  strong  aqueous  ammonia,  but  the  solution 
;radually  assumes  a  brown-red  colour,  and  yields  by  spontaneous  evaporation  hard 
lark-brown  crystals. — Sulphuric  and  nitric  acids  dissolve  trichloroquinone  witliout 
ilteration  ;  sulphurous  acid  converts  it  into  trichloroquinone. 

The  alcoholic  solution  of  tricliloroquiuone  does  not  precipitate  acetate  of  lead  or 
litrate  of  silver. 

Tet  rachl oroquinone,  Perchloroquinonc,  or  Cliloranil,  CCl'O^  (Erd- 
nann,  J.  pr.  Chem.  xxiii.  273  and  279;  Hofmann,  Ann.  Ch.  Pharm.  lii.  65; 
[I esse,  ihid.  cxiv.  303.) — This  compound  is  formed  by  the  action  of  a  mixture  of 
lydroehloric  acid  and  chlorate  of  potassium  on  quinone,  aniline,  phenol,  trichloro- 
olienol,  dinitrophenol,  trinitrophenol,  salicin,  salicylous  acid,  salicylic  acid,  nitrosali- 
?ylic  acid,  isatin,  chlorisatin,  diclilorisatin,  and,  according  to  Wagner  (J.  pr.  Chem. 
xvii.  i41),  on  pyrocatechin  ;  also,  together  with  the  other  chloroquinones,  when 
juinone  is  heated  with  peroxide  of  manganese,  sulphuric  acid,  and  common  salt. 

Preparation. —  1.  From  Phenol:  Strong  hydrochloric  acid  is  poured  upon  phenol  in 
I  basin  ;  chlorate  of  potassium  added  in  small  crystals  ;  and  the  mixtui'e  heated  as 
sOon  as  the  first  violent  action  is  over,  the  heating  being  continued  for  some  time,  till 
in  fact  the  phenol,  which  at  first  becomes  thick  and  red-brown,  is  converted  into  a  light 
pUow  crystalline  mass,  which,  after  washing  with  water,  may  be  crystallised  from 
boiling  alcohol.  The  transformation  takes  place  more  quickly  when  the  phenol  is 
dissolved  in  boiling  water  or  in  alcohol ;  but  if  alcohol  be  used,  it  is  necessary,  on 
account  of  the  readiness  with  which  explosion  takes  place,  to  use  more  dilute  hydro- 
chloric acid,  and  to  add  the  chlorate  gradually  (Hofmann). — 2.  From  Salicin:  This 
substance  is  dissolved,  together  with  chlorate  of  potassium,  in  boiling  water;  and  small 
quantities  of  hydrochloric  acid  are  added,  whereupon  the  solution  immediately  acquires 
1  deep  orange-yellow  colour,  and  becomes  covered  with  a  crust  of  small  crystals  of 
perchloroquinonc,  amounting  to  30  27  per  cent,  of  the  salicin.  If  the  salicin  be  first 
jjeated  with  hydrochloric  acid  alone,  saliretin  is  formed,  which,  when  afterwards  heated 
with  chlorate  of  potassium,  does  not  yield  any  perchloroquinone  (Hofmann). — 
3.  Qiiinone,  or  the  wash-water  obtained  in  its  preparation  (p.  27),  may  also  be  boiled 
with  hydrochloric  acid  and  chlorate  of  potassium. 

Properties. — Perchloroquinone  forms  pale-yellow  scales,  having  a  nacreous  anil 
metallic  lustre.  When  gently  heated,  it  sublimes  completely  without  melting,  but  if 
suddenly  heated,  it  melts,  ancl  suffers  partial  decomposition.  It  is  insoluble  in  water, 
and  nearly  insoluble  in  cold  alcohol ;  but  dissolves  in  boiling  alcohol,  forming  a  pale- 
yellow  solution,  from  which  it  crystallises  on  cooling  in  iridescent  scales  resembling 
iodide  of  lead.    Ether  dissolves  it  somewhat  more  readily  than  alcohol. 

Perchloroquinone  is  not  acted  upon  by  hydrochloric,  nitric,  or  ordinary  sulphuric 
acid,  even  at  the  boiling  heat  (Erdmann),  but  dissolves  without  alteration  in  fuming 
sulphuric  acid,  and  in  a  mixture  of  sulphuric  and  nitric  acids  (Hesse).  Sulphurous 
acid  converts  it  into  tetrachlor-hydroquinone  or  chlorhydranil  (Stadeler).  8ul- 
phurems  anhydride  passed  through  a  warm  mixture  of  tetrachloroquinone  and  strong 
alcohol,  forms  octochlorinated  ethyl-dihydroquinone  (iii.  217),  probably  thus: 

2C'--CP0=  +  C=H«0  -i-  3H'0  -h  280='    =    C'=HXC-IP)CPOi  +  2H^S0'. 

In  like  manner  with  sulphurous  anhydride  and  glacial  acetic  acid,  it  yields  octochlo- 
I'inated  acetyl-dihydroquinone  (Hesse).  A  hot  filtered  solution  of  perchloroquinone 
ill  concentrated  aqueous  acid  sulphite  of  potassium  deposits  crystals  of  thiochronate 
of  potassium,  C=H'K\S'0"  (Hesse),  thus: 

C'Cl^O^  +  4SHK03  +  211-0    =    C-'II'K'S'O"  -i-  4HC1  +  CO": 

A  solution  of  tetrachloroquinone  in  concentrated  acid  sulphite  of  ammonium  yields  on 
cooling  colourless  ci'ystals,  consisting  of  the  ammonium-salt  of  dichloro-disulphosalicylic 
acid.  C"H'Cl-S-0',  an  acid  which  may  be  regarded  as  derived  from  sulphosalicylic  acid 
(CH'O.CO'-'.SOS),  by  the  substitution  of  CP  for  IP  and  of  SO^  for  CO'^  (Hesse).  The 
maion  of  the  ammonium-salt  takes  place  as  shown  by  the  ecpiation  : 

C^Cl'O^  +  2SH(NH')0^  +  2S0-  +  3H^0  =  C"H-(]SfH^)=CPS=0'  f  2HC1  +  2mS0'. 


30 


QUINOTANNIC  ACID. 


Perchloroquinone  heated  to  100°  in  a  glass  tube,  with  dry  acetate  of  silver  and  a  little 
ether,  yields  chloride  of  silver  and  dichloroquinoylic  acid  ;  probably  thus  : 

C^CW  +  2C^H'Ag02    =    2AgCl  +  C^H«0'  +  C"CPO'  (Hesse.) 

Perchloro-         Acetate  of  Acetic  an-  Dichloroquinoylic 

quinone.  silver.  hydride.  anhydride. 

Perchloroquinone  dissolves  easily  in  hot  dilute  potash  or  soda,  forming  a  purple  liquid, 
which  on  cooling  deposits  dichloroquinoylate  (chloranilate)  of  potassium  or  sodium 
(p.  3-t) : 

c'ci^o^  +  2W0  =  en-cpo*  +  2hci. 

It  dissolves  easily  also  in  aqueous  monosulphide  of  potassium,  forming  a  yellow  liquid, 
which  in  contact  with  the  air  quickly  tm-ns  brown  and  finally  black,  and  deposits  a 
black  granular  powder.  The  recently  prepared  yellow  solution  yields,  with  hydro 
chloric  acid,  a  yellowish-white  precipitate,  soluble  in  alcohol,  ether,  and  caustic 
potash. 

Perchloroquinone  heated  with  aqueous  ammonia  is  converted  into  dichloroquinoyla- 
mate  of  ammonium  ;  with  alcoholic  ammonia  it  yields  the  same  salt,  together  with 
dichloroquinoylamide  (L  a  u  r  e  u  t) : 

CCl^O-  +  NH'  +  H=0    =    C«H'CPNO'  +  2HC1. 

Perchloro-  Dirhloroquinoy- 
qiiinone.  lumic  ficid, 

c^cpo^  +  mw         =    c«H^cra'0-^  +  2Hci. 

Perchloro-  Dichloroquinoyl- 
quinone.  diamide. 

With  aniline  in  presence  of  alcohol,  perchloroquinone  yields  diphenyl-dichloroquinoyl- 
diamide.    (Hofmann,  iv.  426.) 

QUXN-ONXC  ACIB.  C'-n'O** ?— An  acid  obtained  by  Schoonbroodt  (Bull. 
Soc.  Chim.  1861,  p.  107),  by  heating  quinone  with  potash,  but  very  imperfectly  de- 
scribed. When  heated  with  excess  of  potash,  it  is  said  to  yield  a  brown  empyreumatio 
oil,  C'H'O-,  insoluble  in  water,  and  solidifj'ing  in  the  cold  to  brown  crystalline 
laminae.  With  the  vapour  of  fuming  nitric  acid,  this  oil  forms  a  nitro-eompound 
insoluble  in  water  ;  and  from  this,  by  the  action  of  zinc  and  sulphuric  acid,  a  colourless 
base  is  said  to  be  obtained,  soluble  in  alcohol,  insoluble  i.i  ether,  slightly  soluble  in 
water,  and  forming  uncrystallisable  salts,  which  have  a  sharp  bitter  taste,  and  yield 
with  potash  or  ammonia  a  precipitate  insoluble  in  excess  of  the  reagent. 

The  name  quinonic  acid  is  also  used  as  synonymous  with  quinoylic  acid 
(p.  34). 

QUIITOTAWM'XC  &CTD,  or  CincJionatannic  acid.  (Berzelius,  Lchrhuch, 
3  Autl.  vi.  246.— Pelletier  and  Caventou,  Ann.  Ch.  Phys.  [3]  xv.  337.— K. 
Schwarz,  J.  pr.  Chem.  Ivi.  76.) — Cinchona-barks  contain  a  tannic  acid  diiferent  from 
gallotaunic  acid,  which  imparts  to  them  the  property  of  precipitating  tartar-emetic 
greyish-yellow,  colouring  ferric  salts  green,  and  precipitating  a  solution  of  gelatin 
(Berzelius).  The  tannin,  both  from  brown  and  from  red  cinchona-bark,  precipitates 
ferric  salts  dark-green  ;  that  from  yellow  cinchona-bark  forms  a  lighter  green  precipitate 
with  ferric  salts.    (Pelletier  and  Caventou.) 

Preparation. — The  decoction  of  cinchona-bark  is  mixed  with  a  small  quantity  of 
calcined  magnesia,  which  precipitates  cinchona-red  ;  the  filtrate  is  precipitated  with 
neutral  acetate  of  lead ;  the  precipitate  is  decomposed  under  water  by  sulphydric 
acid  ;  the  liquid  filtered  from  the  sulphide  of  lead  is  precipitated  with  basic  acetate 
of  lead;  the  precipitate  separated  by  filtration  is  dissolved  in  dilute  acetic  acid 
(which  leaves  cinchona-red  undissolved);  and  the  filtrate  is  precipitated  by  am- 
monia. The  light-yellow  precipitate  is  washed  and  decomposed  by  sulphydric  acid, 
and  the  liquid  filtered  from  the  sulphide  of  lead  is  again  precipitated  by  an  alcohohc 
solution  of  neutral  acetate  of  lead.  If  the  quinotanuate  of  lead  thus  obtained,  be 
decomposed  under  water  by  sulphydric  acid,  and  the  liquid,  filtered  from  the  sulpliide 
of  lead,  be  evaporated  in  vacuo  over  oil  of  vitriol  and  a  mixture  of  ferrous  sulphate 
and  lumps  of  potash,  quinotannic  acid  remains  behind,  but  already  somewhat  altered. 
(Schwarz.) 

Quinotannic  acid  is  a  light-yellow,  friable,  very  hygroscopic  mass,  which  becomes 
electric  by  friction.  Its  taste  is  slightly  sour  and  somewhat  astringent,  but  not  at  all 
bitter.  It  dissolves  in  vatir,  cdcohol,  and  cilur ;  the  ethereal  solution  is  nearly  colour- 
less. [The  acid  cannot  be  extracted  from  the  bark  means  of  ether,  because  it  is 
in  combination  with  an  alkali.]  Schwarz  found  it  to  contain  44-75  per  cent,  carbon, 
5"49  hydrogen,  and  49-76  oxygen,  whence  he  deduces  the  formula  C^''H'<'0^\ 

Quinotannic  acid  subjected  to  dry  distillation  gives  off  an  odour  of  phenol.  Its 
aqueous  solution  rapidly  absorbs  oxygen  from  the  air,  especially  in  presence  of  fixed 
alkalis  acquiring  a  brown-red  colour,  and  yielding  cmchona-red  (i.  969).    A  concen- 
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trated  solution  of  the  acid,  boiled  with  a  little  hydrochloric  acid,  deposits  red  flocks, 
■which  dissolve  with  green  colour  in  alkaline  liquids  (Schwarz).  From  the  concen- 
trated aqueous  solution,  hydrochloric  and  sulphuric  acids  throw  down  compounds  of 
quinotannic  acid  with  those  acids,  but  less  easily  than  from  aqueous  gallotannic  acid. 

Quinotannic  acid  imites  with  bases,  forming  salts  which  decompose  in  contact  with 
the  air,  much  more  easily  than  the  gallotannates,  yielding  cinchona-red  and  a  carbo- 
nate. (Berzelius.) 

With  starch,  gelatin,  and  white  of  egg,  quinotannic  acid  reacts  like  gallotannic  acid. 
It  coloiU'S  ferric  salts  green,  and  produces  an  abundant  yellowish-grey  precipitate  with 
tartar-emetic.  Its  aqueous  solution  mixed  with  gallotannic  acid  dries  up  to  a  transjja- 
rent  varnish. 

QUIWOVA-BITTER.    See  Quinovin. 

quilsroVA-SXJC-AR.  CH'W  (Hlasiwetz  and  Gilm,  Ann.  Ch.  Pharm. 
cxi.  182  ;  Jahresb.  1859,  p.  581.) — A  saccharine  substance  produced,  together  with 
quinovic  acid,  by  the  action  of  hydrochloric  acid  gas  on  quinovin  in  alcoholic  solution 
(p.  32).  It  remains  in  the  acid  mother-liquor  from  which  the  quinovic  acid  lias  ■ 
crystallised  out,  and  may  be  separated  by  quickly  neutralising  the  liq'aid  with  anhy- 
di'ous  carbonate  of  sodium  or  carbonate  of  lead,  filtering,  washing  the  precipitate  with 
a  small  quantity  of  absolute  alcohol,  then  distilling  oif  the  alcohol,  evaporating  to  • 
drj'ness  at  100°,  treating  the  residue  with  water,  evaporating  again,  and  exhausting 
the  residue  with  absolute  alcohol.  The  alcoholic  solution  thus  obtained  leaves  the 
quinova-sugar,  on  evaporation,  as  an  uncrystallisable  hygroscopic  mass,  having  a  faint 
and  slightly  bitter  taste.  It  emits  an  odour  of  caramel  when  heated,  gives  off  a  little 
water  when  exposed  for  some  time  to  a  temperature  of  100'^,  reduces  an  alkaline 
cupric  solution  only  when  concentrated.  It  resembles  mannitan  more  than  any  other 
kind  of  sugar. 

QTTIU'OVwa.TATm'XC  ACID.  A  tannic  acid  obtained  by  Hlasiwetz  (Ann. 
Ch.  Pharm.  Ixxix.  130;  Gm.  xv.  481),  from  the  bark  of  Cinchona  nova  or  C.  surinamen- 
sis.  It  is  very  much  like  quinotannic  acid,  but  differs  from  the  latter  in  having  a 
somewhat  bitter  taste,  and  in  not  giving  a  precipitate  with  gelatin  or  tartar-emetic.  It 
yielded  by  analysis  5r8  per  cent,  carbon  and  5'8  hydrogen,  whence  Hlasiwetz  deduces 
the  formula  C»B"0\  requiring  52-01  C,  5-9  H,  and  42-1  O. 

QTIIWOVATIC  ACXQ.    See  Quinovin. 

QUITTOVIC  ACXD.  C^'R-'^0\  (Hla s i  w etz  and  Gilm,  Ann.  Ch.  Pharm.  cxi. 
1829  ;  Jahresb.  1859,  p.  579.) — This  term  was  originally  used  as  a  synonym  for 
quinovin  or  quinova-bitter,  but  is  now  applied  by  Hlasiwetz  to  an  acid  produced, 
together  with  quinova-sugar,  by  the  decomposition  of  quinovin. 

When  dry  hydrochloric  acid  gas  is  passed  into  a  solution  of  quinovin  in  strong 
alcohol,  the  liquid  becomes  hot,  and  deposits  quinovic  acid  as  a  white  crystalline 
powder,  while  quinova-sugar  remains  in  solution.  The  quinovin  maybe  obtained  pure 
hy  washing  it  with  alcohol,  then  boiling  it  with  a  largo  quantity  of  strong  alcohol, 
concentrating  the  solution  by  distillation,  and  leaving  it  to  cool.  The  quinovin  is  then 
deposited  as  a  white  sandy  powder  composed  of  six-sided  laminse,  belonging  to  the  tri- 
metrie  system.  It  is  tasteless,  insoluble  in  water,  xevy  slightly  soluble  in  cold,  and  not 
very  freely  in  boiling  alc  ohol,  sparingly  soluble  in  ether.  It  has  the  properties  of  a  weak 
acid,  and  dissolves  easily  in  alkalis  ;  but  is  precipitated  from  the  ammoniacal  solution 
by  strong  acids  as  a  bulky  gelatinous  mass,  which  becomes  pulverulent  when  left  for 
some  time  under  the  liquid.    The  alcoholic  solution  is  not  coloured  by  ferric  chloride. 

Quinovic  acid  does  not  lose  weight  at  140°.  When  somewhat  strongly  heated  on 
platinum-foil,  it  melts  and  solidifies  to  a  fissured  mass  ;  at  a  higher  temperature  it 
gives  off  a  vapour  smelling  like  incense,  and  burns  with  flame,  leaving  no  residue.  By 
dry  distillation  it  first  gives  off  an  oil  smelling  like  oil  of  turpentine,  then  vapours 
having  an  odour  of  incense,  and  a  thickish  amber-yellow  liquid,  which  condenses  in  the 
neck  of  the  retort.  It  is  scarcely  affected  by  hydrochloric  or  even  by  boiling  nitric 
acid  ;  it  dissolves  in  sulphuric  acid,  and  is  precipitated  therefrom  by  water.  W)ii-n 
triturated,  or  warmed  with  ■phosphoric  chloride,  it  liquefies,  evolving  hydrocliloric  acid, 
and  on  distillation,  gives  off  phosphoric  oxychloride,  leaving  a  blackened  residue. 

Quinovatcs. — Quinovic  acid  is  dibasic,  tlie  general  formula  of  its  salts  being 
C^'H^^M-O'.  Itdissolves  in  alkalis  and  decomposes  alkaline  carbonates,  but  its  ammonia- 
cal solution  gives  off  ammonia  on  evaporation.  The  same  solution  gives  precipitates 
with  salts  of  the  heavy  metals. — "Ihe  piotassium-scdt,  2C^'II^'^K'-0^3H-0  (at  160°),  is 
obtained  as  a  bulky  pasty  precipitate,  on  adding  strong  caustic  potash  to  a  concentrated 
ammoniacal  solution  of  the  acid,  also  by  concentrating  a  solution  of  the  acid  in  potash. 
— The  soditim-scdt  resembles  it,  and  is  obtained  in  like  manner. — The  barium-,  stron- 
tium-, and  calcium-salts  separate  as  gelatinous  precipitates,  on  adding  the  corresponding 
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clilorides  to  the  ammoniaeal  solution  of  tlie  acid. — The  copper-salt  is  a  light-blue  pre- 
cipitate, whose  composition  (at  120°)  is  approximately  represented  by  the  formula 
Q24jj36Q,j"Q4  gjj2Q_ — rpjjg  silvcT-scdt  \s  &  bulky  precipitate,  quickly  changing  on 
exposure  to  light,  and  exhibiting  when  dried  in  a  vacuum,  and  then  at  120°,  the  com- 
position C-'H"*Ag''0'. 

QUin'OVIM'.  C^°H''0'.  Quinova-bitter ;  formerly  also  called  Quinovic,  Quinova- 
tie,  or  Chiococcic  acid.  (Pelletier  and  Caventou,  J.  Pharm.  xii.  112. — Winokler, 
K^pert.  Pharm.  li.  193. — Biichner,  jiin.  Ann.  Ch.  Pharm.  xvii.  161. — Peterson, 
ibid.  xvii.  165. — Schnederm ann,  ibid.  xlv.  277. — Rochleder  and  Hlasiwetz, 
ibid.  Ixxvi.  2.38. — Hlasiwetz,  ibid.  Ixxix.  129. — Schwarz,  ibid.  Ixxx.  330. — Hlasi- 
wetz and  (jri\m,ibid.  cxi.  182;  Jahresb.  1859,  p.  578). — A  substance  discovered  by 
Pelletier  and  Caventou  in  the  false  cinchona-bark  of  commerce  {Cinchona  nova), 
found  also  by  Schwarz  and  by  De  Vrij  (J.  Pharm.  [3]  xxxvii.  255)  in  the  true  cin- 
chona-barks. According  to  Eo  chl  ed  er  and  Hlasiwetz,  quinovin  (or  perhaps  rather 
quinovic  acid)  is  formed  by  the  action  of  acids  and  alkalis  on  camcic  acid  (i.  710).  It 
may  be  extracted  from  false  cinchona-bark  by  boiling  with  milk  of  lime,  precipitating 
the  extract  with  hydrochloric  acid,  and  purified  by  dissolving  the  precipitate  in  alcohol, 
reprecipitating  with  water,  and  repeating  this  operation  till  a  perfectly  colourless  pro- 
duct is  obtained.  (Sclinedermann.) 

According  to  De  Vrij,  the  crude  quinova-bitter  extracted  from  cinchona-bark  maybe 
separated  by  chloroform  into  quinovin,  soluble  in  that  liquid,  and  easily  soluble  in 
alcohol ;  and  quinovic  acid,  insoluble  in  chloroform  and  only  sparingly  soluble  in  alcohol. 
He  obtained  quinova-bitter  from  all  parts  of  Cinchona  Calisaya,  cultivated  in  Java  : 
from  the  woody  parts  of  the  roots,  2  67  per  cent. ;  from  the  root-bark,  1'08  ;  from  the 
wood  of  the  stem,  1'80  ;  from  the  bark  of  the  stem,  0-36  ;  from  the  bark  of  the  woody 
branches,  0'68 ;  from  the  herbaceous  stalks,  0'85  ;  and  from  the  dried  leaves,  0-23 
per  cent.  The  amount  of  quinova-bitter  in  the  several  organs  (excepting  the  leaves, 
which  contain  no  alkaloids)  is  inversely  proportional  to  the  quantity  of  alkaloids  present. 

Quinovin  when  dry  forms  amorphous  fragments  resembling  gum.  It  has  a  very 
bitter  taste,  is  nearly  insoluble  in  water,  moderately  soluble  in  ether,  very  soluble  in 
alcohol,  and  is  not  deposited  from  its  solutions  in  the  crystalline  state  (Schneder- 
mann).  It  is  soluble  in  chloroform,  and  turns  the  plane  of  polarisation  of  a  luminous 
ray  to  the  right,  but  less  strongly  than  quinovic  acid.    (De  Vrij.) 

The  analyses  of  quinovin  (or  quinova-bitter)  by  different  chemists  do  not  exhibit 
very  close  agreement,  probably  because  some  of  the  products  examined  consisted  of 
crude  quinova-bitter,  containing  quinovic  acid  as  well  as  quinovin.  Schnedermann 
found  67 '2 per  cent,  carbon,  9'0o  hydrogen;  Hlasiwetz,  66  6 carbon  and  8'9 hydrogen — 
numbers  agreeing  nearly  with  the  formula  C^"H"'0'',  which  requires  67'2  carbon,  9-0 
hydrogen,  and  11  "9  oxygen. 

Quinovin  yields  by  dry  distillation  a  thick  oil,  having  a  strong  odour  of  incense  and 
petroleum,  together  with  a  small  quantity  of  shining  crystals.  With  nitrous  acid  it 
gives  off  red  vapours  ;  and  on  adding  water  to  the  solution,  white  amorphous  flocks  are 
precipitated,  together  with  a  resinous  matter ;  no  oxalic  acid  is  produced. 

When  dry  hydrochloric  acid  gas  is  passed  into  the  alcoholic  solution  of  quinovin,  the 
latter  is  resolved  into  quinovic  acid  and  quinova-sugar  (Hlasiwetz) : 
^  =    C--'H="0-'  +  CWOK 

QUlSIOir  JCi.  A  diatomic  radicle,  which  may  be  supposed  to  exist  in  quinone  and  its 
derivatives,  Cjuinone  itself  being  regarded  as  the  hydride  (C''H-0^)"H^,  dichloroquinono 
as  the  chloride  of  quinoyl  (C'*H-0^)"Cl^  a  view  which  is  in  accordance  with  its  i-eactions 
with  alkalis  (p.  28),  and  perchloroquinone  in  like  manner  as  the  chloride  of  dichloro- 
quinoyl  (C'''Cl-0=)"Cr-. 

QUlWOTTIiAMIC  iLCIS,  (CHO')"  >^  ,  is  not  known  ;  but  dichloroquinoy- 

H 

lamic  acid,  C"H'C1-N0^  =  (CCT-O^VVp,  ,  also  called  dichloroquinonanuc  acid, 

H    '  3 

chloranilam,  and  chloranilamic  acid,  was  discovered  by  Erdmann  (J.  pr.  Chem.  xxii. 
287),  and  further  examined  by  Laurent  (Ann.  Ch.  Phys.  [3]  iii.  493).  It  is 
produced  by  the  action  of  aqueous  ammonia  on  perchloroquinone  (chloranil): 

CCl^O^  +  NH^  +  H=0  =  C^H'Cr-NO'  +  2HC1. 
The  residting  red  liquid,  when  concentrated,  deposits  crystals  of  dichloroquinoylaraate 
of  ammonium ;  and  on  mixing  a  saturated  solution  of  this  salt  with  hydrochloric  or 
sulphuric  acid,  dichloroquinoylamic  acid  is  deposited  on  cooling  in  black  needles  con- 
taining 2C''H'Cl^N0^.5H-0,  having  a  fine  adamantine  lustre  and  often  several  inches 
long :  it  may  be  purified  by  crystallisation  from  boiling  water. 
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Diehloroquiiioylamic  acid  is  slightly  soluljlo  in  water,  forming  a,  violet  solution,  which 
precipitates  metallic  salts.  Caustic  potash  decomposes  it,  eliminating  ammonia,  and 
forming  diehloroquinoylato  of  potassium  (p.  34).  It  is  not  altered  by  liydrocldoric 
or  sulplrarie  acid  in  tho  cold, but  at  the  boiling  heat  these  acids  couvert  it  into  dichlo- 
roquinoylic  acid. 

Bichloroquinoylamate  of  Ammonium  (or  CMoranilaramon)  ^^-(NH^jCr N0'.2H^0, 
forms  flattened  chestnut-coloured  shining  needles,  soluble  with  purple  colour  in  water, 
especially  when  warm.  Tho  solution  precipitates  metallic  salts. —  The  harium-salt 
is  a  light-brown  precipitate,  soluble  with  purple  colour  in  hot  water. — The  copper-salt 
is  a  greenish-brown  precipitate,  obtained  by  mixing  the  ammonium-salt  with  cuprie 
acetate. — The  lead-salt  is  a  red-brown  precipitate  ;  the  mcrcurous  salt  a  dark-brown 
precipitate.  Mercuric  chloride  does  not  form  a  precipitate  with  the  ammonium-salt. — 
The  silver-salt.  CH-AgCl-NO',  is  precipitated  in  brown  flocks,  often  crystalline,  and 
apparently  easily  decomposible. 

^umo-srSiaraiBES.    l.  Quiiwyl-diamide,  '^W,  is  not  actually  known, 

but  would  probably  be  obtained  by  the  action  of  ammonia  on  quinone  in  pireseiice  of 
alcohol,  in  the  same  manner  as  its  derivatives,  described  below.  Quinone  treated  with 
dry  ammonia  gas  takes  up  2  at.  ammonia,  and  forms  quinonamide,  C^H^NO  (p.  2(5). 

D  ichloroquinmyl-di  amide,^  '^'S-.   Bichloroqiiinonamide,  Chloranilet- 

(Laurent,  Rev.  Sclent,  xix.  141). — This  compound  is  formed  by  the  action  of 
ammonia  on  perchloroquinoue  (chloranil)  in  presence  of  alcohol : 

(CCPO^yCF  +  4NH^    =    (^""^'^'^''In^  +  2NH^CI. 

When  a  mixture  of  pcrchloroquinone,  alcohol,  and  ammonia  is  gently  heated,  the 
liquid  becomes  red-brown,  part  of  the  solid  substance  dissolves  (the  solution  contain- 
ing dichloroquinoylate  of  ammonium),  whilst  another  portion  remains  in  tlie  form  of 
a  brown-red  precipitate.  This  precipitate  is  washed  with  alcohol,  then  redis.solved  in 
the  liquid  with  addition  of  potash,  and  gentle  heating  ;  the  liquid  is  filtered  if  neces- 
sary ;  and  the  potash  is  neutralised  by  an  acid,  while  the  licjuid  is  still  warm.  Dichlo- 
roquinoyl-diamide  is  then  separated  almost  immediately,  as  a  red-brown  precip)itate, 
the  colour  of  which  is  finer  in  proportion  as  the  quantity  of  alcohol  used  is  larger,  and 
the  temperature  of  the  liquid  higher.  Too  great  a  heat  must  however  bo  avoided,  as 
above  a  certain  temperature  the  product  would  be  decomposed  by  the  potash. 

Dichloroquinoyl-diamide  in  the  dry  state,  is  a  crystalline  powder  composed  of  micro- 
scopic needles  of  a  deep  crimson  colour  and  almost  metallic  lustre.  It  is  insoluble  in 
water,  and  nearly  insoluble  in  alcohol  and  ether.  When  cautiously  heated  on  a  glass 
plate,  it  partly  sublimes,  partly  decomposes.  It  is  not  attacked  by  hydrochloric  acid, 
even  at  the  boiling  heat.  It  dissolves  in  strong  sulphuric  acid,  forming  a  violet  solu- 
tion, from  which  it  is  almost  wholly  precipitated  by  water.  Boiling  potash  eliminates 
ammonia,  and  converts  the  amide  into  dichloroquinoylate  of  potassium. 

(C^H^)-^  1 

Biphcnyl-quiiio^l-diamidc,  CH'^N'O-  =  (C°H'0-)" IN-,  is  produced  by  the 

action  of  quinone  on  aniline,  in  presence  of  a  large  quantity  of  boiling  alcohol : 

(C''H^)2  ) 

SfCH'O^y'H-  -I-  2(C'=H^)H2N    =    (C"H20^)'7N2  -t-  2C''H«0^ 

Quinone.  Aniline.  Diplionylquinoyl-  Hydro- 

diamide.  qinnone. 

The  resulting  brown  solution  deposits  the  diamide  on  cooling,  in  red-brown  scales 
having  an  almost  metallic  lustre,  and  the  mother-liquor  evaporated  with  hydrochloric 
acid,  yields  a  mixture  of  hydrochlorate  of  aniline  and  hydroquinone.  (Hofraann, 
Proc.  Koy.  See.  xiii.  4.) 

(C''H^)2  \ 

Biphenyl-dichloroquinoyl-diamide,  C'^H'^Cl-N-O^  =  (CW-'OTl-N'.-This 

compound  is  produced  by  the  action  of  aniline  on  pcrchloroquinone,  according  to  the 
equation : 

C^Cl'O'  +  4C«H'N    =    C'H'^CPNW  +  2(C''H'N.HC1). 

It  was  first  obtained  by  Hesse  (Ann.  Ch.  Pharm.  cxiv.  292;  Jahresb.  1860,  p.  283), 
who  regarded  it  as  dichloro-quinoyl-pcntaphcnyl-pentamide  ;  but  Hofmann  {loc.  oil.) 
has  shown  that  its  true  formula  is  that  above  given.  It  forms  brown-black  crystals, 
sublimable,  insoluble  in  water  and  in  cold  alcohol,  ether,  hydrochloric  acid,  and 
Vol.  V.  D 
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alkalis,  but  soluble  in  benzene,  by  which  it  may  be  separated  from  another  substance, 
i'ormi'd  in  the  same  reaction.  (Hesse.) 

^UISIOYIiIC  ACXS,  or  Quinonic  acid,  ^        -g-/  1 0^  is  not  knora,  but  its 

dichlorinated  derivative  has  been  obtained. 

Bichloroquinoylic  acid,  C^WCY'O*  =  -g^'  |  0^. — Dichloroqidnonic  acid., 

Chloranilic  mid  (Erdmann,  J.  pr.  Chem.  xxii.  281). — Produced  by  the  action  of 
potash  on  perchloroquinone,  dichloroquinoylamide,  or  dichloroquinoylamic  acid.  On 
adding  hydrochloric  acid  to  a  solution  of  perchloroquinone  in  warm  potash-ley,  the 
liquid  turns  red,  and  deposits  dichloroquinoylic  acid  in  yellowish-white  nacreous  scales, 
which,  when  collected  ou  a  filter  and  viewed  in  mass,  exhibit  the  colour  of  minium. 

The  crystallised  acid  contains  7'1  per  cent.  (=1  at.)  water  of  crystallisation,  which 
it  gives  off  at  115^  ;  when  heated  in  a  test-tube  it  partly  sublimes  unaltered,  but  a  con- 
siderable portion  turns  brown  and  decomposes.  It  dissolves  in  water,  forming  a  violet 
solution,  from  which  it  is  precipitated  by  sulphuric  or  hydrochloric  acid. 

Dichloroquinoylic  acid  is  dibasic. 

The  ■potassimn-saU,  C^K-CFOMI'-'O,  is  deposited  in  crystals  from  a  solution  of  per- 
chloroquinone in  warm  caustic  potash  on  coohng,  and  so  completely  that  the  mother- 
liquor  retiiins  only  a  very  faint  reddish  or  brownish  tint.  It  is  purified  by  recrj'stalli- 
sation  from  water.  The  crystals  do  not  give  off  their  water  at  100°.  The  salt" heated 
on  platinum-foil  burns  with  slight  detonation,  giving  off  purple  vapours.  It  dissolves 
in  water  and  alcohol,  with  purple  colour,  inclining  to  violet ;  less  freely  in  potash.  Its 
aqueous  solution  precipitates  several  metallic  salts. — The  neutrcd  ammonium-salt,  pro- 
duced by  the  action  of  aqueous  ammonia  on  perchloroquinone,  crystallises  like  the 
pot.assiura-salt. 

The  barium-salt  is  obtained  by  precipitation  with  chloride  of  barium,  in  red-brown 
micaceous  scales,  slightly  soluble  in  boiling  water.  Cobalt-salts,  nickel -salts,  sinA  ferrous 
salts  are  not  precipitated  by  dichloroquinoylate  of  potassium. 

Ferric  dichloroquinvyJate  is  a  blackish  precipitate,  obtained  with  ferric  nitrate  The 
cupric  salt  is  a  greenish-brown,  the  lead-salt  a  brown  precipitate.  The  mercurons  salt 
is  a  yellowish-brown  precipitate  obtained  with  mercurous  nitrate.  Mercuric  chloride 
gives  no  precipitate. — The  silver-salt,  CAg^CPO*',  is  a  brown-red  pulverulent  preci- 
pitate, which  dissolves  but  very  slightly  in  water,  forming  a  reddish  solution. 

QUTWTESSBITCB.  The  alchemists  distinguished  four  essences,  answering  to  the 
four  Aristotelian  elements  ;  to  these  Kaimund  Lullius  added  a  fifth,  namely  alcohol, 
denominated  quinta  essentia  on  account  of  its  enlivening  action.  The  term  is  sometimes 
also  used  to  denote  the  therapeutic  constituents  of  any  substance. 

QUTSTTO.    Prefix  synonymous  with  Penta. 

QUIRXNITS  OIIi.  A  kind  of  rock-oil  or  petroleum,  of  thickish  consistence,  so 
called  from  the  Chapel  of  St.  Quirinus,  at  Tegernsee,  near  which  it  issues.  It  is 
brownish-yellow,  olive-green  by  reflected  light,  and  has  a  specific  gravity  of  0-835. 


R 

BACEUSIC  ACID.  C^H^O"  =  ^^'-^^'g.|"|0'.    Paratartaric  acid.      Uvic  acid. 

Traidirnsiiure. — An  acid,  isomeric  with  tartaric  acid,  but  distinguished  from  the  latter 
by  several  characters,  and  chiefly  by  its  optical  properties, — tartaric  acid  exhibiting  the 
power  of  circular  polarisation,  whereas  racemio  acid  is  optically  inactive,  but  may  be 
separated  into  equal  quantities  of  dextrotartaric  and  hevotartaric  acids,  exerting 
equal  and  opposite  actions  on  polarised  light.  There  is  also  a  modification  of  tartaric 
acid,  called  inactive  tartaric  acid,  likewise  optically  inactive,  but  not  separable  into 
the  two  optically  opposite  acids. 

Eacemio  acid  exists  ready-formed  in  certain  tartars,  and  was  discovered  in  1822  by 
Kestner,  a  manufacturer  of  tartaric  acid  at  Thann,  in  the  Vosges,  who  obtained  it  in 
large  quantity  from  the  tartars  produced  in  the  vintages  of  1822-1824.  It  has  since 
been  found  by  Kestner  and  others  in  the  crude  tartars  of  Austria,  Hungary,  Saintonge, 
and  especially  of  Italy,  but  never  in  such  quantity  as  from  those  in  which  it  was  first 
discovered. 

It  is  formed  artificially  by  several  processes  : — 1.  By  the  direct  combination  of  equal 
weights  of  dextrotartaric  and  laivotartaric  acid. — 2.  I5y  the  action  of  heat  on  tartaric 
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ether,  and  on  the  dextrotartrate  or  Isevotartrate  of  quiiiiiifi  or  cinehonine  (Pasteur, 
Ann.  Ch.  Pharm.  Ixxii.  164,  Ixxxviii.  211). — 3.  By  heating  inactive  tartaric  acid  to 
200°,  or  by  boiling  it  with  hydrochloric  acid  (Dessaigues,  Bull.  Soc.  Chim.  1865, 
i.  34). — 4.  From  cane-sngar  and  other  carbohydrates,  and  from  mannite,  duleite,  sorbin, 
mueic  acid,  and  saccharic  acid,  by  oxidation  with  nitric  acid,  sometimes  alone, 
sometimes  together  with  tartaric  acid  (Carlet,  E^p.  Chim.  pure,  ii.  345;  iv.  17. — 
Hornemann,  J.  pr.  Chem.  Ixxxix.  283;  Jahresb.  1853,  p.  380).  The  following  are 
the  relative  quantities  of  tartaric  and  racemic  acids  produced  by  oxidation  of  dif- 
ferent carbohydrates  and  of  saccharic  and  mucic  acids  (Hornemann):  — 


III  100  pts.  of  aciil. 

Tartaric. 

Ivaccin  r 

Milk-sugar       .  -  . 

6o-4 

4i-6 

Gum  .... 

63-0 

37-0 

Cane-sugar 

697 

40-3 

Starch  .... 

100 

Dextroglucose  . 

100 

100 

Saccharic  acid  . 

72-6 

27-4 

Mucic  acid 

? 

100 

11  or  n  em  a  nn's  experiments  confirm  the  supposition  of  Liebig  (Jahresb.  1859,  p. 
281)  and  of  Heintz  (J/iid.  1860,  p.  259),  that  the  formation  of  tartaric  acid  from 
sugars  by  oxidation  is  preceded  by  that  of  saccharic  acid,  and  the  formation  of  racemic 
acid  by  that  of  mucic  acid. 

5.  By  boiling  dibromosuccinato  of  silver  with  water  (Perk in  and  Duppa,  Chem. 
Soc.  Qu.  J.  xiii.  102): 

C'H'Ag^Br^O'  +  2H-0    =    C'WO"  +  2AgBr. 

6.  By  heating  an  aqueous  sohition  of  racemo-carbonic  (desoxalic)  acid,  or  a  dilute  solu- 
tion of  its  ethylic  ether  slightly  acidulated  with  sulphva-ic  acid,  to  100°  in  a  sealed  tube 
for  a  considerable  time  :  C^HW  =  CO'-  +  C'H«0°  (L5  wi  g,  Jahresb.  1861,  p.  605). 
The  acid  obtained  by  the  last  two  processes  has  not,  however,  beeji  actually  separated 
into  dextro-  and  lavotartaric  acid,  so  that  it  may  possibly  be  inactive  tai'taric  acid. 
The  calcium-salt  of  the  acid  obtained  from  dibromosucciuic  acid  differs,  also,  in  some 
respects  from  that  of  natural  racemic  acid.    (Kokule,  p.  37-) 

Preparation. — 1.  From  crude  tartar.  Racemic  acid  accumulates  in  the  mother- 
liquors  obtained  in  the  refining  of  tartar;  and  when  those  mother-liquors  are  treated 
with  chalk,  and  the  insoluble  calcium -salt  thus  produced  is  decomposed  by  sulphuric 
acid,  an  acid  liquid  is  obtained,  which  when  concentrated  yields  crystals  of  racemic 
and  tartaric  acids.  In  most  cases  the  tartaric  acid  forms  the  greater  part  of  the 
product,  and  is  deposited  in  large  transparent  crystals,  the  spaces  between  which  are 
more  or  less  filled  up  with  small,  white,  opaque  needles  of  racemic  acid.  By  separating 
these  needles,  dissolving  them  in  water,  and  evaporating,  the  racemic  acid  may  be 
obtained  in  large  crystals. 

2.  From  tartrate  of  cinehonine. — This  salt  (either  the  dextro- or  the  Ifevo- 
tartrate),  when  subjected  to  a  gradually  increasing  temperature,  is  first  converted  into 
tartrate  of  cinchonicine  (i.  971);  and  if  the  heat  be  continued,  the  cinchonicine  gives  off 
water,  and  is  transformed  into  cinchonidine,  while  tlie  tartaric  acid  likewise  undergoes 
alteration,  and  after  exposure  for  five  or  six  hours  to  a  heat  of  170°,  is  partly  con- 
verted into  racemic  acid.  To  extract  this  acid,  the  black  resinous  mass  is  treated 
several  times  with  boiling  water;  the  filtered  liquid  is  mixed  with  excess  of  chloride  of 
calcium  ;  the  racemate  of  calciimi  thercliy  precipitated  is  decomposed  by  dilute  sulphu- 
ric acid ;  and  the  filtrate  is  concentrated  to  the  crystallising-point.  (Pasteiir.) 

Part  of  the  racemic  acid  formed  in  the  process  just  described  is  further  converted 
into  inactive  tartaric  acid,  the  quantity  of  the  latter  increasing  as  the  heating  is  pro- 
longed; and  if  the  sohition  obtained  as  above  be  filtered  immediately  after  the  addition 
of  the  calcic  chloride,  the  inactive  tartrate  of  calcium,  which  is  more  soluble  than  the 
racemate,  remains  in  the  mother-liquor,  and  separates  after  24  hours  quite  free  from 
racemate.  By  decomjjosing  this  salt  witli  sulphuric  acid  as  above,  and  concentrating 
the  solution,  the  inactive  tartaric  acid  may  bo  obtained  in  crystals.  Now  D  e  ssaignes 
lias  lately  shown  (Bull.  Soc.  Chim.  1866,  i.  34),  that  this  acid  in  the  free  state  is 
p:u-tially  converted  by  heat  into  racemic  acid,  although,  when  the  latter  is  in  combina- 
tion with  certain  organic  alkaloids,  the  opposite  transformation  takes  place.  If  the 
inactive  tartaric  acid,  after  beiug  dried,  be  heated  in  a  retort  to  200°,  till  about  a 
third  of  it  has  passed  oif  in  the  form  of  volatile  products,  a  distillate  is  obtained, 
consisting  chiefly  of  pyroracemic  acid  (iv.  770),  and  the  residue  consists  partly  of 
racemic,  partly  of  unaltered  inactive  tartaric  acid.     On  dissolving  this  residue  iu 
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■water,  and  half  neutralising  with  ammonia,  acid  racemate  of  ammonium  ci-ystiallises 
OLit  first,  while  the  more  soluble  inactive  tartrate,  constituting  about  two-thirds  of  the 
whole,  remains  dissolved.  Inactive  tartaric  acid  may  also  be  partly  converted  into 
racemic  acid  by  boiling  with  hydrochloric  acid. 

Projx'rtu's. — Eacemic  acid  forms  hydrated  crystals,  CH'^CH^O,  belonging  to  the 
triclinic  sytem.  Dominant  combination  :  cc',P  .  ooP<»_.  ooP^' .  ccfoo  •  ,P'oo  .Px  /P^co, 
sometimes  with  oP,  F,  and  P'oo  .  Angle  'P  oo  :  03P00  =  128"  33' ;'  '!^oo  :  ooPco'  = 
123°  32';  o=;P:  0=  Poo  =  110°  45';  _oo'P  :  Poo  =  129°  SV;  ooPoo  :  ooF  = 
152°  54';  ooP;-.  oof>oo  =  146°  30';  T' a  :  P,oo  =  111°  67';  'Foo  :  ooP',  =  113° 
32' ;  'f  00  :  oo',P  =  107°  28';  'P'oo  :  ccf  00  ='  84°  26' ;  'F  00  :  a>  P  -  120°  32'.  Eatio 
of  axes,  a:b:c  =  0-48434  :  1  :  0  80602.  Angle  a  =  120°;  ;8  =  96°  19';  7  = 
76°  6'.   (De  la  Provostaye,  Ann.  Ch.  Phys.  [3J  iii.  131.) 

The  crystals  have  a  specific  gravity  of  r690  (Buignet,  Jaliresb.  1861,  p.  15):  they 
effloresce  slowly  on  exposure  to  the  air,  give  off  all  their  water  of  crystallisation  at  100°, 
dissolve  in  57  pts.  water  at  15°  and  in  48  pts.  cold  alcohol  of  specific  gravity  0-809. 
In  these  respects  racemic  acid  diflTers  considerably  from  tartaric  acid,  which  forms 
anhydrous  monoclinic  crystals,  much  more  soluble  in  water  than  those  of  racemic  acid. 

Towards  reagents  racemic  acid  behaves  for  the  most  part  like  tartaric  acid.  Its 
calcium-salt  is,  however,  less  soluble  than  the  tartrate,  so  that  racemic  acid  precipitates 
a  solution  of  gypsum,  whereas  tartaric  acid  does  not.  Eacemateof  calcium  is  likewise 
insoluble  in  acetic  acid,  whereas  the  tartrate  is  soluble.  On  adding  ammonia  to  a 
solution  of  calcic  racemate  in  hydi-ochloric  acid,  a  crystalline  precipitate  is  formed  in 
a  few  seconds ;  whereas  with  the  tartrate,  the  precipitation  does  not  take  place  for 
several  hours. 

Eacemic  acid  when  heated  above  100°,  remains  unaltered  up  to  200°,  and  then  yields 
the  same  products  as  tartaric  acid ;  being  converted,  before  complete  decomposition 
takes  place,  into  tartrelic  acid,  tartralic  acid,  and  other  products  formed  by  abstraction 
of  water,  which,  however,  have  not  been  completely  investigated.    (See  Tartaric  Acid.) 

When  a  solution  of  neutral  racemate  of  ammonium  is  mixed  with  a  small  quantity 
of  the  soluble  portion  of  beer-yeast,  or  an  albuminous  body,  a  vegetable  extract,  or 
any  animal  liquid,  and  exposed  to  a  temperature  of  30°,  fermentation  takes  place, 
and  the  whole  of  the  racemic  acid  is  converted  into  Isevotartaric  acid  (Pasteur, 
Jahresb.  1858,  p.  248).  The  same  transformation  is  pi-oduced  when  acid  racemate 
of  ammonium  is  fermented  under  the  i^Anence  oi  PmicilUum  glaucum.  (Pasteur, 
Jaliresb.  18G0,  p.  250.) 

Racemates.  Eacemic  acid,  like  tartaric  acid,  is  tetratomic  and  dibasic,  the 
formulae  of  the  racemates  containing  monatomic  metals  being: 

Neutral  Eacemates  C'H^M'O'    =    (C*H'-0^)"  ( 0*. 

M-  j 

Acid  Eacemates       C-iH^MO^    =    (C^H'^0^)"  10'. 

HM  ] 

With  diatomic  metals  it  forms  only  neutral  salts,  C''fl^M"0''. 

The  racemates  are  very  much  like  the  corresponding  tartrates,  but  their  crystalline 
forms  are  always  holohedral,  and  their  solutions  exert  no  action  on  polarised  light; 
whereas  the  tartrates  are  hemihedral,  and  exhibit  circular  polarisation  (see  Light,  iii. 
675).  Most  of  the  racemates  have  been  analysed  by  Fresenius  (Ann.  Ch.  Pharm. 
xli.  1 ;  liii.  230). 

Racemates  of  Ammonium. — The  neutral  salt,  C'H'(NII'')^0'',  obtained  by  spon- 
taneous evaporation  of  a  solution  of  the  acid  neutralised  with  ammonia,  crystallises  in 
rhombic  prisms  exhibiting  the  dominant  combijiation,  OoP  .  0C?>2  .  0:f'x,  .  P  .  Poo  . 
fPoo.  Angle  (xP:  ooP  =  99°  30';  ccP  :  ooP2  =  160°  50';  Poo  :  Poo  =  118°; 
P  00  :  fPoo  =  169°.  Eatio  of  axes,  a  :  b  :  e  =  0-5087  :  1  :  0-8466.  The  crystals  when 
exposed  to  the  air  become  didl,  and  give  off  ammonia:  they  are  very  soluble  in  water, 
nearly  insoluble  in  alcohol. — The  acid  salt,  C'II^(NII^)0",  is  precipitated  as  a  crystal- 
line powder,  on  neutralising  1  pt.  of  racemic  acid  with  ammonia,  and  adding  an  equal 
quantity  of  the  acid.  It  dissolves  in  100  pts.  water  at  20°,  and  in  a  much  smaller 
quantity  of  boiling  water.  It  reddens  litmus,  and  is  insoluble  in  alcohol.  From  an 
aqueous  solution  slowly  cooled,  it  crystallises  in  monoclinic  prisms,  often  assuming  the 
tabular  form  from  predominance  of  oP.  The  decomposition  of  the  racemates  of  ammo- 
nium by  fermentation  has  been  already  described. 

Eaccmate  of  Antimony. — White  granular  precipitate,  obtained  by  adding  alcohol 
to  a  solution  of  antimonious  oxide  in  aqueous  racemic  acid.  (Berzelius.) 

I'otassio-antimonious  Racemate,  2C'H'(SbO)KO''.H''^0,  is  obtained  bj'  saturating  a 
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boiling  solution  of  acid  raeemate  of  potassium  with  antimonious  oxide,  and  crystallises 
ou  cooling  from  a  saturated  solution  in  monoclinic  prisms  terminated  by  the  facets  of 
a  very  obtuse  octahedron.  Observed  combination,  coP  .  iP.  Angle  ooP :  ooP  =  85° 
20';  odP  :  iP  =  118°  2';  ^P:  iP  =  140°;  the  same  behind  =  142°  55'.  Axes, 
a  :  h  :  c  =  1'074  :  1  :  0'9217  (De  la  Provostaye).  Like  tartar-emetic,  after  drying 
at  100°,  it  loses  5-5  per  cent,  water  at  260°. 

Eaccmates  of  Arsenic  and  the  Alkali-metals. — These  salts  are  prepared 
by  adding  to  a  boiling  solution  of  a  neutral  raeemate  of  alkali-metal,  first  a  small 
quantity  of  arsenious  acid,  then  racemic  acid,  and  so  on  alternately  till  a  suiBcient 
quantity  of  the  double  salt  is  produced,  while  a  large  excess  of  acid  raeemate  of  the 
alkali-metal  remains  in  solution.  On  evaporating  the  hquid,  the  double  salt  and  the 
acid  raeemate  are  deposited  separately. — The  ammonium-salt,  2C^H-'(AsO)(NH')0".H-0, 
forms  small  efflorescent  crystals,  soluble  in  10-6  pts.  of  water  at  15°.  Its  solution  is 
decomposed  by  evaporation  into  arsenious  acid  and  acid  raeemate  of  ammonium. — The 
initassium-salt,  2C^H\AsO)KO''.3H'-0,  forms  well-defined  nacreous  crystals,  which 
effloresce  and  give  off  4-23  per  cent,  water  at  100°,  the  remainder  of  the  crystallisation- 
w.iter  between  165^  and  170°. — The  anhydrous  salt  may  be  heatedi  to  2.!0°  without 
alteration,  but  at  255°  it  gives  off  water  and  empjTeumatic  pro  ducts.  It  dissolves  in 
a  very  small  quantity  of  hot  water,  Init  the  soluticjn  is  partially  decomposed  by  evapo- 
ration, acid  raeemate  of  potassium  being  deposited,  while  arsenious  acid  remains 
in  solution.  The  crystals  dissolve  in  7'96  pts.  water  at  16°. — Tlie  sodium-salt, 
2C'H'(AsO)NaO''.5H-0,  forms  large  non-efflorescent  crystals,  which  dissolve  in  14-6 
pts.  water  at  19°,  give  off  |ths  of  their  crystallisation- water  at  100°,  and  the  remainder 
at  130°.    (AYerther,  J.  pr.  Chem.  xxxii.  385.) 

Raeemate  of  Barium,  2C'H'Ba"0'*.5II^O. — Racemic  acid  forms  with  baryta- 
water,  white  flocks,  which  dissolve  in  excess  of  the  acid;  but  the  solution  soon  becomes 
turbid,  and  deposits  the  whole  of  the  barium-salt  as  a  crystalline  precipitate.  The 
same  precipitate  is  formed  on  mixing  raeemate  of  sodium  with  chloride  of  barium. 

Raeemate  of  Calcium,  C^H^Ca"0°.4II'^0. — Obtained  in  the  same  manner  as  tlie 
barium-salt.  Aqueous  racemic  acid  also  gives  a  precipitate  after  a  while,  with  sulphate 
of  calcium  Raeemate  of  calcium  assumes  the  form,  either  of  an  amorphous  precipitate 
or  of  fine  needles.  The  crj'stals  give  off  their  water  (27-75  per  cent.)  at  200°.  The 
salt  is  nearly  insoluble  in  cold  water,  but  dissolves  in  hydrochloric  acid,  and  is  precipi- 
tated therefrom  by  ammonia.  It  is  insoluble  in  acetic  acid,  and  likewise  in  excess  of 
racemic  acid,  after  it  has  become  crystalline.  The  calcium-salt  of  racemic  acid  pro- 
duced from  dibromosuccinic  acid  (p.  35),  crystallises  from  boiling  water  in  cubic 
crystals  containing  C''H^Ca"0".3H'''0,  whereas  that  of  natural  racemic  acid  separates 
from  boiling  water  in  small  white  prisms  containing  4  at.  water.  The  artificial  calcic 
raeemate,  when  dissolved  in  hydrochloric  acid  and  precipitated  by  ammonia,  likewise 
forms  prisms  with  4  at.  water,  but  ou  reerystallisation  from  boiling  water  it  assumes 
the  cubic  form  with  3  at.  water.  The  calcium-salt  of  the  artificial  acid  is  also  some- 
what more  soluble  in  water  than  that  of  the  natural  acid.  (Kekule,  Jahresb.  1861, 
p.  364.) 

Raccmates  of  Chromium. — The  violet  solution  of  chromic  hydrate  in  racemic 
acid  leaves  on  evaporation  a  violet  crystalline  mass  soluble  in  water ;  alcohol  added  to 
this  solution  throws  down  a  violet  basic  salt,  which  blackens  in  drying,  and  dissolves  in 
water  only  cn  addition  of  racemic  acid. — With  -potash,  raeemate  of  chromium  forms  a 
solution  which  leaves  a  dark-violet  mass  on  evaporation,  and  is  completely  precipitated 
by  lime-water. 

Raeemate  of  Cohalt. — The  solution  of  recently  precipitated  cobalt-oxide  in 
racemic  acid,  yields  by  evaporation  a  pale  red  crystalline  crust,  soluble  in  water 
containing  racemic  acid;  it  dissolves  also  in  potash,  forming  a  violet  solution,  which 
on  dilution  deposits  a  dingy-blue  precipitate. 

Racematcs  of  Coji-per. — a.  The  ciiprous  salt  is  obtained  hy  digesting  cuprous 
oxide  with  racemic  acid  in  a  tiglitly-closed  vessel.  It  is  moderately  soluble  in  water, 
and  is  deposited  on  cooling  in  colourless  rhomboidal  prisms.  When  exposed  to  the  air 
it  is  converted  into  the  cupric  salt. 

fi.  Cupric  Raccmatrs. — A  mixture  of  the  hot  solutions  of  racemic  acid  aud 
cupric  sulphate,  deposits,  after  a  while,  pale-green  tabular  crystals.  A  dilute  solution, 
of  cupric  acetate  forms  with  racemic  acid  pale-blue  needles,  containing  C^H^Cu"0''.2H^0 
This  salt  gives  off  its  waier  at  10u°,  dissolves  sparingly  in  water,  easily  in  hydro- 
chloric acid ;  the  solution  when  mixed  with  potash  assumes  a  fine  blue  colour,  and  is 
not  decolorised  even  at  the  boiling  heal.  Alkaline  racemates  form  a  green  precipitate 
with  cupric  salts. 

Cupric  raeemate  dissolves  in  caustic  alkalis  and  alkaline  carbonates.  On  adding 
alcohol  to  a  saturated  solution  of  the  salt  in  caustic  soda,  dark-blue  needlo-.sliaped 
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crystals  are  deposited  on  tlio  sides  of  tlip  vpssel,  and  light-blue  tables  at  the  bottom  ; 
both  consisting  of  the  salt,  C^H'Na*0''.Cu"0.4H-0,  sparingly  soluble  in  cold,  more 
soluble  in  boiling  water,  and  depositing  cuprous  oxide  when  boiled  with  excess  of 
alkali. 

Baceraates  of  Iron. — Ferric  hydrate  dissolves  in  racemic  acid,  an  insoluble  basic 
salt  being  formed  at  the  same  time.  The  solution  when  evaporated  leaves  a  brown 
amorphous  mass,  easily  pulverised,  very  soluble  in  water,  not  preoipitable  by  alkalis. — 
yfith.  potash,  ferric  raoemate  forms  a  dark-brown,  granular,  deliquescent  double  salt, 
soluble  in  racemic  acid. 

Bacemate  of  Lead,  C^H^PVO"  (at  100°). — On  adding  racemic  acid  drop  by  drop 
to  a  hot  solution  of  lead-acetate  as  long  as  the  precipitate  redissolves,  and  cooling  tiie 
filtrate,  racemate  of  lead  is  deposited  in  shining  grains  or  delicate  needles,  soluble  in 
hot  aqueous  racemic  acid. 

Bacemate  of  Magnesium,  C''H'Mg"0^5H^0. — A  solution  of  magnesium-carbo- 
nate in  the  boiling  aqueous  acid  deposits  this  salt  on  slow  cooling  in  small  right 
rhomboi'dal  prisms  ;  by  quick  cooling  or  prolonged  evaporation  as  a  white  powder.  It 
effloresces  in  dry  air,  gives  off  4  at.  (27'24  per  cent.)  water  at  100°,  the  rest  without 
decomposition  at  200"-'.  It  dissolves  in  120  pts.  water  at  19°,  in  a  small  quantity  of 
boiling  water,  is  insoluble  in  alcohol,  dissolves  in  racemic  acid,  but  the  solution 
deposits  nothing  but  the  neutral  salt  and  the  free  acid. 

A  saturated  solution  of  magnesium-carbonate  in  an  acid  racemate  of  alkali-metal 
yields  by  slow  evaporation,  a  syrupy  mass,  which  gradually  changes  on  cooling  to  an 
amorphous  double  salt,  from  which  water  extracts  but  a  small  quantity  of  alkaline 
racemate,  even  at  the  boiling  heat. 

Bacemate  of  Manganese,  C'H'Mn"0''.H'0. — Obtained  by  evaporating  a  solution 
of  manganous  acetate  mixed  with  racemic  acid,  in  yellowish-white  crystals,  per- 
manent in  the  air  even  at  100°,  slightly  soluble  in  water,  easily  soluble  in  acids  and 
alkalis. 

Bacemate  of  Mercury. — Eacemic  acid  forms  with  mercurous  nitrate,  a  white 
heavy  precipitate,  which  becomes  coloured  on  exposure  to  light,  is  insoluble  in  water 
and  in  racemic  acid,  but  soluble  in  nitric  acid. 

Bacemate  of  Nickel,  C'B['Ni"0°.5II^0,  is  obtained,  like  the  manganous  salt,  in 
green  needles,  which  effloresce  slowly  at  ordinary  temperatures,  rapidly  at  100°.  It  is 
but  slightly  soluble  in  pure  water,  more  soluble  in  water  containing  racemic  acid. 
It  dissolves  with  green  colour  in  potash,  also  in  hot  aqueous  carbonate  of  sodium, 
the  liquid  solidifying  to  a  gelatinous  mass  on  cooling. 

Bacematcs  of  Poiassi um. — The  nmtral  salt,  C*II'K'0^2H-0,  crystallises  by 
slow  evaporation,  according  to  Pasteur,  in  six-sided  tables  belonging  to  the  trimetric 
system,  and  exhibiting  the  combination  oP  .  ooj'  oo  .  ooP.  Angle  oof  co  :  ooP  = 
128°  20'.  According  to  v.  Lang,  on  the  other  hand  (Wien.  Akad.  Ber,  xlvi.  [2]  31  ; 
Jahresb.  1862,  p.  305),  the  crystals  (with  the  same  amount  of  water)  are  monoclinic, 
exhibiting  the  combination  coPgo  .  [  ooPoo  ]  .  oP  .  [Poo  ]  .  [2Pcc  ]  .  ooP  .  00P2  .  — P  . 
+  P  .  +P2.  Axes  a:  b:  c  =  1  :  0-9134  :  0-7586.  Angle  of  inclined  axes  =  92°  35'  . 
[Poo]  :  [ooPoo]  =  97°  9' ;  [2Poo  ]  .  [  coPoo  ]  =  146°  35';  [2Poo  ]  :  oP  =  122°  66', 
ooP  :  ooPoo  =  137°  57';  ooP  :  oP  =  88°  6';  ooPf  :  oP  =  87°  43' ;  -P  :  oP  = 
132°  43'.  The  crystals  dissolve  in  0-97  pt.  water  at  25°,  are  nearly  insoluble  in  alcohol, 
and  give  oif  all  their  water  at  100°.  Mineral  acids  or  racemic  acid  added  to  the  solu- 
tion throw  down  the  acid  racemate. — The  acid  salt,  obtained  like  the  corresponding 
amnionium-salt,  forms  crystals  soluble  in  180  pts.  of  water  at  19°,  in  139  pts.  at  25°, 
and  in  14-3  pts.  of  boiling  water ;  it  is  insoluble  in  alcohol,  but  dissolves  easily  in 
mineral  acids. 

Bacemate  of  potassium  and  amjnonium,  C^II'K(NII^)0'',  is  obtained  by  slow  evapo- 
ration of  a  solution  of  the  acid  potassium-salt  saturated  with  ammonia,  in  acieular, 
longitudinally  striated,  rhombic  prisms,  having  the  angle  ooPco  :  ccP  =  130°  45',  and 
not  modified  at  the  ends.  (Pasteur.) 

A  racemohcrate  of  piotassiian  is  obtained,  according  to  Fresenius,  by  evaporating  a 
solution  of  1  at.  boric  acid  and  2  at.  acid  potassic  racemate,  at  100°,  as  a  white,  acid, 
almost  crystalline,  friable  mass,  very  soluble  but  not  deliquescent.  Similar  products 
are  obtained  by  evaporating  a  solution  of  borax  and  acid  racemate  of  potassium  or 
sodium.  (Fresenius.) 

Bacemate  of  Silver,  C'H'Ag-O". — When  a  warm  moderately  strong  solution  of 
the  acid  potassium-salt  is  added  to  a  solution  of  silver-nitrate  heated  to  80°  or  85°,  till 
the  precipitate  begins  to  be  permanent,  the  liquid  on  cooling  deposits  racemate  of 
silver  in  fine  shining  scales,  less  soluble  in  water  than  the  tartrate,  soluble  in 
ammonia. 
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Ttaccmatcs  of  Sodium. — The  nmtral  salt,  Cn^Na-O",  crystallises  readily  in 
anhydrous  rhombic  prisms  soluble  in  2-63  pts.  of  water  at  25^^,  insolul)le  in  alcohol. — ■ 
The  acid  saU,  CTI^NaO''.H-0,  is  precipitated  by  alcohol  from  a  mixture  of  equivalent 
quantities  of  the  neutral  salt  and  racemic  acid,  and  may  be  obtained,  by  recrystallisa- 
tiou  from  water,  in  monoclinic  prisms  with  striated  faces.  It  has  a  pleasant  acid  taste, 
gives  off  its  water  (9-41  per  cent.)  at  100°,  dissolves  in  11-3  pts.  water  at  19°,  in  a 
much  smaller  quantity  of  boiling  water,  but  is  insoluble  in  alcohol. 

Sodio-ammonic  and  Sudio-poiassic  racematcs  exist  only  in  solution,  being  separated 
by  recrystallisatiou  into  mixtures  of  equal  quantities  of  the  corresponding  dextro-  and 
l;evotartrates. 

n a cvmate  of  Stront  imn,  C'H''Sr"0''.4H'0. — Precipitated  by  racemic  acid,  from 
strontia-water  in  white  flocks,  and  by  the  neutral  potassium-salt  from  chloride  of 
strontium,  as  a  crystalline  precipitate.  It  gives  off  its  water  (22'87  per  cent.)  at  100°, 
is  nearly  insohible  in  cold,  and  only  slightly  soluble  in  boiling  water;  dissolves  easily 
in  hydrochloric  acid,  but  is  insoluble  in  acetic  acid. 

1{  ace  mate  of  Thallium  forms  small,  closely-.iggi-egated,  easily  snhililo  crystals, 
resembling  those  of  the  neutral  ammonium-salt.  ooP  :  ooP  =  10U°.  (l)e  la 
Provostaye,  Ann.  Ch.  Pharm.  cxxvi.  79.) 

Bacemate  of  Tin  is  very  soluble  and  crystallisable. 

Eacemate  of  Zinc. — Eacemic  acid  dissolves  zinc  with  evolution  of  hj-drogen,  and 
tlie  solution  yields  by  evaporation  colourless  needles  of  racemate  of  zinc.  liacemic 
acid  forms  with  acetate  of  zinc,  a  gelatinous  precipitate,  nearly  insoluble  in  water  and 
difficult  to  dry. 

Mitroracemic  acid.    C'H^NO'/O''.  (Dessaignes,  J.  Pharm.  [3]  xxxii.  46). — • 

Pi-epared  by  quickly  dissolving  perfectly  dehydrated  and  finely  pulverised  racemic  acid 
ill  lukewarm  nitric  acid  of  specific  gravity  1'52,  and  mixing  the  decanted  solution  with 
lialf  its  volume  of  strong  sulphuric  acid.  The  resulting  magma  dried  between  bricks  under 
a  bell-jar,  forms  a  light  white  silky  mass,  the  saturated  solution  of  which  in  lukewarm 
water  yields,  when  filtered  and  cooled  to  0°,  nacivous  prisms,  thinner  and  shorter  than 
those  of  mtrotartaric  acid.  It  has  no  action  on  polarised  light.  In  aqueous  solution 
it  decomposes,  giving  oif  gas  and  yielding  tartronic  acid,  together  with  other  products. 
It  dissolves  without  decomposition  in  absolute  alcohol,  and  crystallises  therefrom  by 
spontaneous  evaporation,  in  small  plates  composed  of  microscopic  crystals.  It  forms  a 
precipitate  with  basic  acetate  of  lead,  but  not  with  acetate  of  potassium,  calcium  or 
lead,  or  nitrate  of  silver.  The  ammonium-salt  decomposed  by  sulphydric  acid,  yields 
racemic  and  tartaric  acid. 

RACEESIC  ETHERS.  The  only  known  compounds  of  this  group  are  the  acid 
rucemati'S  of  etliyl  and  methyl. 

Ethiil-racc  hiic  acid,  or  Rarcmovinic  acid,  C"H."'0«  =  C'H^(C2H5)0'=  (Gu(irin- 
Varry,  Ann.  Ch.  Phys.  [2]  Ixii.  77). — Produced  by  boiling  4  pts.  absolute  alcohol 
with  1  pt.  of  racemic  acid,  and  cohobating  the  mixture  in  a  retort  at  a  gentle  heat  till 
the  liquid  evaporated  to  a  syrup  no  longer  deposits  any  solid  matter  on  cooling.  It  is 
ihen  dil.uted  with  water,  and  saturated  with  carbonate  of  barium  ;  the  filtrate  is  evispo- 
rated  at  50°  or  60°  ;  and  the  crystallised  ethyl-racemate  of  barium  thus  obtained  is 
decomposed  by  sulphuric  acid. 

Ethyl-racemic  acid  crystallises  in  colourless  elongated  prisms  with  ol)liquely  inclined 
bases,  delicjuescent,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  solu- 
tion has  no  action  on  polarised  light,  and  is  decomposed  by  ebullition  into  alcohol 
and  racemic  acid,  which  crys*allists  out. 

Ethyl-racemic  acid  is  decomposed  by  dry  distillation,  yielding  alcohol,  water,  ethylic 
acetate,  acetic  acid,  ethylene  gas,  pyroracemic  acid,  &c. — Nitric  acid  converts  it  into 
acetic,  carbonic,  and  oxalic  acids.  Its  solution  dissolves  zinc  anAiron,  with  evolution 
of  hydrogen;  yields  with  potash  a  pulverulent  precipitate,  and  with  soda  an  opaline 
jirecipitate,  which  appears  just  before  the  liquid  becomes  neutral,  and  increases  with 
the  quantity  of  acid  added.  When  added  drop  by  drop  to  hari/ta-v.mtcr,  it  forms  a  pre- 
cipitate, which  diminishes  as  the  liquid  approaches  neutrality,  but  reajipears  when  the 
acid  is  added  in  excess.  The  precipitate  is  soluble  in  nitric  acid. — With  lime-water 
ethyl-racemic  acid  forms  a  precipitate  insoluble  in  water,  and  in  excess  of  the  acid, 
but  soluble  in  nitric  acid.  The  acid  does  not  produce  any  turbidity  with  calcic  or 
sodic  sulphate.  It  forms  a  white  precipitate  with  acetate  of  had,  and  with  a  concen- 
trated solution  of  nitrcdc  of  silver. 

Ethyl-racemic  acid  is  monobasic.  Its  salts  cry.stallise,  but  not  so  well  as  the 
ethyl-tartrates  :  some  of  them  contain  water  of  crystallisation,  which  they  give  oflT  in  a 
vacuum. — The  l>ari\nn-sidf,  C'-H'"l'>a"0'-.2IP0,  ci-ystallises  in  small  prisms  arranged 
in  nodular  groups.  It  is  iiiueli  more  soluble  in  hot  than  in  cold  water,  insoluble  in 
absolute  alcohol  and  in  ether. — The  foiassiuhi-salt ,  C'*H"HO".H'-'0,  forms  prisms, 
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apparently  monoclinie,  gives  off  7  56  per  cent,  water  in  vacuo.— The  silver-salt, 
C'H'AgO",  crystallises  in  prisms  slightly  soluble  in  cold  water,  decomposing  at  100^.' 

Methyl-raccmic  acid,  C'lVO"  =  C'HXCH')^  (Guerin- Varry,  loc.  cit.)'~ 
Prepared  by  dissolving  1  pt.  of  raeemic  acid  in  1  pt.  of  methylic  alcohol,  at  the 
boiling  heat,  evaporating  to  a  syrup  at  a  temperature  below  100°,  leaving  the 
syrup  to  evaporate  freely,  and  drying  the  resulting  crystals  in  a  vacuum.  It  forms 
colourless  rectangular  prisms  truncated  on  the  longitudinal  edges,  and  passing 
into  rhomboidal  prisms.  It  dissolves  easily  in  water,  alcohol,  and  wood-spirit, 
slightly  in  ether.  By  boiling  with  water,  it  is  resolved  into  methylic  alcohol  and  raee- 
mic acid.  Its  aqueous  solution  decomposes  zinc  and  iron,with  evolution  of  hydrogen. 
"With  baryta-water,  it  forms  a  precipitate  soluble  in  excess  of  the  acid,  and  in  water  • 
with  ('iwf-wrtfcr,  it  forms  a  precipitate  composed  of  radiate  groups  of  acicular  prisms, 
insoluble  in  excess  of  the  acid.  Methyl-racemic  acid  does  not  precipitate  caustic 
soda  or  carbonate  of  sodium. 

Mdhyl-racemate  of  Barium,  C"'H"Ba"0'2.4H'0,  crystallises  in  monoclinie  prisms, 
which  give  off  part  of  their  crystallisation-water  on  exposure  to  the  air.  When  not 
effloresced,  it  softens  at  60°,  and  at  100'^_  gives  off  vapours,  which  condense  in  beautiful 
crystalline  laminge.  It  is  more  soluble  in  hot  than  in  cold  water,  insoluble  in  alcohol 
and  ether. — The  lead-salt  is  precipitated  on  pouriug  mothyl-racemic  acid  into  a  solu- 
tion of  lead-acetate  ;  the  precipitate  redissolves  in  excess  of  acid. — The  potassium-salt 
2C"H'K0*.II'''0,  forms  rectangular  prisms,  which  are  decomposed,  by  prolonged  ebulli- 
tion with  water,  into  methylic  alcohol  and  acid  racemate  of  potassium.  Methyl-racemic 
acid  added  to  aqueous  potash  forms  a  pulverulent  precipitate  soluble  in  a  large  quan- 
tity of  water. — The  silver-salt,  C^H'AgO'*,  is  precipitated  on  adding  methyl-racemic 
acid  to  a  moderately  concentrated  solution  of  sOver-nitrate  ;  it  is  soluble  in  excess  of 
methyl-racemic  acid. 

RACEnSOCARBOSriC  ACID.    Besoxalic  acid,  C^H^O*  =     ^^^ga*^"*^"  |  O'. 

(Lowig,  J.  pr.  Chem.  Ixxix.  455  ;  Ixxxiii.  129;  Ixxxiv.  1;  Jahresb.  1860,  p.  404; 
1861,  p.  601.) — This  acid,  which  contains  the  elements  of  raeemic  acid  and  carbonic 
anhydride  =  CH^O"  +  CO^),  is  produced  in  the  form  of  an  ethylic  ether, 

by  the  action  of  sodium-amalgam  on  ethylic  oxalate.  It  is  probably  formed  by  the 
deoxidation  of  oxalic  acid,  thus  : 

SC^ffO'  +  H=0  -  0=    =  2C^H''0»; 

whence  the  name  dcsoxalic  acid;  but  the  reaction  is  complicated,  yielding  a  number  of 
products  which  have  not  been  thoroughly  investigated. 

Prcijaration. — An  amalgam  of  30  grms.  sodium  and  800  to  2,000  grms.  mercury  is 
agitated  in  a  glass  cylinder  with  about  an  equal  part  of  ethylic  oxalate,  the  mass  beinc 
kept  cool  by  occasionally  plunging  the  vessel  into  cold  water;  the  resulting  unctuous 
mass  is  stirred  up  with  ether,  the  liquid  is  decanted  from  the  mercury;  the  residue  is 
treated  several  times  more  with  ether  ;  the  united  ethereal  liquids  are  left  at  rest  for 
a  while;  and  the  claritied  solution,  decanted  from  the  sediment,  is  repeatedly  and  vio- 
lently agitated  with  small  quantities  of  water,  till  a  pasty  mass  no  longer  separates 
from  it,  and  the  ethereal  solution  rises  to  the  surface  free  from  colour.  This  ethereal 
solution,  when  freed  from  the  greater  part  of  the  ether  by  distillation,  and  left  to  eva- 
porate in  a  warm  place,  deposits,  after  a  while,  large  transparent  shining  crystals  of 
ethylic  racemocarbonate,  which  increase  in  quantity  on  further  evaporation,  while 
the  uncrystallisable  portion  thickens  to  a  yellow  syrup. 

The  ethylic  racemocarbonate  may  be  converted  by  heating  with  carbonate  of  potas- 
sium, or  by  treatment  with  caustic  potash,  into  alcohol  and  racemocarbonate  of  potas- 
sium ;  the  solution  of  this  salt,  precipitated  by  nitrate  of  lead,  yields  the  corresponding 
Jead-salt;  and  this,  when  decomposed  by  snlphuretted  hydrogen,  yields  racemocar- 
bonic  acid,  the  filtered  solution  of  which  may  be  made  to  crystallise,  by  first  evapo- 
rating it  at  a  gentle  heat  over  the  water-bath,  and  then  leaving  it  under  a  bell-jar  over 
oil  of  vitriol. 

Properties  and  Reactions. — Eacemocarbonic  acid  thus  obtained  is  a  dry  crystalline 
mass,  yielding  a  dazzling  white  powder.  It  is  very  soluble  in  water  and  in  alcohol, 
and  deliquesces  in  the  air.  It  softens  at  the  heat  of  the  water-bath,  and  at  a  somewliat 
high  temperature  becomes  dark-coloured ;  swells  up,  giving  off  an  odour  like  that  of 
burnt  tartaric  acid ;  then  carbonises,  and  burns  with  a  faintly  luminous  flame,  leaving 
no  residue.  When  its  dilute  aqueous  solution  is  heated  for  some  time  to  100°  in  a 
sealed  tube,  it  splits  up  into  raeemic  acid  and  carbonic  anhydride. 

Racemocarbonates. — Eacemocarbonic  acid  is  tribasic,  the  formula  of  its  neutral 
salts  being  C^H^M'O'.  It  likewise  forms  acid  and  basic  salts. — The  neutral potassitim- 
sait,  C*H'K''0'',  formed  by  direct  neutralisation,  or  by  decomposing  the  ethylic  ethr  r 
with  caustic  potash,  or  boihng  it  with  potassic  carbonate,  remains,  on  leaving  its 
aqueous  solution  to  evaporate,  as  a  gummy  mass,  wliich  becomes  crystalline  after  stand- 
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ing  over  oil  of  vitriol,  and  dries  up  at  100°  to  awhite  porous  mass.  The  solution  yields 
the  barium-,  lead-,  and  silver-salts  by  double  decomposition.  —  An  acid  j^otassiuin-salf, 
C^H'K'^O',  is  obtained  by  decomposing  the  ethjdic  ether  with  a  solution  of  potash  in 
absolute  alcohol,  as  a  viscid  mass,  -which  dries  up  to  a  dazzling  white  powder,  becom- 
ing moist  on  exposure  to  the  air.  The  same  salt  is  obtained  in  shining  wliite  crystal- 
line crusts,  by  supersaturating  a  solution  of  raccmocarbonic  acid  in  potash  with  acetic 
acid.  It  has  a  slightly  sour  taste,  dissolves  in  19-4  pts.  water  at  16°,  and  does  not 
decompose  till  heated  above  100°. — The  neutral  sodium-salt  is  very  soluble,  and  decom- 
poses at  130°.— The  barium-salt,  C"'H''Ba»0'^  and  the  calcium-salt,  C"'H''C'a''0"'.3ffO, 
are  white  powders.  When  racemocarbouic  acid  is  mixed  with  excess  of  lime-water, 
and  tlie  bulky  precipitate  is  dissolved  in  a  few  drops  of  hydrochloric  acid,  the  solution 
instantly  yields  with  ammonia  a  flocculent  precipitate  of  calcic  racemoearbonate, 
whereas  the  racemate  is  precipitated  under  similar  circumstances  as  a  heavy  crystalline 

powder,  and  only  after  the  lapse  of  a  few  seconds.— The  iinit^-al  lead-salt,  C'E'^Pb^O"', 
is  when  dry,  a  dazzling  white  powder,  not  quite  insoluble  in  hot  water.    It  appears  to 

retain  1  at.  water  at  100°.— A  basic  lead-salt,  C'°H«Pb'0'«.C"'H'Pb^O"',  is  obtained  as 
a  bulky  precipitate,  by  heating  the  aqueous  solution  of  the  ethylic  ether  witli  basic 
ai'f'tale  of  lead. — The  neutral  silver-salt,  C'^WAg'O",  is  a  white  precipitate,  soon  turning 
black  when  moist,  slightly  soluble  in  water,  easily  soluble  in  dilute  nitric  and  in  racemo- 
carbouic acid,  the  latter  solution  depositing  a  mirror  of  silver  on  standing. — A  sonie- 
wliat  more  si^luble  acid  silver-salt,  C^H-'Ag-O",  is  obtained  by  precipitating  the  corre- 
sponding potassium-salt  with  nitrate  of  silver. — The  precipitates  formed  in  the  solution 
of  the  neutral  potassium-ealt  by  the  sulphates  of  zinc,  copper,  and  manganese,  dissolve 
in  excess  of  the  precipitant. 

Ethylic  Racemoearbonate,  CH'"©'  =  C^H^(C'H^)^0',  prepared  as  above 
described,  forms  large,  transparent,  colourless,  highly  lustrous  crystals,  which  resemble 
chlorate  of  sodium,  but  do  not  appear  to  belong  to  the  regular  system.  They  retain 
their  lustre  for  months,  dissolve  in  10  pts.  water  at  16°,  also  in  alcohol  and  ether, 
have  no  odour,  but  a  strong  purely  bitter  taste,  melt  at  85°,  forming  a  liquid  which 
solidifies  again  at  85°.  When  the  fused  compound  is  exposed  for  some  time  to  the 
heat  of  boiling  water,  it  remains  after  cooling  as  a  thick  oily  liquid,  which  does  not 
solidify  for  a  considerable  time.  The  ether  may  be  sublimed  by  carefid  heating  in  a 
glass  tube,  but  if  heated  for  some  time  to  140° — 150°,  it  yields  on  cooling  (without 
loss  of  weight)  a  perfectly  colourless,  syrupy,  extremely  bitter  mass,  which  no  longer 
solidities.  When  distilled  in  a  retort,  it  leaves  only  a  trace  of  carbonaceous  residue  ; 
till'  distillate  is  oily,  has  a  bitter  taste,  and  does  not  appear  to  contain  racemocarbouic 
acid. 

Ethylic  racemoearbonate  heated  with  baryta-water,  caustic  alkalis,  or  alkaline  car- 
bonates, is  decomposed,  yielding  alcohol  and  a  racemoearbonate  of  barium,  &c.  (p.  40). 
When  a  dilute  solution  of  the  ether,  slightly  acidulated  with  sidphuric  or  hydrochloric 
acid,  is  heated  to  100°  in  a  sealed  tube,  the  racemocarbouic  acid  is  resolved  into  car- 
bonic anhydride  and  racemic  acid.  If,  on  the  other  hand,  a  concentrated  solution  of 
tlie  ether  is  used,  only  partial  decomposition  takes  place;  andLciwig  thinks  it  probable 
I  hat  an  acid  intermediate  between  racemocarbouic  and  racemic  acid,  or  perhaps  a  com- 
pound of  the  two,  may  be  formed.  When  a  dilute  solution  of  ethylic  racemoearbonate 
containing  a  little  sulphuric  or  hydrochloric  acid,  is  boiled  in  a  platinum  dish,  scarcely 
any  pas  is  evolved,  so  long  as  the  water  lost  by  evaporation  is  renewed ;  but  on  subse- 
quently concentrating  the  liquid,  it  becomes  darker  and  gives  off  gas.  The  syrupy 
liquid  remaining,  after  the  hydrochloric  acid  has  been  completely  expelled,  solidifies  on 
cooling  to  a  brittle  friable  mass,  easily  soluble  in  water  ;  and  if  the  concentrated  solu- 
tion be  left  to  evaporate,  a  tolerably  abundant  crystallisation  of  racemic  acid  is 
obtained;  the  greater  part,  however,  forms  a  syrupy  acid,  which  dries  up  over  oil  of 
vitriol  to  a  translucent  mass,  and  yields  a  silver-salt  having  the  composition  of  silver- 
racemate. 

The  yellow  sjTup  (p.  40),  obtained  together  with  the  crystals  in  the  preparation  of 
ethylic  racemoearbonate,  is  an  uncrystallisable  modification  of  that  compound.  By 
heating  it  with  strong  hydrochloric  acid,  and  then  evaporating  off  the  whole  of  that 
acid,  a  very  acid  syrup  is  obtained,  which  dries  up  over  oil  of  vitriol  to  an  amorphous 
transparent  mass,  easily  soluble  in  water.  The  acid  thus  obtained  is  isomeric  witli 
racemic  acid,  but  is  distingushed  from  that  acid  and  from  racemocarbouic  acid  by  its 
reaction  with  lime-water,  yielding  therewith  a  precipitate,  which  when  dissolved  in  a 
small  quantity  of  hydrochloric  acid  is  not  reprecipitiited  by  ammon  Moreover,  it 
docs  not  form  a  sparingly  soluble  acid  salt  witli  potash.    (Lei  wig.) 

'f!tA^IiXA'SZ&-N  AMB  COWBITCTIOM  ©P  HEiLT.  There  are  various  modes 
in  wliirli  heat  may  be  transt'crri'il  from  onv.  place  to  another.  Of  all  these,  the  most 
easily  intelligible — in  the  sense  of  our  being  able  clearly  to  conceive  and  follow  the 
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several  parts  of  the  process — consists  in  tlie  bodily  movement  of  heated  matter.  A 
very  important  case  of  the  transference  of  heat  in  this  manner  is  presented  by  the  so- 
called  phenomena  of  convection,  upon  which  the  distribution  of  heat  in  liquid  and 
aeriform  bodies  almost  entirely  depends.  Another  way  in  which  the  motion  of  material 
bodies  may  intervene,  as  the  medium  of  the  transference  of  heat,  is  exhibited  in  many 
cases  of  the  evolution  of  heat  by  mechanical  means.  For  instance,  if  a  steam-engine 
is  employed  to  overcome  friction,  or  to  do  other  work  in  opposition  to  molecular  forces, 
and  so  to  develop  heat,  the  process  may  be  correctly  described,  so  far  as  the  general 
result  is  concerned,  as  consisting  in  the  transfer  of  part  of  the  heat  of  combustion  of 
the  coals,  from  the  furnace  to  the  place  where  the  heat-producing  work  is  performed. 
In  other  cases,  again,  electricity  is  the  medium  of  the  transference  of  heat  from  one 
place  to  another.  But,  in  addition  to  all  these  various  ways  in  which  the  motion  of 
heat  may  be  brought  about  by  the  action  of  other  forms  of  energy,  there  are  two  dis- 
tinct ways  in  which  it  can  occur  without  the  intervention  of  energy  in  any  other  form. 
These  are  Kadiation,  or  the  spontaneous  outflow  of  heat  in  all  directions  which  is 
constantly  taking  place  at  the  free  surface  of  material  bodies  ;  and  Condtjction,  or  the 
propagation  of  heat  by  communication  through  the  substance  of  material  bodies, 
whereby  the  temperature  of  every  mass  of  matter  tends  constantly  to  become  uniform 
throughoiit.  AVe  shall  attempt  in  this  article  to  state  the  most  important  laws  and 
conditions  by  which  the  transference  of  heat  in  these  two  ways  has  been  found  to  be 
determined. 

E ADIATION. 

The  radiation  of  heat  is  a  phenomenon  completely  analogous  to  tlie  radiation  of 
light ;  in  fact,  all  the  known  properties  of  radiant  heat  and  of  light  point  to  the  con- 
elusion,  that  there  is  no  difference  of  a  fundamental  kind  between  them.  And  if.  as 
seems  inevitable,  we  adopt  the  hypothesis  that  temperature  in  material  bodies  consists 
in  a  vibratory  or  other  movement  of  their  particles  (Heat,  iii.  131),  we  must  regard 
radiation,  whether  of  heat  or  light,  as  due  to  vibrations  of  the  luminiferous  ether 
(Light,  iii.  589),  excited  by  the  heat-vibrations  of  the  particles  of  ordinai-y  matter,  and 
propagated  by  the  ether  in  all  directions  from  their  source.  According  to  this  view,  a 
radiating  body  may  be  compared  with  a  vibrating  tuning-fork,  or  other  source  of 
sound  ;  and  the  rays  of  heat  or  light  which  it  emits,  with  the  progressive  undulations, 
constituting  waves  of  sound,  which  the  vibrations  of  the  sounding  body  excite  in  the 
air.  The  cooling  of  a  heated  body  by  radiation  would  thus  answer  to  the  gradual  dying- 
out  of  the  vibrations  of  the  tuning-fork,  as  it  gives  up  its  motion  to  the  air :  any  cir- 
cumstance which  increases  the  rate  of  radiation,  that  is  to  say,  the  quantity  of  heat 
given  out  in  a  given  time,  hastening  the  fall  of  temperature  of  tlie  heated  body  ;  just  as 
whatever  increases  the  amount  of  motion  imparted  to  tlie  air  in  a  given  time  by  a 
vibrating  fork,  and  so  augments  the  loudness  of  the  resulting  sound,  causes  the  fork 
to  come  to  rest  more  quickly.  On  the  same  view,  a  rise  of  temperature  in  a  materi;il 
body,  caused  by  rays  of  heat  absorbed  by  it,  would  correspond  with  the  production  of 
sympathetic  ■\'ibrations  in  solid  bodies  under  the  influence  of  sound-waves  transmitted 
to  them  through  the  air ;  and  just  as  those  conditions,  which  facilitate  most  the  com- 
munication of  motion  by  a  vibrating  body  to  the  air,  are  also  the  conditions  most 
favourable  to  its  being  thrown  into  vibration  by  undulations  of  the  air,  so,  as  we  shall 
see,  the  conditions  which  inost  promote  the  loss  of  heat  by  radiation  are  also  those 
which  are  most  favourable  to  the  absorption  or  gain  of  Iieat  in  the  same  way.  Again, 
the  different  refrangibility  which  characterises  rays  of  light  of  various  colours,  as  well 
as  rays  of  heat  from  various  somces,  being  CHusi-d  by  different  rates  of  vibration,  cor- 
responds to  the  different  pitch  of  various  somids.  (On  the  analogies  of  lieat  and 
sound,  comp.  Thomas  Young,  Lectures  on  Natural  Philosoi>h)/,  2  vols.  4to.  Lond. 
1807,  vol.  i.  p.  656.) 

Radiation,  considered  as  a  mode  of  transference  of  heat,  is  obviously  a  process  which 
can  only  go  on  between  at  least  two  material  bodies,  of  which  one  gives  out,  and  tlie 
other  receives,  heat.  And,  except  in  the  ease  of  radiation  tlirough  a  vacuum,  a  third 
body  also  intervenes  in  the  phenomenon — namely,  that  throvgh  which  the  radiation 
takes  place.  Hence  the  entire  process  consists  of  three  distinct  parts — Emission,  Ab- 
sorption, Transmission — the  course  of  eacli  of  whichis  dependent  on  the  physical 
properties  of  the  particular  material  substances  concerned.  But,  before  considering 
radiant  heat  in  relation  to  the  pi'operties  of  individual  substances,  we  will  briefly  de- 
scribe its  general  properties,  and  enumerate  the  most  important  and  decisive  of  tl  e 
experiments  by  which  the  essential  identity  of  radiant  heat  and  light  has  been  proved, 
and  which  therefore  justify  the  conclusion  that  radiant  heat,  like  light,  consists  in  un- 
dulations propagated  by  the  luminiferous  ether,  in  the  same  way  as  waves  of  sound  are 
propagated  by  the  air. 

1.  Radiant  heat  traverses  a  vacimni,  or  any  homogeneous  medium,  in  straight  lines. 


PROPERTIES  OF  RADIANT  HEAT. 


43 


This  fact  is  proved,  like  tlie  coiTcsponding  fact  in  tlie  case  of  light,  by  the  effect  of 
opaque  screens,  which,  with  the  exceptions  mentioned  at  page  46  (parag.  7),  prevent 
the  heat  of  any  radiant  source  from  arriving  at  any  point  so  situated  that  a  straight 
line  drawn  from  it  to  the  source  would  cut  such  a  screen. 

2.  Rudiant  heat  is  emitted  in  straight  lines  in  all  directions  from  a  radiating  foint. 
Hence  the  quantity  of  heat  which  in  a  given  time  falls  on  a  given  surface  from  a 
radiating  point  is  inversely  'proportional  to  the  sqiuire  of  the  distance  of  that  surface 
from  the  radiating  point.  The  most  complete  and  decisive  proof  of  this  law  was 
furnished  by  Melloni,  who  showed  that  when  a  thermo-electric  pile  (Electricity,  ii. 
413;  Heat,  iii.  22),  fitted  with  a  n(m-reflecting  cone,  is  turned  towards  a  large,  flat, 
uniformly  heated  surface,  the  heating  effeot,  as  shown  by  the  deflection  of  the  needle 
of  a  galvanometer  connected  with  the  pile,  is  the  same  at  all  distances  of  the  pile  fi'om 
the  heated  surface.  In  this  case  the  portion  of  the  flat  surface  subtended  by  the  face 
of  tlie  pile,  or  visible  therefrom,  increases  proportionably  to  tlie  square  of  the  distance: 
that  is  to  say,  the  number  of  points  of  the  heated  siu-face  from  which  rays  can  reach 
the  pile  is  (//'rt'rf/y  proportional  to  the  square  of  the  distance;  but,  since  the  total 
heating  effect  remains  the  same  at  all  distances,  it  follows  that  the  effect  of  each  point 
must  be  invcrsehi proportional  to  the  square  of  its  distance  from  the  pile.  (Melloni, 
La  Thermochrose,  Naples,  1850,  p.  129.) 

3.  The  velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured  direclly.iu 
consequence  of  the  time  required  by  it  to  produce  sensible  effects  being  greater  than 
the  time  of  its  transmission  through  such  distances  as  are  available  for  experiment. 
There  is,  however,  every  reason  to  suppose  that,  in  substances  not  possessed  of  disper- 
sive power,  it  is  the  same  as  that  of  light.  Melloni  found  the  time  of  transmission 
through  3.57  feet  of  air  inappreciably  short.    (Op.  eit.  pp.  121-123.) 

4.  It  follows,  from  the  laws  which  hold  with  respect  to  the  propagation  of  wave- 
motions,  that,  whenever  a  train  of  waves  arrives  at  a  surface,  on  opposite  sides  of  wliich 
the  relation  between  the  elasticity  and  density  of  the  medium  of  propagation  is  different, 
partial  or  total  reflection  must  take  place  ;  and  that  this  reflection  must  take  place  so 
that  the  reflected  ray  lies  in  the  same  plane  with  the  incident  ray,  and  the  normal  to 
the  reflecting  surface  at  the  point  of  incidence,  and  that  the  incident  and  reflected  rays 
make  equal  angles  with  the  normal.  That  radiant  heat  is  thus  reflected,  on  arriving  at 
tlie  surface  of  sejiaration  of  two  media,  may  be  proved  by  means  of  atliernio-multiplier 
pUiced  in  such  a  position  relatively  to  a  source  of  heat  and  a  plane  metallic  reflector, 
that  the  radiation  from  the  source  cannot  reach  it,  except  by  the  rays  being  reflected 
in  accordance  with  the  above  conditions.  The  equality  of  the  angles  of  incidence  and 
reflection  can  be  still  more  decisively  demonstrated  by  means  of  two  parabolic  reflectors 
placed  with  their  concave  surfaces  towards  each  other,  and  their  axes  coincident :  if  a 
source  of  heat  be  placed  in  the  focus  of  one  reflector,  the  r:iys  which  strike  this  reflec- 
tor will  be  brought  to  a  focus  again  at  the  focus  of  the  other  reflector. 

ljut,  as  ill  the  case  of  light,  this  law  can  only  be  recognised  when  reflection  takes 
place  at  polished  surfaces,  that  is,  at  siu-f  ices  each  element  of  which  is  situated  sen- 
sibly at  the  same  plane,  or  coincides  with  the  same  curve.  Since,  however,  even  with 
the  most  perfect  polish  that  can  be  obtained,  many  superficial  elements  are  doubtless 
inclined  in  directions  which  do  not  coincide  with  the  general  form  of  the  surface,  the 
intensity  of  the  heat  reflected  in  such  a  direction  as  to  make  with  the  normal  to  the 
general  surface  an  angle  equal  to  that  made  by  the  direction  of  tlie  incident  heat,  is 
always  less  than  the  intensity  of  the  incident  heat,  even  allowing  for  the  quantity 
wliich  may  penetrate  the  reflecting  surface.  The  amount  of  heat  thus  irregularly 
reflected,  or  diffused,  necessarily  varies  with  the  nature  of  the  reflecting  surface,  being 
less,  under  otherwise  similar  circumstances,  in  proportion  as  the  latter  is  more 
perfectly  polished ;  it  also  varies  with  the  absolute  value  of  the  angle  of  incidence. 

The  fact  of  the  diffusive  reflection  of  heat  was  first  pilaced  beyond  doubt  by  Mello- 
n  i,  whose  method  of  experiment  consisted  in  determining,  by  means  of  the  tln'rmo- 
nuiltijilier,  the  relative  quantities  of  heat  radiated  obliquely  by  very  thin  unpolished 
screens,  upon  which  rays  were  incident  normally  from  a  source  of  heat.  The  screens 
were  so  thin  that  both  surfaces  might  be  regarded  as  having  the  same  temperature; 
nevertheless,  the  quantity  of  heat  radiated  in  a  direction  making  a  given  oblique  angle 
with  the  surface  turned  towards  the  source  of  heat,  exceeded  that  radiated  in  a  direc- 
tion making  the  same  angle  with  the  other  surface  ;  showing  that  the  radiation  from 
the  former  surface  did  not  consist  entirely  of  the  heat  given  out  by  the  screen  itself, 
bat  also,  in  part,  of  heat  irregidarly  reflected.  The  influence  of  the  absolute  value  of 
the  angle  of  incidence  on  the  pi'oportion  of  heat  reflected  irregularly,  has  been  investi- 
gated by  Knoblauch.  AVith  solar  heat  and,  in  one  set  of  experiments,  a  glass 
mirror  blackened  at  the  back,  and  in  another  sot  with  a  metallic  mirror,  he  obtained 
the  following  results : — 
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Angle  of  Incidence  Deflection  of  the  Galvanometer-needle  produced 

meaaured  from  the  Mirror.  by  the  Rays  regularly  reflected — 

From  the  Blackened  Mirror,   From  the  Metallic  Mirror. 


60°  10-0°  56  0° 

50  10-0  65  0 

40  11  0  64-5 

30  15-1  58-0 

20  28-1  480 

10  43-0  43-0 


The  numbers  in  the  last  column  show  that  the  quantity  of  heat  reflected 
regularly  by  the  metallic  mirror  diminished,  and  consequently  the  quantity 
reflected  irregidarly  increased,  as  the  incident  rays  made  a  smaller  angle  with  the 
surface  of  the  mirror.  The  increased  reflection  from  the  glass  mirror  at  low  angles  of 
incidence  is  to  be  attributed,  not  to  diminished  diffusion,  but  to  diminished  absorp- 
tion. 

4.  In  addition  to  the  portion  which  is  reflected,  regularly  or  irregularly,  when 
radiant  heat  arrives  at  the  surface  of  separation  of  two  media,  a  certain  quantity 
usually — perhaps  always — penetrates  the  second  medium.  Of  tlie  heat  wliich  thus 
passes  onwards  into  the  second  medium,  a  greater  or  less  proportion  is  always  absorbed; 
or,  in  the  language  of  the  view  we  have  adopted  respecting  the  nature  of  radiant  heat, 
the  vibratory  motion  of  the  particles  of  the  ether  is  given  up  to  the  material  particles 
of  the  medium.  The  proportion  of  heat  so  absorbed  varies,  from  a  barely  perceptible 
amount,  even  when  a  considerable  thickness  of  the  second  medium  is  traversed,  as  in 
the  case  of  rock-salt,  to  the  total  quantity  which  enters  the  medium,  as  in  the  ease  of 
the  metals,  in  which  the  absorption  of  heat  is  so  complete,  within  a  very  short  distance 
from  the  surface,  that  it  was  only  by  employing  exceedingly  thin  films  of  metal, 
deposited  on  glass  by  chemical  means,  that  Knoblauch  succeeded  in  proving  that  the 
metals  are  not  absolutely  impenetrable  by  radiant  heat.  The  proportion  of  radiant  heat 
absorbed  in  its  passage  through  a  given  thickness  of  a  given  medium  is  not,  however, 
a  constant  quantity;  it  varies  to  a  great  extent,  as  we  shall  presently  see,  witli  the  tem- 
perature of  the  source  from  which  the  heat  comes,  just  as  the  absorption  of  light  by 
various  media  depends  on  the  colour  of  the  light. 

5.  Another  consequence  of  the  general  principles  of  wave-motion,  is  that,  upon  tlie 
theory  we  have  adopted,  wlien  radiant  heat  passes  from  one  medium  into  another,  in 
which  the  elasticity  and  density  of  the  luminiferous  ether  are  to  each  other  in  a  diffe- 
rent ratio  from  what  they  were  in  the  first  medium,  its  velocity  of  propagation  must 
be  different  in  the  two  media.  Consequently,  if  the  rays  of  heat  are  incident  upon  the 
separating  surface  of  the  media  in  any  other  direction  than  that  of  the  normal  to  the 
surface  at  the  point  of  incidence,  their  direction  will  be  altered  on  passing  from  the 
first  medium  into  the  second,  or  they  will  undergo  refraction ;  and  this  refraction  will 
take  place  according  to  the  same  laws  as  the  refraction  of  light — that  is,  the  refracted 
ray  will  be  in  tlie  same  plane  with  the  incident  ray  and  the  normal  to  the  surface, 
and  the  sine  of  the  angle  which  the  incident  ray  makes  with  the  normal  will  be  to 
the  sine  of  the  angle  which  the  refracted  ray  makes  with  the  normal,  as  the  velocity  of 
the  ray  in  the  first  medium  is  to  its  velocity  of  propagation  in  the  second  medium  (see 
Light,  iii.  608,  609).  A  familiar  example  of  the  refraction  of  heat  is  afforded  by  the 
effects  of  burning-glasses. 

The  second  part  of  the  law  of  refraction  of  heat,  as  above  stated,  has  not  hitherto 
received  direct  experimental  confirmation,  for,  as  has  been  already  said  (p.  43),  the 
velocity  of  propagation  of  radiant  heat  has  not  yet  been  measured.  It  is,  however, 
abundantly  proved  that  the  i7idex  of  nfraction  (Light,  he.  cit.),  corresponding  to  tJie 
passHge  of  radiant  heat  from  a  given  medium  into  a  given  second  medium,  has  a  con- 
stant value.  But,  just  as  there  are  various  kinds  of  light,  difl^ering  from  each  other 
in  refrangibility  (Light,  iii.  618),  so  there  are  various  kinds  of  radiant  heat  which 
differ  from  each  other  in  the  same  way.  The  indices  of  refraction  of  heat  of  several 
kinds,  corresponding  to  its  passage  from  air  into  rock-salt,  have  been  measured  by 
Forbes,  by  Wollaston's  method  (iii.  614),  depending  on  the  total  reflection  which 
takes  place  when  rays  traversing  one  medium  are  incident  very  obliquely  on  the  surface 
of  another  medium  of  less  refractive  power.  In  the  following  table  (taken  from 
Wiillner's  Lehrhuch  dtr  Experimmtal-physik,  2  vols.  Leipzig,  1863-65,  vol.  ii.  p.  327) 
the  numbers  in  the  last  column  represent  the  indices  of  refraction  of  the  rays  present 
in  greatest  abundance  in  the  heat  of  the  various  kinds  specified;  but  it  is  to  be  under- 
stood that  each  kind  of  boat  examined  contained,  in  a  smaller  proportion,  rays  of  both 
greater  and  less  refrangibility  than  those  which  formed  the  largest  part. 
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Indices  of  Ref ractio7i  of  Heat-rays  in  Hoch-saH. 

Kind  of  hi  at.  Index  of  Ri  fraction. 

Heat  from  a  Locatelli's  lamp  (an  oil-lamp  with  solid  square  wick  but  no/  1-531 
chimney)    ........       ...  J 

The  same  after  passing  through  a  plate  of  alum   1  '568 

,,  „  window-glass  ....  1"547 

„  ,,  black  glass     ....  1-.563 

„  „  black  mica     ....  1'543 

Heat  from  incandescent  platinum   r532 

The  same  after  passing  through  a  plate  of  window-glass  ....  1-548 

,,  „  black  mica      ....  1'544 

Heat  from  brass  at  371°  G.   1-528 

Luminous  rays  of  mean  refrangibility  from  the  lamp       ....  1-652 

The  index  of  refraction  for  crown-glass  of  the  least  refrangible  solar  rays  has 
been  deduced  by  J.  Miiller,  from  an  examination  of  the  solar  spectrum  produced 
by  a  prism  of  crown-glass,  by  means  of  a  linear  thermo-electric  pUe  (Miiller's 
Lehrhueh  der  Pki/sik,  6th  ed.,  ii.  743-745).  Miiller  gives  the  number  1-506,  but 
from  a  criticism  of  his  experiments  by  F,  Eisenlohr  (Pogg.  Ann.  eix.  240),  it  appears 
that  1-516  would  be  more  coiTect. 

We  shall  have  occasion,  as  we  proceed,  to  return  several  times  to  the  differences 
between  the  kinds  of  heat  emitted  by  various  sources  ;  but  we  may  take  this  first  occa- 
sion, upon  which  such  differences  call  for  special  mention,  to  state  wherein  they 
probably  consist,  and  also  how  far  there  is  any  real  difference  between  radiant  heat  and 

If  radiant  heat  be  regarded  as  consisting  in  an  undulatory  motion  of  theluminiferous 
ether,  all  the  differences  (irrespective  of  intensity  and  state  of  polarisation)  which  have 
been  observed  between  various  rays  of  heat  may  be  referred  to  differences  in  the 
rapidity  of  the  vibrations  by  which  they  are  produced,  and  consequent  difFerenees  in 
the  length  of  the  waves  of  which  they  consist;  the  most  refrangible  rays  having  tlie 
most  rapid  vibrations  and  the  smallest  wave-length,  and  the  least  refrangible  rays 
having  the  slowest  vibrations  and  the  greatest  wave-length.  These,  it  will  be  seen, 
are  differences  of  precisely  the  same  kind  as  those  existing  between  rays  of  light  of 
various  colours.  Hence,  unless  the  vibrations  constituting  radiant  heat  have  a  different 
direction,  or  a  different  form,  from  those  constituting  light  (of  which,  however,  there  is 
not  the  slightest  evidence,  for,  as  we  shall  see,  all  the  characteristic  properties  of  light, 
with  the  single  exception  of  visibility,  are  shared  by  radiant  heat),  we  are  forced  to  ad- 
mit that  rays  of  heat  and  rays  of  light  of  the  same  wave-length  are  in 
all  respects  identical,  and  this  conclusion  is  borne  out  by  every  test  which  it  has 
hitherto  been  possible  to  apply  (conip.  iii.  632).  But  although  there  is  absolutely  no 
known  difference  between  rays  of  heat  and  rays  of  light  of  tlie  refrangibility  (rate  of 
vibration,  wave-length),  rays  of  heat  exist  whose  refrangibility  is  less,  and  accordingly 
their  rate  of  vibration  slower  and  wave-length  greater,  than  that  of  the  least  refran- 
gible rays  of  light.  The  relation  between  radiant  heat  and  light  may  therefore  be 
summed  up  as  follows :  All  luminous  rays  are  rays  of  heat,  but  all  rays  of  heat  are 
not  luminous  ;  they  only  become  so  when  their  rate  of  vibration  exceeds  a  certain 
minimum  limit  (about  400  millions  of  millions  per  second),  and  their  wave-lenglh  con- 
sequently falls  below  a  certain  maximum  (about  7  ten-millionths  of  a  millimetre). 
According  to  this  view,  the  difference  between  radiant  heat  and  light  is  subjective  and 
not  objective,  being  dependent  on  the  structure  of  our  eyes,  and  not  upon  any  want  of 
similarity  between  radiant  heat  and  light  themselves. 

6.  Like  rays  of  light,  rays  of  heat  interfere  -with  and  neutralise  each  other,  when  two 
rays  from  the  same  source  arrive  at  the  same  point  by  paths  of  very  slightly  different 
lengths.  This  phenomenon  was  tirst  observed  byFizeauaud  Foucault  (Compt. 
rend.  xxv.  447),  by  means  of  Fresnel's  interference-mirrors  (iii.  599),  and  a  spirit  ther- 
mometer whose  bulb  was  not  more  than  1-1  mm.  in  diameter,  and  which  could  be  read 
to  jrrot'^  ''f  ^  degree  centigrade.  When  this  instrument  was  gradually  moved  across  the 
middle  of  the  field,  the  readings  were  successively,20-9,  35-9,  cend  20,  the  number  35-9 
corresponding  to  the  middle  of  the  central  fringe. 

Knoblauch  afterwards  (Ann.  Ch.  Phys.  [3]  lix.  493)  observed  the  same  phe- 
nomenon by  means  of  a  Pouillet's  interference-prism  (iii.  600),  and  a  linear  thermo- 
electric pile  ;  and  the  same  philosopher  showed,  at  the  same  time,  that  the  positions  of 
the  alternate  maxima  and  minima  of  heating  effect  (corresponding  to  the  light  and 
dark  bands  in  the  case  of  light)  suffered  a  lateral  displacement  when  a  slightly  wedge- 
shaped  piece  of  glass  was  interposed  bet  ween  the  prism  and  the  thermo-electric  pile, 
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tlius  proving  that  tlie  velocity  of  propagation  of  radiant  heat  is  not  the  same  in  glass 
as  it  is  in  air.    (See  Light,  iii.  601.) 

Knoblauch  has  likewise  demoustraterl  the  interference  of  radiant  heat  under  the 
same  circumstances  as  those  under  which  the  colours  of  thin  plates  (iii.  643)  are  pro- 
duced by  light. 

7.  Diffraction  (iii.  601)  of  radiant  heat  occurs  when  rays  from  a  source  of  sufficiently 
snifiU  extent  pass  through  a  small  aperture,  or  by  the  edge  of  an  opaque  screen.  Knob- 
lauch ascertained  that  when  heat  from  a  linear  source  passes  through  a  narrow  sKt, 
the  thermal  effect  on  the  farther  side  of  the  slit  extends  to  points  which  the  rays  could 
not  reach  if  they  all  followed  straight  paths ;  and  he  found  that  the  lateral  extension 
of  the  heating  effect  increased  ( 1 )  with  the  distance  from  the  slit  of  the  position  where 
the  effect  was  examined,  (2)  with  the  narrowness  of  the  slit,  and  (3)  with  the  distance 
of  the  slit  from  the  source  of  heat. 

The  diffraction  of  radiant  heat  and  the  simultaneous  interference,  when  it  passes  the 
edge  of  a  simple  screen,  were  observed  by  Fizeau  and  Foucault;  and  its  diffraction 
by  "gratings"  (iii.  605),  by  Seebeck  in  1849  (Pogg.  Ann.  Ixxvii.  574),  and  subse- 
quently by  Knoblauch. 

8.  The  interference  and  diffraction  of  radiant  heat  prove  conclusively  that  it  consists 
in  undulations ;  and  that  these  undulations,  like  those  of  light,  take  place  in  directions 
perpendicular  to  that  in  which  the  undulatory  movement  advances,  is  proved  by  the 
phenomena  of  the  polarisation  of  radiant  heat.  Like  light,  radiant  heat  may  be 
polarised,  by  reflection,  by  ordinary  refraction,  by  double  refraction,  and  by  absorption 
in  doubly-refracting  crystals. 

The  polaxisation  of  heat  by  reflection  from  the  surfiice  of  glass  was  distinctly 
proved  in  1812  by  Bdrard,  who  showed  that  when  heat  was  reflected  successively  by 
two  glass  mirrors,  the  intensity  of  the  beam  reflected  from  the  second  mirror  was 
decidedly  greater  when  the  plane  of  reflection  of  the  two  mirrors  coincided,  than  when 
they  were  at  right  angles  to  each  other.  But  the  accurate  investigation  of  the  phe- 
nomena of  th"^  polarisation  of  heat  is  chiefly  due  to  K  noblauch  and  D  e  la  Provo- 
stay  e  and  Desain  s  (Ann.  Ch.  Phys.  [3]  xxvii.  109 ;  xxx.  159  ;  267  ;  276).  Knoblauch 
found  that,  as  in  the  case  of  light  so  in  that  of  radiant  heat,  the  polarisation  produced 
by  reflection  is  most  complete  when  the  rays  are  incident  at  some  particular  angle  de- 
pending on  the  nature  of  the  reflecting  substance.  Thus,  out  of  100  rays  reflected  from 
glass  at  various  angles  (measured  from  the  normal),  hefoimd  the  proportion  of  polarised 
rays  to  be  that  stated  below: — ■ 


Angle  of  Incidence  

20°. 

25°. 

30°. 

350. 

40°. 

450. 

50°. 

55°. 

60O. 

650. 

70O. 

750. 

8O0, 

Percentage  of  polarised  1 
lieat  in  the  whole  y 
qufmtity  reflected  J 

0-0 

11-1 

40-6 

CG6 

66-6 

69-2 

69-2 

74-] 

.11-4 

30-5 

28-4 

250 

lS-8 

It  will  be  seen  that  the  maximum  of  polarisation  occurred  when  the  angle  of  in- 
cidence was  55°,  which  agrees  almost  exactly  with  the  angle  (54°  35')  ac  wliich  the 
most  complete  polarisation  takes  place  in  the  case  of  luminous  rays  (iii.  663).  When 
a  steel  mirror  was  used  as  the  polarising  apparatus,  the  maximum  of  polarisation 
(34  per  cent,  of  the  total  heat  reflected)  occurred  with  an  angle  of  incidence  of  about 
75°. 

De  la  Provostaye  and  Desains  not  only  proved  that  the  polarisation  of  heat  takes 
place  under  the  same  conditions  as  the  polarisation  of  light,  but  showed  that  the 
properties  of  polarised  heat  agree  precisely  with  those  of  polarised  light.  Fresnel 
had  established  that,  when  polarised  light  is  reflected  at  the  surface  of  a  transparent 
medium,  the  intensity  of  the  reflected  light  may  be  expressed  by  the  formula 

.  ^  ^.^  ^  when  the  plane  of  polarisation  is  parallel  to  the  plane  of  reflection,  and  by 

the  formula  ;  when  the  plane  of  polarisation  is  perpendicular  to  the  plane  of 

tan'  {i  +  r)  11- 

reflection,  i  and  r  denoting  the  angles  of  incidence  and  refraction  respectively.  Taking 

the  index  of  refraction  of  glass  as  =  1-52,  De  la  Provostaye  and  Desains  calculated 

the  intensity  of  the  reflected  beam  for  various  angles  of  incidence,  for  the  two  cases  to 

which  these  forraulpe  correspond,  and  found  the  results  to  agree  precisely  with  those 

furnished  by  direct  experiments  with  polarised  heat,  as  shown  by  the  following  table  : — ■ 
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Ucjlcctinii  of  I'dlarisid  Heat. 


Heat  polarised  in  plane  of  intidence. 

Heat  polarised  at  n^ht  ■■inj'les  to  pl.ihe  ol' 
incidence. 

Angle  of 
incidence. 

Intensity  of  reflected  beam. 

Angle  of 
nicidence. 

Intensity  of  reflected  beam. 

Observed. 

Calculated. 

Observed. 

Calculatr-d. 

80 

55-1 

54'6 

80° 

24-0 

23-6 

75 

40-7 

40-8 

75 

110 

10-6 

70 

30-6 

30-8 

70 

4-3 

4-15 

60 

18-0 

18-3 

28 

30 

2-9 

50 

11-7 

11-7 

40 

8-1 

81 

30 

61 

61 

20 

5-0 

5-0 

UelaProYostaye  and  Desains  have  likewise  observed  that  rotation  of  the  plane 
polari.sation  of  heat  is  caused  when  polarised  heat  is  transmitted  through  a  piece  of 
heavy  glass  placed  between  the  poles  of  a  powerful  electro-magnet,  and  also  when  it  is 
made  to  pass  through  certain  liquids,  such  as  oil  of  turpentine  and  solution  of  sugar, 
and  have  ascertained  that  in  both  eases  the  action  is  precisely  the  same  as  in  Mit' 
analogous  phenomena  presented  by  polarised  light  (see  iii.  671  and  676).  Some  of 
the  numerous  other  points  of  agreement  which  the  same  observers  have  detected 
between  the  properties  of  polarised  heat  and  polarised  light,  are  mentioned  below  in 
connection  with  the  double  refraction  of  heat. 

The  polarisation  of  heat  by  ordinary  refraction  was  observed  by  Forbes  (Phil.  Mag. 
[3]  vi.  209)  and  Melloni,  but  this  phenomenon  also  has  been  more  completely  in- 
vestigated by  Knoblauch  and  De  la  Provostaye  and  Desains,  than  by  pre- 
vious observers.  It  has  been  shown  by  their  experiments,  that  when  a  beam  of  radiant 
heat  is  incident  upon  a  bundle  of  thin  plates  of  glass  at  the  polarising  angle,  it  is 
separated  into  two  parts — a  reflected  beam  polarised  in  tlie  plane  of  incidence,  and  a 
refracted  beam  polarised  at  right  angles  to  the  plane  of  incidence ;  and  they  have  also 
proved  that  the  intensity  with  which  a  beam  of  polarised  light  is  transmitted  through 
one  or  more  plates  of  glass  can  be  calculated  by  precisely  the  same  formulae  as  those 
which  apply  in  the  case  of  light. 

9.  The  same  investigators  have  demonstrated  the  douhle refraction  of  heat,  and  proved 
that  the  phenomenon  agrees  in  all  respects  with  the  double  refraction  of  light. 
Knoblauch  caused  a  pencil  of  solar  r.ays,  reflected  from  a  heliostat,  to  fall  upon  the 
natural-cleavage  faces  of  a  crystal  of  calc-spar,  and  received  the  transmitted  rays  upon 
a  thermo-electric  pile,  the  face  of  which  presented  only  a  vertical  strip  of  0'25  mm.  in 
■width.  As  the  pile  was  placed  successively  in  the  path  of  one  of  the  luminous  beams 
produced  by  the  double  refraction  of  the  incident  light,  in  the  dark  space  between  the 
two  beams,  and  in  the  path  of  the  second  luminous  beam,  the  needle  of  the  galvano- 
meter was  deflected  to  20-5°,  then  came  back  to  6°,  and  was  then  deflected  again  to 
20-75°,  showing  that  the  heat-rays  had  been  completely  separated  into  two  pencils  of 
equal  intensity.  Knoblauch  further  found  that,  when  the  crystal  was  turned  round  the 
incident  ray  as  an  axis,  one  of  the  transmitted  pencils  of  heat-rays  (the  extraordinary 
pencil)  rotated  round  the  other  (the  ordinary  pencil),  which  remained  stationary. 

Similar  results  have  been  obtained  by  De  la  Provostaye  and  Desains.  A  beam  of 
solar  rays  was  directed,  by  means  of  a  heliostat,  on  to  an  achromatic  double-imago 
prism,  and,  one  of  the  emergent  beams  being  stopped  by  a  screen,  the  other  was  re- 
ceived upon  a  glass  mirror  placed  vertically,  whereby  it  was  reflected  at  an  angle  of 
56 upon  the  the  thei'mo-electric  pile.  When  the  principal  section  of  the  prism  was 
horizontal,  and  the  ordinary  ray  (which  was  consequently  polarised  in  a  horizontal 
plane,  iii.  654)  was  allowed  to  fall  upon  the  mirror,  the  galvanometer-needle  was  de- 
flected to  75°,  whereas  it  remained  completely  at  rest  when  the  prism  was  turned 
round  through  90° ;  thus  proving  that  tlie  two  transmitted  beams  were  completely 
polarised  in  plaues  at  right  angles  to  each  other,  a  result  which  was  also  arrived  at  by 
Knoblauch. 

De  Li  Provostaye  and  Desains  have  also  proved  that  when  a  beam  of  polarised  heat, 
falls  upon  a  doubly-refracting  crystal,  so  that  the  plane  of  polarisation  is  neither 
parallel  with,  nor  perpendicular  to,  the  principal  section  of  the  crystal,  it  is  broken 
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up  into  two  beams  whose  relative  intensities  follow  the  same  law  as  the  intensities  of 
the  two  beams  of  light  produced  under  similar  circumstances.  In  the  case  of  light,  if 
the  intensity  of  the  incident  beam  be  represented  by  I,  that  of  the  ordinary  refracted 
beam  by  0,  that  of  the  extraordinary  refracted  beam  by  E,  and  the  angle  which  the 
plane  of  polarisation  makes  with  the  principal  section  of  the  crystal  by  a,  Mai  us 
showed  that  these  quantities  are  related  to  each  other  as  follows  :— 

0    =    1.  cos^a;  E    =    I  .  sin'o. 

Putting  I  =  1,  De  la  Provostaye  and  Desains  found  the  following  values  for  0  cor- 
responding to  various  values  of  a :  namely,  for — 

a    =    30°     =    35°     =    45°,  =  52° 

0    =  0-75,    =  0-67,    =  0-50,  =  0-3 

lesults  which  agree  exactly  with  the  above  formula. 

When  a  doubly-refracting  crystal  absorbs  one  of  the  two  beams  produced  by  double 
refraction,  as  is  the  case  to  a  great  extent  with  tourmaline  cut  parallel  to  the  principal 
axis  (iii.  655),  the  beam  which  is  transmitted  is  necessarily  polarised,  either  in  the  case 
of  light  or  heat.  The  polarisation  of  heat  by  tourmaline,  observed  by  Forbes,  was  the 
earliest  discovered  instance  of  the  polarisation  of  heat  by  double  refraction ;  and  it  was 
supposed  by  him  for  a  time  to  reveal  an  essential  dilforence  between  radiant  heat  and 
light,  since  he  found  the  polarisation  of  heat  from  some  sources  apparently  much  less 
complete  than  that  of  light.  The  cause  of  this  apparent  anomaly  was  afterwards 
ascertained  by  Melloni  to  be  that,  although  tourmaline  is  opaque  for  luminous  rays 
whose  vibrations  take  place  perpendicularly  to  its  principal  axis,  and  therefore  completely 
absorbs  one  of  the  two  luminous  beams,  it  is  not  equally  opaque  for  rays  whose  vibra- 
tions are  perpendicular  to  the  axis  but  are  as  slow  as  those  of  the  invisible 
heat-rays. 

Having  thus  briefly  stated  the  most  important  of  the  general  properties  of  radiant 
heat,  we  have  still  to  consider  it  in  its  relation  to  material  bodies,  imder  the  three  heads 
of  Emission,  Absorption,  and  Transmission. 

Emission  of  Badiant  Heat. 

It  is  a  matter  of  universal  experience,  that,  under  otherwise  similar  circumstances, 
a  given  body  gives  out  more  heat  in  a  given  time,  the  hotter  it  is.  Temperature,  there- 
fore, is  one  condition  which  determines  the  emissive  power  of  bodies  for  heat ;  but 
fm-ther  examination  shows  that  it  is  not  the  only  condition  upon  which  this  phenomenon 
depends.  It  was  observed  as  early  as  lSO-1,  by  Leslie,  that  different  substances  have 
very  different  powers  of  emitting  heat,  even  when  their  temperatures  are  exactly  tlie 
same.  He  placed  in  front  of  a  concave  metallic  mirror  a  cubical  metal  vessel  filled 
with  boiling  water,  and  put  one  bulb  of  a  differential  thermometer  in  the  focus  of  the 
mirror,  the  other  bulb  being  protected  from  the  radiation.  By  coating  the  different 
sides  of  the  cube  with  the  various  substances  to  be  examined,  and  turning  them  suc- 
cessively towards  the  mirror,  he  was  able  to  compare,  by  the  effect  on  the  thermometer, 
the  relative  emissive  powei-s  of  the  several  substances,  independently  of  any  difference 
of  temperature.  Melloni  subsequently  made  similar  comparative  experiments,  using 
his  thermo-multiplier  instead  of  Leslin's  differential  thermometer.  Among  all  the  sub- 
stances examined,  both  Leslie  and  Melloni  found  that  lampblack  had  the  greatest 
emissive  power,  or  at  least  that  the  emissive  power  of  no  other  substance  exceeded  it, 
and  they  accordingly  adopted  it  as  a  standard  of  comparison  for  all  the  rest.  The  nu- 
merical results  given  in  the  following  table  are,  therefore,  to  be  understood  as  giving 
the  intensity  of  the  radiation  at  100°  C.  from  a  superficial  unit  of  each  of  the  substances 
named,  the  radiation  from  a  unit  of  surface  covered  with  lampblack  being  taken  at 
100:— 

Eimssivc  Powers  for  Radiant  Heat  at  100°  C. 


Leslie. 

Melloni. 

Lampblack 

.  100 

Mica 

80 

f 

Lampblack  . 

100 

Paper 

.  98 

Graphite  . 

75 

White  lead  . 

100 

Resin 

96 

Tarnished  Lead . 

45 

Isinglass 

91 

Sealing-wax 

95 

Mercury 

20 

Indian  ink  . 

85 

Crown-glass 

.  90 

Polished  Lead  . 

19 

Gum-lac 

72 

Indian  ink 

.  88 

Polished  Iron  . 

15 

Polished  Metals  . 

12 

lee  . 

.  85 

Tinplate  . 

12 

Eed  lead  . 

80 

Gold,  Silver,  Copper,  . 

12 
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The  exact  numbers  in  this  table  cannot,  however,  lay  claim  to  any  very  great  degree 
of  accuracy.  For  it  was  found  both  by  Leslie  and  Melloni,  that  the  radiating  power 
of  the  same  substance  varied  considerably  according  to  the  condition  of  its  surface,  and 
tlie  same  fact  has  been  repeatedlj'  observed  by  later  investigators.  The  metals,  for 
instance,  when  polished,  radiate  much  less  than  tliey  do  when  tarnished  or  roughened. 
That  a  tarnished  metallic  surface  should  have  a  different  emissive  power  from  a  liright 
metal  is  not  surprising  :  for  the  tarnisli  consists  in  the  formation  of  a  thin  film  of 
oxide  or  sulphide,  and  it  is  this  film,  and  not  the  metal  itself,  which  forms  the  true  sur- 
face from  which  a  great  part  of  the  radiation  proceeds.  But  even  when  the  chemical 
nature  of  the  surface  undergoes  no  change,  the  emissive  power  is  often  affected  to  a 
considerable  extent  by  the  physical  state  of  the  surface.  This  is  very  distinctly  shown 
in  the  following  experiment  of  Melloni's  {Thermochruse,  p.  87,  note):  he  prepared 
four  plates  of  pure  silver,  two  of  which  were  strongly  hammered,  and  the  other  two 
simply  cast  and  not  hammered  ;  all  four  plates  were  then  polished  with  pumice-stone 
and  charcoal,  but  without  the  use  of  a  hammer  or  burnisher;  and  lastly,  one  plate 
of  each  pair  was  scratched  by  rubbing  it  in  one  direction  with  coarse  sandpaper. 
The  four  plates  so  prepared  were  used  to  form  the  vertical  sides  of  a  cube  which  was 
filled  with  boiling  water,  and  the  radiating  power  of  the  four  sides  was  determined. 
The  deflections  of  the  galvanometer-needle  which  they  severally  produced  were — ■ 

Poliahed.  Scratched. 
Hammered  plate    ...      10°  18° 
Unhammered  plate        .       .  1.3'7  11 '3 

The  following  numbers,  obtained  by  De  la  Provostaye  and  Desains  (Ann.  Ch. 
Phys.  [3]  xxii.  372)  for  the  relative  radiating  powers  at  120°  C,  of  several  metals  in 
different  conditions,  compared  with  the  radiating  power  of  lampblack  at  the  .same 
temperature  taken  as  100,  show  similar  differences,  although  the  absolute  values  of  the 
numbers  are  considerably  below  those  found  by  Melloni  and  Leslie.  The  comparisons 
with  lampblack  were  made  in  two  ways  :  the  first  methoii  depended  on  determining  the 
size  of  the  surface  of  the  substance  under  examination  which  caused  as  great  a  deflection 
of  the  galvanometer  as  a  given  surface  of  lamjiblack  at  the  same  temperature;  in  the 
second  method  the  radiating  surfaces  were  equal,  and  their  respective  radiating  powers 
were  calculated  from  the  excess  of  temperature  of  the  metals  over  the  lampblack  at 
which  they  emitted  equal  quantities  of  heat. 

Emissive  powers  of  Metals  at  120°  C. 


Pure  silver,  rolled,  

„       „     polished ..... 

,,       „        „       after  long  heating 
Silver  chemically  deposited  on  silver 
Silver  chemically  deposited  and  burnished 
Silver  chemically  deposited  on  copper,  dull 
Platinum,  rolled  ..... 
Platinum,  polished  ..... 

Gold-leaf  

Copper-foil  ...... 


Emissive  power. 


By  first 
method. 

By  second 
method. 

3-0 

2-9 

2-5 

2-2 

2-75 

3-0 

2-05 

'2-25 

2-2 

5-4 

5-3 

10-8 

10-4 

9-5 

9-0 

4-3 

4-3 

4-9 

The  general  rule  which  may  be  deduced  from  these  and  numerous  allied  observations, 
is  that  the  denser  and  more  compact  the  surface  of  a  body  is,  the  smaller  is  its  emissive 
power,  while  any  treatment  which  diminishes  the  density  of  the  .surface  increases 
the  emissive  power.  The  mere  fact  of  the  surface  being  polished  or  not  polished,  if 
these  differences  do  not  involve  differences  of  density,  does  not  affect  the  emissive 
power  of  a  substance :  thus  marble,  ivory,  agate,  quartz,  selenite,  and  other  similar 
substances  which  are  capable  of  receiving  a  polish,  but  in  which  the  poHshing  process 
does  not  alter  the  density  of  the  superficial  stratum,  have  the  same  emissive  powera 
whether  polished  or  unpolished.  (Melloni,  La  Thcrmochrvse,  p.  83,  note. — Compare 
also  Knoblauch,  Pogg.  Ann.  Ixx.  343.) 
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The  following  table  gives  the  relative  emissive  power,  at  100°  C,  of  several  siibstanees 
in  a  state  of  fine  powder,  according  to  Tyndall's  experiments: — 

Emissive  powers  of  Powders  at  100°  C. 


Rock-salt 
Mercuric  iodide 
Sulphur 

Chloride  of  lead  . 
Carbonate  of  calcium 
Ked  lead 
Oxide  of  cobalt 


35-3 

39-  7 

40-  6 
65-4 
70-2 
74-2 
76-7 


Sulphate  of  calcium 
Ferric  oxide  ■ 
Zinc  hydrate 
Ferroso-ferric  oxide 
Ferrous  sulphide  . 
Lampblack  . 


77-  7 

78-  4 

80-  4 

81-  3 
81-7 
84-0 


Previous  experimenters,  in  particular  Mas  son  and  Courtepie  (Compt.  rend.  xxv. 
936),  had  concluded  that  the  emissive  powers  of  all  substances,  in  a  sufficiently  fine 
state  of  division,  were  equal ;  but,  according  to  Ty  n  dall,  this  apparent  result  was  due 
to  the  powders  examined  having  been  mixed  with  gum  in  order  to  attach  them  to  a 
metallic  surface,  whereby  radiation  from  the  gum  took  the  place,  to  a  great  extent,  of 
radiation  from  the  particles  of  powder  enveloped  by  it. 

Another  circumstance  which  exerts  an  influence  on  the  quantity  of  heat  emitted  by 
a  given  substance  at  a  given  temperature,  is  the  thickness  of  the  radiating  stratum. 
The  effect  of  variations  of  this  condition  is  not  however  sensible,  except  in  the  case  of 
substances  which  are  perceptibly  transparent  for  radiant  heat,  and  therefore  allow  the 
particles  which  lie  below  the  actual  surface  to  take  part  in  the  radiation,  such  as  glass 
and  varnishes  of  various  kinds  ;  with  metals,  on  the  other  hand,  which  are  completely 
opaque  for  radiant  heat  as  well  as  for  light  in  any  thickness  in  which  they  can  be 
used,  the  effect  of  variations  of  thickness  is  imperceptible.  Thus  Melloni  found,  on 
applying  successive  coats  of  varnish  to  the  metal  face  of  a  radiating  cube,  that  the 
radiating  power  was  increased  by  each  coat  of  varnish  up  to  the  sixteenth  ;  but  on 
coating  one  of  the  faces  of  the  cube  with  gold-leaf  of  various  thicknesses,  the  radiating 
power  was  diminished  to  the  same  extent  in  each  case 

The  intensity  of  the  radiation  from  a  plane  surface  is  not  the  same  in  all  directions, 
but  is  greatest  in  the  direction  of  the  normal  to  the  surface.  Leslie,  who  investigated 
this  point  experimentally,  believed  that  the  radiation  in  any  direction  was  proportional 
to  the  cosine  of  the  angle  which  that  direction  made  with  the  normal;  that  is  to  say, 
if  R  represents  the  quantity  of  heat  radiated  by  a  unit  of  surface  in  the  direction  of 
the  normal  to  the  surface,  and  R'  the  quantity  of  heat  radiated  by  a  unit  of  surface  in 
any  direction  making  an  angle  a  with  the  normal,  Leslie  concluded  that  the  relation 
between  these  two  quantities  might  be  expressed  in  all  eases  by  the  equation 

R'  =  R  .  cos  (I 

According  to  the  experiments  of  De  laProvostaye  and Desain s,  however,  thisrela- 
tion  does  not  hold  good  except  for  a  small  number  of  substances,  lampblack  being  one  of 
them.  They  placed,  between  a  radiating  surface  of  considerable  extent  and  the 
thermo-electric  pile,  a  screen  pierced  with  a  comparatively  small  aperture,  through 
which  alone  the  rays  could  reach  the  pile.  Now  it  is  obvious  that  with  this  arrange- 
ment, the  extent  of  surface  from  which  rays  could  arrive  at  the  pile  was  less  when  the 
surface  was  placed  so  as  to  radiate  normally  through  the  aperture,  than  when  it  was 
placed  so  as  to  radiate  obliquely,  and  that  the  extent  of  surface  from  which  rays  were 
received  by  the  pile  in  the  latter  case,  was  to  the  extent  of  surface  from  which  they 
were  received  in  the  former  case,  inversely  as  the  cosine  of  the  angle  through  which  the 
radiating  body  had  been  turned.  Hence,  if  the  intensity  of  Ihe  radiation  from  a  unit 
of  surface,  varied  directly  as  the  cosine  of  the  same  angle,  the  total  heating  effect  upon 
the  pile  must  have  remained  the  same  for  all  positions  of  the  radiating  surface ;  this, 
however,  was  not  the  case  except  with  lampblack,  as  will  be  seen  from  the  following 
table  :— 

Emissive  Powers  at  various  Angles. 


Angle  of  emission, 
(measured  from 
normal). 

Lampblack. 

Glass. 

White-le.id 
varuish. 

Red  ochre 
varnish. 

Black  varnish. 

0° 

100 

90-0 

100 

100 

100 

60° 

83-6 

94-6 

70° 

100 

75-0 

83-9 

91-2 

75° 

65-3 

80° 

100 

54-4 

65-9 

82-3 

76 
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From  these  results  it  appears  that  the  etnis'siTe  powers  of  the  substances  mentioued,  for 
oblique  directions,  diminish  more  rapidly  thau  the  cosine  of  the  angle  of  obliquity, 
except  in  the  case  of  lampblack. 

In  considering  the  effect  of  the  temperature  of  the  radiating  body  on  the  quantity  of 
heat  emitted,  it  is  important  to  bear  in  mind  that  what  is  measured  in  the  various 
methods  for  determining  the  emissive  powers  of  different  bodies,  is  not  the  actual 
quantity  of  heat  given  out  in  a  given  time  by  a  given  extent  of  surface,  bnt  merely  tlie 
rate  of  exchange  of  heat  between  the  radiating  body  and  surrounding  objects,  including 
the  thermoraetric  apparatus  itself.  If  in  a  given  time  a  thermo-electric  pile  gives  out 
to  a  body  placed  opposite  to  it  exactly  ns  much  heat  as  it  receives  back  again  from 
tliat  body,  its  temperature  is  not  altered,  and  the  stale  of  things  is  the  same  as  though 
neither  the  pile  nor  the  radiating  body  near  it  had  any  emissive  power  wliatever.  liut 
this  stationary  condition  will  be  disturbed  equally  by  raising  the  temperature  of  the 
radiating  body,  so  as  to  make  it  give  out  more  heat  than  it  receives  in  return,  or  by 
lowering  the  temperature  of  the  thermo-electric  pile,  so  as  to  make  it  give  out  less  heat 
tlian  it  receives  ;  that  is  to  sa}',  the  same  thermometric  effect  may  be  produced  upon 
the  thermo-electric  pile  by  lowering  its  temperature,  as  by  raising  that  of  the  radiating 
body.  There  is  therefore  obviously  no  reason  to  expect  that  any  simple  relation 
would  be  apparent  between  the  emissive  power  of  a  given  body,  as  measured  by  the 
methods  above  described,  and  its  absolute  temperature  (He.\t,  iii.  52),  much  less 
between  this  property  and  the  temperature  of  the  body  on  the  centigrade  or  any  other 
arbitrary  thermometric  scale.  We  might,  however,  expect  to  find  the  actual  qnantiiy 
of  heat  which  a  given  body  loses  in  a  given  time,  proportional  to  the  excess  of  its  tem- 
perature over  that  of  surrounding  bodies. 

To  ascertain  whether  this  is  so,  it  is  needful  to  examine  the  rate  at  wliich  the  same 
body  cools  in  a  vacuum,  when  its  initial  temperature  exceeds  that  of  the  surrounding 
space  b\'  different  known  amounts.  A  very  elaborate  investigation  of  this  subject  was 
made  by  Dulongand  Petit  (Ann.  Ch.  Pliys.  [2]  vii.  225,337).  They  determined  the 
rate  of  cooling  of  a  large  mercurial  thermometer,  placed  in  the  middle  of  an  exhausted 
brass  globe  kept  at  a  constant  known  temperature,  with  various  definite  differences  of 
temperature  between  the  thermometer  and  the  globe,  and  at  various  absolute  tempera- 
tures of  each.  Their  most  important  results  arc  given  in  the  following  table,  where 
the  columns  headed  ''Kate  of  Cooling"  give  the  number  of  degrees  through  v/hich  the 
temperature  of  the  thermometer  would  sink  in  one  minute  under  the  various  conditions 
specified,  if  it  continued  during  the  whole  time  to  lose  heat  as  fast  as  at  the  beginning 
of  the  interval: — 


Excess  of  tem- 
pei  aturp  of  ther- 
munieter  over 
globe. 

Temp, 
of  globe 
=  0^. 
RKte  of 
Cooling 

-  V. 

V 

Temp, 
of  globe 
=  20°. 

Rate  of 
Cooling 
=  t-,. 

Temp, 
of  globe 
=  40°. 

Rate  of 
Coo'ing 

=  !'2. 

J!2- 

"2 

Temp, 
of  globe 

-  r<(P. 

Rate  of 
Co  ling 
=  % 

"3 

Temp. 

of  (jlube 
=  80°. 

R.-ite  of 
Ceding 
=  v^. 

240°  C. 

10-69 

MG 

12-40 

1-16 

14-35 

220  „ 

&-81 

1-18 

10-41 

1-15 

11-98 

200  „ 

TiO 

1-16 

8-58 

1-16 

10-01 

M5 

11-64 

115 

13-46 

180  „ 

610 

1-15 

7-04 

1-16 

8-20 

1-16 

9-55 

1-15 

11-05 

160  „ 

4-89 

1-16 

5-67 

1-17 

6-61 

1-16 

7-68 

1-16 

8-95 

HO  „ 

3-88 

1-17 

4-57 

M6 

5-32 

1-15 

614 

1-17 

7-19 

120  „ 

3-02 

1-17 

3-56 

1-17 

4-15 

1-17 

4-84 

1-16 

6-64 

100  „ 

2-30 

1-18 

2-74 

1  15 

3-16 

1-16 

3-68 

1-17 

4-29 

80  „ 

l-7i 

1-15 

1-99 

1-16 

2-30 

1-18 

2-73 

1-17 

3-18 

60  „ 

1-40 

1-16 

1-62 

1-16 

1-88 

1-15 

2-17 

From  this  table  it  appears  that  the  rate  of  cooling,  or  quantity  of  heat  lost  in  a  given 
time,  depends  not  merely  upon  the  difference  of  temperature  between  the  cooling  body 
and  surrounding  objects,  but  also  upon  its  absolute  temperature.  Thus,  for  instance, 
when  the  temperature  of  the  thermometer  was  200°,  and  that  of  the  globe  0^,  the  rate 
of  cooling  was  7-4  ;  but,  when  the  temperature  of  the  globe  was  60°,  and  that  of  the 
thermometer  200°,  the  rate  of  cooling  was  11-64,  although  the  (^(^(rf  jicf  of  temperature 
was  the  same  as  in  the  former  case,  namely  200°.  It  further  appears  that  the  quotient 
obtained  by  dividing  the  rate  of  cooling  corresponding  to  a  given  excess  of  temperature 
of  the  thermometer,  by  the  rate  of  cooling  corresponding  to  the  same  excess  when  the 
temperatures  of  both  thermiOmetcr  and  globe  are  20°  lower,  is  constant,  namely  =  1-16  ; 
that  is  to  say,  the  rate  of  cooling  increases  in  a  geometrical  ratio  when,  for  a  given 
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excess  of  temperature  of  the  cooling  body,  the  temperature  of  an  envelope  rises  in  an 
arithmetical  ratio.  Hrnce,  if  k  denotes  the  rate  of  cooling  con-esponding  to  a  given 
excess  of  temperature  t,  when  the  temperature  of  the  globe  is  0^,  tlie  rate  of  cooling 
corresponding  to  the  same  excess  of  temperature  when  the  temperature  of  the  globe  is 
e°,  will  be 

k.  aO, 

where  a  is  the  ratio  of  the  rate  of  cooling  when  the  temperature  of  the  globe  is  1°  to 
the  rate  of  cooling  when  the  temperature  of  the  globe  is  0°,  the  excess  of  temperature 
being  in  both  cases  the  same.  Making  6  =  20,  the  results  contained  in  the  above  table 
give  us  for  aS  =  the  value  1'16,  whence  we  get  a ^'^v'l  16  =  1"0077.  Dulong  and 
Petit  found  that  the  dependence  of  the  rate  of  cooling  in  vacuo,  of  a  heated  body,  upon 
its  temperature,  and  its  excess  of  temperature  over  that  of  the  envelope,  might  be  ex- 
pressed by  the  following  equation  : — 

A  =    M.J  (a'  - 1), 

where  A  is  the  rate  of  cooling,  M  a  constant  depending  on  the  mass,  extent  of  surface, 
and  emissive  power  of  the  body,  and  a,  6,  and  t  have  the  meanings  already  assigned  to 
them.  The  numerical  value  of  M  in  Dulong  and  Petit's  experiments  may  be  deduced 
from  any  of  the  results  given  in  the  table:  thus,  taking  t  =  140  and  d  =  0,  we  have 
for  the  rate  of  cooling  A  =  3'88,  and  therefore 

M  =   ^   =   —         =  1-9829. 

1)  l-0077"''-l 

The  values  of  the  constants  iVI  and  a  require  to  be  determined  in  every  case  bj  special 
experiments  ;  M  necessarily  varies  from  one  body  to  another,  and  it  has  been  proved 
by  Dela  Provost  a  ye  and  Desains,  that  a,  or  the  rate  at  which  the  rate  of  cooling 
for  a  constant  excess  of  temperature  of  1°  increases  with  rise  of  temperature,  is  different 
for  different  bodies.  If  the  coefficient  a  were  the  same  for  all  bodies,  we  should  have 
for  the  rates  of  cooling  of  any  two  bodies  under  the  same  circumstances  of  temperature 
A=  M  .  a\a'-l)  and  A'  =  M'  .  ^^(a'-l),  and  therefore 
A  M 

-T—    =    -rr:    =  constant ; 
A'  M' 

that  is  to  say,  the  rates  of  cooling  of  the  two  bodies  woiild  be  to  each  other  in  a  constant 
proportion,  so  long  as  they  both  had  the  same  temperature,  and  the  same  excess  of 
temperature  over  siirrounding  objects.  But  the  rates  of  cooling,  other  things  being 
equal,  must  depend  on  the  radiating  powers  of  the  two  bodies,  which  therefore,  under 
the  circumstances  above  supposed,  must  be  to  each  other  in  a  constant  ratio.  To 
ascertain  whether  this  constant  ratio  really  existed,  Dela  Provostaye  and  Desains  con- 
nected a  strip  of  platinum-foil,  one  face  of  which  was  coated  with  lampblack,  and  the 
other  with  borate  of  lead,  witli  the  terminals  of  a  galvanic  battery,  so  that,  by  sending 
through  it  an  electric  current  of  greater  or  less  intensity,  its  temperature  could  be  raised 
to  any  required  point,  and  placed  it  between  two  thermo-electric  piles,  regulating  the 
relative  positions  so  that,  when  the  strip  was  heated  by  a  moderate  current,  the  effect 
of  its  radiation  on  both  piles  was  exactly  the  same.  On  now  raising  the  temperature 
of  the  platinum  to  a  higher  degree,  it  was  found  that  this  equality  of  radiation  was  no 
longer  maintained,  the  blackened  side  radiating  more  heat  than  the  side  coated  with 
borate  of  lead,  so  that,  after  the  piles  had  been  adjusted  to  equality  of  effect  with  the 
platinum  strip  at  100°,  they  indicated  differences  in  the  amount  of  radiation  from  its 
two  surfaces  in  the  ratio  of  0'75  to  1  when  its  temperature  was  550°.  Hence  the 
emissive  powers  of  different  substances  do  not  vary  according  to  the  same  law  with 
variations  of  temperature,  and  therefore  the  quantity  denoted  above  by  a  is  not  the 
same  for  all  bodies. 

It  was  siipposed  by  Newton  that  the  rate  of  cooling  of  a  given  body  was  directly 
proportional  to  the  excess  of  its  temperature  over  that  of  surrounding  objects.  It  has 
been  already  pointed  out  that  Dulong  and  Petit's  experiments  prove  this  not  to  be  the 
case  •  nevertheless  Newton's  law  of  cooling  corresponds  very  closely  with  their  formula 
when  the  value  of  6  is  constant  and  that  of  t  small,  and  therefore  the  factor  a*— 1, 
which  expresses  the  effect  of  the  excess  of  temperature  of  the  cooling  body,  nearly 
proportional  to  t,  which  denotes  that  excess.  In  the  cases  of  most  frequent  occurrence, 
ill  which  the  law  of  cooling  has  to  be  taken  into  account, — such,  for  instance,  as  the 
calculation  of  the  corrections  to  be  applied  in  caloriraetrical  experiments  for  differences 
of  temperature  between  the  calorimeter  and  external  objects  (see  Heat,  iii.  27) — the 
above  conditions  are  very  approximately  fulfilled;  and  hence,  in  such  cases,  Newton's 
law  may  generally  be  applied  instead  of  the  more  accurate,  but  more  complicated, 
formula  of  Dulong  and  Petit. 
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When  a  heated  body  is  in  contact  with  air  or  any  otlier  gas,  as  nsupdly  liappens  in 
practice,  it  loses  heat  not  alone  by  radiation,  but  also  by  conduction  and  communicatiun 
of  heat  to  the  particles  of  gas.  Hence,  in  such  a  case,  the  rate  of  cooling  may  be 
vepresf-nted  by 

V    =    A  +  Aj, 

where  A  represents  the  cooling  which  is  duo  to  radiation,  and  A^  the  cooling  due  to 
conduction,  &c.  Dulong  and  Petit  found  experimentally  that  the  term  Ai  may  bo 
expressed  by  the  empirical  formula 

Ai  =  N  .  . 

where  N  is  a  constant  depending  on  the  mass,  extent  of  surface,  and  nature  of  the 
cooling  body,  and  also  on  the  nature  of  the  surrounding  gas ;  p  is  the  pressure  of  the 
gas  ;  e  is  a  constant  depending  on  the  nature  of  the  gas,  being  0-45  for  air,  0'38  for 
hydrogen,  and  0'517  for  carbonic  anhydride;  and  t  is  the  excess  of  temperature  of  the 
cooling  body. 

The  complete  exjjression  fur  the  rate  of  cooling  of  anj'  given  body  whose  temperature 
is  i!  +  6,  in  a  space  whose  temperature  is  6,  and  in  contact  with  a  gas  whose  pressure 
is     is  therefore 

c    =    M  .  ae(a'-l)  +  N  .j/.  t'-^'\ 

This  equation  may  be  put  under  a  somewhat  different  form.  If  we  denote  the  weiglit 
of  the  cooling  body  by  P,  its  specific  heat  by  C,  its  superficial  area  by  S,  and  the 
quantity  of  heat  given  out  by  a  unit  of  surface  in  a  unit  of  time  by  W,  vre  have,  for 
the  quantity  of  heat  given  out  by  the  whole  body  in  a  unit  of  time, 

S  "\V 

S  .  AV  =  P  .  C  .  f ,  and  therefore  v  = 


But,  since  W  is  made  up  of  two  parts,  one  of  which 


P.O 

w  is  proportional  to  «"  (a' 


1). 


and  the  other  =  w'  is  proportional  to  jy 

w 


we  have 


=  const. 


K;  we  may  therefore  write 
S 


and  hence 


M  =  H 
W  =  H 


■  P  .  C 


and   N  =  K 


S 

pTc 


=  const.  =  H,  and 


Ha9(«'  -   1)    +  K.^/^'^'-j 


aii{a>  -  1) 

In  order  to  apply  this  formula  to  special  eases,  it  is  necessary  to  determine,  experi- 
mentally, the  numerical  values  of  the  constants  H  and  K.  This  has  been  done  in  the 
case  of  several  substances  by  Hoplvins  (Phil.  Trans.  1860,  p.  379;  Proe.  Roy.  Soc. 
X.  514),  whose  principal  re.sults  are  given  in  the  following  table,  where  W  expresses, 
in  terms  of  the  quantity  of  heat  required  to  raise  the  temperature  of  1000  grains  of 
water  1^  C,  the  heat  given  out  by  one  square-foot  of  surface  in  one  minute  ;  rt,  <,  e,  and 
•p  have  the  meanings  and  values  akeady  assigned  to  them,  p  being  measured  in  metres 
of  mercury  : — 

Absolute  Emissive  Powers. 


Ghiss  .  .  .  . 
Dry  Chalk 

Dry  New  Red  Sandstone  . 
Sandstone  {ljuilding  stone) 

Polished  Limestone 

Unpolished  Limestone 
{same  block  as  Die  last) 


Emission  per  squ;ire-foot  per  niidute. 


w 
w 
w 
w 
w 
w 


9-566  a\a^  -  1)  +  0-03720^^^^^^-^      t  ' 
8-613  aS(«'  -  1)  +  0-03720  ^- "  i; '-533 
8-377  (-/"(a'  -  1)  +  0-03720^  <  I---": 


8-822         -  1)  +  0  03720(         o.js  i  i : 
'vO-72; 

9106«»(a'-l)  +  0-03720/'  ^  V-"  i! '■■ 
\0-72/ 

12-808  a -  1)  +  0-03720/  P  \o>U^-i 
lo-72/ 
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The  more  recent researelies  of  Pe  la  Provostaye  and  Desains  have  servedin  the 
main  to  confirm  the  accuracy  of  Dulong  and  Pp  tit's  formula  :  hut,  in  order  to  make 
it  reproduce  still  more  closely  the  results  of  ohservation,  they  have  introduced  some 
modifications  ;  for  which  we  must  refer  to  their  original  papers.  (Ann.  Ch.  Phys.  [3] 
xvi.  337;  xxii.  358.) 

Still  another  circumstance  affecting  the  emissive  power  of  bodies  for  radiant  heat 
has  been  pointed  out  by  Clausius  (Pogg.  Ann.  cxxi.  43),  who  arrives  by  mathema- 
tical reasoning  at  the  conclusion  that  the  emissive  power  of  a  body  depends  on  the 
velocity  with  which  rays  of  heat  (or  light)  are  propagated  through  the  surrounding 
jnedium,  the  emissive  powers  of  tlie  same  body  when  immersed  in  any  two  media  being 
to  each  other  in  the  inverse  ratio  of  the  squares  of  the  velocities  of  propagation  of 
radiant  heat  in  those  media,  or,  what  comes  to  the  same  thing,  in  tlie  direct  ratio  of 
the  squares  of  the  indices  of  refraction  of  the  two  media.  And  by  comparing  the 
radiation  of  heat  through  hydrogen  and  through  carbonic  anhydride,  from  the  blackened 
surface  of  a  metallic  vessel  filled  with  boiling  water,  v.  Quintus  Icilius  (Pogg.  Ann. 
cxxvii.  30),  believes  that  he  has  obtained  an  experimental  verification  of  Clausius's 
deduction. 

Quality  of  Emitted  Rays. — "We  have  hitherto  considered  only  those  circum- 
stances which  affect  the  total  intensity  of  the  radiation  by  heated  bodies;  but  the 
quality  of  the  heat  emitted,  as  well  as  its  quantity,  varies  with  the  temperature  and 
nature  of  the  radiating  body. 

By  comparing  together  the  relative  penetrating  powers  of  Kidiant  heat  from 
different  sources  through  a  great  variety  of  substances,  Melloni  fo^md  tliat,  as  a 
general  rule,  the  higher  the  temperature  of  the  radiating  source,  the  greater  was  tlie 
number  of  different  substances  through  which  a  greater  or  less  proportion  of  tlie 
radiated  heat  was  capable  of  passing.  Hence  he  concluded  that  the  heat  radiated  by 
sources  of  low  temperature  was  more  homogeneous  than  the  heat  radiated  by  sources  of 
high  temperature,  the  latter  containing  rays  capable  of  penetrating  substances  through- 
wiiich  none  of  the  rays  emitted  by  sources  of  low  temperature  were  able  to  pass.  On 
the  theory  wo  have  adopted  as  to  the  nature  of  radiant  heat,  this  is  equivalent  to' 
saying  that,  among  the  heat-waves  emitted  by  sources  of  high  temperature,  there  is  a 
greater  variety  of  wave-lengths  than  there  is  among  the  waves  emitted  by  sources  of 
low  temperature.  But  at  the  same  time  that  new  kinds  of  rays  are  successively  emitted 
as  the  temperature  of  a  radiating  body  is  raised,  Melloni  showed  that  the  rays 
previously  given  out  by  it  still  continue  to  be  emitted,  and  with  increased  intensity. 
(See  La  Thcrmochrosc,  pp.  311 — 315.) 

By  examining,  in  the  manner  that  has  been  mentioned,  the  heat  radiated  by  metals, 
whether  polished,  varnished,  oxidated,  or  blackened,  as  well  as  by  wood,  leather,  or 
marble,  when  each  was  heated  to  160^,  Melloni  was  unable  to  detect  anj'  difference 
of  quality  (Op.  cit.,  p.  325) ;  but  between  the  heat  radiated  from  a  source  at  100°,  and 
that  radiated  from  a  source  at  400°,  he  found  very  marked  differences.  By  experiment- 
ing in  a  similar  manner,  Knoblauch  could  not  detect  any  difference  of  qtiality  in 
the  heat  radiated  by  such  various  substances  as  metals,  wood,  porcelain,  leather,  cloth, 
and  cardboard,  when  heated  to  temperatures  between  30°  and  112°  (Pogg.  Ann.  Ixx. 
352).  Moreover,  Draper  (Phil.  Mag.  [3]  xxx.  345)  found,  by  heating  very  various 
substances,  such  as  platinum,  chalk,  marble,  fluor-spar,  brass,  antimony,  gas-carbon, 
and  lead,  in  a  gun-barrel,  that  they  all  became  red-hot,  that  is  to  say,  tliej-  all 
began  to  emit  red  rays,  at  the  same  temperature,  estimated  at  525° ;  and  it  has  been 
shown  by  Kirchhoff  (Ann.  Ch.  Phys.  [3]  Ixii.  179),  that,  on  theoretical  groimds, 
such  must  be  the  case :  that,  in  fact,  all  bodies  whose  temperature  is  gradually  raised 
begin  by  emitting  rays  of  the  same  wave-length ;  at  a  certain  temperature  all  become 
red-hot,  and  at  a  certain  higher  temperature,  which  is  the  same  for  all,  they  begin  to 
emit  orange  rays,  then  at  a  still  higher  temperature  yellow  rays,  and  so  on — rays  of 
groater  and  greater  refrangibility  making  their  appearance  as  the  temperature  rises. 
This  conclusion  is  in  exact  accordance  with  an  experiment  long  previously  made  by 
Draper  {loc.  cit.).  This  consisted  in  examining,  by  means  of  a  prism,  the  rays 
emitted  by  a  platinum-wire  raised  to  successively  higlier  and  higher  degrees  of  in- 
candescence by  sending  an  electric  current  through  it.  The  first  visible  rays  which 
the  wire  emitted  were  red;  then,  when  the  temperature  was  raised  to  about  655°,  the 
prismatic  appearance  of  the  wire  was  that  of  a  spectrum  extending  from  the  red  as  far 
as  Fraunhofer's  line  F  in  the  green  (iii,  621);  at  a  temperature  estimated  as  718°,  a 
narrow  strip  of  blue  was  visible  in  addition  to  the  previous  colours  ;  at  782°  the 
spectrum  reached  towards  the  more  refrangible  end  as  far  as  the  line  Gr  in  the  indigo,  and 
at  the  other  end,  the  portion  between  the  lines  B  and  A  which  was  not  visible  at  first, 
had  made  its  appeai-ance,  thus  proving  that  tlie  emission  of  rays  of  greater  refrangi- 
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Lilify  was  accompanied  by  increased  intensity  of  the  rays  previously  emitted.  Lastly, 
at  1165'',  the  extent  of  the  spectrum  was  nearly  equal  to  that  of  daylight. 

But  although  the  quality  or  wave-length  of  the  individual  rays  wliich  constitute  the 
total  radiation  from  a  heated  body,  depends  solely  upon  the  temperature  and  not  upon 
the  nature  of  the  radiating  body,  the  latter  circumstance  exercises  an  important  influence 
on  the  relative  intensities  of  the  rays  of  different  wave-length.  Comparing  radiant 
heat  for  a  moment  to  a  compound  substance,  we  may  say  that  the  radiation  from 
different  sources  at  the  same  temperature  consists  of  the  same  component  parts,  but 
that  these  components  are  not  present  in  all  cases  in  the  same  relative  proportions. 
Hence  when  the  radiation  from  different  sources  at  the  same  temperatiu-e  is  examined 
as  a  whole,  it  sometimes  appears  to  differ  not  only  iu  intensity,  but  also  in  quality  : 
whereas  the  real  difference  is  iu  the  relative  intensity  of  the  rays  of  particular  wave- 
lengths. It  is  in  this  way  that  we  must  interpret  the  observations  of  De  la 
Provostaye  and  Desains  on  the  heat  radiated  from  a  surface  of  copper,  heated  to 
173'-',  one  half  of  which  was  covered  with  lampblack,  and  the  other  half  with  cinnabar: 
observations  which  proved  that  the  quantity  of  heat  capable  of  passing  through  a  thin 
sheet  of  glass  which  was  i-adiated  by  the  lampblack,  was  to  the  quantity  of  heat  capable 
of  passing  through  the  glass  radiated  by  the  cinnabar,  as  100  to  67,  although  the  total 
quantities  of  heat  radiated  by  the  two  substances  respectively  were  to  each  other  as  100 
to  87.  The  same  remark  applies  to  the  experiments  of  Melloni  {Thermochrusc,  p.  178), 
Knoblauch  (Pogg.  Ann.  Ixxi.  53),  and  Tyndall  (Phil.  Mag.  [4]  xx\-iii.  527)  on 
the  different  characters  of  the  heat  radiated  by  certain  feebly  luminous  flames,  and  by 
a  spiral  of  platinum-wire  made  incandescent  by  the  same  flames  ;  as  well  as  to 
Tyndall's  experiments  {Utid.  p.  514)  on  the  differences  between  the  radiation  from 
lampblack  and  platinum  at  100".  In  certain  experiments  by  Magnus  (Pogg.  Ann. 
cxxiv.  476  ;  Phil.  Mag.  [4]  xxx.  81),  which  appear  at  first  sight  to  establish  a  difference 
of  quality,  between  the  heat  radiated  by  polished  platinum  and  by  platinum  covered 
with  a  pulverulent  coating  of  spongy  platinum,  depending  on  the  nature  of  the  radiat- 
ing surface,  the  observed  effects  were  clearly  due  iu  reality  to  difference  of  temperature, 
the  platinised  platinum  having  a  greater  emissive  power  than  the  bright  platinum,  and 
being  in  consequence  more  cooled  than  the  latter.  Accordinglj%  the  general  result  of 
the  experiments  was  that  the  rays  of  greatest  wave-length  (lowest  refrangibility) 
constituted  a  larger  proportion  of  the  total  heatradiated  by  the  platinised  platinum  than 
of  that  radiated  by  the  polished  metal. 

In  further  illustration  of  the  cj^ualitative  differences  between  the  heat  radiated  by 
different  sources,  it  may  be  mentioned  that,  according  to  Tyndall's  exjjeriments,  the 
proportionate  intensity  of  the  rays,  whose  wave-length  is  greater  than  that  of  red 
light,  to  the  intensity  of  the  total  radiation  is  as  24  :  25  for  the  radiation  from  the 
brightest  part  of  a  flame  of  coal-gas,  as  23  :  24  for  the  radiation  from  platinum  at  a 
dazzling  ^^•llite  heat,  and  as  9  :  10  for  the  radiation  from  the  electric  light  produced  by 
discharging  a  Grove's  battery  of  40  cells  between  carbon  p)oints. 

In  the  case  of  most  solid  bodies  that  are  sensibly  opaque  for  both  light  and  radiant 
heat,  the  emissive  power  does  not  exhibit  any  abrupt  variations  for  rays  of  different 
wave-lengths;  certain  transparent  solids,  however,  have  decidedly  greater  powers  of 
emitting  raj'S  of  certain  determinate  wave-lengths,  than  they  have  of  emitting  other 
rays  {vid.  iiifr.  pi.  60).  Gases  and  vapours,  on  the  other  hand,  generally  possess  very 
marked  maxima  of  emissive  power  corresponding  to  particular  rays  :  thus,  the  emissive 
power  of  sodium-vapour  is  incomparably  greater  for  a  group  of  orange-yellow  rays, 
coinciding  in  refrangibility  with  Fraunhofer's  line  D,  than  for  any  other  visible  rays ; 
lithium  vapour  has  a  maximum  of  emissive  power  for  red  rays  of  refrangibility 
intfrmcdiate  between  Fraunhofer's  lines  B  and  0,  another,  but  much  smaller  maximum 
for  orange  rays  of  somewhat  less  refrangibility  than  the  line  D,  and  a  third,  still 
smaller  maximum,  for  blue  rays  intermediate  in  refrangibility,  between  the  lines  F 
and  G  ;  potassium-vapour,  again,  has  maxima  of  emissive  power  for  red  rays,  equal 
in  refrangibility  with  the  line  A,  and  for  violet  rays  somewhat  less  refrangible  than 
the  line  H,  while,  for  nearly  all  the  rays  whose  refrangibilities  are  intermediate 
between  those  of  the  lines  C  and  F,  it  has  a  low,  but  almost  uniform  emissive  power 
(See  Light,  iii.  622 ;  also  Spectrai  Analysis).  About  the  emi-ssive  powers  of 
vapours  and  gases  for  rays  of  lower  refrangibility  (greater  wave-length)  than  the 
least  refrangible  red  rays,  nothing  exact  is  known  ;  but  there  is  no  reason  to  doubt 
the  essential  similarity  of  their  invisible  to  their  visible  radiation  ;  and  Tyndall  has 
shown  that,  at  temperatures  not  very  greatly  exceeding  the  ordinary  temperature  of  the 
atmosphere,  there  are  well-marked  differences  between  the  emissive  powers  of  different 
gases  and  vapours.  • 
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Absorption  of  Badiant  Heat. 

It  has  been  explained  already  (p.  43),  that  when  radiant  heat  arrives  at  the  surface 
of  a  material  body,  part  of  it  is  always  reflected,  either  regularly  or  diffusively  ;  but 
this  reflection  is  never  complete;  another  portion  of  the  heat  penetrates  into  the 
substance  of  the  body,  and  according  to  the  particular  properties  of  the  latter,  is  either 
wholly  or  in  part  transmitted  through  it,  or  is  wholly  or  in  part  annihilated,  causing 
an  increase  of  temperature  in  the  body.  It  is  this  extinction  of  radiant  heat  in 
causing  rise  of  temperature  in  material  bodies,  that  constitutes  tlie  phenomenon  of 
absorption.  Upon  the  uudulatory  theory  of  radiant  heat,  we  must  conceive  of  it  as 
consisting  in  the  production  of  vibrations  of  material  particles  by  the  impinging 
waves  of  ether.  Upon  this  view,  it  is  obvious  that  the  vibrations  excited  by  radiant 
heat  can  never  be  mure  rapid  than  those  of  the  rays  themselves,  nor,  therefore,  than 
those  of  their  source  ;  in  other  words,  a  body  can  never  be  raised  by  radiation  to  a 
higher  temperature  than  that  of  the  body  from  which  the  r.iys  are  emitted  ;  and  it  is 
likewise  obvious  that  whatever  rays  a  body  most  plentifully  emits,  those  it  will  also 
most  plentifully  absorb.  Both  these  deductions  from  theory  have  received  the  most 
complete  verification  from  experiment;  in  fact  the  phenomena  of  absorption  have 
been  found  to  present,  even  in  the  minutest  particulars,  the  exact  counterpart  of  those 
of  emission,  as  upon  the  undulatory  theoi-y  they  must  necessarily  do. 

The  absorptive  power  of  a  substance,  or  its  coefficient  of  absorption,  is  the  ratio  of 
the  quantity  of  heat  absorbed  to  the  quantity  of  heat  which  is  incident  upon  it. 
Calling  the  quantity  of  heat  absorbed  Q,',  and  the  total  quantity  of  incident  heat  Q,  the 
coefficient  of  absorption  may  be  represented  by 


If  a  body  absorbed  all  the  heat  which  fell  upon  it,  its  coefficient  of  absorption 
would  attain  a  maximum  value  =  1,  but  the  absorption-coefficient  of  no  known 
substance  quite  reaches  this  maximum,  though  that  of  lampblack  probably  makes  a 
near  approach  to  it. 

The  experimental  measurement  of  the  absorptive  powers  of  different  substances  is  a 
problem  of  considerable  complexity.  The  first  person  to  attempt  its  solution  was 
Sir  John  Leslie  {Experimental  Inqidry  into  the  Nature  of  Heat,  London,  1804).  He 
^coated  the  bulb  of  a  differential  thermometer  successively  with  the  different  substances 
to  be  examined,  and  obsei-ved  the  temperatui'e  which  the  thermometer  attained  in 
each  case  when  it  was  exposed  to  the  radiation  of  a  source  of  constant  intensity.  The 
results  were  stated  with  reference  to  the  absorptive  power  of  lampblack  ;  calling  the  ab- 
sorptive power  of  this  substance  A^,  and  the  excess  of  temperature  above  the  surround- 
ing air  attained  by  the  thermometer  when  its  bulb  was  coated  with  lampblack  t^, 
Leslie  assumed  that  the  relative  absorptive  power  A  of  any  other  substance  which 
caused  the  thermometer  to  acquire  the  excess  of  temperature  t,  might  be  deduced  from 
the  equation 

^     =  L 

This  assumption,  however,  is  not  correct.  When  the  thermometer  has  become  stationary 
at  some  maximum  point  of  temperature,  it  is  because  it  is  then  giving  out  precisely  as 
much  heat  as  it  absorbs.  If  we  denote  by  Q  the  constant  quantity  of  heat  which  falls 
upon  the  thermometer,  the  quantity  absorbed  in  the  two  cases  will  be 

Q  .  A    and    G  .  A^  ; 
andif  S  is  the  superficial  area  of  the  thermometer-bidb,  and       and  E  the  respective 
emissive  powers  of  lampblack  and  the  subsUmce  to  be  compared  with  it,  we  shall  have 

QA    =    iSEt    and    QAj    =  ^Y.,t^ 


Hence  we  see  that  the  temperature  attained  by  the  thermometer  depends  on  the 
emissive  power  as  well  as  on  the  absorptive  power  of  the  substance  with  wliich  it  is 
coated,  and  can  only  be  taken  as  a  measure  of  the  former,  on  the  supposition  (which 
we  know  to  be  erroneous)  that  the  emissive  power  of  all  substances  is  the  same. 

A  somewhat  similar  but  rather  more  accurate  process  was  employed  by  Melloni. 
He  coated  one  side  of  a  thin  copper  disk,  a  little  larger  than  the  opening  of  the  conical 
reflector  of  the  thermo-electric  pile,  with  lampblack,  and  the  other  side  with  the  sub- 
stance to  be  examined,  and  fixed  it  close  against  the  open  end  of  the  reflector  with  the 
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blackened  side  inwards.  On  now  exposing  the  r  uter  surface  of  the  disk  to  the  radiation 
from  any  source  its  temperature  rose,  and  it  consequently  itself  began  to  radiate  heat 
from  its  blackened  surface  upon  the  thermo-electric  pile:  thus  causing  a  deflection  of 
the  galvanometer,  which,  after  a  certain  time,  reached  a  maximum  at  which  it  remained 
constant.  Denoting,  as  before,  the  quantity  of  incident  heat  by  Q,  the  absorptive  and 
emissive  powers  of  the  substance  by  A  and  E,  and  the  corresponding  quantities  in 
the  case  of  lampblack  by  A^  and  Ej,  and  further  putting  S  for  the  area  of  one  side  of 
the  disk,  we  have  for  the  quantity  of  heat  absorbed  by  the  disk  QA,  and  for  the 
quantity  of  heat  emitted  by  it  SEt  +  SE^t,  where  t  represents  the  excess  of  the 
temperature  of  the  disk  above  that  of  surrounding  objects.  When  the  temperature 
of  the  disk  has  become  stationary,  these  two  quantities  of  heat  are  equal,  that  is 

Q  .  A    =    S(E  +  El) .  i! ; 
and  if  both  sides  of  the  disk  are  covered  with  lampblack,  its  temperature  becomes 
stationary,  when 

Q,  .  Ai     =    2SEi  . 
Hf'nce  for  the  relative  absorptive  powers,  we  have 

A  _  E  +  El  t 
Aj    "       2Ei      ■  i"! 

E  +  E 

It  is  evident  that  the  value  of  the  factor  — -= — ,  which  appears  in  this  equation, 

must  always  lie  between  the  limits  i  and  1,  and  that  it  is  always  more  nearly  equal  to 
E  *  . 

unity  than  the  factor      ,  which  occupies  the  corresponding  place  in  the  equation 
El 

applicable  to  Leslie's  experiments;  in  other  words,  the  effects  measured  by  Mel  Ion  i 
were  more  nearly  proportional  to  the  absorption-coefficients  of  the  various  substances 
than  the  effects  measured  by  Leslie.  The  values  of  the  absorptive  powers  of  various 
substances,  as  thus  estimated  by  Melloni,  are  given  in  the  following  table,  compared 
with  the  absorptive  power  of  lampblack  taken  as  100: — 


Sources  of  Heat. 

.Substances. 

LocatelU's 

Incandescent 

Copper 

Copper 

Lamp. 

Platinum. 

at  4()U°. 

at  1U0°. 

Lampblack  ..... 

100 

100 

100 

100 

Indian  ink  ..... 

96 

f)5 

87 

85 

White  lead  

53 

56 

89 

100 

Isinglass  ..... 

62 

5-1 

64 

91 

Gum-lac  ..... 

43 

47 

70 

72 

Metallic  surfaces. 

14 

13-5 

13 

13 

This  table  shows  not  only  that  different  substances  differ  greatly  in  absorptive 
power,  those  substances  which  have  the  greatest  emissive  powers  being  also  the  best 
absorbers,  but  also  that  the  same  substance  exerts  very  different  absorbent  actions  on 
radiant  heat  from  different  sources.  And  it  may  be  observed  that  although,  for  the 
reasons  already  stated,  the  numbers  in  this  table  do  not  represent  quite  accurately  the 
relative  absorptive  powers  of  diiferent  substances,  they  do  express  accurately  the 
relative  absorptive  powers  of  the  same  substance  for  different  kinds  of  heat.  For,  if 
we  denote  by  A  and  A' the  absorptive  powers  of  the  same  substance,  for  the  heat  from 
two  different  sources,  and  by  t  and  t'  the  excess  of  temperature  attained  by  the  disk 
under  the  radiation  from  the  respective  sources,  we  shall  have  for  the  conditions  of 
equilibrium  of  temperature  in  the  two  cases, 

QA  =  S  (E  -1-  El)  .  i!  and  QA'  =  S(E  +  E^y 

the  difference  between  t  and  f  being,  under  the  circumstances  of  the  experiment,  so 
small  that  we  may  consider  the  emissive  power  of  the  substance  constant,  and  represent 
it  in  each  case  by  E.    Hence  we  get  as  above : — - 

A     ^    E  +  El     t  A^   ^    E  +  El  ^ 

A"i    "        2Ei    ■  ^1  Ai  ~2E~  ■ 

or, 

A  t 
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From  the  foregoing  disoiission  of  Leslie's  and  Melloni's  expeiiments,  it  will  be 
evident  that  in  order  to  be  able  to  deduce  the  absorptive  powers  of  rariuus  substanets 
from  the  elevation  of  temperature  which  they  undergo  under  the  influence  of  radiant 
heat,  the  conditions  of  the  experiments  must  be  such  that  the  quantity  of  heat  emitted 
by  each  substance  shall  be  the  same. 

These  conditions  were  fulfilled  for  the  first  time  in  the  experiments  of  D  e  la  Provo- 
staye  and  Desains  (Ann.  Cli.  Phys.  [3]  xxx.  431),  the  general  principle  of  whose 
method  will  be  intelligible  fi-om  the  following  considerations.  If  a  thermometer, 
placed  inside  a  closed  and  exhausted  envelope,  remains  at  a  constant  temperatxire,  it  can 
only  be  because  the  quantity  of  heat  which  it  emits  in  a  given  time,  is  precisely  equal 
to  tlie  quantity  it  absorbs  of  the  heat  radiated  upon  it  from  the  envelope.  The  quan- 
tity of  heat  emitted  in  a  unit  of  time  is  plainly  =  v  .V .  c,\f  v  denotes  the  rate  of  cooling 
of  the  thermometer  under  the  given  conditions  of  temperature,  P  its  mass,  and  c  its 
specific  heat.  Hence,  if  Q  is  the  quantity  of  heat  radiated  by  the  envelope,  and  A  the 
coefficient  of  absorption  of  the  substance, 

QA  =  v  .  P  .  c 

If  now  the  same  thermometer  is  covered  with  lampblack,  with  the  absorption-coeffi- 
cient A^,  the  envelope  and  its  temperature  remaining  unchanged,  wc  have  also 

QAi  =       .  P  .  <J 

and  therefore 

A  =A.!': 

that  is  to  say,  the  determination  of  the  relative  absorbing  powers  is  resolved  into  a 
determination  of  rates  of  cooling. 

In  the  practical  application  of  these  principles,  De  la  Provostaye  and  Desains 
employed  a  very  sensitive  thermometer  with  a  spherical  bulb,  which  they  coated  suc- 
cessi\'ely  with  the  substances  to  be  examined.  The  thermometer  was  fixed  in  each 
experiment  in  exactly  the  same  position  in  the  interior  of  a  metal  globe,  blackened  on 
the  inside,  exhausted  of  air  as  completely  as  possible,  and  kept  at  a  constant  lempera- 
ture  by  being  sui-rounded  with  water.  In  the  side  of  the  globe  was  inserted  a  convex 
lens,  the  focus  of  which  was  a  little  in  front  of  the  thermometer-bulb.  By  means  of 
this  lens,  the  surface  of  which  was  so  small,  compared  with  the  total  interior  surface  of 
tlio  globe,  that  it  did  not  make  the  loss  of  heat  by  the  thermometer  sensibly  difFei-ent 
from  what  it  would  have  been  if  the  surface  of  the  globe  had  been  unbroken  and  of  a 
uniform  temperature  thi'oughout,  the  heat  of  the  sun  or  of  a  lamp  could  be  concentrated 
upon  the  bulb  of  the  thermometer.  The  temperature  of  the  thermometer  then  rose, 
until  it  became  stationary  at  the  point  at  which  the  loss  of  heat  by  radiation  exactly 
balanced  the  gain  of  heat  by  absorption.  The  stationary  temperature  having  been 
found,  the  rate  of  cooling  corresponding  to  this  temperature  was  ascertained  by  sepa- 
rate experiments  ;  and  such  determinations  having  been  made  when  the  thermometer 
was  coated  with  several  different  substances,  the  coefficients  of  absorption  of  these 
substances  could  be  deduced  as  above  explained.  The  following  table  gives  the 
results  obtained,  compared  with  the  coefficient  of  absorption  of  lampblack  taken  as 
unity : — 


Edative  Coefficients  of  Absorption. 


Solar  heat. 

Substance. 

Coefficients  of 
Absorption. 

Wlrite  lead  .... 
Gold-leaf  .... 
Silver-leaf  .... 

0-19 
013 
0-075 

Heat  of  a  "  Moderator  "  lamp. 

Platinum  black  . 
Cinnabar  .... 
White  lead  .... 
Silver,  pulverulent 
Gold-leaf  .... 

1 

0-285 
0-21 
0-21 
0-04 
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In  the  case  of  certain  substances,  another  metliod  is  applicable  for  the  determination 
of  tlieir  coefficients  of  absorption,  and  this  method  gives  absolute  values  for  these 
coefficients,  and  not  merely  eompiarative  values  referred  to  some  one  substance  cliosen 
arbitrarily  as  a  standard.  According  to  what  was  said  above  (pp.  43,  44),  a  quantity 
of  ra<liant  heat  Q  falling  upon  a  material  body  is  in  general  broken  up  into  four  parts, 
of  wliich  one  QA  is  absorbed,  another  QT  is  transmitted,  another  Qli  is  regularly  re- 
flected, while  the  last  QD  is  diffusively  reflected.    Hence,  we  may  write 

Q  =  Q(A  +  T  +  R  +  D). 
But,  for  metallic  substances,  the  power  of  transmitting  radiant  heat  is  imperceptible, 
and  many  of  them,  when  thoroughly  polished,  do  not  diffuse  any  sensible  quantity  of 
heat.    Hence,  for  perfectly  polished  metals,  T  and  D  in  the  above  equation  both 
become  =  0,  and,  for  the  coefficient  of  absorption,  we  have  the  expression 


For  sucli  substances,  therefore,  the  coefficient  of  absorption  maybe  foimd  by  dividing 
the  difference  between  the  reflected  heat  and  the  total  incident  heat  by  the  incident 
heat.  In  this  way,  De  la  Provostaye  and  Desains  {loe.  cit.  p.  442)  obtained  the 
numbers  given  in  the  following  table.  They  remark  that  they  may  be  considered  as 
apphcable  to  all  incidences  between  0°  and  70°,  but  that  they  must  bo  a  little  in  excess 
of  the  truth  for  siich  metals  as  cannot  be  polished  sufficiently  to  completely  destroy 
diffusive  reflection: — 


Coefficients  of  Ahsorption  of  Polished  Metals. 


Source  of  Heat. 

Metal. 

The  Sun. 

Moderator" 
lamp. 

Locatelli's 
lamp. 

Flame  nf  alcohol 
saturated  w\th  chlo- 
ride of  sodium. 

Copper 
at  400°. 

Steel  .... 

Speculum  metal. 

Platiniim  . 

Zinc  .... 

Tin  .... 

Brass 

Gold  .... 
Plated  silver,  very ) 
bright  ( 

0-42 
0-34 
0-39 

0-13 

0-08 

0-34 
0-30 
0-30 
0-32 
0-32 
0-16 

0-035 

0-175 

0-145 

0-17 

0-19 

0-15 

0-07 

0-045 

0-025 

0-12 
Oil 

0-06 

0-105 

o-orio 

0-045 

The  close  agreement  between  the  numbers  given  in  this  table  and  those  given  in 
the  last  for  the  absorptive  powers  of  gold  and  silver  for  solar  heat,  prove  that  the  num- 
bers of  the  last  table  may  likewise  be  taken  as  very  nearly  representing  the  absolute 
coefficients  of  absorption  of  the  substances  included  in  it,  or  that  the  coefficient  of 
absorption  of  lampblack  is  very  nearly  equal  to  unity,  as  it  is  there  assumed. 

We  may  mention  here  an  observation  ofDe  la  Provostaye  and  Desains  which 
illustrates  very  strikingly  the  important  influence  of  the  emissive  power  of  a  substance 
as  well  as  of  its  absorbing  power,  on  the  facUity  with  whicli  it  is  heated  by  radiant 
heat.  They  placed  under  the  receiver  of  an  air-pump  a  differential  thermometer,  one 
of  the  bulbs  of  which  was  covered  with  gold-leaf,  and  the  other  with  white  lead,  a 
small  blackened  metallic  screen  being  placed  between  them  in  order  to  intercept  their 
mutual  radiation.  After  the  receiver  was  exhausted,  a  powerful  lamp  was  placed 
symmetrically  with  respect  to  the  two  bulbs  so  as  to  radiate  equally  upon  each  of  them, 
when  it  was  found — notwithstanding  the  absorptive  power  of  white  lead  for  the  heat 
of  the  lamp  being  0-21  and  that  of  gold-leaf  only  0-04 — that  the  gilded  bulb  was  most 
heated.  This,  at  first  sight,  paradoxical  result  is  easily  understood  when  it  is  remem- 
bered that,  although  white  lead  absorbs  five  times  as  much  of  the  heat  of  the  lamp 
as  gold-leaf  does,  its  emissive  power  for  obscmvj  rays  is  tweutj'-five  times  as  great  as 
that  of  gold-leaf. 

By  comparing  the  above  numbers  and  those  of  Melloni  (p.  67)  with  the  numbers 
previously  given  (p.  48),  for  the  emissive  powers  of  various  substances,  it  will  be 
seen  that  the  best  absorbers  of  heat  are  also  the  bodies  which  radiate  most  abundantly, 
while  the  worst  absorbers  are  also  the  worst  radiaters.  And  if  this  comp.'irison  i.s 
carried  further,  it  is  found  that  the  correspondence  between  the  absorptive  and  emissive 
powers  of  bodies  is  not  merely  general  but  exact ;  that,  in  fact,  any  circumstance  which 
modifies  the  emissive  power  uf  a  Irody  in  any  manner  whatever,  modifies  its  absorptive 
power  to  a  precisely  simihu-  extent,  and  in  precisely  the  sanie  way.    Thus,  taking 
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Melloni's  determinations  of  the  emissive  powersof  certain  substances  at  100°,  and  of  the 
absorptive  powers  of  the  same  substances  for  the  heat  radiated  by  copper  at  100°,  we 
find  the  following  results  :— 

Emissive  Powers,        Absorptive  Powers 
Lampblack    ....      100  100 
White  Lead  ....     100  100 


Isinglass 
Indian  Ink 
Gum-lac 
Metals  . 


91  91 

85  86 

72  72 

12  13 


Again,  it  has  been  mentioned  (p.  50),  that  when  a  heated  body  is  covered  with  a  thin 
coating  of  a  substance  which  is  more  or  less  transparent  for  heat,  the  emissive  power 
increases  with  the  thickness  of  the  superficial  film.  Precisely  similar  results  have  been 
obtained  by  Knoblauch  in  the  case  of  absorption.  He  covered  a  metallic  plate  with 
layers  of  varnish,  black  lac,  and  white  lead  of  various  thicknesses,  and  found  that  in 
each  case  the  absorption  increased  with  the  thickness  of  the  layer.  In  order,  however, 
that  this  etFect  may  be  perceptible,  it  is  necessary  that  the  total  thickness  should  be 
but  small ;  otherwise  the  external  coating,  in  consequence  of  its  low  conducting  power, 
becomes  heated  at  the  surface,  and  then  the  increased  emission  more  than  counter- 
balances the  better  absorption. 

The  cox-respondence  between  emission  and  absorption  naturally  extends  to  visible 
radiant  heat  (light),  as  well  as  to  invisible  heat,  and  in  this  case  many  very  striking 
observations  in  confirmation  of  it  can  be  made  with  very  simple  means.  For  instance, 
Balfour  Stewart  has  pointed  out  (Proc.  Eoy.  Soc.  x.  385),  that  when  a  black  and 
white  china  cup  is  heated  in  the  fire  and  held  in  the  dark,  the  parts  of  the  pattern 
which  by  daylight  are  black,  in  consequence  of  their  absorbing  nearly  aU  the  visible 
rays  which  fall  upon  them,  are  more  luminous  than  the  parts  which  by  daylight  are 
white,  in  consequence  of  diffusively  reflecting  nearly  all  the  visible  rays  which  they 
receive.  The  same  observer  has  also  shown  that  media,  wliich  are  opaque  for  certain 
rays  but  transparent  for  others,  emit,  when  heated,  rays  of  the  kind  for  which  they  are 
opaque ;  thus,  red  glass  which  absorbs  greenish  rays,  emits  greenish  rays  when  heated 
and  viewed  in  the  dark ;  while  green  glass,  which  absorbs  red  rays,  emits  red  rays. 
The  emission  and  absorption  of  rays  of  the  same  wave-length  is  still  more  strikingly 
exhibited  by  gaseous  bodies.  It  has  been  already  stated  (p.  56),  that  these  substances 
usually  emit  rays  of  certain  definite  degrees  of  refrangibility,  or  length  of  wave,  with 
much  greater  intensity  than  other  rays,  and  it  has  been  proved  by  Kirch  h  off  that  the 
rays  which  a  gas  or  vapour  most  readily  absorbs  are  precisely  tliose  which  it  most 
freely  emits  (see  Light,  iii.  622).  The  identity  in  the  absorbing  and  emitting  proper- 
ties of  the  same  body  has  been  found  to  hold  good  even  in  respect  to  the  state  of  polar- 
isation of  the  rays  absorbed  or  emitted.  Thus  at  ordinary  temperatures  a  plate  of 
tourmaline,  cut  with  faces  parallel  to  the  princij^al  axis  of  the  ciystal,  transmits,  with 
little  diminution  of  intensity,  rays  polarised  in  a  plane  perpendicular  to  the  axis,  but 
absorbs  almost  completely  rays  which  are  polarised  in  a  plane  parallel  to  the  axis 
(iii.  665);  and  Kirchhoff  (Ann.  Ch.  Phys.  [3]  Ixii.  186)  has  found,  not  only  that  this 
difference  of  action  on  differently  polarised  rays  is  retained,  though  in  a  less  degree,  at 
temperatures  at  which  tourmaline  itself  becomes  luminous,  but  that  the  light  which  the 
crystal  then  emits  is  polarised  in  the  same  manner  as  the  light  which  it  absorbs.  The 
same  fact  was  independently  observed,  at  about  the  same  time  by  Stewart  (Proc. 
Eoy.  Soc.  X.  603),  who  also  showed  that  the  absorption  and  radiation  of  heated  tour- 
maline are  equal  in  degree  as  well  as  in  kind. 

Among  the  non-luminous  rays,  differences  of  refrangibility  are  not  recognisable  by 
any  character  so  distinctly  marked  as  the  various  colours  which  reveal  such  differences 
in  the  case  of  the  visible  rays  ;  hence,  at  temperatures  below  that  at  which  tliey  become 
luminous,  it  is  less  easy  to  demonstrate  that  the  rays  which  particular  substances  give 
out  ai'e  identical  in  quality  with  those  which  they  absorb.  Nevertheless  the  following 
observations  seem  to  prove  conclusively  that  such  is  the  case.  Colourless  rock-salt, 
which  is  perfectly  transparent  for  visible  rays,  is  likewise  so  transparent  for  the  invi- 
sible rays  emitted  by  a  surface  of  lampblack  at  100°,  that  a  plate  of  rock-salt  0-77  inch 
thick  allows  75  per  cent,  of  them  to  pass,  whereas  the  same  plate  allows  only  30  per 
cent,  to  pass  of  the  heat  radiated  by  rock-salt  at  100°.  Similarly,  a  thin  plate  of  crown- 
glass  allows  only  half  as  much  heat  from  heated  crown-glass  to  pass  as  from  heated 
lampblack.    (B.  Stewart.  Op.  cit.  p.  387.) 

It  has  also  been  shown  by  Tyndall  (Phil.  Mag.  [4]  xxrai.  618)  that  aqueous 
vapour  is  specially  opaque  for  the  heat  of  a  hydrogen  flame,  wherein  the  principal 
radiater  is  no  doubt  aqueous  vapour ;  that  carbonic  anhydride  is  especially  opaaue  for 
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the  heat  of  a  earhonic  oxide  flame;  and  sulpliurous  anhydride  for  the  heat  radiated 
by  the  flame  of  sulphide  of  carbon. 

From  the  foregoing  facts,  we  may  concUide  that  the  difference  between  the  two  pro- 
cesses of  emission  and  absorption  of  radiant  heat,  is  a  difference  of  the  kind  wliich 
would  be  represented  in  mathematics  by  a  difference  of  sign.  The  mechanism  of  the 
two  processes,  if  we  may  use  the  expression,  appears  to  be  absolutely  identical, 
but  in  the  one  case  it  operates  in  the  opposite  sense  to  what  it  does  in  the  other. 

The  equality  of  emission  and  absorption  may  be  deduced  from  the  fact  that  a  body 
which  is  in  equilibrium  with  surrounding  objects  undergoes  no  change  of  temperature 
when  the  condition  of  its  surface  is  changed.  A  thermometer,  for  instance,  is  not 
affected  by  wrapping  its  bulb  in  muslin ;  and  since  in  this  case  its  emissive  power  is 
greatly  increased,  its  temperature  can  be  maintained  unaltered  by  the  same  quantity  of 
heat  falling  upon  it  from  without,  only  if  its  power  of  absorbing  this  heat  is  increased 
in  exactly  the  same  proportion. 

Transmission  of  liadiant  Heat. 

In  previous  parts  of  this  article,  we  have  already  had  occasion  several  times  to  speak 
of  the  differences  exhibited  by  various  bodies  in  respect  of  their  power  of  transmitting 
radiant  heat,  and  of  the  differences  shown  by  the  same  body  in  its  power  of  transmitting 
heat  from  various  sources.  Before  proceeding  to  a  somewhat  more  detailed  considera- 
tion of  the  phenomena  of  transmission,  it  will  be  convenient  to  explain  certain  termx 
that  are  often  employed  in  the  description  of  them.'  These  terms  were  introduced  by 
Melloni  to  facilitate  the  conception  and  expi'ession  of  the  fact,  first  clearly  established 
by  his  own  researches,  that  the  relations  of  the  invisible  rays  of  heat  to  material  bodies, 
are  essentially  identical  with  those  of  light.  Bodies  which,  like  atmospheric  air,  rock- 
salt,  glass,  &c. — afford  a  more  or  less  free  passage  to  rays  of  heat,  are  called  by  Melloni 
diathermic;  while  those  which  like  the  metals,  entirely  obstruct  the  passage  of 
radiant  heat,  are  called  adiathermic;  the  corresponding  properties,  which  we  have 
hitherto  in  this  article  spoken  of  as  transparence  and  opacity  for  radiant  heat,  being 
called  diath  erm acy  and  adiathermacy,  sometimes  also  diath erman  eity  and 
a  d  i  a  t  h  e  r  m  a  n  e  i  t  y.  The  property  of  selective  transmission  which  most  diathermic  bodies 
possess,  that  is  the  property  of  transmitting  rays  of  certain  wave-lengths,  and  not 
transmitting  other  ra\s,  is  called  therraochrose  (from  Sep^!)>' and  xp'ij'^'s),  and  bodies 
which  possess  this  property  are  termed  thermoch  roic,  and  those  which  do  not  possess 
it  athermochroic.  The  terms  thermochrose  and  thermochroic  are,  however,  also  used 
in  reference  to  sources  of  heat  in  whose  radiation  rays  of  certain  wave-lengths  predo- 
minate, and  to  the  heat  itself  which  such  sources  give  out,  as  well  as  to  adiathermic 
bodies  which  exhibit  a  power  of  selective  absorption  or  reflection  ;  just  as,  in  the  case 
of  light,  the  words  colour,  coloured,  &c.,  are  used  equally  in  speaking  for  instance,  of 
the  flame  of  alcohol  charged  with  chloride  of  sodium,  of  the  light  which  such  a  flame 
gives  out,  of  a  piece  of  yellow  glass,  or  of  a  piece  of  gold,  and  the  same  word,  yellow,  is 
used  to  describe  the  light  itself,  the  flame  which  emits  it,  the  glass  which  transmits  it, 
and  the  metal  which  reflects  it. 

By  maintaining  a  constant  source  of  heat  at  a  constant  distance  from  the  thermo- 
electric pile,  and  interposing  between  them  various  substances  in  succession,  Melloni 
was  able  to  determine,  on  the  one  hand,  the  influence  of  the  transmitting  substance  on 
the  quantity  of  heat  transmitted  ;  and  by  placing  different  sources  of  heat  at  such 
distances  from  the  thermo-electric  pile  that  each  caused  the  same  deflection  of  the 
galvanometer,  and  interposing  the  same  substance  on  the  path  of  the  rays  from  each 
source,  he  was  able,  on  the  other  hand,  to  measure  the  influence  of  the  source  of  lieat 
on  its  transmission.  The  following  tables  contain  the  results  of  a  large  number  of  ex- 
periments of  tliis  kind. 

The  four  sources  of  heat  employed  in  the  experiments,  the  results  of  which  are  given 
in  the  first  table,  were  — 1st,  an  oil-lamp  (Loeatelli's),  with  a  solid  square  wick  and 
without  chimney  ;  2nd,  a  spiral  of  platinum-wire  heated  to  incandescence  in  the  flume 
of  a  spirit-lamp ;  3rd,  a  plate  of  copper  covered  with  lampblack,  and  heated  to  about 
400°  by  the  flame  of  a  spirit-lamp  applied  to  the  back  of  it ;  4th,  a  cubical  copper  vessel 
coated  with  lampblack,  and  filled  with  water  at  100°.  The  next  table  gives  in  like 
manner  the  intensity  of  the  heat  of  an  Argand  oil-lamp,  provided  with  a  glass  chimney, 
after  passing  through  a  thickness  of  9"21  millimetres  of  certain  liquids,  enclosed 
between  plates  of  glass,  the  intensity  of  the  incident  heat  being  taken  as  100  : — 
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Transmission  of  Eadiani  Heat  by  Solids. 


— 

Substances. 
(Reduced  to  a  common  thickness  of 
2*6  millimetres') 

Percentage  of  Heat  transmitted- 
from 

Locatelli's 
lamp. 

Incandescent 
platinum. 

Copper 
at  400°. 

Copper 
at  100°. 

Eock-salt  (limpid) 

92-3 

92-3 

92-3 

92-3 

Sulphur  (Sicilian,  yellow)  . 

74 

77 

60 

64 

Fluor-spar  (limpid)  . 

72 

69 

42 

33 

Eock-salt  (translucent) 

65 

65 

65 

65 

Beryl  (greenish-yellow) 

51 

23 

13 

0 

Fluor-spar  (greenish)  . 

46 

38 

24 

20 

Iceland  spar »  ,^ 

(39 
J  38 

28 
28 

6 
5 

0 
0 

^l^'^'l  (limpid)         .       .  . 

(39 

24 

6 

0 

j38 

26 

6 

0 

Eock-crystal  (limpid)  . 

38 

28 

6 

3 

„       ,,       (smoky) . 
Potassic  bichromate  (orange) 

37 

28 

6 

3 

34 

'28 

15 

0 

Topaz  (limpid)  .... 

33 

24 

4 

0 

Carbonate  of  lead  (limpid)  . 

32 

23 

4 

0 

Sulphate  of  barium  (translucent)  . 

24 

18 

3 

0 

Felspar  (adularia  ;  translucent)  . 

23 

19 

6 

0 

Amethyst  (violet) 

21 

9 

2 

0 

Artificial  amber  (yellow) 

21 

5 

0 

0 

Beryl  (aquamarine  ;  bluish-green) 
Agate  (yellow,  translucent) . 

19 

13 

2 

0 

19 

12 

2 

0 

Sodic  borate  (translucent)  . 

18 

18 

8 

0 

Tourmaline  (dark-green) 

18 

16 

3 

0 

Gum  (common;  yellowish)  . 

18 

3 

0 

0 

Heavy  spar  (veined,  translucent) . 

17 

11 

3 

0 

Selenite  (limpid) 

14 

5 

0 

0 

Citric  acid  (limpid)  . 

11 

2 

0 

0 

Ammonic  carbonate  (translucent  / 

12 

3 

0 

0 

streaked)     .       .       .  ( 

Potassio-sodic  tartrate  (limpid)  . 

11 

3 

0 

0 

Amber  (natural;  yeUow)  . 

11 

5 

0 

0 

Alum  (limpid)  .... 

9 

2 

0 

0 

Glue  (yellowish-brown) 

9 

2 

0 

0 

Sugarcandy  (limpid)  . 

8 

1 

0 

0 

Fluor  spar  (dark  green,  veined)  . 
Melted  sugar  (barley-sugar?  yel-  \ 

8 

6 

4 

3 

7 

1 

0 

0 

lowish)        .       .       .  i 

lee  (limpid)  .... 

6 

0-5 

0 

Transmission  of  Eadiant  Heat  hy  Liquids. 

Percentage  of  Heat 


Name  of  Liquid.    (Thickness  of  stratum  tnmsmitted  from 

=  9-21  millimetres.)  Arg.md  lamp  with 

glass  chimney. 

Bisulphide  of  carbon  (colourless)  ....  63 
Bichloride  of  sulphur  (dark  garnet-red)  .  .  6-3 
Phosphorous  chloride  (coloui-less) ....  62 
Chloroform  (colourless)        .....  37 

Nut-oil  (yellow)  31 

Oil  of  turpentine  (colourless)       ....  31 

Oil  of  rosemary  (colourless)  30 

Colza-oil  (yellow)  .  .  -  .  .  .  .  30 
OIivc--oil  (greenish-yellow)  .....  30 
Eoek-oil  (brownish -yellow)  .....  28 
Balsam  of  copaiba  (yellowish-brown)  ...  26 
Oil  of  lavender  (colourless)  .....  26 
Poppy-oil  (yellowish-white)         ....  20 
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Trnnsm?ssion  of  Radiant  Heat  hi/  Liquids  (continued). 

Porcentagp  of  Heat 


Ivarae  of  Liquid.    (TbickiiPss  of  stratum  transmitted  from 

=  'J-21  millimetres.)  Argand  l:im|i  witli 

glass  chimiiej. 

Eflctified  naphtha  (colourless)  ....  26 
Ether  (pure;  colourless)  .....  21 
Sulphuric  acid  (pure ;  colourless)  .  .  .  .  17 
Nordhausen  sulphuric  acid  (brown)  ...  17 
Solution  of  ammonia  (colourless)  .  .  .  .  15 
Concentrated  nitric  acid  (colourless)  ...  15 
Absolute  alcohol  (colourless)  .  .  .  .  15 
Hydrate  of  potassium  (colourless)  .  .  .  13 
Rectified  acetic  acid  (colourless)  .  .  .  .  12 
Pyroligneous  acid  (brown)  .  .  .  .  .  12 
Solution  of  sugar  (concentrated,  colourless)  .  .  12 
Solution  of  rock-salt  (colourless)  .  .  .  .  12 
Solution  of  alum  (colourless)  .  .  .  .  12 
White  of  egg  (yellowish-'white)  .  .  .  .  11 
Distilled  water     .       .       .       .       .       .        .       1 1 


The  following  short  table  gives  the  quantities  of  heat  transmitted  through  a  layer  of 
water  50  millimetres  in  thickness,  contained  between  highly  polished  plates  of  glass, 
according  to  the  experiments  of  De  la  Provostaye  and  Desains  (Ann.  Ch.  Phys. 
[3]  XXX.  286).  These  results  illustrate  very  well  the  influence  which  the  source  of 
heat  exerts  upon  the  relative  proportion  in  which  it  is  able  to  pass  through  the  same 
medium.  The  numbers  of  this  table  represent  the  intensity  of  the  heat  transmitted 
from  each  source,  the  intensity  of  the  incident  heat  being  in  each  case  taken  aS 


=  100:— 

Transmission  of  Badiant  Heat  through  Water 

Source  of  Heat.  Percentage 

transmitted. 

The  Sun.    Solar  rays  which  had  already  passed  through  62  centi- 
metres of  water    .........  92 

The  Sun.    Total  Solar  radiation   5S 

Argand  lamp.    Rays  which  had  ali'eady  passed  through  a  L^ns 

and  10  centimetres  of  water  .......  51 

Electric  light  (carbon  points)  .       .       .       .       .       .       .  23  to  24 

Lime  made  incandescent  in  the  flame  of  ether  fed  with  oxygen  .  20 
The  Sun.     Invisible  rays  from  a  part  of  the  spectrum  as 
far  beyond  the  red  as  the  distance  between  red  and  the  limits 

of  the  green  and  blue  ........  14 

Locatelli  or  Argand  lamp  with  chimney    .....  10 

Flame  of  alcohol  saturated  with  chloride  of  sodium  .       .       .  2  to  3 

The  Sun.    Invisible  rays  still  less  refrangible  than  the  above  .  0' 


After  the  explanations  that  have  been  already  given,  the  results  recorded  in  the 
above  tables  do  not  call  for  much  further  discussion.  We  must,  however,  direct 
attention  to  the  remarkable  properties  of  rock-salt  in  relation  to  radiant  heat.  It  will 
be  seen  that,  according  to  Melloni's  experiments,  a  plate  of  clear  colourless  rock- 
ealt  transmits  the  same  proportion  (92-3  per  cent.)  of  the  heat  which  falls  upon  it,  from 
whatever  source.  Hence  Melloni  concluded  that  rock-salt  exerts  no  absorbing  power 
whatever  on  heat-rays  of  any  kind,  or  that  it  is  in  fact  perfectly  diathermic  and  ather- 
mochroic.  The  7'7  per  cent,  by  which  the  intensity  of  the  incident  raj's  is  diminished 
by  passing  through  a  plate  of  rock-salt,  Melloni  attributed  to  the  effect  of  reflection 
at  the  surfaces  of  entrance  and  exit,  not  to  absorption  within  the  substance  of  tlie 
plate  ;  for  if  this  loss  were  due  in  whole  or  in  part  to  aljsorption,  its  amount  could 
hardly  have  been  the  same  for  heat  from  sources  so  gi-eatly  differing  in  temperature. 
This  conclusion  is  supported  by  the  further  observation  of  Melloni,  that  the  quantity  of 
heat  transmitted  by  perfectly  clear  and  transparent  rock-salt  is  independent  of  its 
thickness,  being  always  92-3  per  cent,  of  the  heat  incident  upon  it ;  whereas  if  two 
plates  of  rock-salt  are  used  instead  of  one,  in  which  case  the  number  of  reflecting 

92*3  92'3 

surfaces  is  doubled,  the  percentage  of  heat  transmitted  is  reduced  to  ' —    x  '-^  = 

*  100  100 

85'2.  According,  however,  to  the  more  recent  experiments  of  Dela  Provostaye 
and  Desains  (Compt.  rend,  xxxvi.  84,  1073),  as  well  as  of  Tyndall  (Phil.  Mag.  [4] 
xxviii.  532),  rock-salt  does  exert  a  slight  but  perceptible  absorbent  action  upon  rays  from 
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sources  of  low  temperature,  and  an  experiment  of  Stewart's  has  been  already 
mentioned  (p.  60)  which  shows  it  to  be  opaque  to  a  great  extent  for  rays  emitted  by 
rock-salt. 

In  the  case  of  all  other  substances  except  rock-salt,  the  thickness  of  the  transmitting 
stratum,  as  well  as  tlie  nature  of  the  source  of  heat,  has  a  great  influence  on  the 
amount  of  heat  transmitted.  The  effect  of  variations  of  thickness  was  made  by 
Melloni  the  subject  of  an  extended  experimental  investigation,  but,  before  giving  the 
numerical  results  arrived  at  by  him,  it  will  be  well  to  explain  the  theoretical  investi- 
gation of  the  same  subject  by  Biot  {Mem.  dc  VAcadem.  des  Sciences,  xiv.  466. — • 
Dagui  n's  Traite  elemeniaire  de  Physique,  ii.  62).  Suppose  a  pencil  of  rays  of  sensibly 
the  same  wave-length  to  fall  perpendicularly  upon  a  plate  of  some  diathermic  substance 
and  let  the  intensity  of  the  pencil  be  represented  by  I,  the  reflecting  power  of  the 
surface  of  the  plate  by  r,  and  the  thickness  of  the  plate  by  c.  Then  a  pencil  of  the 
intensity  Ir  will  be  reflected  at  the  first  surface,  and  the  intensity  of  tlie  pencil  which 
enters  the  plate  will  be  I  (1  —  r).  Of  this,  a  certain  proportion  will  undergo  absorption 
while  traversing  the  plate,  the  amount  of  absorption  being  some  function/ (e)  of  the 
thickness,  which  has  to  be  determined.  The  quantity  of  heat  which  arrives  at  the 
second  surface  will  therefore  be  I  (1  —  r)  f  {e).  Here  a  second  reflection  will  take 
place,  whereby  a  fraction  r  of  this  heat  will  be  kept  back,  and  the  quantity  which 
issues  from  the  plate  will  consequently  be 

1(1  _,.)(!  _/)/(«). 

If  a  second  plate  of  the  same  substance,  having  the  thickness  e',  be  placed  in  the  path 
of  the  pencil  emergent  from  the  first  plate,  the  intensity  of  the  heat  which  issues  from 
the  second  plate  will  be  found,  by  reasoning  similar  to  the  above,  to  be 

i  =  1(1- r)Ml -»■?/(«)/ (0- 
Now  let  the  same  original  pencil  pass  through  a  single  plate,  still  of  the  same  substance, 
but  of  the  thickness  e  +  e' ;  the  intensity  of  the  emergent  pencil  wiU  be  found  as  above, 
to  be 

i'  =  I  (1  -  r)  (1  -  /)/(«  +  O- 
But  it  is  found  by  experiment  that  i  =  i'  (1  —  r)  (1  —  r),  that  is  to  say,  that  the  loss 
by  absorption  is  the  same  for  the  same  thickness  of  substance,  whether  this  is  disposed 
in  two  plates  or  united  into  one,  the  factor  (1  —  r)  (1  —  /)  representing  the  additional 
loss  by  reflection  in  the  former  case.    Hence  we  have 

/(«+ O  =/W  •/(«'). 

which  can  only  hold  good  iif(e)  =  where  «  is  a  constant  dependent  on  the  nature 
of  the  substance  and  on  that  of  the  incident  rays,  so  that/(e)  .f(e')  =  a"  .  a"'  =  -^  o''. 
Consequently,  the  expression  for  the  quantity  of  heat  which  passes  through  a  plate  of 
the  thickness  e  is 

I  (1  -  r)  (1  -  /)  a», 

which  shows  that  the  intensity  of  the  transmitted  heat  varies  according  to  a  geometrical 
progression  when  the  thickness  of  the  plate  increases  in  an  arithmetical  progressioyi.  The 
ratio,  a,  of  the  former  progression,  which  depends  as  we  have  said  on  the  nature  of  the 
plate  and  of  the  incident  heat,  is  called  the  coefficient  of  trcmsmission  of  the  substance 
of  which  the  plate  is  made,  for  the  particular  kind  of  heat  in  question  ;  it  represents  the 
quantity  of  heat  transmitted  through  a  thickness  of  1  millimetre. 

It  follows  also  from  the  above  considerations,  that  the  quantities  of  heat  absorbed  by 
successive  layers  of  equal  thickness  of  the  same  substance  likewise  form  a  diminishing 
geometrical  progression  ;  for,  calling  the  intensity  of  the  heat  which  penetrates  the  first 
surface  of  the  substance  I',  we  get,  for  the  quantities  transmitted  and  absorbed  by 
successive  layers  of  the  same  thickness,  the  following  expressions : — 

Transmitted.  Absorbed. 

By  the^rsHayer    .  .       I'a  V  —  I'a    =  I' (1  —  a.) 

By  the  seeonc^  layer        .       .       IV  I'a  —  I'a^    =  I'a  .  (1  -  a) 

By  the  <A!>(i  layer  .       .       .       IV  IV  -IV  =IV.(l-a) 

By  the      layer     .       .       .       iV  I IV    =  I .  (1  -  o) 

If  the  incident  pencil  consists  of  rays  of  various  wave-lengths,  having  the  respective 
intensities  I,  Ii,  I2,  .  .  .  .  and  if  the  coefficients  of  transmission  of  the  diathermic 
plate  for  these  various  rays  are  respectively  a,  a^,  a„,  .  .  .  .  the  intensity  of  the  pencil 
on  emerging  from  a  plate  of  the  thickness  c  will  be  tlie  sum  of  tlie  intensities  of  the 
rays  of  each  several  wave-length,  and  will  therefore  be  represented  by  — 
(1  _  ,.)  (1  _  /)  (l„e  ^      aie^  +  i^a^,  +  ....). 

Hence  it  is  evident  that  the  composition  or  thermochroseof  the  emergent  pencil  will  not 
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be  the  samp  as  tliat  of  the  incident  pencil  except  when  the  coefficients  a,  a-^,  (Jtc. 
are  all  equal.  We  shall  see  immediately  that  each  of  those  deductions  from  theory 
is  fully  confirmed  by  experiment. 

Ths  results  of  Melloni's  experiments  on  the  transmission  of  heat  through  layers 
of  varying  thickness  are  collected  in  the  following  table  : — 


Transmission  of  Radiant  Heat  through  layers  of  various  Thicknesses. 


Glass  from  St.Gobin. 

Limpid  Rock-crystal. 

Smoky  Rock-crystal. 

1   Colza  Oil. 

Distilled 

Thick- 
ness in 

■  ■■ 

milli- 
metres. 

Ill 

i  s  1 

dj  o 
C-g 

o  % 

Lncn- 
telli's 
lamp. 

ill 

C- 

^  o' 

o  ^ 
"  % 

k-'Z  a. 

i  £  i 
a. 

s-S 

c 

V  Q 

1-5 

Q.: 

2^  = 

=  si 
~^  -^s 

0-5 

77-6 

62-1 

14'4 

78-6 

69'5 

14'8 

817 

70'0 

15'4 

64-0 

32-0 

251 

87 

I'O 

73-3 

51-5 

99 

;  76-8 

65'1 

11"3 

78'6 

65'0 

12'3 

48-3 

22-8 

19-3 

57 

1"5 

704 

46-1 

67 

74-8 

62'5 

97 

41-0 

187 

16'0 

4'2 

2'0 

G8-2 

42-8 

5-0 

73-3 

606 

87 

75-1 

60'3 

9'1 

36-1 

16-3 

13-9 

3-2 

2'5 

66-6 

72-5 

.327 

3-0 

65-3 

38-"3 

2-9 

71-8 

57-6 

7-3 

73-1 

57-4 

7-8 

30-6 

13-6 

11-4 

2  0 

4 

63-4 

35-8 

2-0 

70-8 

55-3 

6-6 

71-4 

54-8 

7-0 

27-8 

12-6  I 

10-0 

1-5 

b 

62-0 

340 

1-5 

70-2 

53-3 

6-0 

257 

10-8 

91 

1-1 

6 

60-9 

32-3 

14 

69-8 

51-4 

5-3 

"^3'9 

9-8 

8-6 

10 

7 

60-0 

30-9 

1-2 

69-5 

49-8 

6-0 

'>V6 

8-9 

8-2 

0-8 

8 

59-2 

29-7 

1-1 

69-3 

48-4 

4'6 

21-8 

8-1 

8-0 

0-6 

9 

21-2 

7-5 

7-8 

0-.5 

10 

21'0 

7-1 

77 

0-4 

11 

20  9 

67 

77 

0-3 

50 

12-5 

2-1 

2-4 

00 

86 

59-0 

35-0 

07 

100 

8-1 

1-2 

1-3 

0-0 

150 

6-1 

07 

0-0 

200 

5-3 

By  subtracting  the  quantity  of  heat  transmitted  by  a  layer  of  n  millimetres  in  thick- 
ness from  that  transmitted  by  a  layer  of  ?j  —  1  millimetres,  we  obtain  tlie  quantity  of 
heat  «4soriff/ by  the  h""  stratum  of  1  millimetre  thick.  Thus,  for  instance,  fur  the 
absorption  of  the  heat  of  a  Loeatelli's  lainp  by  successive  strata  of  waler,  1  millimetre 
in  thickness,  we  obtain  the  following  results  : — 

Number  of  each  stratum      ..1       2       3       4  5678 
Qiumtity  of  heat  absorbed    .       .       807  6-4     2-5  0-9     O'o     0-4  0-2 

Here  the  diminution  of  absorption  in  successive  strata  of  the  same  thickness  is 
very  apparent,  but  the  ratio  of  the  absorption  of  a  given  stratum  to  the  absorption  of 
the  pi'evious  one  is  by  no  means  constant,  as,  according  to  the  foregoing  discussion, 
must  be  the  case  for  homogeneous  heat.  The  reason  of  this  is,  that  the  heat  employed 
in  the  experiments  was  far  from  homogeneous,  but  consisted  in  part  of  visible  and  in 
part  of  invisible  rays,  and  each  of  these  portions  contained  rays  differing  greatly  from 
one  another  in  wave-length.  Consequently,  the  cootRcient  of  transmission  of  water  for 
visilile  rays  being  nearly  equal  to  unity,  but  very  much  less  forinvisible  rays, the  diflereiit 
component  parts  of  the  heat  undenvent  unequal  absorption,  and  lienee  the  quality  of  the 
heat  whicli  arrived  at  each  stratum  was  different  from  that  of  the  heat  which  arrived  at 
the  preceding  and  the  succeeding  strata.  When,  however,  homogeneous  heat  is  used, 
the  absorption  in  successive  equal  strata  of  the  same  material  takes  place  according  to 
a  regvdarly  decreasing  geometrical  series.  This  is  clearly  shown  in  the  following  ex- 
periments by  Masson  and  Jamin  (Wiillner's  Lchrbnch  clcr  Experimentalpht/aik 
ii.  336).  The  constituent  rays  of  a  lieam  of  solar  heat  were  separated  from  each  other 
by  means  of  a  rock-salt  prism,  and  a  portion  of  the  yellow  rays  of  the  spectrum  so 
produced  was  allowed  to  fall  upon  one,  two,  or  tliree  pieces  of  the  same  yellow  glass 
of  equal  thickness,  and  the  intensity  of  the  emergent  rays  was  measured  in  each  case. 
Representing  the  thickness  of  each  piece  of  glass  by  e,  and  its  coefficient  of  transmission 
for  the  rays  in  question  by  a,  we  find  the  following  values  : — 

For  the  heat  transmitted  by  1  piece  of  yellow  glass  =  =  I  (1  —  )•)  (1  —  r)  a"  , 
For  the  heat  transmitted  by  2  pieces  of  yellow  glass  =  =  I  (1  —  ?•)-  ( 1  —  r'f  a"'. 
For  the  heat  transmitted  by  3  pieces  of  yellow  glass  =  A^  =  1(1  —  i-y  (1  —  r'f  ci''. 
The  same  beam  of  yellow  rays  was  next  allowed  to  fall  upon  one,  two,  or  three  tliiek- 
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nesses  of  clear  colourless  glass,  whose  coeiBcient  of  transmission  was  nearly  equal  to 
unity,  and  the  intpnsity  of  the  heat  transmitted  in  each  case  was  determined.  Calling 
these  quantities  of  heat  respectively  B^,  Ti,^,  and  B3,  we  have — 

El  =  I  (l-r)  (1-/);  B2  =  I(l-»-)''(l_/)2,and  B3  =  I  {l-rf  [l-rj; 

A  A 
and  consequently  _i  =      ;    _1  = 
Bj  B2 

The  coefficients  of  transmission  for  one,  two,  and  three  thicknesses  of  yellow  glass  w(Te 
thus  found,  independently  of  the  effects  of  refleotion  at  the  surfaces.  The  square-root  of 
the  second  and  the  cube-root  of  the  third  ought  obviously  to  be  equal  to  the  first,  if  the 
calculation  was  made  with  perfect  strictness,  and  the  following  numerical  results  show 
that  such  was  nearly  the  case 
Number  of 

Plates  of  Glass.  Heat  transmitted.  as. 

1  a'    =  0-497  0-497 

2  a'^  =  0-2097  0-458 

3  fl^"  =  0-094    .  0-455 

The  gradual  decrease  in  the  value  of  a"  is  to  be  attributed  to  the  coefficient  of  trans- 
piission  for  colourless  glass  having  been  taken  as  exactly  equal  to  unity,  whereas  iu 
reality  it  is  only  nearly  so. 

The  following  table,  taken  from  Melloni  {Thermochrose,  p.  227),  illustrates  on  the 
other  hand,  the  change  of  quality  which  a  pencil  of  non-homogeneous  radiant  heat 
undergoes  on  passing  through  diathermic  substances.  The  numbers  in  the  table  repre- 
sent the  intensities  of  the  transmitted  pencils  compared  to  that  of  the  incident  pencil 
taken  as  100.  The  original  Source  of  heat  was  a  Locatelli's  lamp,  and  the  thick- 
ness of  the  plates,  except  where  otherwise  stated,  was  2-6  millimetres  : — 

Transmission  of  Eadiant  Heat  through  Two  Media, 


Substances  interposed. 

Direct 
radiation. 

Percentage  transmitted  of  the  iieat  of  a  Locatelli's  lamp 
after  passing  througli  a  plate  of 

Rock-salt. 

Alum. 

Potassio  bi- 
chromate. 

Gypsum. 

Opaque 
black 
glass 
(1-H5  mm, 
thick). 

Eock-salt  . 

92'3 

92-3 

92-3 

92-3 

92-3 

92-3 

Fluor-spar  . 

78 

78 

90 

88 

91 

91 

Beryl. 

54 

53 

80 

66 

91 

67 

Iceland  spar      .  , 

39 

40 

91 

56 

89 

65 

Glass  (0-5  mm.  thick)  , 

54 

54 

90 

68 

85 

80 

Glass  (8  mm.  thick)  , 

34 

33 

90 

47 

82 

45 

Rock-crystal 

38 

39 

91 

52 

85 

54 

Potassio  bichromate  . 

34 

33 

57 

71 

53 

24 

Sulphate  of  barium 

24 

25 

36 

25 

47 

57 

White  agate 

23 

23 

70 

30 

78 

17 

Felspar  (adularia) 

23 

22 

23 

43 

58 

23 

Yellow  amber  , 

21 

20 

65 

20 

61 

8 

Opaque    black  glass 

i- 

16 

0 

14 

18 

52 

(1-8  mm.  thick) 

Opaque    black  mica 

1  20 

20 

0 

16 

12 

43 

(0-9  mm.  thick) 

Yellow  agate 

19 

19 

57 

24 

64 

14 

Aquamarina 

19 

18 

60 

26 

57 

21 

Borax 

18 

18 

23 

23 

33 

24 

Green  tourmaline 

18 

17 

1 

14 

10 

30 

Common  gum 

18 

18 

61 

12 

52 

4 

Gypsum 

14 

14 

59 

22 

64 

15 

Gypsum  (12  mm.  thick) 

10 

10 

56 

17 

45 

0-5 

Carbonate  of  ammo- 

12 

44 

11 

34 

5 

nium 

Citric  acid  . 

11 

10 

88 

16 

52 

2 

Potassio-sodic  tartrate 

11 

11 

85 

15 

60 

1 

Alum 

9 

9 

90 

15 

47 

0 

It  will  be  observed  that,  of  the  five  substances  through  which  the  heat  of  the  lamp 
■vras  caused  to  pass  in  these  experiments,  rock-salt  is  the  only  one  which  did  not 
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materially  alter  its  properties ;  all  the  other  substances  having  strongly  marked 
thermochroio  eluiraeters,  or  transmitting  rays  of  diiferent  wave-lengths  with  very  unequal 
facility  (as  may  be  seen  from  the  talile  on  page  G2),  emit  heat  of  decidedly  diiferent 
c<imposition  from  that  which  falls  upon  them.  Two  of  these  substances  indeed,  alum 
and  black  glass,  are  to  a  great  extent  of  opposite  thermochroic  properties  :  of  the  heat 
emergent  from  the  plate  of  alum,  90  per  cent,  was  aljle  to  pass  through  a  second 
plate  of  the  same  material,  but  none  of  it  was  able  to  pass  through  a  plate  of 
black  glass  ;  while  of  the  heat  emergent  from  the  latter  body,  52  per  cent,  was  trans- 
mitted by  a  second  plate  of  the  same  kind,  but  none  at  all  was  transmitted  by  a  plate 
of  alum.  Alum,  although  almost  perfectly  transparent  for  visible  rays,  is  in  very 
moderate  thicknesses  completely  opaque  for  the  invisible  heat-rays;  hence,  as  shown  by 
the  table  on  page  62,  it  completely  intercepts  the  heat  radiated  by  sources  at  tem- 
peratures below  visible  redness.  In  this  pjroperty  alum  closely  resembles  ice,  and  it 
probably  owes  it  in  great  measure  to  the  large  proportion  of  solidified  water  (of  crys- 
tallisation) which  it  contains.  Black  glass,  on  the  other  hand,  is  very  opaque  for 
visible  rays,  and  relatively  transparent  for  invisible  r.ays.  Hence,  to  some  extent,  it 
filters  off  the  visible  rays,  and  allows  heat  richer  in  rays  of  great  wave-length  to  pass. 
This  effect,  however,  is  produced  much  more  completely  by  blackened  rock-salt,  or 
better  still,  as  Tynd all  has  shown  (Phil.  Mag.  [4]  xxviii.  333),  by  a  solution  of  iodine 
in  bisulphide  of  carbon.  Such  a  solution,  though  perfectly  opaque  for  luminous  rays, 
does  not  absorb  any  appreciable  quantity  of  the  rays  of  greater  wave-length.  Hence, 
by  placing  a  cell  filled  with  tliis  liquid  on  the  path  of  a  beam  of  rays  from  a  powerful 
electric  lamp,  Tyndall  has  succeeded  in  cutting  off  completely  the  luminous  rays,  and 
obtaining  a  beam  of  invisible  heat-rays  of  very  much  greater  intensity  than  has  ever 
been  obtained  in  any  other  way. 

By  comparing  the  absorbing  and  transmitting  powers  of  various  substances  in  the 
liquid  and  vaporous  states,  Tyndall  has  arrived  at  the  important  conclusion  that  tlie 
numbers  by  which  these  properties  are  measured  are  to  each  other  in  the  same  relative 
proportion  in  the  case  of  vapours,  as  in  the  case  of  the  liquids  from  wliich  those  vapours 
are  formed  (Phil.  Mag.  [4]  xxviii.  451).  The  following  tables  contain  some  of  the 
results  on  which  this  ctmclusion  is  founded ;  the  numbers  express  the  percentage  of 
the  incident  heat  absorbed,  the  source  of  heat  being  a  platinum  wire  heated  by  an 
electric  current : — 

Absorption  of  Eadiaiit  Heat  by  Liquids. 


Liquid. 

Thicltness  of  liquid  in  parts  of  an  inch. 

0-02 

004 

0  07  1 

0-27 

Sulphide  of  carbon  . 

6-5 

8-4 

12-5 

15-2 

17-3 

Chloroform 

16-6 

25-0 

35-0 

400 

44-8 

Methylic  iodide 

3C1 

46-5 

03 -2 

65-2 

68-6 

Ethylic  iodide  . 

38-2 

50-7 

09-0 

690 

71-5 

Benzene  . 

43-4 

65-7 

f.2-5 

71-5 

73-6 

Amylene  . 

58-3 

6o-2 

73-6 

77-7 

82-3 

Ether 

63-3 

73-5 

76-1 

78-6 

85-2 

Ethylic  acetate 

74-0 

78-0 

82-0 

86-1 

Ethylic  formate 

65-2 

7(3-3 

79-0 

84-0 

87-0 

Alcohol  . 

67'3 

78-6 

83-6 

85-3 

89-1 

AYater 

80-7 

86-1 

88-8 

91-8 

910 

Absorption  of  Radiant  Heat  bi/  Vapoui-s. 


Platinum  spiral. 

Name  of  Vapour. 

Barely 

Briglitly 

White 

Near 



visiole. 

red-hot. 

hot. 

fusion. 

Sulphide  of  carbon 

6-5 

4-7 

2-9 

2-5 

Chloroform  .... 

91 

6-3 

5-6 

3-9 

Methylic  iodide  .... 

12-5 

9-6 

7-8 

Ethylic  iodide  .... 

21-0 

17-7 

12  8 

Benzene  ..... 

263 

20-6 

16-5 

Amylene  ..... 

35-8 

27-5 

22-7 

Ether  

43-4 

31-4 

25-9 

23-T 

Ethylic  formate  .... 

4.5-2 

3  -9 

25-1 

21-3 

Ethylic  acetate  .... 

49  6 

34-6 

27-2 

F  2 
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That  the  quality  of  the  absorption  of  the  same  substance  may  remain  constant,  not- 
withstanding great  changes  of  physical  condition,  is  proved  by  the  observation  of 
Bunsen  (Ann.  Ch.  Pharm.  cxxxi.  255),  that  phosphate  of  didymium  in  a  state  of 
igneous  fusion  shows  the  sameabsorption-band  in  the  yellow  as  that  which  characterises 
didymium-salts  in  aqueous  solution.  (See  ii.  322.) 

From  the  great  absorbing  power  of  water,  as  shown  in  the  first  of  the  above  tables, 
and  from  the  general  correspondence  which  is  apparent  between  the  absorbing  powers 
of  liquids  and  their  vapours,  it  appears  probable  that  aqueous  vapour  would  have  a 
relatively  high  absorbing  power.  This  view  is  taken  by  Tyndall,  and  is  supported 
by  the  results  of  a  gi-eat  number  and  great  variety  of  apparently  conclusive  experiments, 
from  which  he  infers  that,  "  weight  for  weight,  aqueous  vapour  transcends  all  others 
in  absorptive  power."  It  is,  however,  proper  to  add  that  Magnus,  who  has  also  devoted 
a  great  deal  of  attention  to  the  same  point,  differs  widely  from  Tyndall  in  his  esti- 
mate of  the  absorptive  power  of  aqueous  vapour,  regarding  it  as  very  much  lower  ;  and 
so  long  as  the  source  of  the  divergence  in  the  results  of  these  two  experimenters  remains 
unexplained,  the  question  between  them  cannot  be  considered  as  decided. 

The  transmission  of  radiant  heat  through  permanent  gases  has  also  been  investigated 
by  Tyndall,  who  has  found  that  these  substances  differ  very  greatly  in  their  power  of 
absorbing  heat  from  sources  of  low  temperature.  The  following  table  gives  the  relative 
absorbing  powers  found  by  him  for  a  column  32  inches  long  of  several  gases,  under  a 
pressure  of  760  millimetres,  for  the  heat  radiated  from  a  plate  of  copper  heated  by  a 
Bunsen's  gas-lamp  : — 


Name  of  gas. 

Air .... 

Oxygen  . 
Nitrogen  . 
Hj'drogen 
Chlorine  . 

Hydrochloric  acid  . 


Absorption. 
(That  of  air  =  I) 

1 
1 

.  1 
1 

.  39 
.  62 


Name  of  gas. 
Carbonic  anhydride 
Nitrous  oxide 
Marsh-gas  . 
Sulphui'ous  anhydride  . 
Ethylene 
Ammonia 


Absorption. 
(That  of  air  =  I) 

90 

.  355 

403 

710 
.  970 
.  1195 


When  the  same  gases  are  compared  in  shorter  columns,  or  under  lower  pressures, 
the  difference  in  their  relative  absorbing  powers  becomes  even  more  strikingly 
evident. 

There  is  one  other  circumstance,  besides  the  nature  of  the  medium  and  the  wave- 
length of  the  rays,  which  affects  the  transmission  of  radiant  heat.  This  is  the  ampli- 
t.ude  of  the  vibrations,  or  the  intensity  of  individual  rays.  It  has  been  already  stated 
(p.  54)  that,  as  the  temperature  of  a  radiating  body  is  raised,  it  gives  out  rays  of 
smaller  and  smaller  wave-length,  but  that  the  amplitude  of  the  more  slowly  vibrating 
rays,  which  it  gave  out  at  first,  is  increased  at  tlie  same  time.  Tliis  is  very  distinctly 
proved  by  some  experiments  of  Tyndall  (Phil.  Mag.  [4]  xxviii.  334),  from  which  it 
appears  that  the  intensity  of  the  invisible  radiation  (capable  of  passing  through  an 
opaque  solution  of  iodine  in  bisulphide  of  carbon)  of  a  spiral  of  platinum-wire  may  be 
increased  four-hundredfold  by  raising  the  temperature  of  the  wire  from  a  dark  heat  to 
a  dazzling  white  heat.  Hence  the  non-luminous  rays  of  luminous  sources  are  not,  in 
all  respects,  equivalent  to  the  rays  of  the  same  wave-length  from  non-himinous  sources ; 
and  Tyndall  accordingly  found  that  20  per  cent,  of  the  non-luminous  rays  of  the 
electric  lamp  passed  through  a  layer  of  concentrated  solution  of  alura  more  than  an 
inch  thick,  although  alum  and  its  solution,  even  in  much  thinner  layers,  are  quite 
opaque  for  the  same  rays  emitted  from  sources  of  lower  temperature. 

The  temperature  of  the  medium  has  not  been  clearly  proved  to  exert  any  influence 
on  the  transmis.sion  of  radiant  heat.  According  to  Wilhelmy  (Ann.  Ch.  Phys.  [3] 
xlvii.  206),  glass  transmits  the  rays  of  an  Argand  lamp  more  abundantly  when  hot  than 
when  cold;  but  Dela  Provostaye  and  Desains  failed  to  detect  any  difference  in 
the  transmission  of  rock-salt. or  glass  at  ordinary  temperatures,  or  at  150°.  (Dagtiin, 
Traite  de  Physique,  ii.  62.) 

CONDUCTIOK. 

If  one  part  of  a  material  body  is  at  a  higher  temperature  than  the  rest,  the  high 
temperature  of  this  part  can  be  maintained,  and  the  temperature  of  other  parts  can  be 
prevented  from  rising,  only  by  the  action  of  external  causes.  If  the  body  is  left  to  itself, 
it  will  sooner  or  later  acquire  a  uniform  temperature  throughoiit,  the  hot  part  losing 
heat  ;ind  the  colder  parts  gaining  heat.  This  tendency  towards  equalisation  of 
temperature  throughout  any  continuous  portion  of  matter,  mnnifests  itself  in  the  phe- 
nomena of  con  du  ct  i  on  of  heat,  the  property  of  bodies  wliicii  is  known  as  their  con  - 
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ilueting  power  or  conductivity  teing  tlie  rapidity  with  which  this  equalisation 
is  effected  under  certain  specified  conditions.  The  different  degrees  of  this  property 
in  different  bodies,  as  exhibited  by  the  various  lengths  of  time  during  which  equal 
differences  of  temperature  can  be  maintained  between  equally  distant  parts,  are  so 
striking  and  familiar  that  there  is  no  need  to  draw  attention  to  the  mei-e  fact  of  their 
existence. 

The  laws  of  the  conduction  of  heat  have  been  investigated  in  relation  to  the  two 
cases  of  conduction  through  a  plate  or  wall  with  parallel  surfaces,  and  of  jiraetically 
unlimited  area,  and  of  conduction  in  a  prismatic  or  cylindrical  bar.  For  these  two 
cases  the  connection  of  conducting  power  with  the  distribution  of  temperatures  has  been 
investigated  mathematically,  especially  by  Fourier  {Thcork  analytiquc  dc  la  Chalcur, 
Paris,  1822)  and  Poisson  {Thioric  mathematique  de  la  Chalcur,  Paris,  1835),  but 
we  cannot  attempt  to  do  more  here  than  to  give  the  principal  results  that  have  been 
arrived  at  experimentally. 

The  coefficient  of  conductivity  of  a  substance  is  defined  as  the  quantiii/  of 
heat  which  passes  in  a  unit  of  time  through  a  plate  of  that  substance  of  ntiit  thickness 
and  unit  area,  whose  surfaces  are  maintained  at  constant  temperatures  differing  from 
one  another  by  cme  degree.  This  coefficient  has  been  measured  experimentally  by  three 
processes,  which  differ  from  each  other  in  principle  as  well  as  in  the  manner  in  which 
they  have  been  carried  out.  The  most  direct  process  is  that  adopted  by  Peelet  (Ann. 
Ch.  Phys.  [3]  ii.  107),  which  consisted  in  measuring  the  time  required  for  a  given 
quantity  of  heat  to  pass  through  plates  of  different  materials  of  definite  thickness,  the 
two  surfaces  being  maintained  at  known  constant  temperatures.  The  last  condition 
was  attained  by  keeping  the  two  sides  of  the  plate  bathed  with  water,  wliich,  however,  it 
was  found  needful  to  agitate  very  briskly,  in  order  to  make  sure  that  the  film  of  water 
in  actual  contact  with  the  plate  was  of  the  same  temperature  as  the  remainder.  Wlien 
the  water  at  one  side  of  the  plate  was  at  25°  C,  and  that  .at  the  other  side  at  th« 
temperature  of  the  air,  the  times  required  for  the  same  elevation  of  temperature  to  ba 
produced  in  the  water  at  tlie  cojler  side,  with  plates  of  lead  of  20  mm.  and  15  mm. 
tliiekness,  were  500  and  380  seconds  respectively,  or  very  nearly  proportional  to  the 
tlilcknesses  of  the  plates  (20  :  15  =  600  :  375).  From  experiments  of  this  kind, 
Peelet  calculated  the  number  3'81  for  the  coefficient  of  conductivity  of  lead,  expressing 
thcrel)y  the  number  of  kilogramme-water-degrees  of  heat  which  pass  through  a  plate 
of  lead  1  millimetre  thick,  and  1  square-metre  in  superficial  area,  in  1  second,  when  a 
constant  difference  of  temperature  of  1°  C.  is  maintained  between  the  two  surfaces.  For 
scientific  purposes,  it  is  commonly  more  convenient  to  express  conducting  powers  in 
grnmme-water-degrees,  j>fr  second,  centimetre  of  thickness,  ^jo-  square-centimetre 
of  sui'face  ;  the  numerical  value  of  coeflScients  expressed  upon  the  scale  is,  however,  the 
same  as  when  they  are  referred  to  Peclet's  unit. 

Ey  a  method  essentially  similar  in  principle,  but  different  in  the  manner  of  its 
execution,  Lucien  De  la  Rive  (Ann.  Ch.  Phys.  [4]  i.  604)  has  found  for  the 
conducting  power  of  glass  the  number  0'13,  and  by  a  comparative  method  he  ascer- 
tained the  conducting  power  of  ice  to  be  1-75  times  that  of  glass  :  hence,  in  the  same 
units,  the  coefficient  of  conductivity  of  ice  is  expressed  by  the  ntimber  0'23. 

Calvert  and  Johnson  (Phil.  Trans.  1868;  Proc.  Roy.  8oc.  ix.  169)  have  also 
made  experiments  in  order  to  determine  in  a  similar  manner  the  conductivities  of 
several  metals  and  alloys  ;  but  their  method  was  not  such  as  to  make  their  numerical 
results  of  great  value. 

When  once  the  coefficient  of  conductivity  of  a  substance  is  known,  the  quantity  of 
heat  Q,  which  passes  through  a  layer  of  the  substance  of  the  thickness  e  and  area  uS,  iu 
the  time  T,  when  its  two  surfaces  are  kept  at  the  constant  temperatures  t°  and  t'° 
supposing  that  these  temperatures  have  been  maintained  unaltered  long  enough  for  the 
body  to  have  .jrrived  at  a  stationary  condition  of  temperature  throughout  its  whole 
thickness,  and  that  none  of  the  heat  which  enters  the  first  surface  escapes  elsewhere 
than  at  the  opposite  surface,  may  be  expressed  by  the  following  formula : — 

Q,  =  hs  .  *  ~  ^'  .  T,  .  .  .(1) 

e 

where  k  stands  for  the  coefficient  in  question.    Calling     ,  or  the  quantity  of  heat 

which  passes  in  a  unit  of  time,  the  strength  of  the  theriiud  current  =  S,  and  ^ ~  the 

K'S 

thermcd  resistance  of  the  substance,  the  above  formula  may  be  written  S  =  — i  > 

R 

in  which  form  it  is  seen  to  bo  exactly  analogous  to  Ohm's  fornuda  for  the  strength  of 
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electric  currents  (ii.  459) ;  the  difference  of  temperatures,  t  —  t\  being  the  condition 
wliich  determines  the  flow  of  heat,  and  therefore  comparable  with  the  electromotive 
force  in  the  case  of  electricity. 

Tlie  distribution  of  temperature  within  a  body  can  remain  constant  only  when 
each  thinnest  stratum  gives  up  every  moment  exactly  as  much  heat  as  it  receives; 
and,  if  all  the  heat  which  each  stratum  loses  is  imparted  to  the  following  stratum, 
the  quantity  of  heat  passing  through  each  stratum  in  a  given  time  must  be  the 
same,  and  this  condition  requires  that  the  temperatures  of  every  two  contiguous  strata 
shall  differ  from  each  other  by  the  same  amount.  Hence,  in  such  a  case  as  we 
have  supposed  above,  the  temperatures  of  the  successive  strata  of  the  substance  form 
an  arithmetical  progression ;  or,  if  t°  be  the  temperature  of  the  hotter  surface,  t"^  that  of 
the  cooler  surface,  e  the  entire  thickness  of  the  body,  and  the  distance  from  the  hotter 
surface  of  any  given  stratum,  the  temperature  of  this  stratum  will  be  expressed  by 
the  formula — 

t-{t-  i)  i  (2) 

In  many  cases,  however,  the  heat  given  out  by  each  stratum  of  particles  is  not 
completely  imparted  to  the  next,  and  in  this  case  the  flow  of  heat  and  distribution  of 
temperatures  cannot  be  determined  by  the  above  formulae.  For  instance,  when  one 
end  of  an  iron  bar  is  kept  liot  by  being  placed  in  a  fire,  any  given  stratum  of  particles 
near  the  heated  end  receives  heat  from  the  stratum  in  front  of  it,  and  so  its  own 
temperature  rises.  It  then  in  its  turn  begins  to  give  off  heat  to  the  nest  stratum, 
whose  temperature  is  thus  likewise  raised,  but  it  does  not  at  first  give  off  heat  as  fast 
as  it  receives  it ;  after  a  time,  however,  it  does  so,  for  the  hotter  it  gets  the  more 
slowly  does  it  take  up  heat  and  the  more  rapidly  does  it  give  it  out,  and  henceforth  its 
temperature  remains  constant.  But  even  when  this  condition  has  been  reached,  the 
stratum  in  question  does  not  give  up  to  the  following  one  the  whole  of  the  heat  which 
it  loses  :  a  certain  proportion  is  imparted  by  radiation  and  by  conduction  to  the  air  and 
other  surrounding  objects.  Hence  the  quantity  of  heat  received  by  each  successive 
stratum  of  the  bar  becomes  less  and  less  as  the  distance  from  the  heated  end  increases, 
and,  if  the  bar  is  long  enough,  no  perceptible  quantity  of  heat  at  all  reaches  the  farther 
extremity.  The  flow  of  heat  along  such  a  bar  may  be  conceived  of  as  analogous  to  the 
flow  of  water  along  a  pipe  which  has  a  longitudinal  fissure  extending  along  its  whole 
length.  In  consequence  of  leakage,  the  quantity  of  water  arriving  at  successive  parts 
of  such  a  pipe  would  be  continually  less  and  less,  and  if  the  pipe  were  very  long,  none 
at  all  would  arrive  at  the  farther  end. 

In  order  to  take  account  of  this  leakage  of  heat,  as  it  may  be  called,  a  quantity 
known  as  the  coefficient  of  external  conductivity  was  introduced  by  Fourier 
into  the  theory  of  conduction.  This  coefficient  denotes  the  quantity  of  heat  lost  in 
a  unit  of  time  by  a  unit  of  surface,  when  the  temperature  of  the  latter  exceeds  that  of 
the  surrounding  medium  by  one  degree.  It  evidently  depends  upon  the  emissive  power 
of  the  surface  and  on  the  nature  of  the  surrounding  medium. 

If  we  denote  the  coefficient  of  external  conductivity  of  a  body  by  and  suppose  the 
temperature  t'  of  the  surface  of  the  body  to  exceed  the  temperature  &  of  the  medium, 
by  so  small  an  amount  that  Newton's  law  of  cooling  (p.  52)  is  applicable  to  it,  the 
quantity  of  heat  lost  by  a  unit  of  surface  in  a  unit  of  time  will  be  It  (f  —  d).  And 
if  the  body  under  consideration  is  one  to  which  the  formula  (1)  on  page  69  is  appli- 
cable (such,  for  instance,  as  a  steam-boiler,  to  name  a  practical  example),  the  quantity 
of  heat  which  arrives  at  a  unit  of  surface  in  a  unit  of  time  from  any  depth  e,  where 

the  temperature  is  t,  will  be  k  .  Hence,  if  the  temperature  of  the  surface  remains 

constant,  wehave  A.          =  h  {t'  -  6),  the  amount  of  heat  received  from  within  equal 

to  the  amount  imparted  to  the  outer  medium — an  equation  which  defines  /*  when  ^  is 
known. 

The  remaining  methods  by  which  the  coefficient,  k,  of  internal  conductivity  has  been 
measured  may  be  called  indirect,  since  they  depend  on  observations  of  the  distribution 
of  temperature  in  unevenly  heated  bodies.  This  distribution  must  evidently  be  a 
function  of  the  coefficient  /t,  and  of  the  coefficient  of  external  conductivity  ;  for,  other 
things  equal,  it  must  necessarily  be  more  nearly  uniform  in  a  good  conductor  than  in  a 
bad  one,  and  less  uniform  in  a  body  whose  coefficient  of  external  conductivity  is  high, 
than  in  one  for  which  this  coefficient  is  low. 

One  mode  of  experiment  depending  on  these  principles  consists  in  maintaining  a 
constant  high  temperature  at  one  end  of  a  long  bar  of  the  substance  to  be  examined, 
nnd  determining  the  temperature  of  the  bar  at  various  points  of  its  length,  after  the  high 
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temperatiu'e  of  the  heated  end  lias  been  kept  np  long  enough  for  the  temperature  at 
every  other  point  to  have  become  invariable.  Experiments  of  this  kind  were  made  by 
Eumford,  who  placed  one  end  of  an  iron  bar  in  bofling  water  and  surrounded  the  otlu  r 
with  ice  ;  and  observed  its  temperature  at  three  points,  equidistant  from  eaeli  other, 
and  from  the  two  ends,  by  means  of  three  delicate  thermometers  inserted  in  holes 
bored  in  the  side  of  the  bar,  and  filled  up  with  mercury  to  render  the  indication  of  the 
temperature  more  exact.  More  extensive  determinations  were  made  in  the  same  way 
by  Biot  and  afterwards  by  Despretz  (Ann.  Cb.  Phys.  [2]  xix.  97  ;  xxxvi.  422)  ami 
Gouillaud  (ibid.  [3]  xlviii.  47).  From  these  experiments  it  results  that  thetemperatm-es 
of  successive  strata  of  a  uniform  bar  heated  at  one  end  dccrcas"  in  gcoiintrical  fro- 
yrcssion  when  the  distances  from  the  soui-ce  increase  in  arithmetical  proqirssion.  From 
the  ratios  of  the  progression  for  various  substances,  the  ratios  of  their  coefficients  of 
internal  conductivity  could  be  calculated,  when  the  coefficients  of  externnl  conductivity 
were  made  the  same  for  all,  by  giving  to  each  substance  the  same  condition  of  surface, 
and  making  the  external  medium  also  the  same.  But  when  bars  of  considerable 
section  are  used,  the  interior  of  each  cross-section  must  necessarily  be  at  a  sensibly 
higher  temperature  than  the  sides,  and  the  holes  bored  for  the  insertion  of  tlie  thermo- 
meters must  also  have  affected  the  results.  Hence  Langberg  (Pogg.  Ann.  Ixvi.  1  ; 
Ann.  Ch.  Pliarm.  Ivi.  189)  experimented  upon  varioxis  metals  in  the  form  of  wire,  de- 
termining their  temperatures  at  different  points  by  means  of  a  small  thermo-electric  pile 
applied  in  contact  with  them.  This  method  of  experimenting  was  afterwards  improved 
by  Wiedemann  and  Franz  (Pogg.  Ann.  Ixsxix.  497),  who  made  by  it  the  most  exten- 
sive and,  there  is  little  doubt,  the  most  accurate  series  of  observations  on  the  relative 
conducting  powers  of  various  metals  that  have  yet  been  published.  The  following 
table  contains  the  relative  conducting  powers  of  the  metals  examined  by  them,  com- 
pared with  that  of  silver  taken  arbitrarily  as  100,  and  also  the  absolute  conducting 
powersof  the  same  metals,  calculated  from  their  relative  numbers  by  means  of  Peclet's 
determination  of  the  ab.solute  conductivity  of  lead  (p.  69) :  — 


Conductivity  of  Metals. 


Name  of  Metal. 

Coefficient  of 
Conductivity. 

Name  of  Metal. 

Coefficirnt  of 
Conductivity. 

Relative. 

Absolute. 

Relative. 

Absolute* 

Silver 

100 

45-2 

Iron 

11-9 

5-38 

Copper  . 

73-6 

33-4 

Lead 

8-4 

3-84 

Gold 

53-2 

24-0 

Platinum 

8-5 

3-79 

Brass 

231 

10-4 

German  silver 

6-3 

2-85 

Zinc 

190 

8-6 

Rose's  fusible  metal 

2-8 

1-26 

Tin 

14-5 

6-56 

Bismuth 

1-8 

0-81 

The  relative  conducting  powers  of  various  rocks  have  been  determined  by  Hopkins 
(Proc.  Roy.  Soc.  viii.  535).  His  method  of  experimenting  consisted  in  placing  a  cylin- 
drical block  of  the  substance  to  be  examined,  with  its  base  just  in  contact  with  the 
surface  of  mercury  contained  in  a  shallow  pan,  and  heated  to  a  constant  known  tem- 
perature, and  observing,  when  the  distribution  of  heat  within  the  block  had  become 
stationary,  the  excess  of  temperature  above  the  surrounding  air  attained  by  a  shallow 
stratum  of  mercury  covering  the  upper  face  of  the  block — precautions  being  of  course 
taken  to  prevent  loss  of  heat  through  the  sides  of  the  block,  and  any  disturbing  effect 
of  radiation  from  the  heating  apparatus.  The  observed  excesses  of  temperature  evi- 
dently depended  directly  upon  the  internal  conductivities  of  the  substances  examined, 
and  (inversely^  upon  the  external  conductivity  of  mercury.  It  has  been  shown 
(p.  70)  that  when  the  temperature  of  the  surface  of  a  body,  whose  temperature  in- 
creases inwards,  remains  constant,  the  relation  expressed  by  the  following  equation 
holds  between  its  coefficients  of  internal  conductivity  k,  and  external  conductivity 
h:— 

k    ^  t'-e 
1  t -t'  ■ 

In  Hopkins'  experiments,  the  external  conductivity  of  mercury  (  =  c)  took  the  place 
of  h  in  the  above  formula  in  the  case  of  every  substance  ;  k,  however,  varied  from  one 
substance  to   another.     Hence,  by  putting  into  the  formula  the  observtd  values 
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of  t,  t',  0,  and  £',  the  value  of  -  could  be  ascertained.  The  following  are  some  of  the 
results  obtained  for  substances  in  the  state  of  dry  powder : — 

Chalk  0'056 

Clay  -07 

Sand  -15 

Sfind  and  clay  ,  -11 

These  values  are  proportional  to  the  absolute  internal  conducting  powers  of  the  several 
substances,  but  in  order  to  deduce  these  conducting  powers  from  them,  they  require  to 
be  multiplied  by  the  unknown  absolute  value  of  c,  the  external  conducting  power  of 
mercury. 

Tlie  observation  of  the  distribution  of  temperature  in  a  mass  whose  temperature  is 
changing  has  been  employed  by  Forbes  (Trans.  Koy.  Soc.  Edinb.  xvi.  206), 
Angstrom  (Fogg.  Ann.  cxiv.  613;  Ann.  Ch.  Phys.  [3]  Ixvii.  379),  and  Neumann 
(Ann.  Ch.  Phys.  [3]  Ixvi.  183)  for  the  determination  of  coefficients  of  conductivity. 
Forbes'  investigation  related  to  the  rate  of  penetration  downwards  into  the  earth  of 
the  solar  heat  received  by  the  surface.  The  general  elFect  of  the  seasons  is  that  the 
temperature  of  the  surface  of  the  ground  oscillates  (in  Britain)  between  a  maximum 
which  occurs  in  July  or  August,  and  a  minimum  occurring  in  January  or  February. 
If  now  the  earth's  crust  were  a  perfect  conductor  of  heat,  the  yearly  maximum  and 
yearly  minimum  of  temperature  would  occur  at  any  point  below  the  surface,  at  the 
same  epochs  as  they  do  at  the  surface  itself,  and  the  yearly  range  of  temperature  would 
be  as  great  below  the  surface  as  above  it.  But  the  earth's  crust  opposing  in  reality  a 
very  considerable  resistance  to  the  propagation  of  heat,  the  maxima  and  minima  occur 
later  below  the  surface  (for  instance,  at  a  depth  of  25'6  feet  in  the  porphyritic  trap  of 
the  Calton  Hill,  Edinburgh,  the  annual  maximum  occurs  in  December  or  January, 
and  the  minimum  in  June  or  July),  and  the  difference  between  them,  or  the  yearly 
range  of  temperature,  is  less  than  it  is  at  the  surface.  Thus  the  oscillation  of  tempe- 
rature which  occurs  at  the  surface  suffers  a  retardation  of  phase  and  a  diminution  oj 
amplitude,  as  it  advances  inwards.  From  these  two  effects,  as  revealed  by  the  observa- 
tion of  thermometers  sunk  to  various  depths,  Forbes  was  able  to  deduce  the  abso- 
lute coefficients  of  conductivity  of  the  strata  in  which  the  tliermometers^were  buried. 

Aim^thod  precisely  the  sapie  in  principle  has  since  been  employed  by  Angstrom  for 
the  determination  of  the  conductivities  of  certain  metals.  Square  bars  of  the  metals  to 
be  examined  were  alternately  heated  and  cooled  at  one  place,  and  after  a  considerable 
number  of  such  alternations  the  distribution  of  temperature  was  observed  by  means  of 
thermometers  inserted  into  the  bars  at  intervals  of  50  millimetres  from  each  other. 

Neumann's  method  depended  on  observations  of  the  course  of  cooling  in  bars 
which  had  been  heated  at  one  end  until  their  temperature  became  stationary  through- 
out, or  in  cubes  or  spheres  of  five  or  six  inches  diameter  which  had  been  previously 
heated  to  a  uniform  temperature.  o 

The  following  table  gives  some  of  the  results  obtained  by  Angstrom  and  by 
Neumann,  reduced  to  the  gramme-water-second-centimetre  unit:  — 

Coefficients  of  Conductivity. 


Substance. 

o 

Angstrom. 

Neumann. 

Copper  

91-03 

110-76 

Zinc  ..... 

30^70 

30-19 

Iron  ..... 

10-30 

16-37 

Gr  erman-silver  .... 

10-94- 

The  numbers  in  the  following  table  give  the  values  referred  to  the  same  unit,  of  tho 
ratio  according  to  Neumann's  experiments,  k  being  the  coefficient  of  internal 
conductivity,  c  the  specific  heat,  and  D  the  density  of  the  several  substances :  — 


Substances.  • 

Coal   0-116 

Melted  sulphur   -143 

Ice   1-144 

Snow   -367 

Frozen  earth   "916 

Sandstone   1-357 
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Neumann  finds  that  the  conductivity  of  the  same  substance  varies  very  sensibly 
with  the  temperature. 

It  will  be  observed  that  while  the  ratios  of  the  conductivities  of  the  metals  found  by 
Neumann  agree  on  the  whole  with  the  relative  conductivities  determined  by 
AViedemann  and  Franz,  they  considerably  exceed  the  absolute  conducting  powers 
calculated  from  these  by  means  of  Peclet's  coefficient  for  lead.  On  the  other  hand, 
the  absolute  coefficients  obtained  by  Neumann  and  Angstrom  for  iron  are  nearly 
identical,  and  this  value  might  therefore  perhaps  be  most  safely  taken  in  order  to 
convert  Wiedemann  and  Franz's  relative  numbers  into  absolute  coefficients. 

In  substances  whose  elasticity  or  structure  is  different  in  diffi'rent  directions,  the  rate 
at  which  heat  is  propagated  depends  upon  the  direction.  Thus  in  crystals  not  belong- 
ing to  the  regular  or  cubical  system  (Ceystaxlogeaphy,  ii.  121),  Senarmont  has 
shown  that  the  conducting  power  in  the  direction  of  the  principal  axis  is  generally 
either  a  maximum  or  a  minimum.  If  a  source  of  heat  be  imagined  at  the  centre  of 
such  a  crystal,  the  heat  would  be  conducted  outwards  with  diffi^rent  velocities  in  different 
dii-ections,  and  consequently  the  points,  which  at  any  moment  possessed  a  common  tempe- 
rature, would  be  situated  on  the  surface  of  an  ellip.soi'd;  and  Senarmont  found  that 
the  axes  of  the  isothermal  lilipso'ids  of  crystals  coincide  with  their  optic  axes.  He  also 
found  that  mechanical  strains  or  pressm-es  are  capable  of  modifying  the  conducting 
power  of  bodies  for  heat  in  the  directions  in  which  they  are  applied. 

Wood  presents  somewhat  similar  phenomena.  It  was  observed  byDelaRive  and 
D  e  Candolle  that  the  conducting  power  of  wood  is  always  greater  along  than  across 
the  fibre.  These  observations  were  extended  by  Knoblauch,  who  showed  that,  as  a 
rule,  the  diffii-rence  of  conducting  power  is  least  in  the  hardest  and  greatest  in  the 
softest  kinds  of  wood.  Thus  in  boxwood  the  ratio  of  the  axes  of  the  isothermal 
ellipsoid  is  1'25  :  1,  in  walnut  it  is  1'45  :  1,  in  apricot-tree  1-6  ;  1,  and  in  soft  woods 
(such  as  poplar,  lime,  birch,  pine),  it  is  1'8  :  1.  Tyndall  has  carried  the  same  inves- 
tigation still  further :  he  finds  that  at  all  points  not  situate  in  the  centre  of  the  tree, 
wood  possesses  three  unequal  axes  of  calorific  conduction,  which  are  at  right-angles  to 
each  other.  The  first  and  principal  axis  is  parallel  to  the  fibre  of  the  wood ;  the 
second  and  intermediate  axis  is  perpendicular  to  the  fibre  and  to  the  ligneous  layers  ; 
while  the  third  and  least  axis  is  perpendicular  to  the  fibre,  and  parallel  to  the 
layers. 

When  two  diffin-ent  metals  are  in  contact,  the  rate  of  jjropagation  of  heat  is  diffi-rent 
on  the  two  sides  of  the  surface  of  separation,  and  therefore  if  heat  is  flowing  across 
this  surface  the  law  of  the  variation  of  temperature  is  different  at  the  two  sides  of  it ; 
but  Wiedemann  has  shown  that,  when  the  contact  is  perfect,  there  is  no  finite  dif- 
ference between  the  temperatures  of  the  surfaces  of  the  two  metals  which  touch  each 
other. 

Conduction  of  Heat  hij  Liqidds. — Inconsequence  of  the  diminution  of  density  which 
takes  place  almost  universally  in  liquids  when  they  are  heated,  an  increase  of  tempera- 
ture is  rapidly  communicated  by  convection  to  the  wliole  of  a  quantity  of  liquid,  when 
heat  is  applied  to  it  from  below.  Hence  it  was  formerly  supposed  that  liquids  possessed 
a  high  degree  of  conductivity  for  heat.  Eumford  however  showed,  near  the  begin- 
ning of  this  century,  that  when  heat  is  imparted  to  a  liquid  from  above,  so  that  the  ex- 
pansion of  the  heated  portions  cannot  cause  them  to  rise  and  so  produce  a  circulation  of 
the  liquid,  the  communication  of  heat  from  one  part  of  a  liquid  to  another  takes  place 
with  extreme  slowness,  so  much  so  indeed  that  he  concluded  that  liquids  are  entirely  with- 
out any  real  conducting  power  for  heat.  Later  observers  nevertheless,  and  especially 
Despretz,  have  proved  tliat  liquids  do  conduct  heat  in  the  same  way  as  solid  bodies, 
but  for  the  most  part  very  much  more  slowly.  Despretz,  in  fact,  found  that  when  a 
constant  source  of  heat  acts  for  a  long  time  upon  the  upper  part  of  a  column  of  water, 
the  heat  gradually  penetrates  downwards;  and  that  when  the  distribution  of  tem- 
perature in  the  column  has  become  stationary,  the  excess  of  temperature  above  that  of 
the  surrounding  air  decreases  according  to  a  geometrical  progression,  when  examined  at 
points  whose  depths  below  the  surface  increase  in  arithmetical  progression.  Hence  it 
follows  that  the  law  of  conduction  in  water  is  the  same  as  the-  law  of  conduction  in 
metals,  and  by  comparing  D espretz' s  results  for  water  with  those  he  obtained  for 
copper,  it  appears  that  the  conductivity  of  water  is  to  that  of  copper  as  9  to  1000. 

Conduction  of  Heat  hy  Gases. — The  distribution  of  heat  in  gases  certainly  takes 
place  chiefly  by  convection,  as  it  does  in  liquids,  but  several  observers  have  concluded 
that  they  do  nevertheless  possess  a  feeble  power  of  conduction.  The  most  direct  ex- 
periments on  this  subject  are  due  to  Magnus  (Pogg.  Ann.  cxii.  497);  according  to 
them  it  appears  that  hydrogen,  if  not  other  gases,  has  a  certain  degree  of  conductivity. 
This  conclusion  accords  with  the  results  of  a  matliematical  investigation  of  the  propa- 
gation of  heat  in  gases  by  Clausius  (Phil.  Mag.  [4]  xxiii.  532),  who  finds  that  the 
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conducting  power  of  the  lighter  gases  must  exeeed  tliat  of  the  heavier  gases^  As  a 
provisional  estimate,  he  gives  for  the  conducting  power  of  air  about  yJg^  of  that  of  lead 
as  determined  by  Peclet,  and  for  the  conducting  power  of  hydrogen  about  four  times 
that  of  air.  G.  C.  F. 

RASICI^ES,  or  KASICAIiS.  The  notion  of  compound  radicles,  as  it  is  at 
present  received  in  chemical  science,  has  been  explained  already  in  previous  articles 
(Classification,  i.  1014 — 1017  ;  Equivalents,  ii.  495  ;  FormulvE,  Rational,  ii.  700) ; 
all  that  is  necessary  here  is  therefore  to  indicate  briefly  the  origin  of  the  idea,  and  the 
principal  modifications  which  it  has  undergone. 

The  word  " radical "  is  of  constant  occurrence  in  the  writings  of  Lavoisier.  For 
him  and  for  his  school,  chemistry  consisted  mainly  in  the  investigation  of  oxygen  and 
its  combinations.  Compound  bodies  were  divided  into  the  two  fundamental  classes  of 
acids,  which  were  supposed  to  owe  their  essential  properties  to  their  containing  a  large 
proportion  of  oxygen,  and  salifiable  bas es,  which  were  regarded  either  as  simple 
bodies  or  as  containing  a  small  proportion  of  oxygen.  In  all  cases  the  presence  or 
absence  of  oxygen,  or  the  proportion  of  it  which  a  compound  body  contained,  was  con- 
sidered the  most  important  point  in  its  chemical  history,  and  as  chiefly  deter- 
mining its  properties.  In  the  case  of  the  acids  especially,  the  oxygen,  which  all  were 
supposed  to  contain,  was  looked  upon  as  the  sole  cause  of  their  characteristic  proper- 
ties; whether  the  oxygen  was  combined  with  sulphur,  with  phosphorus,  or  with 
nitrogen,  was  regarded  as  a  matter  of  far  less  importance.  Hence  arose  the  necessity 
for  adopting  some  common  designation  for  the  various  substances  which  were  capable 
of  serving  as  foundations  or  nuclei  upon  which  oxygen  could  attach  itself,  and  thus 
give  rise  to  acids  ;  it  was  in  this  sense  that  the  word  radical  was  first  employed  in 
chemistry.  "II  faut  done,"  said  Lavoisier,  "  distinguer  dans  tout  acide  la  base 
acidifiable  a  laquelle  M.  de  Morveau  a  donne  le  nom  de  radical,  et  le  principe  aeidifiaut, 
c'est-a-dire,  I'oxig&ne."  {Traite  eUmentaire  de  Chimie,  edit.  1789,  vol.  i.  p.  69.)  The 
passage  here  referred  to  appears  to  be  in  Section  ii.  "  Des  bases  acidifiahles  ou  principes 
radicaux  des  acidcs  "of  de  Morveau 's  "  Memoire  sur  le  Developpement  des  Principes 
de  la  Nomenclature  methodique "'  (1787).  The  definition  of  a  radical  which  is  here  given 
is  interesting,  not  only  in  connection  with  our  present  subject,  but  for  the  lightitthrows 
on  the  views  then  entertained  with  respect  to  the  constitution  of  acids.  After  speaking 
of  the  acids  of  nitrogen,  carbon,  sulphur,  and  phosphorus,  de  Morveau  goes  on  to 
discuss  the  nomenclatm-e  of  acids  of  unknown  composition,  such  as  muriatic  acid, 
boracic  acid,  the  acid  of  vinegar,  &c.,  with  regard  to  which  he  says :  "  Nous  nous  summes 
contentis  de  designer  I'etre  simple  qui  y  modifie  I'oxigene  par  1' expression  de  base 
acidifiable,  ou,  pour  abreger,  de  radical  de  tel  acide  ;  afin  de  garder  la  meme  aualogie, 
et  de  pouvoir  considerer  a  leur  tour  chacun  de  ces  etres  d'une  mani^re  abstraite."' 

The  signification  of  the  word  radical  was  soon  somewhat  extended  by  Lavoi  sier. 
Two  years  after  the  publication  of  de  Morveau's  memoir,  he  says:  "  J'ai  deja  fait 
observer  que  dans  le  regne  mineral,  presque  tons  les  radicaux  oxidables  et  acidifiahles 
etoient  simples  ;  que  dans  le  regne  vegetal  an  contraire,  et  surtout  dans  le  regne  animal, 
il  n'en  existoit  presque  pas  qui  ne  fussent  composes  du  moins  de  deux  sulistances, 
d'hydrogene  et  de  carbone;  que  souyent  I'azote  et  lephosphore  s'y  reunissoient.  et  qu'il 
en  resultoit  des  radicaux  a  quatre  bases."  [Traite  elemcntaire,  \ol.  i. -p.  209.)  The 
idea  of  compound  radicles,  which  we  meet  with  in  this  psssage,  occurs  very  fre- 
quently in  other  parts  of  the  same  work,  and  it  is  of  importance  to  observe  that  it  is 
applied  to  explain  the  constitution  of  neutral  bodies  as  well  as  of  acids.  This  is  still 
more  distinctly  seen  in  other  passages;  thus,  of  sugar,  gum,  and  starch,  it  is  said 
(Op.  cit. 'pp.  125,  126):  "Ces  trois  substances  ont  pour  radical  I'hydrogene  et  le 
carbone  combines  ensemble,  de  maniere  a  ne  former qu'une  seulebase.  et  portes  a  I'etat 
d'oxide  par  une  portion  d'oxygene;  ils  ne  diflferent  que  par  la  proportion  des  principes 
qui  composent  la  base."  Elsewhere  it  is  suggested  that  the  oils  may  actually  constitute 
compound  organic  radicles  in  the  free  state,  thus  (pp.  198,  199)  :  "On  aper(;-oit 
ais^ment  que  les  huiles  etant  composees  d'hydrogene  et  de  carbone,  elles  sont  de 
Veritables  radicaux  carbone-hydreux  ou  hydro-carboneux,  et  en  efFetil  suffit  d'oxygener 
les  huiles  pour  les  convertir  d'abord  en  oxides,  et  ensuite  en  acides  vegetaux,  suivant 
le  degr^  d'oxygenation.  On  ne  peut  pas  cependant  assurer  d'une  maniere  positive  que 
les  huiles  entrent  toutes  entieres  dans  la  composition  des  oxides  etdes  acides  vegetaiix; 
il  est  possible  qu' elles  perdent  auparavant  une  portion  de  leur  hydrogene  ou  de  leur 
carbone,  et  que  ce  qui  reste  de  I'une  et  de  I'autre  de  ces  sub.stanees  ne  soit  plus  dans 
la  proportion  n^cessaire  pour  constituer  des  huiles."  Again  (pp.  210,  211) :  "Boit-on 
conclure  de  ces  reflexions,  que  les  huiles  soient  la  base,  qu' elles  soient  le  radical  des 
acides  vegetaux  et  animaux?  J'ai  deja  expose  mes  doutes  a  cet  egard.  Premierc- 
ment,  quoique  les  huiles  paroisseut  n'etre  uniquement  composees  que  d'hydrogene  et  de 
carbone,  nous  ne  savons  pas  si  la  proportion  qu'elles  en  contiennent  est  precisement  cella 
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necossaire  pour  constituer  les  radicaux  des  acides.  Secondement,  puisque  \fs  acidcs 
vegetaux  et  animaux  ne  sont  pas  seulenieiit  composes  d'hydrogene  et  de  carboiip,  niais 
que  I'oxygene  entre  egalement  dans  leur  combinaison,  il  ny  a  pas  de  raison  de  eonclure 
qu'elles  contiennent  plutot  de  I'huile  que  de  I'acide  carbonique  et  de  I'eau.  lis  con- 
tiennent  bien,  il  est  vrai,  les  materiaux  propres  a  chaoune  de  ces  combinaisons  ;  uiais 
ces  combinaisons  ne  sont  point  realisees  a  la  temperature  habituelle  dunt  nous  jouis- 
sons,  et  les  trois  principes  sont  dans  un  etat  d'equilibre,  qu'nn  degre  de  cbaleur,  un 
peu  sup^rieur  a  celui  de  I'eau  bouillante,  suffit  pour  troubler."  This  last  passage  is 
especially  worthy  of  notice,  as  showing  that  Lavoisier  distinctly  apprehended  that  the 
question  of  what  radicle  a  given  complex  body  contained,  involved  not  only  a  know- 
ledge of  its  composition,  but  also  of  its  constitution,  or  of  the  way  in  which  its  consti- 
tuent elements  were  combined. 

The  further  development  of  the  notion  of  compound  radicles  was  a  consequence  of 
the  advance  of  organic  chemistry.  Consequently,  with  the  exception  of  Gay  -  Lus  sac' s 
discovery  of  cyanogen  in  1815,  we  hear  little  more  of  either  the  word  or  the  idea  until 
about  the  year  1832.  It  is  true  that  in  1817  Berzelius  repeated  Lavoisier's  state- 
ment that  all  inorganic  oxides  have  simple  radicles,  and  all  organic  oxides  compound 
radicles ;  but  this  remained  a  general  doctrine  without  precise  special  application,  until, 
in  1832,  Liebig  and  Wohler  showed  that,  by  regarding  oil  of  bitter-almonds  and  its 
derivatives  as  compounds  of  a  radicle  containing  C'H^O,  they  became  exactly  compar- 
able with  the  compounds  of  potassium  or  other  metals.  Tiiis  view  of  the  constiiution 
of  the  benzoyl-compounds  was  at  first  eargerly  adopted  by  Berzelius  (Ann.  I'liai-m. 
iii.  282),  but  was  afterwards  modified  by  him  on  the  ground  that  it  was  inconsistent 
with  the  electro-chemical  theory  to  suppose  that  oxygen  could  be  a  constituent  of  a 
radicle.  He  consequently  represented  these  compounds  as  containing  the  radicle 
C^*H^;  for  instance,  benzoic  acid,  CH^O^  +  HO,  chloride  of  benzoyl,  2(C''lP.O')  + 
C^*H^.CP.  The  formula?  thus  obtained  were  strictly  comparable  with  those  adopted 
by  Berzelius  for  corresponding  inorganic  compounds  :  chromic  acid,  CVO^  +  HO, 
oxiehloride  of  chromium,  ICrO^  -1-  CrCP.  (See  Berzelius'  Jahrcsbcricht,  xiii.  203 
[1833]  ;  xviii.  358  [1838]  ;  xix.  345  [1839]). 

The  next  class  of  bodies  to  which  formulae  were  given,  founded  on  the  idea  of  their 
containing  compound  radicles,  exactly  similar  to  elements  in  their  mode  of  combination, 
were  the  derivatives  of  alcohol.  Alcohol  itself  was  represented  by  Berzelius 
{JahreshericM,  xiii.  195)  as  the  oxide  of  the  radicle  CH^,  and  ether  as  containing 
the  radicle  C-H=:  thus,  alcohol  2(CH5)0,  ether  2{C-W)0,  chloride  of  ethyl  C^IP.Cl, 
&c.  Liebig  soon  afterwards  (183-t)  gave  the  name  ethi/l  to  the  radicle  C'-H*,  and  re- 
presented alcohol  as  its  hydrated  oxide  (Aun.  Pharm.  ix.  1  ;  Pogg.  Aun.  xxxi.  335  ; 
Berzel.  Jahresber.  xv.  343).  In  1835,  Keguault  represented  aldehyde,  acetic  acid, 
Dutch-liquid,  and  several  of  its  derivatives  as  compounds  of  the  radicle  C-H',  to  which 
he  gave  the  name  alchhi/dene  (Ann.  Ch.  Phys.  [2]  Iviii.  301,  and  lix.  358  ;  also  Ann 
Pharm.  xiv.  22,  and  xv.  60),  and  which  was  afterwards  (Jahresber.  xvii.  232  [1837]) 
called  acetyl  by  Berzelius;  and  in  the  few  following  years,  similar  views  were 
applied  by  Berzelius  and  the  chemi.sts  of  his  school  to  nearly  all  known  organic 
compounds.  In  all  cases  the  leading  idea  was  that  wliich  was  thus  expressed  by  D  u  m  a  s 
in  1837  (Compt.  rend.  v.  300;  Journ.  pr.  Chem.  xiv.  298;  Berzel.  Jahresber.  xviii. 
2-13):  "  In  mineral  chemistry  the  radicles  are  simple ;  in  organic  cliemistry  they  are 
compoimd :  herein  is  the  only  difference  between  them  ;  the  laws  of  combination  and 
of  transformation  are  the  same  in  both.  Even  if  the  radicles  of  inorganic  chemistry, 
such  as  sulphur,  the  metals,  and  oxygen,  are  really  compound,  we  cannot  look  forward 
to  their  decomposition  ;  for  if  this  decomposition  is  possible,  it  requires  forces  which 
we  are  not  acquainted  with.  In  organic  chemistry  the  case  is  the  reverse,  and  the 
difficulty  is  less.  Here  the  radicles  are  compound,  and  our  whole  art  consists  in 
treating  them  so  that  they  are  not  broken  up  into  their  elementary  constituents.  This 
decomposition,  however,  we  can  foresee  and  prevent,  for  it  takes  place  according  to 
easily  apprehended  laws  ;  so  that  it  is  by  no  means  difficult  to  recognise  an  organic 
radicle,  and  to  transfer  it  undecomposed  from  one  compound  to  another." 

These  views  were  not,  however,  the  only  ones  that  were  applied  to  organic  compounds. 
Mitscherlich,  for  instance,  regarded  a  certain  number  of  organic  bodies  as  eonsii- 
tuted  quite  differently  from  any  known  inorganic  compounds  (see  FoKMULas,  ii.  701, 
702) ;  and  Laurent,  in  1836,  proposed  a  general  theory  of  the  constitution  of  organic 
compounds,  which  was  entirely  inconsistent  with  the  radicle  theory  as  above  described 
(see  Nucleus  Theory,  iv.  143).  But  the  chief  opposition  to  the  rndicle  theory  arose, — 
(1),  from  the  difficulty  of  reconciling  with  it,  as  it  was  held  by  Berzelius,  its  chief 
supporter,  the  constitution  of  substances,  such  as  chloracetic  acid,  formed  by  the  action 
of  chlorine  and  its  analogues  on  organic  bodies;  (2)  from  the  fact  that  of  the  very 
numerous  radicles  whose  existence  the  theory  assumed,  scai-cely  two  or  three  were 
known  in  the  separate  state;  and  (3)  in  consequence  of  Gerhardt  and  Laurent's 
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discovery  that  the  number  of  atoms  of  hydrogen,  chlorine,  nitrogen,  and  their  analogues, 
taken  together,  which  was  contained  in  a  molecule  of  any  well-investigated  compound, 
was  always  an  even  number,  whereas  all  the  supposed  compound  radicles  contained  an 
odd  number  of  such  atoms. 

We  have  not  space  to  trace  the  long  and  bitter  controversies  which  arose  upon  each 
of  these  points:  an  excellent  account  of  them  will  be  found  in  Kekule' s  Lehrbuch  dtr 
organischm  Chcmie  (vol.  i.  pp.  59-94,  1869).  It  must  suffice  to  say  here  that  the 
objections  to  the  "radicle  "  theory,  referred  to  under  the  first  of  the  above  heads,  arose 
from  its  identification  with  the  electro-chemical  theory,  and  therefore  lost  their  force 
when  this  theory  was  abandoned,  and  it  was  consequently  admitted  that  radicles 
playing  the  part  of  electro-positive  metals  might  contain  not  only  oxygen,  but  chlorine, 
bromine,  or  in  fact  any  other  element.  The  discovery  of  cacodyl  by  Bun  sen  in  1842, 
of  methyl,  ethyl,  and  butyl  by  Frankland  and  Kolbe  in  1849,  and  subsequently  of 
several  other  of  the  so-called  alcohol-radicles,  which  at  first  sight  seemed  to  afford  a 
conclusive  answer  to  all  a  priori  objections  against  the  possible  existence  of  radicles  in 
the  free  state,  resulted  in  its  being  proved  that  the  molecules  of  the  isolated  radicles 
consisted  of  two  atoms,  and  thus  the  "  law  of  even  numbers  "  received  a  confirmation 
instead  of  the  expected  refutation.   (See  Alcohol-eadicles,  i.  96.) 

The  idea  of  compound  radicles,  as  it  is  now  entertained,  is  quite  independent  of  the 
question  whether  they  can  be  actually  prepared  in  the  separate  state  or  not.  A  radicle, 
in  modern  chemical  language,  is  simply  a  group  of  elements  which  is  common  to  a 
more  or  less  numerous  series  of  allied  compounds,  and  remains  unaffected  by  the  pro- 
cesses whereby  these  compounds  are  transformed  one  into  another.  It  is  essentially 
correlative  with  the  idea  of  molecular  types  ;  and,  as  pointed  out  in  the  places  referred 
to  at  the  beginning  of  this  article  (especially  ii.  700),  the  radicle  which  any  complex 
compound  is  regarded  as  containing,  must  depend  upon  the  type  to  which  the  com- 
pound is  referred,  while,  conversely,  the  type  is  equally  dependent  on  the  radicle. 

G.  C.  F. 

SABXOliITS.  Natrolite,  from  Brevig  in  Norway  (iv.  29) :  see  also  an  analysis 
by  Michaelson.  (Jahresb.  1863,  p.  819.) 

RADISH.  Raphanus sativus.  Eadish-roots  contain,  according  to  T.  J.  Herapath 
(Chem.  Gaz.  1847,  p.  279),  in  1000  pts.  :— 


Water   95974 

Woody  fibre        ....  17-02 
Nitrogenous  substance ) 
with  a  little  starch  J 

Albumin  0-91 

Extractive  matter       .       .  .2-26 

Gum  4-30 

Sugar  1-14 


Eed  colouring-matter  .       .  .177 

Fat  oil   0-40 

Siaapine  ?   .....  0  04 

Alkaline  and  earthy  phosphates,  (  0--^. 

with  a  little  gypsum              \  ' 

Acetates  of  potassium  and  sodium  0'22 

Nitrates  of  potassium  and  sodium  6']7 

Chlorides  of  potassium  and  sodium  4-16 


The  ash  of  the  root  and  herb  of  the  radish  has  also  been  analysed  by  T.  Eichardson 
(Jahresb.  1847-48,  Table  C  to  page  1074),  with  the  following  results:— 

K-iO.    Na^O.     CaO.    MgO.    SO^.     Si02.     P"0\     Fe"-PO<  KCl.  NaCL 

Eoot  21-16  .  .  878  3-53  7-71  8-17  40-09  2-19  1-29  7-07  =  99  99 
Herb      6-05    11-09    27'90    7-08    9-64    8-22      6-07    16-46     .    .    8-50  =  100-00 

The  dried  root  yielded  6'43  per  cent.,  and  the  dried  herb  2-76  per  cent.  ash. 

RADISH,  OISi  OP.  The  roots  and  seeds  of  the  radish  yield,  by  distillation  with 
water,  a  milky  liquid,  from  which  an  essential  oil  may  be  obtained  by  rectification. 
This  oil  is  colourless,  heavier  than  water,  contains  sulphtj.r,  forms  a  white  precipitate 
•with  mercuric  chloride,  yellow  with  platinie  chloride.  It  is  moderately  soluble  in 
water. 

The  same  oil  is  obtained  by  distilling,  with  water,  the  seeds  of  Brassica  Napus, 
Coeldcaria  Drdba,  and  Chdranthus  annuns. 

RAIffiAXiZITA  CAIiICARXS.  A  lichen  which  yields  alpha-usnic  acid.  (See 
UsNic  Acid.) 

RAia»Xi:i,SBi:ROITB.    Trimetric  arsenide  of  nickel,  NiAs=  (iv.  36). 

RAN-OAIflTE.  An  earthy  hydrate  of  silica,  occurring  near  Pont  Gibaudin  France. 
(See  Opai,,  iv.  304.) 

RAIf&OOia-  TAR.    See  Naphtha  (iv.  3). 

RAN-USJCUIilI-S.  The  root  of  Banuncidus  Ficaria,  gathered  in  Tuscany  in  April 
and  May,  was  found  by  Toscani  (Cimento,  v.  453)  to  contaiu  0-5  to  I'O  per  cent,  cjys- 
tallisable  sugar,  0-4  to  0-6  dextrin,  28  starch,  and  an  acrid  deleterious  substance. 


R  APAKI VI  —  RAT  ANHINE. 


77 


The  acrid  juice  of  Baniinmlus  scclcratus  yields  by  distillation  a  clear,  sharp- tasting, 
fetid  liquid,  which  when  kept  for  some  time,  even  in  closed  vessels,  deposits  a  white 
amorphous  precipitate  of  anemonin  (i.  290).  Ether  extracts  from  this  distillate  a 
neutral,  acrid,  golden-yellow,  non-sulphuretted  oil,  heavier  than  water,  which  attacks  the 
eyes  strongly,  and  raises  blisters  on  the  skin.  When  kept  imder  water,  or  in  contact 
with  chloride  of  calcium,  it  concretes  to  a  white  solid  mass,  which  Cjuickly  changes  into 
anemonin  and  anemonic  acid.  It  is  to  this  transformation  of  the  acrid  principle  of  the 
ranunculus,  and  not  to  its  volatility,  that  the  loss  of  acridity  of  the  plant  by  di-ying  is 
due.    (Erdmann,  J.  pr.  Chem.lxxv.  209.) 

RAPAKIVI.  A  variety  of  granite  containing  60  46  per  cent,  orthoclase,  31-83 
quartz,  and  6-71  mica,  occurring  at  Pyterlaks  and  other  localities  in  Finland.  (Jahresb. 
1862,  p.  784.) 

SAFH.  See  Beassica  (i.  654). — Kape-seed  oil,  Huile  de  navetie,  is  a  fat  oil 
obtained  by  pressure  from  the  seeds  of  winter-rape  {Brassica  Naptis),  which  yield  about 
3.3  per  cent  of  it.  This  oil  is  yellow,  has  a  peculiar  odour,  a  density  of  0'9128  at  15°, 
and  solidifies  at  a  few  degrees  below  0°.  By  dry  distillation,  it  yields  a  mixture  of 
volatile  fatty  acids,  acrolein,  and  oily  hydrocarbons  of  very  variable  boiling  point. 
These  hydrocarbons  are  strongly  attacked  by  nitric  acid,  yielding  caprylic,  oenanthylic, 
caproio,  valerianic,  butyric,  propionic,  and  acetic  acids.  With  chromic  acid  the  same 
liydrocai'bons  yield  only  acetic  and  propionic  acid.  (Schneider,  Ann.  Ch.  Pharm. 
Ixx.  107.) 

Kape-seed  oil  is  used  for  illumination,  for  the  manufacture  of  soft  soaps,  for  oiling 
woollen  stuffs,  in  the  preparation  of  leather,  and  for  lubricating  machinery. 

The  seeds  of  summer-rape,  Brassica  pracox,  yield  a  yellow  viscid  oil  of  specific 
gravity  0'9139,  which  deposits  tallow  at  —8°,  and  solidifies  to  a  yellowish-white  butter 
at  -10°.  (Schiibler.) 

The  seeds  of  the  turnip,  Brassica  Naptis,  yield  a  smaller  quantity  of  a  similar  oil, 
of  specific  gravity  0'9167. 

Colza  oil,  used  chiefly  for  illumination,  is  obtained  to  the  amount  of  about  33  per 
cent,  from  the  seeds  of  colza  or  wild  navew,  {Brassica  campesiris,  var.  ohifcra).  It 
is  yellow,  of  specific  gravity  0'9136  at  15°,  and  solidifies  at  —  6°.  It  is  chiefly  a  mix- 
ture of  two  glyccrides,  which  yield,  by  saponification,  two  peculiar  fatty  acids.  (See 
Brassic  Acid,  i.  655.) 

KAPHAIffO SMITE.  Kobell's  name  for  native  selenide  of  lead  and  copper  from 
Tilkero^le  (iii.  557.) 

SAPHAWUS.    (See  Eadish,  p.  76.) 

RAPHlXiZTE.  Asbcstiform  tremolite  from  Lanark,  in  Canada.  (See  Hoen- 
BI.E^'DE,  iii.  169.) 

RASTOIiYTi:.  A  reddish-grey  micaceous  mineral  occurring  in  monoclinic  forms 
at  Monroe,  Orange  County,  New  York,  analysed  by  Shepard  (Sill.  Am.  J.  [2] 
xxiv.  128),  and  by  Pisani  (Compt.  rend.  liv.  606;  Jahresb.  1862,  p.  749),  whose 
results  differ  widely  from  one  another  : — • 

Alkali 

Si02.      A1203.        FeO.        CaO.      MgO.     and  loss.  H-'O. 

42-3       6-5       38-25       2-0       1-0       6-15       3  8*     =  100  (Shepard). 
34-98    21-88      28-44       .  .       6-24      .    .       9-22     =  100-76  (Pisani). 

From  the  physical  characters  of  the  mineral,  Pisani  regards  it  as  allied  to  ripidolite. 

RATAN'HXA.  In  the  bark  of  ratanhia  or  rhatany-root,  Krameria  triandra, 
Wittstein  (.Jahresb.  1854,  p.  656)  found  a  peculiar  iron-greening  tannin,  a  body 
analogous  to  cinchona-red,  or  rather  to  quinova-red,  resulting  from  the  decomposition 
of  the  tannin  ;  also  gummy  and  extractive  matters,  wax,  sugar,  starch,  and  oxalate  of 
calcium.  In  the  American  extract  of  ratanhia,  Wittstein  found  a  nitrogenous  body, 
which  he  regarded  as  tyrosine.    (See  the  next  Article.) 

RATAXTHIWE.  C'H'^NO^  (E.  Euge,  Vicrtelj.  d.  naturforsch.  GeseUsch.  in 
Zurich,  vi.  Heft  3  ;  Jahresb.  1862,  p.  493.) — A  compound  homologous  with  tyrosine 
(C''H"NO^),  occurring  to  the  amount  of  1-26  per  cent,  in  the  extract  of  rhatany-root. 
J t  was  first  observed  l)y  Wittstein,  who  regarded  it  as  tyrosine.  To  prepare  it,  the 
solution  of  rhatany  extract  is  precipitated  with  basic  acetate  of  lead;  the  filtrate,  freed 
from  lead  by  sulphydrio  acid,  is  evaporated  to  a  small  bulk  ;  the  crj'stals,  which 
separate  after  12  hours,  are  pressed,  washed,  and  dissolved  in  ammonia;  the  solu- 
tion is  left  to  evaporate  ;  and  the  crystals  which  then  separate  are  further  purified  by 
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prpc'ipitating  their  solution  with  basic  acetate  of  lead,  and  treating  the  filtrate  with 
sulphydric  acid  at  the  boiling  heat. 

Ratanliine,  thus  purified,  crystallises  in  large  spherical  aggregates  of  delicate  white 
needles,  drying  up  to  an  interlaced  mass.  It  dissolves  in  125  pts.  of  boiling  water, 
and,  like  tyrosine,  has  a  great  tendency  to  form  supersaturated  solutions.  It  is  slightly 
soluble  in  boiling  spirit  of  ordinary  strength,  quite  insoluble  in  absolute  alcohol  and  in 
ether.  It  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  or  by  mercuric  acetate. 
A  solution  of  ratanhine  saturated  at  16°,  assumes  a  rote-red  colour  when  heated  with 
a  few  drops  of  mercuric  nitrate,  and  on  further  addition  of  the  latter,  deposits  brown-red 
flocks.  When  ratanhine  triturated  with  a  small  quantity  of  water  is  mixed  by  drops 
with  dilute  nitric  acid,  and  heated  to  the  boiling-point,  the  liquid  becomes  rose-red, 
then  ruby-red,  then  gives  off  gas  and  assumes  a  deep  indigo-blue  colour,  due  to  the 
formation  of  resinous  bodies.  This  coloration  is  perceptible  even  to  the  50,000tli 
degree  of  dilution.  With  a  larger  quantity  of  nitric  acid,  more  complete  decomposition 
takes  place.  Ratanhine  moistened  with  water  is  coloured  rose-red  to  violet-red  by 
nitrous  acid,  and  with  a  larger  quantity  of  water,  a  blue  or  green  solution  is  ultimately 
formed. 

Ratanhine,  like  tyrosine,  unites  both  with  mineral  acids  and  witli  alkalis :  it  decom- 
poses the  carbonates  of  the  alkaline  earths.  A  solution  of  ratanhine  in  baryta-water 
deposits  part  of  the  ratanhine  unaltered,  while  the  compound  C'°H"Ba"NO^  remains 
dissolved. 

Hydrochlorate  of  ratanhine,  C"'H''N0'.HC1,  crystallises  by  spontaneous  evaporation 
in  colourless  acid  prisms  or  laminas,  which  are  decomposed  by  water  or  alcohol,  with 
separation  of  ratanhine. 

Eatanhinc-sulphuric  or  Sulplio-ratanhic  acid. — The  dark-red  solution  of  ratanhine 
in  5  pts.  of  warm  concentrated  sulphuric  acid  becomes  colourless  on  dilution,  and  if 
then  neutralised  with  carbonate  of  barium,  deposits  slender  silky  needles  of  the  salt, 
C"'H"Ba"NO^.SOl~H''0,  and  the  mother-liquor  dries  up  to  an  amorphous  mass,  con- 
sisting chiefly  of  the  salt  C'-"H-<Ba"N-'0''.S''0^5H20.  The  acid  C^"ir=^NSO',  or 
C'"H'^NO^SH-0',  separated  from  the  latter  salt  by  sulphuric  acid,  crystallises  from 
absolute  alcohol  in  large  colourless  square  plates.  Both  the  acids  and  their  barium- 
salts  react  with  ferric  chloride  like  tyrosine-sulphuric  acid,  producing  a  splendid  violet 
coloration. 

RATOFFKITS.  A  granular  or  earthy  blue  variety  of  fluor-spar,  mixed  with 
clay,  from  Ratoflfka  in  Russia. 

RAUKCITE.  A  mineral,  apparently  allied  to  esmarklte,  from  Raumo,  in  Finland, 
containing,  according  to  Bonsdortf,  43'0  per  cent,  silica,  19'0  alumina,  19-2  ferric  oxide, 
12-55  magnesia,  and  6-9  water.  (Rammelsb.  Mineralch.  p.  836.) 

RAZOnXOFFSKIXJ.  An  argillaceous  substance  from  Kosomuth  in  Silesia,  con- 
taining, according  to  Gellner,  54-50  per  cent,  silica,  27-25  alumina,  2-00  lime,  0-37 
magnesia,  0-25  ferric  oxide,  and  14-25  water  (  =  98-62). 

SEAKGAR.    Native  protosulphide  of  arsenic,  AsS  (i.  386). 
RECTinCATIOW.    The  concentration  of  a  volatile  substance  by  distillation. 
RSS  AIM'TIMCOSTI',     Native  oxysulphide  of  antimony,  or  Kermesitc,  Sb-OS' 
(iii.  446). 

RED  CHAXiK,  or  RESSXiE.  Earthy  red  haematite  having  a  flat  conchoidal 
fracture  ;  used  as  drawing  chalk. 

REB  COPPER-ORE.    Native  cuprous  oxide  (ii.  70). 
RED  DVES.    See  Dyeing  (ii.  355). 

RED  H.a:!:$SATITE,  or  RED  ZR03T  ©RE.  Native  anhydrous  ferric  oxide  (iii. 
337,  393). 

RED  XRO^-VITRIOX,  or  Botryogcn.  Native  ferroso-ferric  sulphate  from 
Fahlun  (i.  651). 

RED  XiEAD,  or  Minium.    Red  oxide  of  lead  (iii.  551). 

RED  XiEAD-ORE,  or  Croco'isitc.    Native  chromate  of  lead  (i.  S34). 

RED  SXAnrCAITESE,  or  Biallogite.    Native  carbonate  of  manganese  (i.  789). 

RED  OCHRE,  Red  hoematite  of  a  soft  earthy  consistence.  The  same  name  is 
applied  to  a  pigment  prepared  by  calcining  yellow  ochre  (clay  containing  ferric 
hydrate). 

RED  PZCnXElTTS,  The  red  pigments  most  commonly  used  are  red  oxide  of 
iron  in  various  states,  red  oxide  of  lead,  and  vermillion.  Indian  red  is  pure  red 
hffimatite  finely  ground.    The  same  name  is  applied  to  a  dark-red  ferric  silicate  from 
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the  Persian  Gulf,  also  used  as  a  pigment.  Venetian  red  and  colcothar  are  coarser 
■varieties  of  red  heematite. — Red  ochre  (vid.  sup.).  Bofe  of  Armenia  is  a  red  oxide  of 
iron  mixed  with  clay. — Kespecting  red  lead  or  W!!««t«z,  see  Lead  (iii.  551 ).  A  fine 
red-brown  is  obtained  by  mixing  red  lead  with  ferric  oxide.  Vermillion  is  mercuric 
sulphide  prepared  by  sublimation  (iii.  913).  Native  cinnabar  is  of  a  duller  red  colour. 
— Aiit.imony- Vermillion,  a  sulphide  of  antimony  prepared  by  precipitating  an  antimony- 
salt  with  an  alkaline  hyposulphite,  generally  with  hyposulphite  of  calcium,  is  a  \ery 
solid  red  colour,  little  subject  to  change  except  by  the  action  of  strong  alkalis.  When 
tritiu'ated  with  drying  oils,  it  acquires  great  vivacity  and  lustre,  and  forms  an  oil-colour 
well' adapted  for  house  and  furniture  painting  (Hofmanu's  Exhibition  Beport,  1862, 
p.  79). — Realgar,  or  native  red  sulphide  of  arsenic,  is  also  used  as  a  red  pigment. — ■ 
Mercuric  iodide  affords  a  splei^did  scarlet,  but  it  is  very  liable  to  change  by  the  action 
of  light. — Cobalt-rose  is  a  fine  rose-colour  obtained  by  calcining  nitrate  of  cobalt  with 
magnesia. — Arsenate  of  cobalt,  both  the  native  variety  and  that  which  is  prepared  by 
calcining  the  arsenio-sulphide  of  cobalt  in  contact  with  the  air,  affords  a  very  rich  and 
permanent  red  colour ;  but  it  is  very  poisonous. — Various  red  lakes  are  prepared  by 
precipitating  infusions  of  madder,  cochineal,  and  brazil-wood  with  solutions  of  alumina, 
(i.  656,  804;  iii.  466,  750.  See  also  Chimie  des  C'ouleurs, -pav  J.  Lefort,  Paris, 
1855,  pp.  1,3.3—195.) 

RES  SIIiVER-ORE.    See  Peoustite  (iv.  740),  and  PYEAEGymxE  (iv.  753). 

RED  VITUXOli,  or  Bibcritc.    Native  cobalt-sulphate.    (See  Sulphates.) 

KB3>  TTNC-OTiE,  ov  Zincite.    Oxide  of  zinc  containing  manganese.    (See  Zinc.) 

REDDJCiE.    Syu.  with  Ked  Chalk. 

RESB.UTHITE,  or  Copper-glance.    Native  cuprous  sulphide  (i.  74), 

RESUCTIOXT.  The  abstraction  of  an  electro-negative  from,  or  addition  of  an 
electro-positive  element  to,  any  compoamd:  thus  an  oxide  deoxidised  by  the  action  of 
hydrogen,  charcoal,  &e.,  is  said  to  be  reduced:  the  addition  of  hydrogen  to  an  organic 
compjound,  by  the  action  of  sodium-amalgam,  &c.,  is  also  called  an  operation  of 
reduction. 

RES'X.ECTZON'  and  BEFRACTION.    See  Light  (iii.  608). 

BEGUHTS.  A  metal  reduced  from  its  oxide  or  other  compound  by  fu.sion  witli  a 
reducing  agent. 

BEISET'S  SAIiTS,  The  diammonio-  and  tetrammouio-  platinous  salts,  dis- 
covered by  Reiset  (iv.  673). 

KEISSACHEBZTE.  A  brown-black  spring-deposit,  occurring  between  slabs  of 
gneiss  at  Wildbad-Gastein,  and  containing,  according  to  Hornig,  34'15  per  cent, 
manganic  oxide,  14-16  ferric  oxide,  7'69  calcic  carbonate,  16'9  water,  and  27'27  sand, 
(Rammelsb.  Mineralch.,  p.  1008). 

REMIITCTON'ZTS.    Hydrated  carbonate  of  cobalt,  occurring  xis  a  rose-coloured 
incrustation  at  Finksburg,  in  Maryland  (i.  782). 
KEnXOI.imTE.    Syn.  with  Atacamite  (i.  429). 

REXTSSEIiiLEBITE:.  A  mineral  having  the  composition  of  talc,  but  the  crys- 
talline form  of  augite.  It  has  a  fine  compact  texture,  is  unctuous  to  the  touch, 
translucent,  and  of  a  grey,  whitish,  greenish,  brownish,  or  sometimes  black  colour. 
Hardness  =  3'4,  Specific  gravity  =  2-87.  On  account  of  its  softness,  transluceney, 
and  fine  texture,  it  is  worked  in  the  lathe  into  inkstands  and  other  forms.  It  occurs 
over  large  areas  in  Northern  New  York.  Two  specimens  analysed  by  T.  S.  Hunt 
(.Jahresb.  1858,  p.  743),  a  from  Grenville  in  Canada,  b  from  Canton,  New  York,  gave 
the  following  results  :— 

SiO'.  MgO.  FeO.  H20. 

a.  61-60  31-06  1-53  5-60    =  99-79 

b.  61-10  31-63  1-C2  5-60    =      99  95 
RESIGAZiXilTIW.    A  term  applied  both  to  realgar  and  to  orpiment. 

BESINAPITXC  ACXI>,  A  crystallisable  acid  resin  obtained,  together  with 
other  products,  from  the  root  of  butter-bur  ( Tussilago  Petasites).  See  Tussilago. 

BESINATES.  A  general  name  for  the  salts  of  the  acids  obtained  from  turpen- 
tine—viz., sylvic,  piuie,  and  pimaric  acid  (q-V,).  The  general  formulee  of  these  salts 
are  C^IP'MO'^  and  C«IP«M"0'. 

RESXN'EXH',  or  RESIXrOKTE.  This  name  is  given  by  Fremy  to  a  hydro- 
carbon (probably  impure  colophene,  i.  1086)  obtained  by  the  dry  distillation  of 
colophony. 
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RESIN'S.  A  class  of  compounds  of  vegetable  origin,  characterised  by  being  inso- 
luble in  water,  mostly  soluble  in  alcohol,  uncrystallisable,  and  softening  or  melting  at  a. 
moderate  heat.    They  may  be  divided  into — 

1.  Eesins  which  exude  spontaneously  from  plants,  or  from  incisions  in  the  stems 
and  branches,  and  harden  on  exposure  to  the  air.  These  are  mostly  mixtures,  sometimes 
containing  considerable  quantities  of  gum  or  mucilage  {Gum-rcsins),  or  of  volatile  oil 
(Balsams).  They  are  for  the  most  part  produced  by  the  oxidation  of  volatile  oils 
seeretd  by  the  plant. 

2.  Oxidised  Fossil  Resitis,  occurring  in  beds  of  coal  lignite,  &c.,  and  apparently 
prodticed  in  a  similar  manner  from  plants  of  a  bygone  age.  The  term  fossil  resin  is 
sometimes,  but  inappropriately,  extended  to  certain  hydrocarbons,  such  as  scheererite, 
ozokerite,  &e.,  occurring  in  similar  localities. 

3.  Eesins  extracted  from  plants  by  alcohol,  and  consisting  in  many  cases  of  definite 
proximate  principles. 

Resinous  bodies  are  also  produced,  artificially,  by  the  oxidation  of  volatile  oils  in 
contact  with  air,  or  by  the  action  of  nitric  acid  ;  in  the  desiccation  of  drying  oils ;  in 
the  decomposition  of  alcohol,  aldehyde,  and  similar  compounds  by  potash,  and  in  the 
dry  distillation  of  many  organic  compounds. 

Natural  resins  may  be  freed  from  admixed  volatile  oil  by  exposure  to  the  au',  by 
boiling  with  water,  or  by  fusion  ;  gummy  or  mucilaginous  substances  may  be  extracted 
from  them  by  water. — When  a  resin  has  been  extracted  from  a  plant  by  hot  alcoliol 
or  ether,  the  solution  on  cooling  deposits  the  greater  part  of  the  wax  or  fat  contained  in 
it;  and  if  it  be  then  distilled  with  water,  the  resin  remains  behind,  and  maybe  further 
purified  by  washing  with  water. 

The  products  thus  obtained  freqiiently  retain  small  quantities  of  acid,  fat,  volatile 
oil,  colouring-matter,  &e.,  and  may  in  some  cases  be  resolved  into  two  or  more  resins, 
differing  in  composition  and  properties. 

Eesins  are  transparent  or  translucent ;  a  few  are  colourless,  but  the  greater  number 
are  yellow,  brown,  or  otherwise  coloured.  Some  of  them  are  hard  and  friable,  a  few 
are  crystalline ;  others  are  soft  and  greasy,  or  elastic  like  caoutcliouc.  They  become 
electric  by  friction.  When  heated  they  soften  or  melt,  mostly  without  decomposition,  to 
a  thick  tenacious  liquid,  generally  more  viscid  than  melted  fat.  They  are  not  volatile, 
but  when  strongly  heated,  they  carbonise,  and  give  off  carbonic  anhydride,  water, 
gaseous  hydrocarbons,  and  volatile  oils  varying  greatly  in  composition.  (See  Colophony, 
i.  1087.) 

Kesins  are  insoluble  in  water ;  most  of  them  dissolve  freely  in  cold  alcohol,  some 
.scarcely  at  all,  or  only  in  hot  alcohol.  The  alcoholic  solutions,  when  exposed  to  the 
air,  give  off  the  alcohol,  and  leave  the  resin  in  the  form  of  a  varnish.  They  are  ren- 
dered milky  by  water,  from  separation  of  the  resin  ;  more  complete  separation  is 
effected  by  mineral  acids.  Most  resins  are  soluble  in  ether.  Volatile  oils  likewise 
dissolve  them,  and  the  solutions,  on  exposure  to  the  air,  leave  first  a  balsam-like  mass, 
then  the  resin.  Eesins  may  be  melted  together  with  fats ;  their  solutions  in  drying 
oils  harden  in  contact  with  the  air. 

Eesins  are  either  ncutrcd  or  acid.  The  former,  when  dissolved  in  alcohol,  do  not 
redden  litmus,  and  they  are  insoluble  or  only  sparingly  soluble  in  alkalis.  The  latter, 
which  are  tlie  more  numerous,  redden  litmus  in  alcoholic  solution,  and  dissolve  in 
caustic  alkalis  and  alkaline  carbonates,  the  solutions,  when  evaporated,  leaving  amor- 
phous masses,  called  resin -soaps,  often  preeipitable  from  the  solution  by  excess  of 
alkali.  Common  yellow  soap  consists  of  tallow-soap  mixed  with  a  resin-soap,  formed 
by  dissolving  colophony  in  caustic  soda  or  carbonate  of  sodium.  By  decomposing  the 
solutions  of  the  resin-soaps  with  metallic  salts,  comjiounds  of  the  acid  resin  with 
metallic  oxides  are  formed,  for  the  most  part  insoluble  in  water. 

Eesins  are  used  for  a  variety  of  purposes.  Their  solutions  in  alcohol,  oil  of  turpen- 
tine, .and  drying  fat  oils,  yield  the  several  kinds  of  varnish  used  for  covering  wood, 
metal,  &c.  with  a  thin  but  impermeable  coating,  in  order  to  protect  them  from  air  and 
moisture.  Spirit-varnishes  are  the  most  brilliant,  but  also  the  most  brittle ;  their 
rigidity  may  be  diminished  by  the  addition  of  oil  of  turpentine.  The  resins  commonly 
used  for  varnishes  are  copal,  elemi,  lac  in  scales,  mastic,  and  sandarach. 

The  following  is  a  list  of  the  natural  resins,  sho^ring,  except  in  the  case  of  the  fossil 
resins,  the  plants  from  which  they  are  derived: — 

Eesins  exuding  from  Plants. 
a.  Containi'iig  Benzoic  or  Cinnamic  acid. 


1.  Acaroid  resin,  fi-om  Xanthorihea 

hastilis. 

2.  Benzoin,  from  Stt/rax  Benzoin. 

3.  Dragon's-blood,  Oriental,  from  Cala- 

mus Draco. 


Dragon's-blood,  Canarian,  from  Dra- 

ccena  Draco. 
Dragon's  -  blood,     American,  from 

Dterocarpus  Draco. 
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a.  Containing  Benzoic  and  Cinnamic  Acid  (continued). 


4.  Peru  Balsam,  from  Myroxylon  perui- 

fernm. 

5.  Liquid  Storax,  American,  from  Liqid- 

dainbar  styracifiua. 

6.  Liquid  Storax,  Oriental,  from  Liqia- 

dambar  Altingia. 


7.  Solid  Storax,  from  Styrax  officinalis. 

8.  Tolu  Balsam,   from  Myrospermum 

tolidferum  or  frutescens. 

9.  Mecca  Balsam,  from  Opohalsainwn 

vcrum,  s.  zileadcnse. 


Not  containing  Benzoic  or  Cinnamic  Acid. 


1.  Alouchi  resin,  from  a  tree  growing 

in  Madagascar. 

2.  Gum  ammoniacuro,   from  Dorema 

ammoniacum. 

3.  Anime  resin,  from  Hymcnaa  Cour- 

haril. 

i.  Arbol- a-Brea,     from  Canarium 
album  ? 

5.  Asafoetida,  from  Ferula  Asafcetida. 

6.  Bdellium,     from  Bcdsamodcndron 

(various  species). 

7.  Betulin,  from  Betida  alba. 

8.  Caranna,    from    Amyris  caranna, 

Bursera  gianmifcra  or  acuminata. 

9.  Ceradia  resin,  from  Ccradia  furcata. 

10.  Copaiba  balsam,  from  various  species 

of  Copa'ifera. 

1 1 .  Copal,  Brazilian  or  "West  Lidian,  from 

Hymentsa  Cowbaril. 
Copal,  African  and  East  Indian,  from 
Hymenaa  verrucosa  or  Elaocarpus 

copaliferus. 
Copal,  North  American,  from  Bhus 

copallina. 
Dammara  resin,  Australian,  from 

Dammara  ausiralis. 
Dammara  resin.  East  Indian,  from 

Finns  Dammara  or  Dammara  alba. 

13.  Elemi,  from  Amyris  or  Idea  (various 

species). 

14.  Euphorliium,  from  Euphorbia  offici- 

narum,ant/quor!im,  andcanarmisis. 

15.  Galbanum,  iromBabon  Galbamaii? 

16.  Gamboge,  from  Stalagmites  cambo- 

gio'ides   or  Hcbradcndron  cocitin- 
chincnsc. 

B.  Fossil  Resins  (containing  oxygen). — Amber,  Ambrite,  Anthraeoxene,  Asphalt, 
Berengelite,  Boloretin,  Bucaramanga-resin,  Copalin,  Euosmite,  Fossil  Caoutchouc, 
Guayaquillite,  Ilartin,  Inolyte,  .Taulingito,  Krantzite,  Melanchym,  Middletonite,  Peat- 
resins,  Piauzite,  Pyroretin,  Retinasphalt,  Eetinire  or  Walchovite,  Scleretinite,  Resin 
from  Settling  Stones  in  Nortlmmberland,  Tasmannite,  Xyloretin,  Resins  from  the 
Lignite  of  Weissenfels — viz.,  Geocerai'u,  Geocericacid,  Geocerinone,  Geomyriein,  Geoceric 
acid,  Leucop)etrin. 

C.    Resins  extracted  from  Plants  by  Alcohol. 

Nearly  all  plants  yield  resins  when  thus  treated.  Among  them  may  be  mentioned 
the  resins  of  Angelica-root,  Indian  hemp,  Cubebs,  Manna,  Poplar-buds,  Butter-bur 
( TussUago  Pi  tasites),  Spanish  pepper  (capsicin).  Squill ( &  ilia  mariiima),  and  Turpetlium 
{Ipomaa  Turpethum). 

Most  of  tlie  resins  above  enumerated  have  been  or  will  Vje  described  in  their  alpha- 
betical places.  Some  are  not  suflfieiently  important  to  require  special  description.  AVe 
give  here  a  few  that  have  been  omitted.  (See  further  Gmelin's  Handbook,  xvii.  382 — 
45.5): 

1.  Gum  Ammoniacum. — This  gum-resin  exudes  from  an  umbelliferous  plant  {Dorema 
ammnniacum,  Don.  ;  Heracleum  gummifcrtim,  Willd.)  growing  in  the  nortliern  parts  of 
Persia  and  Armenia.    It  occurs  in  commerce,  sometimes  in  white,  yellow,  or  reddisli 
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17.  Gomart  resin,  from  Bursera  gummi- 

fera. 

18.  Guaiacum,  from  Guaiacum  officinale. 

19.  Icica-resin,  from  various  species  of 

Idea. 

20.  Ivy-resin,  from  Hedera  Helix. 

21.  Jalap-resins,     from  Convolvulus 

Schiedmius,  &c. 

22.  Labdanum  or  Ladanum,  from  Cistus 

creticus. 

23.  Lac,  from  Aleiiritcs  laceifera,  Croton 

aromaticus,  Butea  frondosa,  Ficus 
rcUgiosa,  and  Zizyphus  Jujidja. 

2-i.  Laetia-resin,  from  Lactia  resinosa. 

25.  Masopin,  from  a  Mexican  tree. 

2fi.  Mastic,  from  Pisiacia  Lentiscus. 

27.  Maynas,  from  Calophyllum  Cahdia. 

28.  Myrrl),      from  Balsamodindron 

Myrrha. 

29.  Olibanum  or  Incense,  Indian,  from 

Boswcllia  Sir  rata. 
Olibanum  or  Incense,  Arabian,  from 
Amyris  Kataf. 

30.  Opoponax,  from  Ferula  Opoponax. 

31.  Palm- wax  (Cera  de  Palina),  from 

Ceroxylon  andicola. 

32.  Pasto-resin,  from  a  Mexican  tree. 

33.  Sagapenum,  from  Ferida  pcrsica. 

34.  Sandarach,  from  Tlaija  articiduta. 

35.  Seammony,  from  Convolvulus  Scam- 

monium.  and  other  species. 

36.  Tacamahac,     West    Indian,  from 

Amyris  tomcntosa. 
Tacamahac,  East  Indian,  from  Calo- 
phyllttm  Innphyllum. 

37.  Turpentine,  from  coniferous  trees. 
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grains  of  various  sizes,  sometimes  in  cakes  mixed  with  sand  and  sawdust.  It  has  a 
strong  disagreeable  odour,  resembling  that  of  garlic  and  of  castoreum,  and  arising  from 
the  presence  of  an  essential  oil  (probably  sulphuretted),  which  may  be  separated  by 
distillation  with  water.  It  softens  at  the  heat  of  the  hand,  and  becomes  brittle  when 
cooled.  Specific  gravity  =  1'207.  It  contains,  according  to  Bucholz,  72'0  per  cent, 
resin,  22-4  soluble  gum,  1'6  bassorin,  and  4-0  volatile  oil  and  water;  according  to 
Braconnot,  70-0  resin,  18-4  soluble  gum,  4-4  bassorin,  7"2  volatile  oil  and  water. 

By  digesting  gum-ammoniacura  with  alcohol,  a  clear  yellow  solution  is  obtained, 
which  yields  by  evaporation  a  transparent  nearly  colourless  resin,  containing,  according 
to  Johnston,  71'9  per  cent,  carbon,  7'6  hydrogen,  and  20'5  oxygen.  By  heating  this 
resin  to  130  as  long  as  it  gives  off  vapour,  another  resin  is  obtained  containing  more 
carbon. 

2.  Resin  of  Ceradia  furcnta. — This  plant,  growing  on  the  coast  of  Africa,  opposite 
the  island  of  Ichaboe,  yields  an  amber-coloured  resin,  having  the  odour  of  olibanum, 
and  a  specific  gravity  of  1-197.  It  appears  to  have  the  composition  of  the  turpentine 
resins,  C^''H^''0'^. 

3.  Gomart-resin,  from  Burscra  gummifera. — Solid,  dry,  rather  soft  in  the  middle, 
nearly  white,  and  of  crystalline  structure,  exhibiting  cavities  lined  with  shining  crystals, 
.slightly  fusible  ;  spreads  out  on  boiling  water  in  adhesive  grains.  The  odour  is  inter- 
mediate between  that  of  turpentine  and  that  of  elemi.  Yields  by  distillation  with 
water,  a  ti'ansparent  colourless  volatile  oil,  having  the  odour  and  composition  of  turpen- 
tine-oil, C'°H"',  vapour  density  =  4'7,  and  forming  with  hydrochloric  acid  gas  a 
hydrochlorate,  C'°H'*.2HC1,  which  crystallises  in  dazzling  white  silky  needles. 

4.  Ivy-resin,  from  Heclera  Helix. — Ked-brown  or  greenish  brittle  lumps,  having  a 
specific  gravity  of  1'294  (Brisson).  Has  a  faint  aromatic  taste  and  odour.  Contains, 
according  to  Pelletier,  23  per  cent,  resin,  7  gum,  70  woody  fibre,  with  malic  acid  and 
salts.  It  burns  with  a  bright  flame  and  agreeable  odour;  yields  by  dry  distillation, 
first  acid,  then  amraoniacal  water,  together  with  yellow  and  red  oil. 

5.  Resin  of  La'etia  resinosa. — Small  yellowish-wliite,  transparent,  green,  brittle 
grains,  with  conchoidal  fracture.  Has  a  faint  aromatic  odour.  Yields  a  small  quan- 
tity of  volatile  oil  by  distillation  with  water.  When  heated,  it  melts,  swells  iip,  burns 
with  a  white  very  smoky  flame,  leaving  a  bituminous  cinder.  Dissolves  completely  in 
boihug  alcohol,  and  partly  separates  on  cooling.  (Macaire-Pr  insep,  Bibl.  nniv. 
xlv.  431.) 

RESOBCEK,  CH^O". — A  compound  homologous  with  orcin  (C''H'°0-)  produced 
by  the  action  of  potash  on  galbanum  (iv.  215). 

RESPIHii.TION'.  All  animals,  so  far  as  we  know,  have  need  of  oxygen  in  order 
that  the  oxidative  processes,  whereby  their  life  is  manifested,  maybe  carried  on.  Some, 
the  so-called  air-breathing  animals,  obtain  the  oxygen  they  require  from  the  atmo- 
sphere ;  others,  the  so-called  aquatic  animals,  live  on  the  free  oxygen  always  to  be 
found  in  those  waters  which  are  capable  of  supporting  life.  In  order  to  bring  the 
oxygen-bearing  medium  into  close  contact  with  the  blood  or  internal  juices  of  the  body, 
a  special  mechanism  is  in  most  cases  provided.  Thus  in  man,  by  the  alternate  ex- 
pansion and  relaxation  of  the  chest-walls,  a  quantity  of  air  is  alternately  drawn  into  and 
driven  out  of  hollow  organs  called  lungs,  sitiuited  in  the  chest,  but  having  a  direct 
connection  with  the  external  air;  by  means  of  bloodvessels  r:imifying  over  the  lungs, 
the  blood  is  brought  very  near  to  the  air.  Similar  organs,  with  various  modifications, 
are  found  in  all  the  higher  and  in  some  of  the  lower  air-breathing  animals.  In  other 
cases,  e.  cj.  insects,  air  is  carried  by  means  of  ramifying  tubes  all  over  the  body.  In 
many  aquatic  animals  the  blood  or  nutritive  fluid  is  made  to  pass  into  or  through 
oi'gans  called  gills,  so  constructed  that  the  water  in  which  tlie  animal  is  living  is  sepa- 
rated from  the  blood  or  nutritive  fluid  by  a  very  thin  membrane  only.  In  others  water 
is  carried  by  canals  ( water- vaseiilar  organs),  by  a  system  of  irrigation  as  it  were,  through 
a  smaller  or  larger  portion  of  the  body.  Finally,  all  animals  are  capable,  to  a  greater 
or  less  extent,  of  acting  upon  and  being  acted  upon  by  the  surrounding  oxygen-bearing 
medium,  be  it  air  or  water,  through  the  external  surfiice  of  their  bodies  and  through 
the  walls  of  various  cavities  (digestive,  &c.).  In  many  of  the  lower  animals  this  is  the 
only  way  in  which  oxygenation  takes  place,  no  special  organ  of  a.ny  kind  being  pro- 
vided for  that  purpose. 

The  word  breathing  or  respiiration  was  at  first  used  to  denote  the  visible  play 
of  the  mechanism,  whereby  the  oxygen-bearing  medium  was  bi-ought  near  to  the  fluids 
of  the  economy, — namely,  the  driving  air  into  (inspiration)  and  out  of  tlie  lungs 
(expiration),  or  analogous  functions,  in  other  animals,  —and  is  still  often  employed 
in  this  limited  sense.  Inasmuch,  however,  as  a  particular  respiratory  mechanism  is 
not  essential  to  the  gaining  of  oxygen,  while  the  gaining  of  oxygen  is  the  end  of 
every  respiratory  mechanism,  it  has  become  a  habit  to  consider  respiration  to  mean 
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the  absorption  of  froo  oxygen  by  any  means  whatsoever.  And  since  it  so  happens  that 
at  the  same  time  and  plaee,  and  by  the  same  organs  that  oxygen  is  taken  into  the 
economy,  carbonic  acid  is  also  given  out  from  it,  and  other  changes  of  gases  possibly 
take  place,  the  term  has  acquired  the  still  wider  s'gnitication  of  "  the  interchange 
between  the  gases  of  an  organism,  and  the  gases  of  the  medium  in  which  it  lives." 

Theory  of  Eespiration. 

The  ancients  were  for  the  most  part  agreed  that  the  great  use  of  breathing  was  to 
cool  the  lungs  and  moderate  the  heat  generated  in  the  viscera ;  and  this  opinion  main- 
tained its  ground,  to  a  great  extent,  through  the  middle  ages  into  modern  times,  in  syite 
of  the  anatomical  and  physiological  labours  of  Vesalius  and  Harvey.  The  ob.servations 
of  Van  Helmont  (16t8),  on  the  unfitness  of  gas  sylvcstre  for  breathing  purposes  ;  of 
Boyle  (1670),  on  the  necessity  of  air  for  the  respiration,  not  only  of  all  terrestrial  but 
also  of  aquatic  creatures,  and  on  the  unfitness  of  respired  air  for  further  respiration  ;  of 
Hook  (1664)  on  artificial  respiration  ;  and  of  Lower  (1669),  on  the  change  of  colour  to 
be  observed  in  blood  while  passing  through  the  lungs,  prepared  the  way  for  the  striking 
views  of  John  Mayow  (1674).  This  young  physiologist  recognised,  as  a  constituent 
of  atmospheric  air,  of  nitre,  and  of  other  substances,  and  as  a  necessary  factor  of  com- 
bustion, a  sometliing  which  he  calls  spiritits  nitroacrens  or  fcirtindcB  mtroa'ircm  sivr. 
igneoaerc'te,  and  by  which  he  evidently  meant  what  we  now  call  oxj'gen.  He  observed 
that  by  respiration,  as  by  combustion,  air  was  deprived  of  its  particuJai  nitroaerca-  ; 
ajid  he  was  the  first  to  remark  that  when  animals  were  made  to  breathe  in  a  limited 
space,  as  in  a  bell-jar  over  mercury,  the  volume  of  the  air  was  lessened.  He  main- 
tained that  the  use  of  respiration  was  not  to  cool  the  blood,  or  to  promote  the  transit 
of  that  fluid  through  the  lungs,  or  to  encourage  a  due  mixture  of  its  component  parts, 
but  to  supply  it  with  the  partictilx  nitroaercce  ■  and  he  was  of  opinion  that  these  par- 
ticulpe,  embraced  by  the  blood  and  carried  by  it  to  the  muscles,  entered  into  sueli  a 
violent  molecular  conflict  with  the  combustible  or  (as  he  calls  it)  sulphureous  material 
there  stored  up,  as  to  produce  the  phenomena  of  muscular  contraction.  With  these 
views  Mayow  mixed  up  many  crude  and  immature  ideas,  from  which,  had  he  lived 
longer  (he  died  a.d.  1679,  set.  33)  he  might  have  freed  himself.  His  great  lack  was 
the  faihng  to  recognise  that  in  respiration  (and  combustion)  there  w.ts  something 
produced  as  well  as  consumed.  This,  however,  was  not  fuUyshown  until  Black  (1757) 
demonstrated  the  existence  of  carbonic  acid  in  expired  air.  The  next  step  was  made 
by  Priestl  ey,  who  shoM'ed  (1771)  that  air  wliieh  had  become  unfit  for  respiration  or 
combustion,  by  reason  of  animals  having  breathed,  or  candles  having  burnt,  or  substances 
having  putrefied  in  it,  regained  its  lost  properties  on  Iieing  submitted  to  the  influence 
of  living  plants  {On  Air,  2nd  ed.  177'')).  He  marred  the  good  of  his  discovery  by 
adopting  a  retrograde  theory  of  the  nature  of  resjjiratiou  and  combustion.  He  main- 
tained that  the  carbonic  acid  (fixed  air)  of  expired  air  did  not  come  from  the  lungs, 
but  pre-existed  in  common  atmospheric  air,  and  was  "  precipitated  "  therefrom  by  the 
union  of  the  air  of  inspiration  with  the  phlogiston  (ultimately  derived  from  the  food) 
which  was  thrown  off  by  the  lungs.  Living  animals  (and  burning  or  putrefying  bodies) 
phlogisticated.  he  said,  and  living  plants  dephlogisticated  common  air.  Priestley,  how- 
ever, prepared  the  overthrow  of  his  own  views  by  the  discovery  of  oxygen  (1774-5). 
Through  experiments  made  in  1777,  but  not  published  till  1779,  Crawford  {At/imal 
Heat,  2nd  ed.  1788)  was  led  to  connect  animal  heat  with  respiration.  He  says  (p.  361): 
"  The  pure  air  is  received  into  the  lungs  containing  a  great  quantity  of  elementary  fire  ; 
the  blood  is  returned  from  the  extremities  impregnated  with  the  inflammable  principle; 
the  attraction  of  pure  air  to  the  latter  principle  is  greater  than  that  of  the  blood.  Thi.s 
principle  will  therefore  leave  the  blood  to  combine  with  the  air ;  by  this  combination 
the  air  is  obliged  to  deposit  a  part  of  its  elementary  fii-e;  and  as  the  capacity  of  the  blood 
is  at  the  same  moment  increased,  it  will  instantly  absorb  that  piortion  of  fire  which  had 
been  detached  from  the  air.  The  arterial  blood,  in  its  passage  through  the  capillary 
vessels,  is  again  impregnated  with  the  inflammable  principle,  in  consequence  of  which 
its  capacity  for  heat  is  diminished.  It  will  therefore,  in  the  course  of  the  circulation, 
gradually  give  out  the  heat  which  it  had  received  in  the  lungs,  and  diffuse  it  over 
the  whole  system.  Thus,  in  respiration,  the  blood  is  continually  discharging  the  in- 
flammable principle,  and  absoi-bing  heat,  and  in  the  course  of  the  circulation  is  cun- 
tinually  imbibing  this  principle  and  emitting  heat." 

Meanwhile  the  true  theory  of  respiration  had  been  more  clearly  and  distinctly  pro- 
pounded by  Lavoisier,  who,  following  up  his  investigations  on  oxidation  and  on  the 
constitution  of  air,  in  1777  (Experiences  sur  la  Rcsjnration  e/es  emimauxetsiirleschediqe- 
ments  qui  arrivcnt  a  feiir  en  jxissant  peir  lenr  pownon,  Memoire  lue  a  I'Aeademie  des 
Sciences  le  3  Mai  1777,  CEuvres,  ed.  imp.  174),  demonstrated  that  animals  by  tlio 
act  of  brenthing  took  away  from  the  atmosphere  oxygen  {Vair  eniinemrnt  respirtiiil'  ), 
and  loaded  it  with  carbonic  acid  (I'acide  rraycux  aeri/ornie).    He  hesitated  to  decide 
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whether  the  oxygon  was  converted  into  carbonic  acid  while  passing  in  and  out  of  tlie 
lungs,  or  whether  oxygen  was  absorbed  into,  and  carbonic  acid  exhaled  from,  the 
blood  during  its  passage  through  the  lungs  ;  but  inclined  to  the  fonner  opinion. 
In  1780  he  showed,  in  conjunction  with  La  Place  (Memoire  sur  la  Chaleur,  Art-,  iv., 
CEuvres,  ed.  imp.  ii.  28.3),  that  by  far  the  larger  portion  of  the  heat  given  out  by 
animals  during  a  given  period  could  be  accounted  for  by  considering  it  to  be  due  to 
the  combustion  of  a  quantity  of  carbon  sufficient  to  produce  the  carbonic  acid  exhaled 
during  the  same  time.  In  178.5  (Alterations  qiieprouve  Fair  respire,  ffiuvres,  ed. 
imp.  ii.  676),  he  recognised  that  the  whole  of  the  oxygen  which  disappeared  during 
respiration,  did  not  return  in  the  form  of  carbonic  acid;  and  while  admitting  the  pos- 
sibility of  the  missing  portion  having  "  combined  with  the  blood,"  thought  it  more 
probable  that  it  united  with  hydrogen  in  the  lungs  to  form  water.  lie  had  by  this 
time  definitively  adopted  the  theory  that  the  formation  of  carbonic  acid  took  place  in 
the  lungs,  and  in  a  memoir  published  in  1790  [Premier  Memoire  sur  la  Transpiration  dcs 
Animaux,  par  Sequin  et  Lavoisier,  QJuvres,  ed.  imp.  ii.  708),  he  gives  the  following 
account  of  his  views  on  the  subject.  There  is  continually  transuding  from  the  blood 
through  the  pulmonary  membranes  into  the  air-tubes,  a  humour  which  is  principally 
composed  of  carbon  and  hydrogen.  Tliis  humour,  issuing  from  the  minute  exhalant 
vessels  of  the  lungs  in  a  state  of  very  finedivision,  unites  with  the  oxygen  in  contact  with 
it,  and  is  thus  converted  into  water  and  carbonic  acid.  The  carbonic  acid  is  driven  out 
by  the  action  of  the  lungs  while  the  accompanying  water  (water  of  respiration),  together 
with  the  water  which  transudes  into  the  air-tubes  along  with  the  hydrocai'bonous 
respiratory  material  (water  of  pulmonary  transpiration)  is  carried  off  in  the  form  of 
vapour  by  the  heated  air  of  the  lungs. 

The  difficulty  felt  in  supposing  that,  while  the  whole  body  is  nearly  of  the  same 
temperature,  combustion  takes  place  in  one  spot  only,  to  wit  the  lungs,  was  met  by 
Lavoisier  and  La  Place  with  the  reflection  that  the  rapidity  of  the  circulation,  the 
evaporation  by  the  lungs,  and  an  augmentation  of  the  capacity  for  heat  in  decarbonised 
blood  (theory  of  Crawford),  were  sufficient  toaccountfor  the  phenomena.  Lagrange 
however,  dissatisfied  with  this  explanation,  put  forward  through  Hassenfratz  the 
theory  (which  Lavoisier  had  discarded)  that  oxygen  was  absorbed  into  the  blood,  and, 
during  the  course  of  the  circulation,  combined  with  the  carbon  and  hydrogen  of  that 
Huid,  giving  rise  to  carbonic  acid  and  water,  which  were  in  turn  exhaled  through  the 
lungs.  Lagrange  supported  his  views  by  no  facts  or  experiments,  and  they  did  not 
meet  with  any  general  aceeptancc. 

In  1799  H.  Davy  (Beddoe's  Med.  Contrib.  p.  128)  published  a  theory  that  in  the 
act  of  respiration,  phosoxygen,  as  he  called  it,  combined  with  venous  blood,  while  at 
the  same  time  "  carbonic  acid  and  water  were  liberated,  either  by  the  increase  of  tem- 
perature, or  from  the  superior  affinity  of  phosoxygen  for  venous  blood."  He  was  able 
to  obtain  a  small  quantity  of  carbonic  acid  from  venous,  and  a  very  small  quantity  of 
oxygen  from  arterial  blood.  In  1800,  however  {Researches,  p.  -1:47),  he  had  abandoned 
his  phosoxygen  theory,  and  embraced  the  views  of  Lavoisier,  though  he  was  led,  by  his 
experiments  on  the  respiration  of  hydrogen  and  nitrous  oxide,  to  believe  that  some  at 
least  of  the  carbonic  acid  of  expired  air  did  not  arise  directly  from  a  combustion  of 
carbon  in  the  lungs,  but  pre-existed  in  venous  blood,  and  transpired  from  it  through 
the  coats  of  the  minute  bloodvessels. 

Spallanzani  {Memoirs  on  Respiration,  by  Sennebier)  in  the  course  of  some 
experiments  which  were  not  published  until  1803,  found  that  snails  placed  in  an 
atmosphere  of  pure  hydrogen,  still  continued  for  some  time  to  give  off  carbonic  acid, 
which  in  this  case  could  not  have  arisen  from  any  direct  combustion  of  carbon.  Singu- 
larly enough,  he  explained  this  fact  by  supposing  that  carbonic  acid  was  generated  by 
the  food  in  the  stomach,  entered  thence  into  the  blood,  and  so  made  its  way  through 
the  skin  and  lungs. 

These  observations  of  Davy  and  Spallanzani  were  overlooked  by  physiologists,  until 
W.  F.  Edwards  {Influence  of  Physical  Agents  onLife,  by  Hodgkin,  p.  226),  showed  in 
1823  that  frogs,  fish,  and  infant  mammalia,  when  placed  in  an  atmosphere  of  hydrogen, 
exhaled  a  quantity  of  carbonic  acid,  far  too  great  to  be  accounted  for  by  the  consump- 
tion of  the  small  amount  of  oxygen  still  remaining  in  the  lungs  of  the  animals  at  the 
moment  of  their  being  removed  from  atmospheric  air. 

About  this  time,  and  for  some  years  afterwards,  there  may  be  said  to  have  been 
three  main  theories  of  respiration  adopted  or  discussed  by  physiologists.  There  was 
the  theory  of  Lavoisier,  either  in  the  actual  form  in  which  he  enunciated  it,  or  that 
modification  of  it  which  was  more  generally  received  in  England — viz.,  that  the  hydro- 
carbonous  material  which  suffered  combustion  in  the  lungs  was  not  secreted  as  such 
into  the  air-vesicles,  bxit  was  oxidised  while  still  in  the  venous  blood  by  means  of  the 
passage  of  air  or  oxygen  through  the  coats  of  the  bloodvessels.  This,  which  might  be 
called  the  "  combustion  "  theory,  obtained  by  far  the  greatest  amount  of  support,  and 
indeed  may  still  be  found  in  books  of  the  present  day.    Another  opinion  was  that 
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either  air  as  a  wholn,  or  the  oxygen  of  it  only,  passed  through  the  coats  of  the  blood- 
vessels and  combined  with  the  blood,  wliile  at  the  same  time  the  lungs,  out  of  the 
hydrocarbonous  material  with  which  venous  blood  was  supposed  to  be  loaded,  developed 
or  secreted  carbonic  acid.  This  "  secretion"  theory,  constructed  chiefly  to  explain  the 
results  of  Edwards,  corroborated  as  they  were  by  those  of  Collard  de  Martigny,  Bcrg- 
maiin,  Miiller,  &c.,  was  embraced  by  a  few  only.  It  is  somewhat  strange  that  the 
tendencies  of  the  present  day  seem  nevertheless  to  be  turning  back  to  a  modification 
of  this  view.  Lastly,  there  was  the  old  suggestion  of  Lagrange,  that  oxygen  passing 
by  solution  into  the  blood  was  consumed  in  the  capillaries,  giving  rise  to  carbonic  acid, 
which  escaped  by  the  lungs.  This  "  diffusion"  theory  was  mostly  rejected  by  reason  of 
the  difficulty  that  was  met;  with  in  attempting  to  demonstrate  the  existence  of  free  car- 
bonic acid  in  venous  or  of  free  oxygen  in  arterial  blood.  Thus  while  H.  Davy,  Nasse, 
Vogel,  Brande,  Home,  Scudamore,  Collard  de  Martigny,  Maitland ,  Vauquelin, 
Stevens,  Hofman,  Entschut,  and  Bischof  obtained,  either  by  heat  or  the  vacuum,  or 
by  a  current  of  some  indifferent  gas,  evidence  of  the  existence  of  free  carbonic  acid  in 
venous  blood,  J.  Davj',  Strohmeyer,  Bergmann,  J.  Miiller,  and  Tiedemann  with  Gmelin 
and  Mitscherlich,  failed  to  do  so ;  and  while  H.  Davy  obtained  a  small  quantity  of  oxy- 
gen from  arterial  blood,  subsequent  observers  were  unsuccessful.  The  "  combustion" 
theory  therefore,  in  consequence  of  this  discordance,  retained  its  hold  upon  physiologists 
nntil  the  experiments  of  Magnus  in  1837,  who  made  an  epoch  in  this  subject  by  deli- 
nitely  determining  the  gases  of  blood. 

In  his  first  researches  (Pogg.  Ann.  xl.  p.  583)  Magnus  repeated  the  experiments 
of  his  predecessors,  who  attempted  to  drive  off  from  blood  its  free  carbonic  acid  by 
means  of  a  stream  of  hydrogen.  By  continuing  the  current  for  24  hours,  he  obtained 
as  much  as  34  cc.  of  carbonic  acid  from  62'9  ce.  of  blood.  Subsequently,  on  observing 
that  in  using  the  air-pump  blood  could  not  be  made  to  give  up  its  gases  until  a  very 
great  exhaustion  had  been  arrived  at,  he  constructed  a  mercurial  air-pump,  and  by 
this  means  was  enabled  to  demonstrate  the  existence  in  both  arterial  and  venous  blood 
of  very  considerable  quantities  of  oxygen,  nitrogen,  and  carbonic  acid: — • 

Quantity  of   Total  quan- 
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C02. 

o. 

N. 
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Hence,  while  both  kinds  of  blood  alike  contain  oxygen  and  carbonic  acid,  arterial 
blood  contains  more  oxygen  and  less  carbonic  acid  than  does  venous  blood.  Although 
the  quantities  of  these  gases  thus  obtained  could  not  be  supposed  to  represent  all  the 
gas  really  present  in  a  free  state  in  the  blood,  Magnus  satisfied  himself  that  the 
amount  of  carbonic  acid  determined  by  his  experiments  was  suflScient  to  account  for 
the  whole  quantity  given  off  by  the  body  in  health.  Further  experiments  (Poggend. 
Ann.  Ixvi.  p.  177,  1845)  taught  him  that  blood  shaken  up  in  an  atmosphere  of  oxygen 
will  absorli  from  10  to  12  per  cent,  (of  volume)  f)f  that  gas,  a  quantity  sufficient  to 
account  for  all  the  oxygen  consumed  by  the  economy.  He  was  thus  led  to  adopt 
in  its  entirety  the  "diffusion"  theory;  and  the  demonstration  of  the  existence 
of  free  gases  in  the  blood  having  been  the  one  tiling  lacking  to  this  theory,  he  was  in 
this  followed  by  nearly  all  physiologists.  He  regarded  the  gases  as  simply  dissolved 
in  the  blood,  and  explained  the  entrance  of  oxygen  and  the  exit  of  carbonic  acid  by  a 
reference  to  theHenry-Dalton  law  of  pressures  (see  Gases,  Absobptioxof,  BvLionns). 
According  to  this  view,  which  was  jnore  fully  elaborated  byVierordt  (Pki/siologie 
dcs  Alhmcns),  the  carbonic  acid  neither  replaces  nor  is  replaced  by  the  oxygen,  but 
both  are  taken  up  and  given  off  independently  of  each  other.  (The  ideaof  Valentin 
and  B  run  n  er,  that  the  phenomena  of  respiration  form  an  example  of  Graham's  law  of 
transpiration  of  gases,  was  shown  by  Regnault  and  Beiset  to  be  erroneous  ;  these 
observers  having  proved  that  in  the  animal  economy  the  ratio  between  the  amount  of 
oxygen  absorbed  and  that  of  the  carbonic  acid  exhaled  is  not  constant).  The  venous 
bloodladen  with  carbonic  acid,  on  being  exposed,  during  the  passage  through  the  lungs, 
to  an  atmosphere  containing  but  little  of  tliat  gas,  must,  in  obedience  to  the  law  of 
pressures,  give  off  a  portion  of  its  carbonic  acid,  and  will  continue  to  do  so  until 
an  equilibrium  is  established  between  the  tension  of  the  carbonic  acid  in  the  air  of 
the  lungs,  and  the  tension  of  carbonic  acid  in  the  blood.  Similarly  venous  blood,  poor 
in  oxygen,  on  being  exposed  to  the  air  of  the  lungs,  will  absorb  oxygen  until  an 
equilibrium  is  established  between  the  tension  of  oxygen  in  the  air  of  the  lungs,  and  the 
tension  of  oxygen  in  the  blood.    And  inverse  processes  will  take  place  in  the  systemic 
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capillaries  between  the  arterial  blood  and  the  tissues.  In  each  case  the  exact  point  at 
whicli  equilibrium  is  established  will  depend  on  the  so-called  "  absorption-coefficient " 
of  blood  for  oxygen  and  carbonic  acid  respectively. 

Before  long,  however,  it  began  to  be  seen  that  this  view  was  open  to  many  objections. 
Liebig,  in  his  Ckemkal  Letters  (by  Gregory,  3rd  ed.  p.  332),  strongly  advocated  the 
opinion  that  the  condition  of  the  greater  part  of  the  oxygen  in  the  blood  was  one  not 
of  simple  physical  absorption,  but  of  chemical  combination — a  combination,  however, 
so  loose  that  it  was  capable  of  being  disturbed  by  the  action  of  indifferent  gases  or  of 
the  vacuum.  In  support  of  his  view,  he  drew  attention  to  an  analogous  combination 
between  carbonic  acid  and  aqueous  solutions  of  phosphate  of  sodiimi,  cited  the  experi- 
ments of  Regnault  and  Keiset,  which  showed  that  in  an  atmosphere  of  pure  oxygen, 
animals  consumed  the  same  amount  of  that  gas  as  when  breathing  ordinary  air,  and 
instanced  the  fact  that  in  high  regions,  where  the  absolute  quantity  of  oxygen  taken 
into  the  chest  at  a  breath  is  only  about  two-thirds  of  that  taken  in  at  the  sea-level, 
the  vital  processes  do  not  suffer  any  marked  changes,  such  as  would  certainly  follow 
variations  in  the  quantity  of  oxygen  absorbed.  He,  moreover,  pointed  out  the  neces- 
sity for  accurately  determining  the  absorption-coefficients  of  blood  for  its  gases.  This 
was  afterwards  attempted  by  Lothar  Meyer,  Fernet,  and  others,  whose  inves- 
tigations, while  they  may  be  considered  to  have  explained  the  entrance  of  oxygen  into 
the  blood,  have  left  the  question  of  the  exit  of  carbonic  acid  still  somewhat  imsettled. 

Absorption  of  Oxygen. 

L.Meyer  (for  whoso  figures  see  vol.  i.  j).  606,  vol.  ii.  p.  803)  found  that  when  blond 
was  exposed  to  oxygen  at  various  pressures,  the  quantity  of  that  gas  taken  up  might 
be  regarded  as  consisting  of  two  portions,  one  following  the  law  of  pressures,  the 
other  wholly  independent  of  pressure.  The  former  however,  in  respect  to  which  blood 
differed  very  little  from  water,  was  found  to  be  so  small  compared  with  the  latter 
that  the  increments  of  absorption  due  to  increments  of  pressure  were  almost  covered 
by  errors  of  observation.  He  accordingly  drew  the  conclusion  that  oxygen  was 
chemically  combined  with  the  blood  during  the  passage  through  the  limgs,  though  in 
so  loose  a  fashion  that  it  could  be  driven  off  again  by  the  action  of  indiiferent  gases, 
or  of  the  vacuum  assisted  by  heat.  Fernet  (Ann.  Sc.  Nat.  [iv.]  viii.  p.  126)  arrived 
at  the  same  conclusion,  and  moreover  pointed  out  that  this  special  affinity  for  oxygen 
was  possessed  not  by  the  serum  or  plasma,  but  by  the  red  corpuscles.  Thus  the  proper 
absorption-coefficient  of  blood  for  oxygen  was  found  to  be  '0288  at  16°,  of  serum  -0288 
atl6'8°  (the  absorption-coefficient  of  water  at  16°  for  oxygen  being '02949);  while  1  vol. 
blood  chemically  combined  with  -0958  vol.,  and  1  vol.  serum  with  -00117  vol.  oxygen 
at  the  same  temperature.  Neither  Meyer  nor  Fernet,  however,  were  able  to  obtain  from 
arterial  blood,  by  means  of  the  vacuum,  as  much  oxygen  as  was  absorbed  by  venous 
blood  when  agitated  in  an  atmosphere  of  that  gas.  But  this  difficulty  was  removed  by 
Setschenow  (Wieu.  Akad :  Ber  :  xxxvi.  p.  293),  who,  using  a  much  larger  vacuum, 
was  enabled  to  drive  off  from  blood  mtich  larger  quantities  of  oxygen  (see  table  below). 
The  affinity  for  oxygen  possessed  by  blood  was  also  shown  by  the  experiments  of 
W.  Miiller  (Ann.  Ch.  Pharm.  cviii.  p.  257),  who  found  tliat  animals  (rabbits),  made 
to  breathe  a  limited  amount  of  oxygen,  consumed  the  whole  of  it,  pro^nded  that  the 
quantity  placed  at  their  disposal  did  not  exceed  150 — 200  cc.  The  same  observer 
ascertained  that  the  residual  air  in  lungs  of  asphyxiated  animals  contained  a  trace  only 
of  oxygen,  a  fact  which  was  corroborated  by  Setschenow,  and  is  directly  opposed  to 
the  theory  that  the  absorption  of  oxygen  tal^es  place  according  to  pressiu'e. 

The  beha\-iour  of  blood  towards  carbonic  oxide  has  been  found  to  illustrate  the  chemi- 
cal nature  of  the  process  of  absorption  (Bernard,  Le9ons,  Subst.  Toxiq.  1857,  p.  167'; 
L.  Meyer;  Hoppe,Virch.  Arch.  xi.  288).  Blood,  when  agitated  with  or  treated  with 
a  stream  of  carbonic  oxide,  becomes  of  a  peculiar  bright  red  colotir,  and  is  found,  not 
only  to  have  given  off  its  oxygen,  but  to  have  become  incapable  of  absorbing  that  gas. 
It  has  lost  the  property  of  becoming  arterialised.  There  is  reason  to  believe  that 
carbonic  oxide  has  a  stronger  affinity  than  oxygen  for  the  hfemoglobin  or  red  colouring- 
matter  of  the  blood,  and  forms  with  it  a  more  stable  compound  (see  below). 
Nawrocki  (Henle  u.  Meissner,  1863,  p.  298)  finds  that  the  amount  of  oxygen  driven 
off  by  a  stream  of  carbonic  oxide  tallies  extremely  well  with  that  obtained  by  means 
of  the  mercurial  vacuum,  and  it  has  been  adopted  by  some  subsequent  observers 
(B  ernard,  Estor  et  Saintpierre)  as  a  method  of  estimating  the  amount  of  oxygen 
in  blood. 

A  still  further  advance  has  been  made  by  the  optical  studies  of  Hoppe-Seyler 
(Vii-ch.  Arch,  xxxiii.  446,  xxix.  233  and  597;  Med.  Centralbl.  1864,  p.  817;  Handb. 
Chem.  Anal.  p.  201)  and  Stokes  (Proc.  Boy.  Soc.  xiii.  356).  The  red  corpuscles  of 
vertebrate  animals  consist  for  the  most  part  of  a  substance  which  has  been  called 
hmmatocrystallin  or  hrsmatoglobuUn,  or  shorter  hmmoglohin  (Hoppe)  or  cruorin 
(Stokes),  and  which  may  often  be  obtained  in  a  crystalline  form.    When  tolerably 
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TOUcentrated  solutions  of  this  Lody,  wliioh  are  found  to  contain  free  oxygen  and  are 
of  a  blood-red  colour,  are  examined  with  the  spectroscope  (or  simply  with  a  prism 
Bnd  slit  in  Stokes'  way)  there  is  found  to  be  little  absorption  of  light  in  that  part 
of  the  speetrmn  which  reaches  from  the  extreme  red  to  fths  of  the  distance  between 
C  and  D,  while  in  the  remaining  |th  the  absorption  is  much  stronger.  AVhen 
the  oxygen  has  been  driven  out  of  the  solution  by  a  current  of  hydrogen  or  car- 
bonic acid,  there  is  witnessed  a  very  great  increase  of  absorption  of  light  at  the 
red  end,  except  in  the  space  between  a  and  B,  and  even  in  this  part  there  is  a  slight 
increase  of  absorption.  Upon  these  optical  properties  probably  depends  the  difference 
in  colour  between  arterial  and  venous  blood.  Venous  blood  viewed  by  the  spectroscope 
without  exposure  to  air,  shows  a  very  distinct  absorption  of  light  from  B  to  beyond  C, 
an  effect  which  disappears  when  the  blood  is  oxygenated  by  agitation  with  air. 
(Hoppe.) 

Dilute  solutions  of  blood-colouring-matter  show  two  very  dark  and  sharply-defined 
absorption-bands  (visible  in  a  1  cc.  thick  layer  of  a  solution  of  1  grm.  of  colouring- 
matter  in  10,000  cc.  of  water)  between  D  and  E,  one  being  close  to  D,  the  other  and 
thicker  one  being  close  to  E  ;  if  D  is  at  80  of  the  scale  and  E  at  106,  the  first  band 
reaches  from  81  to  87,  the  second  from  95  to  106  (Hoppe,  Stokes).  When  such  a 
solution  is  treated  with  any  reducing  agent,  such  as  a  solution  of  ferrous  sulpliate  or 
stannous  chloride  with  tartaric  acid  and  ammonia,  it  assumes  a  purplish  colour,  loses 
tile  two  distinct  bands,  but  gains  a  new  one  reaching  from  82  to  97,  with  fainter  bunds 
extending  on  either  side  from  77  to  82  and  from  97  to  99.  If  the  solution  be  now 
agitated  with  air,  it  becomes  bl<iod-red  again,  and  exchanges  the  new  band  for  the  two 
original  ones  (Stok  es,  Hoppe).  Tlie  same  effects  maybe  produced  by  using  sulphide  of 
ammonium  as  a  reducing  agent,  or  by  passing  a  stream  of  carbonic  acid,  hydrogen, 
nitrogen,  &c.  through  the  solution,  or  by  keeping  the  solution  for  some  little  time  at  a 
blood-heat,  or  for  a  longer  time  at  the  ordinary  temperature.  In  all  these  cases,  tlie 
two  original  bands  are  found  to  bo  replaced  by  an  intermediate  band,  and  may  be 
brought  back  again  by  agitating  the  solution  with  air  or  oxygen,  the  phenomena  being 
accompanied  by  a  change  of  colour  from  scai'let  to  purple  and  vice  vcmci.  Hence  the 
conclusion  has  been  come  to  that  there  is  a  substance,  holding  oxygen  in  loose  combi- 
nation, giving  two  absorption-bands,  and  possessing  a  scarlet  hue— the  scarlet  cruorin 
of  Stokes,  the  oxt/ha>moglohin  of  Hoppe  ;  this  body  may  give  off  its  loose  oxygen, 
either  to  some  reducing  agent  or  to  some  of  its  fellow  blood-constituents  (or  to  the 
tissues),  and  then  has  a  purple  hue  and  shows  only  one  marked  band — the  furiilc 
cruorin  of  Stokes,  the  hamnglobin  of  Hoppe ;  on  exposure  to  air  or  oxygen,  the 
purple  eruorine  or  hemoglobin  absorljs  oxygen,  and  becomes  once  more  the  scarlet 
cruorin  or  oxyheemoglobin.  And  it  is  presumed  that  this  is  the  way  in  which  the  red 
corpuscles  of  blood  perform  their  share  in  the  work  of  respiration.  The  hamioglobin 
or  purple  cruorin  of  the  blood  of  the  pulmonary  artery,  absorbing  oxygen,  becomes 
oxyhemoglobin  or  scarlet  cruorin,  and  in  the  course  of  the  circidatiou  gives  up  its 
oxygen,  becoming  mere  hemoglobin  or  purple  cruorin.  Since  venous  blood  always 
■contains  some  oxygen,  one  must  expect  to  find  the  spectrum  of  oxyliaemoglobin  even 
in  venous  blood  examined  without  any  exposure  to  air,  and  such  is  the  case  (Stokes, 
Hoppe).  The  blood  of  an  animal  dying  of  asphyxia,  however,  contains  no  oxygen,  and 
shows  very  distinctly  the  banil  of  hemoglobin  or  purple  cruorin  alone.  (Hoppe.) 

When  a  solution  of  oxyhemoglobin  is  treated  with  carbonic  oxide,  oxygen  is  set 
free  ;  the  carbonic  oxide,  however,  does  not  act  as  a  reducing  agent,  the  blood  does  not 
become  purple  from  the  formation  of  hemoglobin,  but  of  a  peculiar  bright  red  colour 
from  the  combination  of  carbonic  oxide  with  hemoglobin,  to  form  carboxydhenio- 
globin,  whose  spectrum  is  similar  to  that  of  oxyhemoglobin,  there  being  only  a  slight 
diflFerence  in  the  position  of  the  bands — one  reaching  from  82  to  90,  the  other  from  9.3 
to  106  (Hoppe).  The  combination  between  carbonic  oxide  and  hemoglobin  is  not 
(or  at  least  only  slowly  and  pai'tially)  decomposed  by  exposure  to  air  or  oxygen.  The 
carbonic  oxide  maj',  however,  be  replaced  by  nitric  oxide,  the  blood  being  scarcely 
changed  in  colour,  remaining  still  a  bright  red,  and  the  spectrum  resembling  that  of 
oxyhrenioglobin,  but  with  bands  less  strongly  marked.  Nitric  oxide  may  also  be 
directly'  comliined  with  hemoglobin,  and  also  with  oxyhemoglobin  ;  in  the  latter  case 
some  nitric  oxide  is  oxidised  at  the  expense  of  the  loose  oxygen.  A  given  quantity  of 
hemoglobin  unites  with  equal  voiunus  of  oxygen,  carbonic  oxide,  and  nitric  oxide 
(Hermann,  L.  Arch.  Anat.  Phys.  1865,  p.  469).  It  is  calculated  that  1  grm.  hemo- 
globin unites  with  1'3  cc.  of  gas. 

The  entrance  of  oxygen  into  the  economy  being  therefore  in  the  main  not  a  physical 
process  of  absorption,  but  a  chemical  one  of  oxidation  (and  reduction)  the  amount  of 
the  oxygen  in  the  inspired  air,  provided  only  there  is  enough  for  ordinary  purposes, 
M  i  1  have  little  or  no  effect  on  the  amount  of  oxygen  taken  into  the  blood.  We 
ae  ordingly  find  that  animals  consume  the  same  amount  of  oxygen  and  produce  the 
eivuie  amount  of  carbonic  acid  when  breathing  pure  oxygen  as  when  breathing 


88 


RESPIRATION. 


ordinary  air  (Eegnaiilt  and  Eeiset).  Nevertheless,  many  observers  have  from  time 
to  time  described  as  etFects  of  breathing  pure  oxygen,  symptoms  which  have  been 
interpreted  as  indicative  of  increased  oxidation,  which  can  hardly  be  considered  as  due 
to  an  augmentation  of  that  fraction  of  oxygen  which  is  really  physically  absorbed,  and 
which  have  not  been  otherwise  clearly  explained. 

Exhalatmi  of  Carbonic  Acid. 

L.  Meyer  {op.  cii.),  by  exposing  blood  to  carbonic  acid  at  various  pressures, 
found  that  the  quantity  of  that  gas  absorbed  might  be  divided  into  two  portions, 
one  obedient  to  and  the  other  independent  of  the  law  of  pressures.  The  absorp- 
tion of  carbonic  acid  differed  notably  from  that  of  oxygen,  inasmuch  as  the  portion 
following  the  law  of  pressures  was  much  larger  than  that  which  was  independent. 
Thus  at  11° — 12°  the  former  per  vol.  blood  was,  measured  at  0°  and  '76  met.,  I'lSl,  the 
latter  '630.  Since  blood  contains  carbonate  and  phosphate  of  sodium,  and  since 
aqueous  solutions  of  these  salts  possess  the  power  of  holding,  in  loose  combination,  a 
quantity  of  carbonic  acid  over  and  above  that  due  to  simple  physical  absorption,  it 
had  been  suggested  that  the  absorption  of  carbonic  acid  by  blood  might  bear  some 
relation  to  these  saline  constituents.  Fernet  accordingly  (op.  cit.)  studied  the 
beha^^our  towards  carbonic  acid  of  aqueous  solutions  of  these  salts,  taking  the  average 
composition  of  blood  as  a  standai-d.  He  found  that  on  the  one  hand  they  absorbed  a 
quantity  of  carbonic  acid  according  to  the  law  of  pressures  (and  in  this  respect 
possessed  absorption-coeflflcients  differing  very  slightly  from  that  of  water) ;  while  on 
the  other  hand  the  solution  of  carbonate  of  sodium  absorbed,  independently  of  pressure, 
a  quantity  of  carbonic  acid  sufficient  to  convert  the  simple  carbonate  into  bicarbonate, 
and  the  solution  of  phosphate  of  sodium  similarly  absorbed  a  quantity  at  the  rate  of 
two  equivalents  of  carbonic  acid  to  each  equivalent  of  the  salt.  (According  to  recent 
researches  of  Heidenhain  and  Meyer,  Stud.  Bresl.  ii.  103,  Fernet's  results 
require  some  corrections).  He  moreover  found  that  blood  behaved  in  respect  to  the 
absorption  of  carbonic  acid  almost  exactly  as  if  it  were  a  mere  aqueous  solution  of  the 
saline  constituents  in  their  proper  proportions  ;  neither  the  corpuscles  nor  the  organic 
substances  of  the  serum  had  any  marked  share  in  the  matter. 

By  submitting  blood  to  the  action  of  a  vacuum  and  moderate  heat,  Meyer  obtained 
only  small  quantities  of  carbonic  acid;  by  far  the  greater  part  of  the  total  amount  con- 
tained in  the  blood  could  not  bo  driven  off  unless  acids  were  employed.  Setschenow, 
however  {op.  cit.),  by  the  help  of  his  larger  vacuum,  gained  much  larger  quantities 
without  using  any  acids.  His  results,  together  with  those  of  some  subsequent  observers, 
are  given  in  the  following  table,  where  "  loose "  carbonic  acid  means  that  which  is 
given  oiT  to  a  vacuum,  and  comprises  both  that  which  is  pliysically  absorbed,  and  that 
which  is  retained  by  the  carbonate  and  phosphate  of  sodium,  while  "  fixed  "  means 
that  which  is  driven  off  by  the  use  of  acids  : — 

Gases  {measured  at  0°  1')  in  100  vols.  Blood. 


Carotid:  Dog 

Venous  „ 
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Artery  „ 
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1-17 
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1-67 

11-76 

1-66 

28-02 

1-26 
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1-25 

32-53 

3-06 

16-95 

1-80 

26-80 

0-67 
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30-26 

1-57 
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The  recent  observations  of  Pliiger  {Ueb.  d.  Kohlensiiure  d.  BhUcs')  seem  to  iu- 
validate  these  results.  This  observer,  by  using  a  vacuum  free  from  aqueous  vapour, 
was  enabled  to  drive  off  the  whole  of  the  carbonic  acid,  so  that  no  more  could  be 
obtained  by  the  addition  of  acids  ;  even  neutral  carbonate  of  sodium  previously  added 
to  the  blood  was  decomposed.  It  is  probable  that  this  result  was  brought  about,  in 
part  at  least,  by  acids  arising  from  the  decomposition  of  the  ha;moglobin ;  and, 
though  a  portion  of  the  carbonic  acid  was  obtained  much  more  readily  tlian  the  rest, 
the  experiments  suggest  the  question  whether  generation  of  acids  does  not  take  place 
in  all  cases  where  the  vacuum  is  used— whether,  in  fact,  the  above  distinction  between 
loose  and  fixed  carbonic  acid  is  not  in  great  measure  a  factitious  one. 

That  the  escape  of  carbonic  acid  is,  taken  as  a  whole,  a  matter  of  pressures  is 
shown  by  the  results  of  all  observers ;  but  there  are  considerable  difficulties  connected 
with  the  subject,  which  have  not  as  yet  been  thoroughly  cleared  up  Were  the  venous 
blood,  during  its  passage  through  the  Imigs,  exjiiosed  to  air  containing  little  or  no 
carbonic  acid,  the  law  of  pressures  would  readily  suggest  a  cause  for  the  immediate 
escape  of  the  due  amount  of  that  gas.  Such,  however,  is  not  the  case.  We  are  led  to 
believe  (Beeher)that  the  air  in  the  pulmonary  air-cells  contains  habitually  about  8  per 
cent,  of  carbonic  acid.  Hence,  any  just  explanation  of  the  process  of  exhalation  must 
take  into  account  the  existence  to  that  extent  of  a  tension  of  carbonic  acid  in  the 
I'lng-air,  which  has  to  be  overcome  befoi-e  any  escape  can  take  place  from  the  blood. 
Thus  the  hypothesis  that  in  the  lungs  the  acid  carbonate  of  sodium  is  reduced,  by 
mere  exposure  to  lung-air,  to  the  neutral  carbonate,  with  escape  of  carbonic  acid,  is 
untenable,  because  the  acid  carbonate  refuses  to  give  up  its  extra  atom  of  carbonic  acid 
to  air  containing  above  1  per  cent,  of  that  gas  (Mej'cr).  Similarly  the  carbonic  acid 
retained  by  a  solution  of  phosphate  of  sodium  is  not  given  oiF  to  an  atmosphere  of 
like  carbonic  acid  tension  (Schoffer,  Wien.  Akad.  Ber.  xli.  p.  589).  Holmgren 
(foe.  cit.,  xlviii.)  has  attempted  to  determine  the  actual  degree  of  tension  of  car- 
bonic acid  which  a  vacinim  (containing  aqueous  vapour)  must  acquire  before  blood 
ceases  to  give  off  to  it  its  carbonic  acid.  This  he  found  to  be,  at  40°  C,  22 '3  mm. 
of  mercury  for  arterial  blood,  30-6  mm.  for  venous  blood,  and  38'1  mm.  for  the 
blood  of  asphyxia.  In  two  cases,  where  the  normal  expired  air  contained  resjiectively 
2-94  per  cent,  and  4-31  per  cent,  of  carbonic  acid,  and  therefore  gave  tensions  of 
22'18  mm.  and  3r98  mm.,  the  blood  ceased  to  give  off  carbonic  acid  at  the  tensions 
of  22'13  and  28'20  mm.  Since  the  carbonic  acid  tension  of  the  interior  lung-air  is 
much  higher  than  that  of  the  expired  air,  it  is  obvious  that  in  these  cases  the 
blood  could  not  have  got  rid  of  its  carbonic  acid  while  passing  through  the  lungs, 
through  the  simple  working  of  the  law  of  pressures,  unless  there  were  something 
at  hand  in  the  lungs  temporarily  augmenting  the  carbonic  acid  tension  of  the 
blood,  or  otherwise  assisting  the  escape  of  that  gas.  This  is  still  more  strikingly 
shown  in  two  cases  of  asphyxia,  where  the  tension  of  the  blood  was  3476  and 
4r41,  of  the  lung-air  98  and  91'6  mm.  respectively.  Holmgren  further  observed 
that  blood  gave  upi  its  carbonic  acid  more  readily  to  a  rarefied  atmosphere  of 
oxygen  than  to  a  vacuum  containing  nothing  but  aqueous  vapour.  Thus  153  cc. 
of  Ijlood  gave  up  to  a  vacuum  of  150  cc.  at  22°,  0'418  ce.  and  0'683  cc.  of  carbonic 
acid  (measured  at  0°  1'),  while  to  the  same  space  containing  8'99  cc.  and  20.'16  cc. 
oxygen,  there  were  given  up  1-375  ce.  and  r997  cc.  of  carbonic  acid  by  the  same 
quantities  of  the  same  blood.  These  results  suggest  the  idea  that  tlie  act  of  the  ab- 
sorption of  oxygen  in  some  way  or  other  momentarily  augments  the  tension  of  carbonic 
acid  in  the  blood.  But  in  what  way  is  it  able  to  produce  such  an  elfect?  It  has  been 
shown  that  a  certain  portion  of  the  carbonic  acid  of  the  blood  is  given  off  more  readily 
than  the  rest,  and  it  has  been  also  shown  that  this  fixed  or  stable  remainder  is  greater 
in  venous  than  in  arterial  blood  (vide  table,  ante).  In  other  words,  during  the  passage 
through  the  lungs,  a  certain  portion  of  the  fixed  or  stable  carbonic  acid  becomes  un- 
stable or  loose,  and  it  has  been  maintained  by  Schoffer  {op.  cii.)  that  the  amount  thus 
converted  is  sufficient  to  account  for  the  quantity  escaping  into  the  air.  Now  Preyer 
(Wien.  Akad.  Ber.  xlix.)  has  .shown  that  the  same  conversion  of  stable  into  un- 
stable carbonic  acid  takes  place  when  venous  blood  is  artificially  arterialised  by  agita- 
tion with  air  or  oxygen,  whereas  the  amount  of  stable  carbonic  acid  existing  in  serum 
is  wholly  unaffected  by  any  such  treatment.  Hence  it  ha.s  been  supposed  that  oxygen 
in  the  act  of  combining  with  ha-moglobin  effects  in  some  way  or  other  (by  the  de- 
velopment of  an  acid?)  some  kind  of  decomposition,  whereby  a  certain  amount  of 
fixed  or  stabln  carbonic  acid  is  converted  into  loose  carbonic  acid,  the  tension  of 
carbonic  acid  in  the  blood  proportionately  augmented,  and  the  escape  of  that  gas  into 
the  air  thus  brought  about:  or,  disregai-ding  the  distinction  between  loose  and 
fixed,  we  may  say  that  the  absorption  of  oxygen  is  attended  with  a  liberation  of 
carbonic  acid  within  the  blood,  leading  to  an  increase  in  the  tension  of  the  gas,  and 
its  consequent  escape. 
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Absorption  and  Exhalation  of  Nitrogen. 
The  quantity  of  nitrogen  in  blood  is  very  small,  and  the  observations  with  regard 
to  its  being  absorbed  or  exhaled  by  the  lungs  have  been  remarkably  discordant. 
I'ernet  (op.  cit.)  found  the  absorption-coefficient  of  serum  for  nitrogen  to  be  nearly 
exactly  that  of  an  aqueous  solution  of  its  saline  constituents  in  their  proper  propor- 
tions, that  is  to  say,  a  little  less  than  that  of  water  (at  15°  3'  serum,  •0141,  at  15° 
water  -OliTS).  Setschenow  (op.  cit.),  on  the  other  hand,  obtained  for  blood  as  a 
whole  a  higher  absorption-coefficient  than  that  of  water,  and  therefore  concluded  that 
the  blood-corpuscles  are  able  chemically  to  combine  with  a  small  quantity  of  nitrogen. 

Qualities  of  Ecspiratory  Oxygen. 
Schonbein  and  His  remarked  that  the  red  corpuscles  of  the  blood  acted  like 
finely-divided  platinum,  &c.,  upon  a  mixture  of  tincture  of  guaiaeum  with  peroxide  of 
hydrogen,  ozonised  turpentine,  ether,  &c.,  in  producing  a  deep  blue  colour.  Various 
animal  substances  possess  this  property  in  a  greater  or  less  degree,  but  none  approach 
the  red  corpuscles,  or  rather  the  colouring-matter  of  the  red  corpuscles,  in  intensity  of 
eifect.  The  presence  of  red  corpuscles  also  vastly  augments  the  rapidity  with  which  a 
solution  of  indigo  is  decolorised  and  hy  driodic  aeid  decomposed  by  peroxide  of  hydrogen, 
ozonised  turpentine,  &o.  These  observers  were  unable  to  produce  any  oxidative 
action  on  guaiaeum  with  blood,  unless  one  of  the  so-called  ozone-bearers  were  present. 
A.  Schmidt  (Ueber  Ozon  im  Blute,  1862),  however,  has  shown  that,  under  certain  pre- 
cautions, blood  by  itself  will  turn  guaiaeum  blue.  If  a  strip  of  paper  be  dipped  in 
tincture  of  guaiaeum  (1  pt.  gximto  6  of  80  per  cent,  alcohol)  and  dried,  a  drop  of  dilute 
blood  or  of  dilute  solution  of  hsemoglobin  placed  on  it  will  give  an  intense  blue  ring. 
No  other  substance  in  the  animal  body  is  able  to  produce  this  effect.  A  similar  process 
of  oxidation  may  with  care  be  witnessed  when  hydriodic  acid  or  an  indigo  solution 
is  treated  with  blood.  Blood,  or  a  solution  of  hoemoglobin, '  will  also  decompose 
peroxide  of  hydrogen  with  an  energetic  evolution  of  oxygen ;  and  will  decompose 
sulphydrio  acid  with  precipitation  of  sulphur.  According  to  the  ozone  theory,  there- 
fore, oxygen  in  combination  with  haemoglobin  is  that  form  or  kind  which  is  called 
ozone.  The  oxygen,  however,  which  is  driven  off  from  blood  by  the  passage  of  a 
frtream  of  other  gases,  gives  none  of  the  reactions  of  ozone,  and  blood  entirely 
deprived  of  its  oxygen  by  carbonic  oxide  still  gives  the  reaction  with  guaiaeum  ;  tliis 
reaction,  however,  ceases  to  be  manifested  when  the  experiment  is  conducted  with  total 
exclusion  of  atmospheric  air.  Haemoglobin  therefore,  in  addition  to  its  power  of  absorbing 
oxygen  and  of  transferring  it  in  an  active  state  to  other  bodies,  is  able,  like  finely- 
divided  platinum,  to  intensify  the  action  of  oxygen,  or,  according  to  the  ozone  tfieory,  to 
ozonise  oxygen,  without  attaching  the  oxygen  to  itself.  (Kiihne  and  Scholz,  Virch. 
Arch,  xxxiii.  p.  96.) 

Place  of  Oxidation. 

It  has  not  as  yet  been  decided  whether  the  oxidations  for  which  the  oxygen  of  the 
blood  is  destined,  take  place  in  the  blood  only,  or  in  the  tissues  only,  or  in  both. 
On  the  one  hand,  we  know  that  muscular  and,  probably,  all  other  tissues  continue  to 
respire,  as  it  is  said  (that  is,  to  absorb  oxygen  and  produce  carbonic  acid),  even  when 
totally  deprived  of  blood ;  and  actions  probably  requiring  oxygen,  muscular  contrac- 
tions, for  example,  take  place  when  the  blood  contains  no  oxygen  at  all,  as  in  asphyxia 
(Setschenow).  .  On  the  other  hand,  the  experiments  of  Harley  (proc.  Roy.  Soc. 
viii.  p.  78;  xiii.  p.  157)  show  that  blood  itself  removed  from  the  body  will  continue 
to  absorb  oxygen  and  exhale  carbonic  acid,  and  that  this  "  respiration  "  is  affected  by 
various  physical  and  chemical  agents.  Sachs,  too  (Arch.  Anat.  Phys.  1868  p.  345), 
finds  that,  after  removal  from  the  body,  blood  secluded  from  air  gains  in  carbonic  acid 
(both  loose  and  fixed)  and  loses  oxygen,  but  his  experiments  are  open  to  objections. 
Nawroeki  also  arrives  at  the  same  result  (op.  cit.).  Estor  and  Saintpierre 
(Robin's  Jour.  ii.  302)  find  that  the  oxygen  of  arterial  blood  (determined  by  the 
carbonic  oxide  method)  diminishes  the  farther  the  artery  is  situate  from  the  lungs. 
Thus  for  100  vols,  they  found  in  the  carotid  artery  21-06,  in  the  renal  18-22,  in  the 
splenic  14-38,  in  the  crural  7-62  vols,  of  oxygen.  They  argue  that  oxidations  of  respi- 
ration take  place  exclusively  in  the  blood  and  are  most  active  in  the  arterial  system. 
Yet  the  capability  of  the  Islood  for  oxidising  oxidisable  substances  directly  injected 
into  it  seems  very  limited. 

Qualities  of  Expired  Air. 
1.  Volume. — The  volume  of  air  given  out  by  an  expiration  is  found  to  be  less 
than  that  taken  in  by  a  corresponding  inspiration,  when  both  are  dried  and  measured 
at  the  same  temperature.  This  difference,  due  to  the  fact  that  the  whole  of  the 
oxygen  absorbed  docs  not  reappear  in  the  carbonic  aeid  exhaled,  is  variable,  but  may 
be  said  to  amount  on  the  average  to      or     of  the  total  volume. 
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2.  Temperature. — The  temperature  of  expired  air  naturally  approaches  that  of 
the  lungs,  the  exact  degree  depending  on  the  relation  of  the  temperature  of  the 
atmosphere  to  that  of  the  blood,  on  the  mode  and  rate  of  breathing,  the  extent  and 
duration  of  the  breath,  &c.  According  to  Valentin  and  Brunner,  it  is  29-8°  for  a 
surrounding  temperature  of  6-3°,  37-25  =  for  19-5°,  38-1°  for  41-9°.  For  22°,  Grehant 
(Robin's  Journal,  i.  p.  523)  puts  it  at  35'3'-'  when  inspiration  is  made  through  the  nose, 
33'9°  -when  tlirough  the  mouth. 

3.  Moisture. — The  air  as  it  returns  from  the  lungs  is  laden  with  watery  vapour; 
saturated,  for  its  own  temperature,  according  to  Valentin,  not  much  more  than  half 
saturated  according  to  others  (Molescho  tt).  Grehan  t  states  that  it  is  saturated  for 
35°.  E.  Smith  (Phil.  Trans.  1852)  found  it  during  fasting  to  be  little  more  than  half 
saturated.  The  total  quantity  of  water  contained  in  the  air  expired  by  the  human 
body  during  2-t  hours  has  been  estimated  at  385 — 773  grms.  (Valentin),  557 
grnis.  Grehant.  The  total  quantity  of  water  passing  away  within  the  2i  hours 
from  the  human  body,  as  aqueous  vapour  of  expired  air,  varies  greatly,  being  affected 
by  the  temperature  of  tlie  atmosphere  and  of  the  body,  by  atmospheric  humidity 
and  pressure,  condition  of  the  organism,  &c. 

4.  Oxygen  and  carbonic  acid. — The  decrease  of  the  oxygen  and  the  increase  of 
the  carbonic  acid  is  shown  by  the  following  average  composition  of  100  vokunes  of — 

Oxygen.  Nitrosen.  Carbonic  acid. 

Atmospheric  air       20-81  79-15  -04 

Expired  air  16-033  79-557  4-380. 

In  rough  numbers,  air  may  be  said  to  lose  from  4  to  5  per  cent,  of  its  oxygen  and  to 
gain  from  3  to  4  per  cent,  of  carbonic  acid  by  being  breathed.  For  further  details  see 
below. 

5.  Nitrogen. — W.  Edwards  found  an  exhalation  of  nitrogen  in  warm  weather, 
an  absorption  in  cold.  Regnault  and  Reiset  (Ann.  Ch.  Phys.  1849,  [3],  xxvL 
32)  concluded  from  their  experiments  that  warm-blooded  animals,  living  on  an  ordi- 
nary diet,  constantly  exhaled  a  small  quantity  of  nitrogen,  which  was  never  greater 
and  often  much  less  than  ~  of  the  total  weight  of  oxygen  consumed.  In  frogs,  the 
amount  either  exhaled  or  absorbed  was  too  small  to  be  appreciated.  In  fishes  Hum- 
boldt and  Pro  vencal  remarked  a  constant  absorption  of  nitrogen.  An  exhalation 
of  nitrogen  is  constantly  observed  in  animals  breathing  an  atmosphere  free 
from  that  gas,  and  W.  Miiller  (op.  cit.)  observed  an  exhalation  of  nitrogen 
when  rabbits  were  made  to  breathe  a  limited  amount  of  air.  More  recently  Reiset 
(Ann.  Ch.  Phys.  [3]  Ixix.  p.  129)  found  that  sheep  exhaled  from  5 — 8  grms., 
calves  from  6 — 7  grms.,  pigs  about  1  grm.,  and  turkeys  2  grms.  in  the  24  hours.  In 
these  experiments,  as  in  the  earlier  ones  of  Regnault  and  Reiset,  the  respiration  of 
the  whole  animal  and  not  of  the  lungs  only  was  studied,  and  it  is  possible  that  some 
of  the  animals  parted,  during  their  stay  in  the  respiratory  chamber,  witli  some  of  tlie 
nitrogen  contained  in  their  intestines  before  the  beginning  of  the  experiment.  The 
calculations  of  Boussingault  and  Barral  led  them  to  think  that  a  very  large 
amount  of  nitrogen  passed  from  the  body  through  the  sldns  and  lungs,  but  such  a 
conclusion  is  most  probably  erroneous  (see  Nutrition).  P e t  te n k of er  indeed  argues 
IhatReiset's  results  are  wholly  mistakes,  and  that  the  amount  of  nitrogen  exhaled 
or  absorbed  by  the  lungs  is  too  small  to  be  appreciated. 

6.  Ammonia. — The  presence  of  ammonia  in  the  breath  has  been  affirmed  by 
many  observers.  Thiry  (Zeitschr.  Rat.  Med.  xvii.  p.  166)  has  shown  that  it  can  be 
detected  in  expired  air  taken  directly  from  the  trachea  (so  as  to  exclude  the  fluids  of  the 
11  outh  as  a  possible  source)  when  the  inspired  air  had  been  carefully  freed  from  it. 
Regnault  and  Reiset  failed  to  assure  themselves  of  its  presence  in  expired  air. 
Grouven  (Fiitterungs-Versiiche,  p.  232)  has  obtained  the  following  quantities  (in 
grms.),  the  mean  being  about  -1  grm.  in  the  24  hours  for  100  kilos,  of  body-weight, 
when  animals  were  placed  in  a  "respiration  chamber:" 

M.in.         Boy.        Fat  Ox.       Starved  Ox.      Ass.         Dog.  Pig-. 
Per  diem         -0488       -0343       -7218       -0958       •2614       -0398  -2026 

Per  100  kilos.  >  -0910       -1146       -0198       -1344       -1326  -1842 

per  diem  ) 

Young  animals  give  out  proportionally  more  ammonia  than  old,  small  more  than 
large,  fat  more  than  lean. 

Los  sen  (Zeitsehrf.  Biol.  i.  207)  places  the  quantity  for  man  in  24  hours  at  -0140 
gnu. 

7.  Hydrogen  and  Marsh-gas. — These  gases  were  observed  by  Regnault  and 
Rei;;et,  by  Roiset,  and  by  Pettenkofer,  in  the  air  of  the  respiration  chamber.  They 
probably  came  from  the  intestines.    (See  p.  92.) 
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8.  Otter  substances. — Besides  the  above-described  chief  ingredients  of  expired 
air,  it  is  probable  that  there  are  also  minute  quantities  of  perhaps  many  other  bodies, 
and  there  are  many  reasons  for  thinking  that  these  minute  quantities  are  not  without 
importance.  (See  p.  96,  on  the  eifects  of  impure  air).  Their  exact  nature  is  at  present 
unknown.  Wiederhold  (Henleu.  Meissner  Berieht.  1858,  p.  316)  states  that  he  had 
detected  in  tlie  condensed  vapour  of  expired  air,  chloride  of  sodium,  uric  acid,  and 
urates  of  soda  and  ammonia !  The  fluid  obtained  by  condensing  the  vapours  of  expira- 
tion rapidly  putrefies. 

Cutaneous  Bcspiration. — In  man  and  the  higher  animals  a  slight  interchange 
between  the  gases  of  tlie  blood  and  the  atmosphere  takes  place  through  the  skin. 
There  is  an  exhalation  of  carbonic  acid,  and  probably  an  absorption  of  oxygen.  The 
following  table  is  by  S  char  ling  (from  Gorup-Besanez) : — 

Carbonic  acid  in  grammes. 


Body-weight 

(—  "  

By  lung  and  skin 

By  skii?in 

in  kilos. 

in  1  hour. 

1  hour. 

Boy 

93  years 

.  22-0 

20-338 

0-181 

Youth 

16  „ 

.  67-75 

34-280 

0-181 

Man 

28 

.  82- 

36-623 

0-373 

Girl 

10  „ 

.  23 

19-162 

0-124 

Woman 

19 

0-272 

When  Kegnault  and  Reiset  examined  the  products  of  cutaneous  respiration  by 
placing  an  animal  in  a  bag  with  the  head  free,  and  passing  a  current  of  air  through  the 
bag,  they  obtained  the  following  results  : — 


Fowl 


Rabbit 
Dog  . 


■Weight. 
1940  grms. 


2425 


4159 


Duration 
of  exp. 
8h.  40m. 
7h.  30m. 
8h.  45m. 
8h.  15m. 
7h.  45m. 
7h.  50m. 
8h.  30m. 


Total  quantity  of  carbonic  acid  in 

grms.  during  time  of  exp. 
By  skui  only.  By  skin  and  lungs. 


-336 
•076 
•164 
•358 
•197 
•136 
•176 


18-62 
1613 

18-  70 
20-63 

19-  38 
39-15 
42-50 


When  the  animal  (with  head  free)  was  placed  in  a  closed  bag  for  some  hours,  an 
examination  of  the  air  of  the  bag  at  the  end  of  the  experiment  gave  the  following 
results : — 


Fowl  as  above 
Rabbit  „ 
Dog 


Length  of  time. 

.  8h. 
.  8h. 
.    8h.  10m. 


COj. 
•27 
•36 
•29 


In  100  vols,  of  air  of  bag. 
O. 

20-76 
20-65 
20-67 


N. 

78-  97 

79-  09 
79-04 


Among  the  lower  animals  the  skin  takes  a  much  larger  share  in  the  general  respira- 
tion. Thus  frogs,  which  uninjured  were  consuming  oxygen  at  the  rate  of  -063  {^lis) 
•089,  -103,  -05  grms.  per  kilo,  per  hour,  continued  to  consume  at  the  rate  '047,  "063, 
after  their  lungs  had  been  cut  away ;  that  is  to  say,  they  respired  nearly  as  well  without 
their  lungs  as  with  them. 

Intestinal  Bcspiration. — Planer  (Wien.  Akad.  Ber.  xlii.  p.  307)  found  the  intestinal 
gases  of  a  dog  (killed  a  few  hours  after  food)  to  have  the  following  percentage  compo- 
sition : — 


•77 


Ruge  (Wien.  Akad.  Ber.  xliv.  p.  739)  found  flatus  of  man,  obtained  per  rectum,  to  be 
as  follows,  in  7  experiments  on  3  persons : — 

A.  B. 


C. 

N. 

0. 

H. 

Fed  on  Meat. 

Gas  of  Stomach 

.  25-20 

68-68 

6-12 

„   Small  Intestine 

.  40-1 

45-52 

trace  ? 

13-86 

„   Large  Intestine 

.  7-1-19 

23-0 

0-63 

1-41 

Fed  on  Pulse 

„   Stomach  . 

.  32-91 

66-30 

•79 

„   Small  Intestine 

.  47-34 

3-97 

48-69 

»> 

,,   Large  Intestine 

.  65-13 

5-9 

28-97 

Carbonic  acid    .    14-94       40-51       21-86       12-77        21-59  54-12 

Nitrogen  .       .    45-31        17-50       44-42       43-10        41-82  22-45 

Marsh-gas        .    39-75       19-77       32-93       44-13        17-52  8-67 

Hydrogen.       .     .     .        22-22         0-79        .     .         19  07  14  76 

with  traces  only,  and  that  not  always,  of  sulphuretted  hydrogen. 


c. 
11-87 
40-69 
47-44 
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The  nitrogen  in  thesfi  easrs  was  probably  due  to  air  which  had  been  swallowed,  and 
which  had  lost  its  oxygen  chiefly  within  the  stomach.  The  intestines  are  probably  the 
source  of  the  marsh-gas  and  hydrogen  met  with  when  the  respiration  of  the  whole  body 
has  been  examined.  Keiset  {op.  cit.)  found  in  sheep  and  calves  as  much  as  1  to  2 
litres  of  marsh-gas  exhaled  per  hour,  while  pigs  gave  only  '134,  '097  litres  of  marsh- 
gas,  and  '628  litres  hydrogen  per  hour. 

It  may  seem  extravagant  to  speak  thus  of  an  intestinal  respiration,  yet  in  some 
animals  this  is  really  an  important  function.  Thus  the  loach  {Cohitis  fossills)is'm  the 
habit  of  rising  to  the  surface  of  water,  where  it  swallows'air.  In  descending  it  emits 
from  the  vent  bubbles  of  gas,  which  when  examined  are  found  to  contain  only  from  12 
to  7  per  cent,  of  oxygen,  and  from  1  to  2  per  cent,  of  carbonic  acid.  During  this  process 
of  atmospheric  deglutition,  the  gills  are  temporarily  inactive.  It  appears  that  this 
creature  thus  obtains  a  supply  of  oxygen,  which  being  absorbed  from  the  intestine  is 
consumed  by  the  tissues,  the  carbonic  acid  resulting  being  exhaled  chiefly  by  the  gills 
or  skin,  and  only  to  a  small  extent  by  the  vent.    (Baumert,  An.  Cli.  Pliarm.  Ixxxiii. 

Air-hladder  of  Fislics. — Many  fishes  possess  an  air-bladder  (either  with  or  without  a 
pneumatic  duct),  the  contents  of  which  consist  of  nitrogen,  a  very  small  quantity  of 
oxygen  in  the  case  of  freshwater  fishes,  a  larger  quantity  in  sea-fishes,  especially  in 
those  dwelling  at  great  depths,  and  a  trace  of  carbonic  acid  (Owen).  Morean 
(Compt.  rend.  1863,  pp.  37,  816)  finds  in  the  air-bladder  of  the  perch  19 — 25  percent, 
of  oxygen,  of  the  tench  8  per  cent.,  wholly  disappearing  when  the  fish  is  asphyxiated. 
The  amount  of  carbonic  acid  never  exceeds  3  per  cent.  When  the  air-bladder  of  a 
fish  possessing  a  pneumatic  duct  is  exhausted  by  means  of  the  air-pump,  and  the  animal 
is  replaced  in  water,  the  quantity  of  oxygen  in  the  air-bladder  is  found  in  a  short  time 
to  be  very  much  increased,  probaVily  by  diffusion  from  the  blood.  The  percentage 
may  temporarily  reach  60  or  even  87. 

Egfjs. — The  respiration  of  hens'  eggs  has  been  studied  by  Baumgiirtner  (Henle  u. 
Meissner,  1861,  p.  304).  The  following  table  gives  in  grms.  the  changes  of  24  lioui'S 
on  several  days  of  incubation  of  a  single  egg  (initial  weight  about  55  grms,) : — 


Day.  Loss 

of  weight. 

CO-  exlialed. 

O  absorbed. 

Water  exhaled. 

1st 

•125 

•009 

•0074 

•123 

6th 

•232 

•016 

•0149 

■230 

10th 

•100 

•050 

•0325 

•082 

15th 

.134 

•290 

•2355 

•079 

20th 

•212 

•66 

■4435 

•095 

21st  (hatched) 

1-008 

•7317 

Variations  in  the  Quantity  of  Carbonic  Acid  exJudcd. 

1.  Dependent  on  the  mode  of  breathing. 

In  a  single  breath  the  air  at  the  beginning  of  an  expiration  is  poorer  in  carbonic 
acid  than  towards  the  close ;  this  difference  disappcai's  when,  after  completion  of  an 
inspiration,  the  breath  is  held  for  40  seconds  before  commencing  the  expiration. 

Inspiration  having  been  made,  the  longer  the  breath  is  held  before  beginning  the 
expiration,  the  greater  is  the  percentage  of  carbonic  acid  in  the  expired  air.  Thus, 
with  an  inspiration  of  4660  cc.  and  with  pauses  between  inspiration  and  expiration  of 
0,  20,  40,  60,  80,  IflO  seconds  respectively,  the  percentage  of  carbonic  acid  was  found 
by  Bee  her  to  be  3'6,  5-6,  6'3,  7"2,  7'3,  7'5.  The  increase  of  carbonic  acid  diminishes 
rapidly  with  the  duration  of  the  pause;  and  7'5  or  8  per  cent,  may  be  taken  as  the 
limit  of  the  amount  of  carbonic  acid  present  in  the  deeper  layers  of  the  air  in  the 
lungs. 

During  a  given  time,  and  for  the  same  rate  of  breathing,  the  deeper  the  breath,  the 
less  is  the  percentage  of  carbonic  acid  in  the  expired  air,  but  the  greater  the  total  quan- 
tity exhaled. 

For  a  constant  depth  of  breath,  the  quicker  the  rate  of  breatliing,  the  less  is  the 
percentage,  bnt  the  greater  the  total  quantity  of  carbonic  acid  exhaled. 

2.  Dependent  on  extrinsic  conditions. 

Tempiratiirc. — "With  cold-blooded  animals  (frogs),  the  quantity  of  carbonic  acid  ex- 
haled varies  directly  as  the  temperature  (Moleschott,  Untersuch.  ii.  315).  The  same 
law  holds  good  with  mammalia  passing  in  or  out  of  the  .state  of  hybernation.  AVith 
warm-blooded  creatures  in  general,  the  amount  of  carbonic  acid  varies  inversely  as  the 
temperature,  when  the  latter  is  neither  too  low  nor  too  high  to  injure  the  economy 
(Letellier  Vierordt).  The  observations  of  E.  Smith  (Phil.  Trans.  1859),  on  the 
influence  of  temperature  as  manifested  in  the  effects  of  seasons,  while  leading  to  the 
same  conclusion,  show  "  that  there  is  no  ab-solute  relation  between  a  given  temperature 
and  the  quantity  of  carbonic  acid  exhaled." 
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Pressure. — The  influence  of  pressure  has  not  been  exactly  determined.  According 
to  Hervier  and  St.  Lager,  the  quantity  of  carbonic  acid  increases  with  the  atrao- 
epheric  pressure  up  to  773  mm.,  beyond  whieli  it  decreases.  E.  Smith  observed  an 
inverse  relation  between  pressure  and  carbonic  acid,  which  however  was  very  general 
only,  and  subject  to  marked  exceptions. 

Light. — Frogs  exhale  more  carbonic  acid  in  a  strong  than  in  a  weak  light. 
(Mo'leschott.) 

Humidity  of  the  atmosphere  increases  the  quantity  of  carbonic  acid.  (Lehmann.) 

Seasons. — E.  Smith  observed  that  the  amount  of  carbonic  acid  expired  began  to 
decline  in  early  June  and  continued  to  do  so  till  September.  In  October  the  amount 
began  to  rise,  and  continued  to  do  so  with  more  or  less  uniformity  during  the  winter 
months.  Spring  is  the  season  of  the  greatest  and  autumn  that  of  the  least  activity 
of  the  respiratory  functions.  The  influence  of  seasonal  changes  is  one  that  cannot 
be  explained  solely  by  reference  to  changes  in  temperature  and  barometric  pressure. 

Changes  in  the  nature  of  inspired  air. — When  the  amount  of  carbonic  acid  in  the 
inspired  air  is  increased  beyond  that  proper  to  the  atmosphere,  the  quantity  of  carbonic 
acid  exhaled  is propoi-tionately  decreased.  W.  Miiller  found  that  when  rabbits  were 
made  to  breathe  a  limited  amount  (150 — 250  cc.)  of  oxygen  they  consumed  the  whole 
of  the  gas.  At  first  they  took  in  the  oxygen  and  gave  out  carbonic  acid;  but  through 
the  dimimition  of  tlie  volume  of  the  gas  at  their  disposal,  caused  by  the  consumption 
of  oxygen,  the  tension  of  the  carbonic  acid  that  had  been  expired  became  so  much  in- 
creased as  after  a  while  to  exceed  the  tension  of  the  carbonic  acid  in  the  blood.  Hence 
not  only  the  exhalation  of  carbonic  acid  ceased,  but  that  which  had  been  expired  was 
reabsorbed.  When  the  amountof  oxygen  in  the  inspired  air  is  increased  beyond  that 
proper  to  the  atmosphere,  no  appreciable  increase  can  be  observed  in  the  amount  of 
carbonic  acid  exhaled  (Kegnault  and  Eeiset).  When  hydrogen  is  substituted 
for  nitrogen  in  the  inspired  air  no  essential  change  in  respiration  takes  place. 

3.  Dependent  on  intrinsic  conditions. 

Food  :  Abstinence,  Hun  ge r. — All  observers  agree  in  stating  that  during  starva- 
tion the  amount  of  carbonic  acid  falls.  In  Bidder  and  Schmidt's  experiments  on 
a  cat,  which  endured  18  days'  deprivation  of  food,  the  amount  per  diem,  except 
during  the  first  and  last  days,  was  remarkably  constant  for  each  kilo,  of  body-weight 
(though  for  the  whole  body  it  gradually  lessened  from  day  to  day).  (See  Nuteition.) 
E.  Smith  found,  during  a  24  hours'  fast,  the  carbonic  acid  diminished  about  25  per 
cent  (7  grains  per  minute  instead  of  9'77  grains).  The  minimum  was  arrived  at  within 
4|  houi-s  after  the  last  meal,  and  from  that  point  onward  there  was  no  marked  decrease  ; 
thus  indicating  the  existence  of  a  tolerably  uniform  "normal "  or  "  basal"  line,  below 
which  the  system  does  not  pass  in  health.  Pettenkofer  and  Voit  found  that  their 
dog  passed  (30  kilos,  circa),  with  1800  grms.  meat  and  350  grms.  fat,  840'4  grms. 
of  carbonic  acid,  but  after  10  days'  fasting  only  289-4  grms.  Eanke,  J.  {Tetanus, 
p.  234),  weight  70  kilos,  circa,  determined,  by  means  of  Pettenkofer's  apparatus,  the 
total  quantity  of  carbonic  acid  exhaled  by  himself  during  24  hours  under  the  following 
circumstances,  to  be : 


grms.  car- 
bonic acid. 

grms.  car- 
bon. 

Starving  ..... 

662-9 

180-8 

663-5 

180-9 

Pure  meat  diet  (1832  grms.)  . 

847-5 

231-2 

i  150  grms.  fat  ] 

A  diet  of  \  300    ,,     starch  \ 

735-2 

200-5 

(.100    ,,      sugar  J 

Ordinary  mixed  diet 

791-1 

215-7 

Mixed  diet,  as  much  as  possible  eaten 

926-6 

262-4 

A  diet  in  which  the  nitrogen  of  ingei 

iita  and 

egesta  were  in  equilibrium  . 

759-5 

207 

Meals.  An  increase  in  the  production  of  carbonic  acid  begins  directly  after  a  meal 

and  progresses  to  a  maximum,  after  which  the  amount  gradually  declines  to  the  basal 
minimum.  The  maximum  was  observed  in  from  one  to  two  hours  after  a  meal,  and 
was  greatest  after  breakfast  and  tea  (with  a  midday  dinner).  On  a  day  of  fasting  a 
slight  rise  was  observed  about  the  times  when  the  influence  of  meals,  if  taken,  would 
have  been  felt.    (E.  Smith.) 

Kinds  of  food.— E.  Smith,  taking  theminimum  quantity  exhaled  when  fasting  in 
the  early  morning,  has  investigated  the  etFects  of  various  articles  of  food.  He  finds  that 
the  exhalation  of  carbonic  acid  is  increased  by  the  following  "exeito-respu-atory"  articles, 
which  are  here  placed  in  a  series  of  decreasing  intensity  of  effect :— Tea,  sugars  (cane- 
sugar,  milk-sugar,  grape-sugar),  coftee,  rum,  milk,  cocoa,  stout,  ale,  chicory, casein,  gluten, 
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p;ol;\tin,  albumin.  Compound  aliments  containing  several  of  these  substances  have  an 
action  greater  than  that  of  any  of  their  constituents.  In  most  of  these  instances,  the 
increase  in  the  evolution  of  carbon  was  greater  than  could  be  accounted  for  by  the 
amount  of  carbon  contained  in  the  article,  ex.  tea;  in  others  less,  ex.  sugar.  The  effect 
was  evident  within  a  few  minutes  of  partaking  of  the  food,  and  was  not  investigated  for 
periods  of  longer  than  two  hours.  Other  substances  do  not  increase  the  carbonic  acid, 
arc  non-excito-respiratory,  ex.  starch,  fat,  brandy,  whisky,  gin,  and  the  volatile  elements 
of  wine,  spirits,  &e.  The  influence  of  water  does  not  seem  to  have  been  studied. 
These  observations  apply  to  the,  so  to  speak,  superficial  effects  of  the  various  kinds  of 
food  ;  the  ulterior  effects  of  diet  will  be  discussed  below. 

Sleep. — During  sleep  the  amount  of  carbonic  acid  is  lessened.  In  man,  the  cjuantity 
expired  per  miniite  when  asleep  is  to  the  quantity  when  awake  as  1  :  1'84  (E.  Smith). 
During  the  condition  known  as  hybernation,  the  diminution  in  the  quantity  of  carbonic 
acid  exhaled  is  exceedingly  marked.  Thus  a  hedgehog,  which  when  awake  gave  1"352 
grnss.  of  carbonic  acid  per  hour,  produced  when  in  complete  torpor  no  more  than  -066 
per  hour,  and  a  marmot  1'076  and  '0144  respectively.  (Valentin.) 

Exercise. — The  quantity  is  very  largely  increased,  according  to  all  observers. 
E.  Smith,  whose  average  during  the  day  was  9-77  grains  per  minute,  exhaled  5'94 
grains  per  minute,  when  lying  down  but  not  asleep;  18'1  when  walking  at  the  rate 
of  2  miles  an  hour  ;  25'83  at  3  miles  an  hour ;  and  43'36  and  42'9  on  two  occasions  when 
working  the  treadwheel. 

Sex. — Men  produce  a  larger  quantity  of  carlionic  acid  than  women. 

Age.— The  quantity  of  carbonic  acid  exhaled  by  children  is  absolutely  less  than  that 
given  out  liy  adults,  but  compared  with  the  body-weight  is  greater,  as  is  shown  in  the 
following  table  from  Lehmann  (Lehrb.  iii.  320) : — ■ 

Carbonic  acid  per 


Carbonic  acid 

liour  per  kilo,  of 

Subject. 

Age. 

Body-weight. 

per  itour. 

body-weight. 

Boy  . 

9J  yrs. 

22-00  kil. 

20-338  grm. 

•9245  grm. 

Girl  . 

10  „ 

23-00  „ 

19-162  „ 

-8831  „ 

Youth 

16  „ 

57-75  „ 

34-280  „ 

•5887  „ 

Young  woman  . 

17  „ 

55-75  „ 

25-342  „ 

•4546  „ 

Soldier 

28  „ 

82-00  „ 

36-632  „ 

•4466  ,, 

Man 

35  „ 

65-5  „ 

33-530  „ 

-5119  ,, 

The  same  applies  to  animals. 

According  to  Andral  and  Gavarrct,  the  quantity  ijrodueed  daily  by  the  male  sex 
goes  on  increasing,  with  a  sudden  rise  at  puberty,  up  to  about  30  years,  remains  tolerably 
stationary  until  between  40  and  50  years,  after  which  it  diminishes,  especially  bevond 
GO.  In  the  female  sex  the  amount  increases  up  to  puberty,  then  remains  stationary, 
with  temporary  increase  during  pregnancy,  until  the  climacteric,  after  which  it  rises 
up  to  60  years  and  then  finally  falls. 

Co7iS2emption  of  Oxygen. 

The  whole  of  the  oxygen  absorbed  by  the  blood  from  the  inspired  air  does  not 
always  reappear  in  the  carbonic  acid  of  the  expiration ;  in  general  the  amount  of 
oxygen  consumed  during  a  given  interval  is  greater  than  the  amount  of  oxygen 
contained  in  the  carbonic  acid  expired  during  the  same  time.  The  difference  is 
not  a  constant  one,  but  varies  according  to  the  nature  of  the  food  taken,  &c. ;  it  is 
least  marked  in  herbivor-a  living  on  their  ordinary  diet,  or  in  animals  fed  largely  on 
carbohydrates,  and  most  marked  in  carnivora  or  in  animals  fed  largely  on  a  meat  diet. 
Regnault  and  Reiset  found  in  the  carbonic  acid  exhaled  by  rabbits  fed  on 
carrots,  &c.,  91-7  per  cent,  of  the  oxygen  consumed;  in  dogs  fed  on  meat,  74-5  per 
cent. ;  in  fowls  fed  on  grain,  92-7  per  cent. ;  in  dogs  fed  on  bread,  91-3  and  94-3  per 
cent. ;  in  fowls  fed  on  meat,  76'7  and  63-6  per  cent.;  in  ducks  fed  on  bread  and  grain 
89-2  per  cent.,  on  meat  73-8,  on  fat  62-3.  They  also  found  that  herbivora  when 
starving  gave  the  proportion  of  carnivora,  that  is,  they  fed  on  their  own  flesh. 
Thus,  rabbits  starving  afforded  69  per  cent.,  ducks  starving  69-3  per  cent.,  and  fowls 
70-7  and  63-9  per  cent.  The  observations  of  Pettenkofer  (Ann.  Ch.  Pharm.  1863, 
Suppl.  ii.)  on  the  respiration  of  the  dog  led  to  some  very  remarkable  results.  After 
16  days'  meat  diet,  637  per  cent,  of  the  oxygen  consumed  reappeared  in  the  carbonic 
acid  expired.  During  a  hunger  period  of  10  days  immediately  following,  the  percent- 
age was  on  an  average  63'5.  The  dog  was  then  fed  for  7  days  on  meat,  at  tlie  end  of 
which  the  oxygen  in  the  carbonic  acid  expired  almost  exactly  equalled  the  total 
quantify  consumed.  After  8  days"  rations  of  100  grms.  fat  only,  the  result  was  still  the 
same.  The  animal  being  then  put  on  a  rich  meat  diet,  on  the  4tli  day,  the  oxygen  in 
\\v.'  carbonic  acid  exceeded  that  consumed  by  17  grms.;  on  the  following  days, 
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however,  the  diet  and  excretion  of  urea  remaining  the  same,  the  consumption  of  oxygen 
had  increased  so  much,  that  on  the  13th  day  the  oxygen  in  the  carbonic  acid  had  as- 
sumed the  standard  percentage  of  65-1.  Tlie  animal  tlien  being  fed  on  500  grms.  of  meat 
and  200  grms.,  first  of  starch  and  tlien  of  sugar,  the  relations  of  carbonic  acid  expired 
and  oxygen  consumed  became  so  changed  that  at  last  the  carbonic  acid  contained  150  (in 
a  second  trial  125)  parts  of  oxygen  for  every  100  parts  of  oxygen  consumed.  These 
remarkable  variations  serve,  on  the  one  hand,  to  illustrate  the  character  of  the  changes 
going  on  in  the  body  under  the  influence  of  different  kinds  of  food;  on  the  other  hand, 
the  great  excess  of  carbonic  acid,  coinciding  with  the  appearance  of  7'2  grms.  of 
hydrogen  and  6-3  grms.  of  marsh-gas,  indicates  that  the  earbonic  acid  was  not  wholly 
due  to  combustion  of  the  tissues  or  plasma,  but  perhaps  arose  in  part  from  fermentation 
of  the  food  within  the  alimentary  canal  (see  Nutrition).  Hence  the  consumption  of 
oxygen  and  not  the  production  of  cai'bonic  acid  must  be  taken  as  a  measure  of  the 
activity  of  the  vital  processes.  The  following  table  shows  in  grammes  the  amount  of 
oxygen  consumed  per  hour  per  kilo,  of  body-weight  by  members  of  the  various  kinds 
of  animals.  It  will  be  seen  that  small  creatures  consume  more  than  larger  ones  for 
the  same  amount  of  body-weight : — 


The  amount  in  grammes  of  oxygen  consumed  ^er  hour  'per  kilo.of  hody-wctght. 


Sheep  (Eeiset) 

■497 

Fowls    (Regnault  and  Eeiset) 

1-147 

Calves  „ 

•■180 

Ducks  ,, 

1-850 

Pigs 

•466 

Small  Birds  „ 

11-473 

Dogs  (EegnaultJ 
and  Eeiset)S 

M83 

Geese  (Reiset) 

-677 

Babbits  ,, 

•918 

Turkeys  ,, 

-702 

,,  (Valentin) 
Marmots : awake  (Kegnaultj 

1-714 

1-198 

and  Reiset)) 

,,       torpid  ,, 

•040 

Frogs     (Regnault  and  Reiset' 

-0^4 

„       awake  (Valentin) 

•973 

Lizards  „ 

■1916 

„  light  sleep  ,, 

•144 

Silkworm  „ 

1-170 

,,  quite  torpid  „ 

•0238 

Earthworm  „ 

-1013 

Hedgehog:  awake  ,, 

1-376 

,,          torpid  ,, 

•075 

A  curious  observation  was  made  by  Regnault  and  Reiset  on  the  consumption  of 
oxygen  by  the  marmot.  These  animals  when  wide  awake  give  in  their  carbonic  acid  a 
percentage  of  oxygen  consumed  76  9,  when  half  asleep  54-7,  when  completely  dormant 
39^9.  This  remarkable  deficiency  explains  how  it  is  that  these  animals  may,  while  in  a 
dormant  state,  provided  that  they  do  not  pass  m-ine,  actually  increase  in  ■n  eight  from 
formation  and  retention  of  water. 

Breathing  Impure  Air. — When  an  animal  is  suddenly  cut  off  from  its  usual  supply 
of  air,  as  by  closure  of  the  windpipe,  by  immersion  in  water,  or  by  being  plunged  into 
some  irrespirable  (but  otherwise  innocuous)  gas,  such  as  nitrogen  or  hj^drogen,  the 
breathing  is  at  first  hurried  and  laboured,  but  after  a  while  becomes  slow  and  weak  ; 
conciousness  is  lost,  convulsions  take  place,  and  death  by  suffocation  or  asphyxia  is  the 
result.  In  such  cases,  the  air  remaining  in  the  Uings  contains  a  trace  only  of  oxygen 
■with  a  great  excess  of  carbonic  acid,  the  blood  both  in  the  arteries  and  veins  is  of  a 
dark  colour,  holding  scarcely  any  oxygen  but  a  very  large  quantity  of  carbonic  acid. 
It  is  not  yet  clear  how  far  the  phenomena  belonging  to  this  particular  mode  of  death 
are  due  to  the  absence  of  oxygen,  or  to  the  increase  in  carbonic  acid,  or  to  both  of  these 
causes  combined.  Some  observers  witnessed  no  convulsions  or  dyspncM,  but  onl}-  a 
kind  of  narcotic  poisoning,  when  animals  were  made  to  breathe  oxygen  containing  a 
great  excess  of  carbonic  acid  ;  whereas  when  they  were  made  to  breathe  air  diluted 
with  nitrogen,  dyspnoea  came  on  as  soon  as  the  proportion  of  oxygen  fell  below  5  per 
cent.  These  experiments  seem  to  sho^sv  that  the  dyspnoea  of  asphyxia  arises  from  the 
lack  of  oxygen.  But  other  observers  have  found  dyspnoea  and  convulsions  to  follow 
the  inhalation  of  oxygen  containing  10  per  cent,  of  carbonic  acid,  and  the  opinion  that 
carbonic  acid  is  an  excitant  of  muscular  and  otiier  actions  has  many  supporters. 

Similar  results  are  produced  more  gradually  when  an  animal  is  confined  in  a  limited 
space  without  renewal  of  air,  and  has  therefore  to  breathe  the  same  air  over  and  over 
again.  In  such  cases  life  is  prolonged  if  the  carbonic  acid  be  absorbed  by  potash  as 
soon  as  it  is  formed.  If  at  the  death  of  the  animal  the  air  is  examined,  it  is  found  to 
contain  from  5  to  7  per  cent,  of  oxygen  and  from  10  to  12  per  cent,  of  carbonic  acid 
(Bernard).  These  figm-es  may  be  taken  to  represent  the  limit,  in  either  direction,  at 
which  air  ceases  to  be  respirable.  When  animals  or  human  beings  remain  for  any 
length  of  time  in  ill-ventilated  crowded  rooms,  the  resulting  impurity  of  air  produces 
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symptoms  of  discomfort  tni  stiffening,  and  may,  as  in  some  wpll-known  instances,  Irad 
to  fatal  results.  These  minor  ill-effects  are  in  part  due  to  lack  of  oxygen  and  increase 
of  carbonic  acid,  but  it  is  higlily  probable  that  they  are  chiefly  owing  to  the  exhalation 
of  various  (unknown)  substances  from  the  skin  and  lungs,  According  to  Pettenko- 
fer  it  is  possible  to  breathe  an  atmosphere  containing  1  per  cent,  of  jjz/ri?  carbonic 
acid  for  a  length  of  time  without  any  injurious  results  following,  or  indeed  any  discom- 
fort being  felt.  But  1  per  cent,  of  carbonic  acid  may  be  fairly  taken  as  a  limit  of  the 
impurity  of  air  due  to  bad  ventilation,  and  respired  air  containing  a  much  smaller 
quantity  is  found  to  be  unbearable.  The  effects,  moreover,  whicli  have  been  described 
as  resulting  from  the  inhalation  of  small  quantities  of  carbonic  acid  (Smith)  are 
distinct  from  those  resulting  from  ordinary  impure  air.  The  latter,  too,  may  be  imi- 
tated by  breathing  respired  air  fi-eed  from  its  carbonic  acid,  and  containing  therefore 
the  other  impurities  only;  by  experimenting  on  animals,  fatal  results  may  be  pro- 
duced. At  the  same  time  the  carbonic  acid  may  be  taken  as  an  indirect  measure  of 
the  impurity  of  respired  air,  and  accordingly  air  which  by  respiration  has  acquired 
more  than  -08  per  cent,  of  carbonic  acid  should  be  considered  as  unfit  for  further 
respiration.  M.  F. 

RETENE.  C"H".  —  A  hydrocarbon  polymeric  with  benzene,  discovered  in  1837 
by  Fikentscher  and  Trommsdorff,  and  examined  chiefly  by  Fritzsche  (J.  pr. 
Chem.  Ixxv.  281  ;  Jahresb.  1860,  p.  475  ;  Gm.  xviii.  8).  It  occurs  in  thin  unctuous 
scales  on  fossil  pine-stems,  in  beds  of  peat  and  lignite  in  Denmark  and  other  localities, 
and  together  with  ticht elite  on  the  Fiehtelgebirge,  and  at  Utznaeh  in  tiie  Canton  of  St. 
Gall.  It  is  produced  also  by  the  dry  distillation  of  very  resinous  jjine  and  fir- wood, 
passing  over  togetlier  with  the  heavy  tar-oil,  and  separating  in  scales  like  paraffin 
(Krauss,  Ann.  Ch.  Pharm.  cvi.  391).  By  submitting  colophony  to  dry  distillation, 
and  passing  the  vapour  through  a  red-hot  tube,  Fritzsche  obtained  several  hydrocarbons, 
forming  compounds  with  picric  acid,  amongst  them  probably  retene.  Bdisfei-ene,  or 
Mcta?ia2)hthalene  (■p.  98),  winch  is  obtained  in  a  similar  manner  by  Pelletier  and 
Walter  (Ann.  Ch.Phys.  [2]  Ixvii.  296),  is  perhaps  impure  retene.  (Fritzsche.) 

Preparation  :  From  fossil  wood. —  The  comminuted  wood  is  exhausted  by  boiling 
with  alcohol;  the  greater  part  of  the  alcohol  is  then  distilled  off;  and  tlie  remainder 
of  the  decoction  is  evaporated  to  dryness,  and  treated  with  siilpliide  of  carbon,  which 
dissolves  retene  and  other  substances,  leaving  a  red-brown  acid  resin.  On  removing 
the  sulphide  of  carbon  by  distillation,  and  dissolving  the  residue,  together  with  picric 
acid,  in  benzene,  a  compound  of  retene  with  picric  acid  and  benzene  separates  out  in 
yellow  needles  on  cooling.  These  are  pressed  and  recrystallised  from  alcohol,  with 
addition  of  excess  of  picric  acid,  the  compound  of  retene  and  picric  acid  is  decomposed 
by  ammonia,  and  the  separated  retene  is  recrystallised  from  alcohol.  (Fritzsche.) 

Eetene  forms  soft  sliining  unctuous  laminae,  inodorous,  tasteless,  sinking  in  cold  but 
floating  in  boiling  water  (Fritzsche).  It  melts  at  98 — 99°  (F ehli ng,  Ann.  Ch. 
Pharm.  cvi.  388).  According  to  Fritzsche,  melted  retene  solidifies  at  9t»°,  the  tem- 
perature rising  to  95°.  It  evaporates  gradually  in  the  air  and  over  the  water-bath, 
and  when  melted  gives  off  white  clouds,  which  condense  to  a  woolly  sublimate  (Krauss, 
Ann.  Ch.  Pharm.  xxviii.  345).  It  boils  at  about  the  boiling-point  of  mercury,  and 
distils  almost  unchanged  (Fritzsche,  Fehling).  It  is  insoluble  in  ivater,  di.'ssolves 
slowly  in  cold,  much  more  readily  in  boiling  alcohol,  easily  in  warm  ether,  and  in  oils, 
both  fixed  and  volatile. 

Iletene  burns  with  a  bright  but  smoky  flame.  It  is  converted  into  resinous  products 
by  treatment  with  chromic  acid,  with  hydrochloric  acid,  and  cMorate  of  potassium,  and 
with  strong  nitric  acid.  With  more  dilute  nitric  acid,  it  also  forms  crystalline  products. 
(Fehling.) 

By  prolonged  contact  with  strong  sulphuric  acid,  retene  is  converted  into  retene- 
disulphuric  or  disulphoretic  acid,  C'lI'^S-O",  which  crystallises  in  a  solid 
mass  .ind  forms  a  soluble  barium-salt,  C'*II"'Ba"S'0^  crystallising  in  needles.  The 
lead-salt,  C"'H'"Pb"S-0'',  dissolves  slightly  in  cold,  easily  in  boiling  water,  and  separates 
therefrom  in  white  flocks. 

A  solution  of  retene  in  moderately  dilute  sulphuric  acid  deposits  on  standing,  crystals 
containing  C'«H"'S^0i^.5IPS0'. 

Ketene  heated  with  strong  sulphm'ic  acid  is  converted  into  the  compound  C'*II-"SO\ 
called  by  Fritzsche  snip  horeten  e,  which  separates  from  boiling  water  in  thin  laminae, 
from  alcohol  as  a  sandy  powder  or  in  crusts ;  is  decomposed  by  heat  and  forms  a  crys- 
talline compound  with  hydrochloric,  oxalic,  and  picric  acids. 

Retene  with  Picric  acid. —  A  solution  of  1  pt.  retene  and  3  pts.  picric  acid,  in  hot 
alcohol  or  ether,  deposits  on  cooling,  delicate  woolly  orange-yellow  needles  of  the  com- 
pound C'»H"'.C°H'(NO-)'0,  which  is  partially  decomposed  by  alcohol  of  90  per  cent , 
completely  by  more  dilute  alcohol,  into  picric  acid  and  retene. 
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A  mixture  of  retene  and  picric  acid  dissolved  in  hot  hcmcnc,  deposits  on  cooling 
needles  of  the  componnd  C'*'H''.C"H°.C''H'(NO-)'0,  -which  on  exposure  to  the  air 
becomes  opaque,  and  gives  off  the  whole  of  the  benzene.  (Fritzsche.) 

RBTEIffi:-SUI.PHUBlC  ACSD.    See  the  last  article. 

BETIWAHTS.  A  green  translucent  variety  of  serpentine  from  Canada,  having 
a  resinous  aspect.    (See  Serpentine.) 

EEETIiffAffHTHA.    Syn.  with  toluene  or  hydride  of  benzyl  (i.  573). 

RETISTjaSPHAXiT.  A  fossil  resin  of  yellow-brown  colour,  earthy  aspect,  rarely 
dense  and  shining  ;  of  specific  gravity  1'07  to  1'35 ;  fusible,  burns  with  a  white  flame, 
and  aromatic  odour.  Ketinasphalt  from  the  lignite  of  Bovey  in  Devonshire,  where  it 
was  first  obsei'ved,  contains,  according  to  Hatchett  (Phil,  Trans.  180-t,  p.  40-i),  65  per 
cent,  resin  soluble  in  alcohol,  42  per  cent,  insoluble  resin;  according  to  Johnston 
(Phil.  Trans.  1840,  p.  347),  13'23  per  cent,  mineral  constituents,  27'45  resin  insoluble  in 
alcohol,  and  59'23  percent,  soluble  in  alcohol — the  latter  constituting  Johnston's  n^M/t- 
acid.  Eetinasphalt  from  Halle  contains,  according  to  Bucholz  (Schw.  J.  i.  290),  01 
per  cent,  easily  soluble  resin,  and  9  per  cent,  insoluble  resin,  resembling  amber  ;  that 
from  Cape  Saljle,  United  States,  contains  42-5  per  cent,  easily  soluble  resin,  65'5  per 
cent,  insoluble  resin,  and  r5  ferric  oxide  and  alumina.  (Troost.) 

RETIITSC  ii.CI3>.  The  portion  of  retinasphalt  from  Bovey,  which  is  soluble  in 
alcohol  (Johnston).  It  remains,  on  evaporating  the  alcoholic  solution,  as  a  yellow- 
brown  resin,  which  melts,  with  loss  of  weight,  at  120°,  and  gives  off  gas-bubbles  at 
205°.  It  dissolves  abundantly  in  ether,  whence  it  is  for  the  most  part  precipitated  by 
alcohol,  sparingly  in  alcohol,  and  is  precipitated  by  water.  The  alcoholic  solution 
gives  a  slight  precipitate  with  chloride  of  calcium,  more  abundant  with  alcoholic  acetate 
of  lead.  The  acid  contains,  at  100°,  75-03  per  cent.  C,  8-77  H,  and  16-20  0:  after 
fusion,  77-08  C,  8-70  H,  and  14-22  0  ;  the  calcium-salt  yielded  10-26  per  cent,  lime, 
the  silver-salt  41-78  to  43-58  per  cent,  silver-oxide.  From  these  results  Johnston 
deduced  the  formula  C^»H'^0^ 

RETIWITB.  Walchovlte.  A  fossil  resin  found  in  the  coal-mines  of  Walchow,  in 
Moravia,  in  rounded  lumps,  varying  in  size  from  that  of  a  pea  to  that  of  a  man's  head. 
It  is  brittle,  of  specific  gravity  1-035  to  1'069,  has  a  yellow  colour,  a  conclioidal 
fracture,  and  fatty  lustre.  At  140°  it  becomes  translucent  and  elastic  without  fusing, 
and  at  250°  melts  to  a  yellow  oil.  By  dry  distillation  it  yields  comlnistible  gas,  tar, 
and  aqueous  formic  acid.  Alcohol  extracts  from  it  1-5  per  -cent.,  and  ether  7-5  per 
cent,  of  resin,  both  the  resins  thus  obtained  being  transparent,  yellow,  and  tough.  It 
dissolves  slightly  in  sulphide  of  carbon,  and  in  boiling  rock-oil,  but  softens  in  the 
former.  Contains  80-40  per  cent.  C,  10-68  H,  and  8-74  0,  agreeing  approximately 
with  the  formula  C'H'^^Ol  (Schrotter,  Pogg.  Ann.  lix.  61 :  see  also  Cerutti,  N. 
Br.  Arch.  xxii.  286.) 

The  lignite  of  the  Wilhelmszech  mine,  in  the  Westerwald,  contains  reddish-yellow 
brittle  deposits  of  retinite.  Branchite  or  scheererite  likewise  changes  to  a  resin,  which 
has  the  colour  and  soft  waxy  consistence  of  retinite.  (Casselmann.) 

The  name  retinite  is  used  by  Rammelsberg  {Mineralchcmie,  p.  966)  as  a  generic 
name  for  fossil  resins  containing  oxygen. 

RETIXTOIiE  and  BETHTITIi.  Hydrocarbons  obtained  in  the  rectification  of  the 
products  of  the  dry  distillation  of  turpentine-resins  (Pelletier  and  Walter,  Ann. 
Ch.  Phys.  [2]  Ixvii.  269).    See  Turpentine. 

StEXXSTERESfE.  Mitanaphthalme.  A  solid  hydrocarbon,  probably  identical 
with  retene,  obtained  by  the  distillation  of  resins,  and  passing  over  with  the  last 
portions  of  the  distillate.  (Pelletier  and  Walter,  Ann.  Ch.  Phys.  [2]  Ixxii 
296.) 

RETORT.  This  name  was  originally  applied  to  the  well-kno-wn  vessel,  consisting 
of  a  bulb  and  inclined  neck,  used  for  distillation ;  but  it  is  now,  especially  in  technologi- 
cal language,  applied  to  distillatory  vessels  of  other  shapes — for  examjple,  to  the  cylin- 
ders of  iron  or  earthenware  used  for  the  distillation  of  coal,  &e. 

RSSTZBAWYITE.  A  massive  grey  mineral  from  Eetzbanya,  in  Hungary,  of 
specific  gravity  6-21.  It  is  mixed  with  oxidised  products,  and  gives  by  analysis  7-14 
percent,  oxygen,  11-93  .sulphur,  38-38  bismuth,  36-01  lead,  4-22  copper,  and  1-93 
silver.    (Hermann,  J.  pr.  Chem.  Ixxv.  450.) 

RETZXTE.    Syn.  with  Edelfoksite  (ii.  361). 

REUSSXxr.  A  salt  occurring  as  an  efflorescence  at  Saidschitz,  in  Bohemia,  and 
consisting  of  a  mixture  of  the  sulphates  of  sodium,  calcium,  and  magnesium,  with 
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cliloride  of  magnesium  [aud  water],  but  varying  iu  composition  according  to  tlie  locality 
and  the  season  of  the  year.    (Reuss,  Crell.  Ann.  1791,  ii-  18.) 

RHAlWWBTIlfl-.  C"H"'0\  (Gellatly,  N.  Edinb.  Phil.  J.  -vii.  256.)— A  pale- 
yellow  crystalline  sulistanco,  formed,  together  with  glucose,  by  boiling  xantliorhamnin 
with  dilute  sulphuric  or  hydrochloric  acid  : 

Cm-^O"  +  3H-0    =    CHioQ^  +  2C«H'=0». 
A  similar  transformation  takes  place  when  Persian  berries,  which  contain  xantlio- 
rhamnin, are  stirred  up  with  cold  water,  therhamnetin  being  deposited  from  the  filtrate 
as  a  yellow  powder. 

Rhamnetin  is  nearly  insoluble  in  water,  easily  soluble  in  alkalis,  and  precipitated 
therefrom  by  acids  ;  insoluble  in  alcohol  and  ether.  Hlasiwetz  regards  it  as  identical 
with  quercetin  (p.  4). 

BHASVISIIW.  (Fleury,  J.  Pharm.  xxvii.  226.— Winckler,  Jahrb.  pr.  Pliarm. 
xxiv.  1. — Binswanger,  Repert.  Pharm.  civ.  54. — Gm.  xvi.  80). — A  yellow  substance 
contained,  together  with  rhamnocathartin,  in  the  unripe  berries  of  the  buckthorn 
(Ekamnus  catharticus).  It  may  be  prep.arcd  by  pressing  the  berries  to  remove  tiie 
juice,  boiling  the  residue  i-epeatedly  with  water,  setting  the  decoctions  aside  to  crystal- 
lise, and  purified  by  recrystallisation  from  boiling  alcohol,  with  aid  of  animal  charcoal. 
It  forms  rounded  groups  of  pale-yellow  gx-anules  or,  more  rarely,  tufts  of  needles.  It  is 
decomposed  by  heat,  is  nearly  or  quite  insoluble  in  cold  water,  swells  up  in  boiling 
water,  dissolves  sparingly  in  cold,  easily  in  boiling  alcohol,  but  is  insoluble  in  ether. 
It  dissolves  easily  in  alkalis,  and  is  precipitated  therefrom  by  acids  ;  dissolves  with 
satFron-yellow  colour  in  strong  hydrochloric  or  sulphuric  acid,  and  is  precipitated  by 
water  ;  in  hot  nitric  acid,  forming  a  dark-brown  solution,  which  becomes  yellow  on 
continued  heating,  and  then  leaves  on  evaporation  a  crystalline  mass,  mostly  soluble  in 
water,  together  with  a  bitter  yellow  powder,  probably  picric  acid. 

The  name  rhamnin  is  applied  also  by  Ortlieb  (Mulhous.  Soc.  Bull.  xxx.  16)  to  a 
product  obtained  from  Persian  berries.  According  to  his  observations,  the  aqueous 
decoction  of  the  berries,  afler  the  colouring-matter  has  separated  from  it,  contains  a 
large  quantity  of  sugar,  and  after  fermentation  deposits  yellow  crystalline  grains 
oi  hi/drate  of  oxt/rhamnin,  C-'II"'0",  isomeric  or  perhaps  identical  with  euxanthic  acid 
(ii.  609),  then  yellow-green  flocks  of  liydrate  of  rhamnin,  C-'H'^O'" ;  and  the  mother- 
liquor,  if  boiled  with  sulj^huric  acid,  yields  flocks  of  rhamnin,  C'^^Ji^^O".  Tliese  results, 
however,  do  not  agree  with  those  oljtained  by  Kane  and  liy  G  ellatly  (p.  100).  See 

also  XANTH0EHA5ININ. 

KHAIWNOCATHARTIMr,     Cathartin.    (Hubert,  J.  Chim.  med.  vi.  193.— 

Wincl^ler,  .Jalirb.  pr.  Pharm,  xix.  221  ;  xxiv.  1  Bin  swanger,  Eepert.  Pharm.  civ. 

54. — Gm.  xvi.  81.) — The  uncrystallisable  bitter  principle  of  buckthorn  berries.  To 
prepare  it,  the  juice  of  the  ripe  berries  is  evaporated  to  an  extract ;  this  extract  is 
exhausted  with  hot  alcohol,  the  tincture  evaporated,  and  the  residue  mixed  with 
water,  which  separates  yellow-green  pulverulent  rhamnotannic  acid.  The  filtrate, 
shaken  up  with  coarsely-pounded,  purified  bone-charcoal,  as  long  as  it  retains  any 
bitter  taste,  yields  rhamnocathartin  to  the  charcoal ;  and  on  wa.shing  this  charcoal 
with  cold  water,  drying,  treating  it  with  hot  alcohol,  and  evaporating  the  tincture,  the 
rhamnocathartin  is  left  behind.  (Binswanger.) 

Rhamnocathartin  is  a  translucent,  amorphous,  yellowish,  brittle  mass,  which  emits  a 
peculiar  smell  when  rubbed.  It  has  a  bitter  and  very  repulsive  taste,  is  neutral,  and 
tolerably  permanent  in  the  air.  When  heated,  it  melts  to  a  yellow  oil,  turns  brown, 
gives  olf  inflammable  vapours,  and  leaves  combustible  charcoal.  With  nitric  acid,  it 
yields  a  large  quanlity  of  picric  acid  (Winckler).  It  is  not  decomposed  during  the 
fermentation  of  the  juice.  (Hubert.) 

It  is  soluble  in  all  proportions  in  water  (Winckler),  insoluble  in  cold,  somewhat 
soluble  in  boiling  water,  to  which  it  imparts  a  very  bitter  taste,  while  the  remainder 
melts  and  adheres  to  the  sides  of  the  vessel.  Tlie  hot  solution  becomes  turbid  on 
cooling  (Binswanger).  The  aqueous  solution  is  coloured  brownish  gold-yellow, 
without  precipitation,  by  ammonia,  the  fiocrcl  alhalis,  and  basic  acetate  of  lead,  and 
becomes  colomdess  again  on  addition  of  acids.  It  colours  ferric  chloride  dark-brown- 
green.  (Winckler.) 

Rhamnocathartin  dissolves  in  all  proportions  in  alcohol,  but  is  insoluble  in  ether. 

RHAMIffOTANTJSC  ACEB.  (Binswanger,  loc.  cit.) — Obtained,  as  above,  in 
the  preparation  of  rhamnocathartin,  and  purified  by  washing,  drying,  solution  in 
ether,  and  evaporation.. — It  is  a  neutral,  greenish-yellow,  amorphous,  easily  friable 
mass  ;  tastes  bitter  and  astringent ;  melts  and  decomposes  when  heated  ;  is  nearly  in- 
soluble in  cold  water,  somewhat  soluble  in  boiling  water,  and  in  aqueous  ammonia, 
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forming  a  golden-yellow  liquid  which  gradually  turns  brown.  With  lime-water  and 
potash-ley  it  forms  yellow  solutions,  which  do  not  change  in  contact  with  the  air ;  the 
former,  however,  gradually  deposits  yellow  tlocks.  The  aqueous  solution,  added  to 
neutral  or  basic  acetate  of  lead,  throws  down  orange-yellow  flocks  ;  it  colours  ferric 
salts  olive-green,  and  then  precipitates  them.  In  tartar-emetic  it  forms,  after  some 
time,  a  yellow  precipitate  ;  does  not  precipitate  solution  of  gelatin.  The  acid  dissolves 
readily  in  alcohol  and  ether. 

JtHAJBSNOXANTHXN,  A  yellow,  crystalline,  sublimable  substance  identical 
with  Fraiigulin,  under  which  name  it  has  already  been  described  (ii.  706).  It  exists 
in  the  root,  bark,  and  stem-bark  of  Bhamims  Frangula  (Buchner,  Binswanger), 
and  according  to  Phipson  (Compt.  rend,  xlvii.  153),  in  the  bast,  and  in  the  vessels  of 
the  medullary  sheath  of  the  branches.  Phipson  prepares  it  by  macerating  the  branches 
for  three  or  four  days  in  sulphide  of  carbon,  evaporating  the  extract  to  dryness,  ex- 
hausting the  residue  with  alcohol,  which  leaves  fat  undissolved,  again  evaporating,  and 
recrystallising  from  ether. 

RHAMK'XJS.  The  several  species  of  Ehamnus  yield  yellow  or  green  colouring- 
matters,  which  have  been  examined  by  different  chemists,  not  always  with  accordant 
results : — ■ 

1.  Persian  or  Turkey-berries,  the  seeds  of  Rhammis  amygdalimis,  B.  olco-id.es,  B. 
saxaiiUs,  and  Avignon-grains,  the  seeds  of  B.  infcctorius,  which  are  employed  in 
dyeing  for  the  production  of  yellow  colours,  yield  :  o.  According  to  Kane  (Phil.  Mag. 
[3]  xxiii.  3),  in  the  unripe  state,  chrysorhamnin,  C-^H^'O"  (i.  960),  and  when  ripe, 
xanthorhaninin,  C^^H-'O'*. — ;8.  According  to  Gellatly,  xauthorhamnin, 
C-^H™0^',  with  rhamnetin,  CH'^O'',  as  a  pi-oduct  of  its  decomposition. — y.  Accord- 
ing to  Ortlieb  (Mulhous.  Soc.  Bull.  xxx.  16),  rhamnin,  C-'H"^0»,  hydrate  of 
rhamnin,  C^'E'^O'",  and  hydrate  of  oxyrhamni  n,  C-'Hi«0". 

2.  The  bark  of  the  berry-bearing  alder  (Bhamnics  Frartgxda),  and  of  the  buckthorn 
{B.  catharticus),  yields  the  yellow  dye  called  rhamnoxanthin  by  Buchner  and  Bins- 
wanger, frangulin  by  Casselmann. 

3.  The  berries  of  i?.  catharticus  yield  the  rhamnin  of  Henry,  WincMer,  and  Bins- 
wanger (p.  99);  also  Binswanger's  rhamnocathartin,  called  cathartin  by  Hubert 
(p.  99).  These  berries  and  the  syrup  prepared  from  them  possess  purgative  pro- 
perties ;  but  their  action  is  violent  and  dangerous,  so  that  their  use  in  medicine  is  not 
to  be  recommended. 

The  berries  of  some  species  of  rhamnus  are  used  for  dyeing  morocco-leather  of  a 
yellow  colour;  others  for  dyeing  wool  ;  and  the  bark  of  some  is  employed  for  striking 
a  black  with  salts  of  iron.  Those  of  Bhamnus  catharticus  yield  the  pigment  called 
sap-green,  or  bladder-green  ;  and  recently  M.  Charvin  of  Lyons  has  obtained  from 
them  a  splendid  green  dye  called  Vert  Venus,  Vert-Azof,  or  Vcrt-Luraicre,  identical 
with,  or  very  similar  to,  the  Chinese  Lo-Kao.  (See  Dyeing,  ii.  368;  also  Wagner's 
Jahresbericht,  1861,  p.  567.) 

KHAPOWTICIJJ.    Syn.  with  Chbysophanic  Acid  (i.  958). 

RBSASXC  ACIB.  According  to  Leo  Mei  er  (Eepert.  Pharm.  [3],  xli.  325),  the 
red  colouring-matter  of  the  flowers  of  the  common  red  poppy  (Papaver  BJicas)  consists 
of  two  acids,  called  rheadic  and  papaveric  acid,  separable  by  neutral  acetate  of  lead, 
which  precipitates  only  the  former  ;  they  do  not  appear  to  have  been  obtained  pure. 
(See  Gmelin's  Handbook,  xvi.  527.) 


RHEOMETSR.    Syn.  with  Galvanometer.    (See  Electbicitt,  ii.  443.) 

RHEOSTAT.  An  instrument  for  regulating  and  measuring  the  force  of  electric 
currents.    (See  Electbicity,  ii.  464.) 

RHEUBS.    See  Khueabb  (p.  107). 

RHETTTCXZJ.    Syn.  with  Chbysophanic  Aan  (i.  958). 

RHOBAWXDES.  A  name  applied  to  sulphocyanates,  on  account  of  the  red  colour 
which  they  produce  with  ferric  salts. 

RHOSEORSTIW.    Syn.  with  CoNVOLVuirN  (ii.  15). 

RHOBEORETSM-OXi.  ?   o  n 

EHOI>EOIlSTIIirOI.IC    ACID.  J  ^^th  CoNVOLvroiNOLic  AciD  (u.  15). 

RHODXUBX,  Atomic  Weight,  104;  Symbol,  Rh. — A  metal  belonging  to  the  platinum 
group,  discovered  by  Wollaston  in  1804.  He  found  the  ore  from  Brazil  to  contain  0-4 
per  cent,  and  native  platinum  from  another  locality  has  been  found  to  contain  as 
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mucli  as  3  per  cent,  of  rhodium.  It  often  occurs  in  considerable  quantity  in  platinum 
residues. 

Preparation. — 1.  Platinum-ore  is  dissolved  in  nitromuriatic  acid;  the  platinum  and 
iridium  are  precipitated  by  sal-ammoniac,  and  the  palladium  by  cyanide  of  mercuL-y  ; 
the  liquid  is  thou  satiirated  with  carbonate  of  sodium ;  hydi-ochloric  acid  is  added,  to 
decompose  the  excess  of  mercuric  cyanide ;  the  liquid  is  evaporated  to  dryness ;  and  tlie 
residue  is  treated  with  alcohol.  The  whole  then  dissolves,  excepting  the  chlororhodiato 
of  sodium,  which  remains  as  a  red-brown  powder.  This  salt,  reduced  by  hydrogen  and 
washed  with  a  large  quantity  of  water,  yields  pure  rhodium. 

2.  Granular  platinum-residue,  consisting  cliiefly  of  rhodium  and  iridium,  with  small 
quantities  of  osmium  and  ruthenium,  is  treated,  as  described  under  Ikidium  (iii.  315, 
No.  4),  to  separate  the  other  metals  ;  and  the  residue  insoluble  in  nitromuriatic  acid, 
consisting  of  rhodium  with  a  small  quantity  of  iridium,  is  mixed  with  a  largo  excess  of 
common  salt,  and  heated  to  low  redness  in  a  current  of  dry  chlorine,  whereby  the 
rhodium  is  converted  into  chlororhodiato  of  sodium,  which  may  be  dissolved  out  by 
water  and  crystallised  by  evaporation.  The  metal  may  then  be  obtained  from  it  by 
reduction  with  hydrogen,  or  by  precipitation  with  zinc:  or,  better,  the  concentrated 
solution  may  first  be  mixed  with  sal-ammoniac,  which  will  throw  down  any  iridium 
stUl  remaining,  and  the  filtrate  evaporated.  It  then  yields  fine  prisms  of  chlororhodiate 
of  ammonium,  which  when  calcined  leaves  pure  rhodium.  (Friimy.) 

3.  Platinum-residue,  precipitated  by  metallic  iron  from  the  mother-liquors  from  which 
platinum  has  been  extracted  (iv.  683),  is  fused  at  a  bright  red-heat  with  1  pt.  lead  and 
2  pts.  litharge;  and  the  regulus  thus  obtained,  after  being  carefully  freed  from  slag,  is 
treated  with  nitric  acid  diluted  with  an  equal  volume  of  water.  The  pulverulent  mass 
which  remains  undissolved  is  then  heated  to  redness  with  5  pts.  of  barium-peroxide  ; 
the  ignited  mass  is  treated  with  water,  and  then  with  nitromuriatic  acid  (which  elimi- 
nates osmic  acid) ;  the  barium  is  precipitated  from  the  solution  by  sulphuric  acid, 
the  quantity  required  having  been  previously  calcinated;  the  liquid  is  heated  to 
the  boiling-point,  and  filtered;  the  filtrate  is  evaporated  to  dryness  at  100°,  with  ad- 
dition, first  of  a  little  nitric  acid,  then  of  a  large  quantity  of  sal-ammoniac;  and  the 
solution  is  washed  with  a  strong  solution  of  .'ial-ammoniac,  which  dissolves  out  all  the 
rhodium.  The  filtered  liquid  is  then  heated  with  a  large  excess  of  nitric  acid  (to  de- 
compose the  sal-ammoniac),  and  finally  evaporated  to  dryness  in  a  porcelain  crucible; 
and  the  rhodium-salt  thus  obtained,  after  being  moistened  with  sulphideof  ammonium, 
is  mixed  with  three  or  four  times  its  weight  of  sidphur,  and  heated  to  bright  redness 
in  the  covered  porcelain  crucible,  enclosed  for  the  purpose  in  an  earthen  crucible,  the 
space  between  the  two  being  filled  up  with  powdered  charcoal.  Tliere  then  remains  a 
regulus  of  metallic  rhodium,  which  may  be  purified  by  continued  boiling  with  nitro- 
muriatic acid,  and  then  with  strong  sulphuric  acid.  To  obtain  the  metal  quite  pure,  it  is 
fused  at  a  low  red-heat  with  3  or  4  pts.  of  metallic  zinc,  and  tlie  fused  and  cooled 
mass  is  treated  with  concentrated  hydrochloric  acid,  which  leaves  undissolved  a  crys- 
talline alloy  of  the  two  metals.  This  alloy  is  dissolved  in  nitromuriatic  acid ;  the 
solution  is  mixed  with  ammonia,  till  the  precipitate  formed  at  first  is  redissolved,  then 
boiled  and  evaporated,  whereby  a  yellow  precipitate  is  formed,  consisting  of  amraonio- 
chloride  of  rhodium,  oNH^.KhCP;  and  this  salt,  after  being  purified  by  recrystallisa- 
tion,  is  calcined  with  a  small  quantity  of  sulphur,  in  a  graphite  crucible,  at  a  very 
strong  red-heat.  Metallic  rhodium  then  remains,  which  may  be  fused  in  the  oxy- 
hydrogen  furnace  (iv.  313).  (De villa  and  Debray,  Ann.  Ch.  Phys.  [3],  Ivi.  385; 
Jaliresb.  1850,  p.  238.) 

According  to  Claus  (J.  pr.  Chem.  Ixxxv.  129;  Jahresb.  1861,  p.  327),  the  above- 
described  method  of  disintegration  with  peroxide  of  barium  does  not  give  good  results; 
because  tlie  rhodium,  though  oxidised  thereljy,  is  rendered  very  diflScult  of  solution  in 
acids,  and  indeed  will  not  dissolve  at  all,  unless  iridium  is  also  present,  to  assist  tlie 
solution  by  contact-action.  Claus  therefore  gives  the  preference  to  Wohler's  method 
of  decomposition,  by  mixing  the  substance  with  chloride  of  sodium  and  igniting  it  in 
clilorine-gas  (iii.  314).  For  the  separation  of  the  iridium  and  rhodium  in  the  solution 
obtained  by  treating  the  resulting  mass  with  water,  he  recommends  that  the  trichloride 
of  iridium  be  first  converted  into  tetrachloride  by  boiling  with  nitriomuriatie  acid,  and 
the  iridium  then  separated  by  fractional  precipitation  with  sal-ammoniac.  The  mode 
of  separation  by  digesting  the  dried  saline  residue  in  sal-ammoniac  solution,  ho  regards 
as  objectionable;  because  the  rhodium-salt,  when  once  crystallised,  dissolves  but  slowly 
in  that  liquid,  and  adheres  obstinately  to  the  iridium-salt,  so  that  a  very  large  quan- 
tity of  the  sal-ammoniac  solution  is  required  to  dissolve  it. 

Properties. — Rhodium  is  a  whitish-grey  metal,  very  hard,  much  less  ductile  than 
platinum.  It  is  somewhat  more  fusible  than  ii'idium,  but  scarcely  softens  in  the  flame  of 
the  oxyhydrogen  blowpipe  ;  it  may,  however,  be  fused  in  Deville's  oxybydrogen  furnace 
(iv.  313).  The  melted  metal  absorbs  oxygen,  and  spits  as  the  globule  sets.  The  spe- 
cific gravity  of  unfused  rhodium  is  10  64  ;  that  of  the  pure  metal  after  fusion  is  12'1. 
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Ehodium  is  unalterable  in  the  air  at  ordinary  temperatures,  but  oxidises  at  a  red 
heat,  and  with  great  facility  if  in  tha  state  of  powder.  It  combines  also  with  chlorine 
at  a  red  heat.  When  pure  it  resists  the  action  of  the  strongest  acids,  even  of  nitro- 
muriatic  acid,  but  when  alloyed  with  certain  metals  (as  with  lead,  bismuth,  copper,  and 
platinum),  it  dissolves  in  nitromuriatio  acid,  together  with  those  metals ;  wlien  fused 
with  gold  or  silver,  however,  it  does  not  dissolve.  It  is  readily  oxidised  by  fusion  with 
nitre,  or  with  peroxide  of  barium.  By  fusion  with  sulphate  of  potassium,  it  is  converted 
into  soluble  rhodiopotassic  sulphate.  Mixed  with  chloride  of  sodium,  and  ignited  in  a 
stream  of  chlorine  gas,  it  is  converted  into  chlororhodiate  of  sodium,  which  ishliewise 
easily  soluble. 

BHODIU'JSK,  AKIiOITS  OF.  Rhodium  unites  with  most  Qther  metals.  Some  of 
the  alloys,  as  already  observed,  dissolve  completely  in  nitromuriatic  acid,  whereas 
others  yield  to  this  solvent  only  the  metal  alloyed  with  the  rhodium.  An  alloy  of 
rhodium  and  gold  found  in  Mexico  contains  from  34  to  43  per  cent,  rhodium.  (Del 
Rio,  Ann.  Cti.  Phys.  [2],  xxix.  137.) 

One  pt.  of  rhodium  and  1  pt.  of  steel  form  an  alloy,  which  has  a  specific  gi-avity  of 
9"176,  a  very  fine  colour  and  surfiice  for  metallic  mirrors,  and  does  not  tarnish  in  the 
air. — One  pt.  rhodium  with  50  to  100  steel  forms  a  very  hard  and  rather  tough  alloy, 
which  requires  for  tempering  a  heat  higher  by  39°  than  common  steel,  and  17°  higher 
than  Indian  steel.    (Faraday  and  Stodart.) 

Rhodium  also  unites  with  zinc  and  tin,  forming  the  crystallised  alloys,  RhZn'  and 
RliSn.    (Deville  and  Debray.) 

BHOISItJ-nd,  CHXiOS^ISSS  OP.  A  dichloride,  RhCP,  is  said  by  Fellenberg  to  be 
obtained  by  heating  the  corresponding  sulphide,  RhS,  in  chlorine-gas ;  but  according 
to  Glaus,  there  is  but  one  definite  compound  of  rhodium  and  chlorine — viz.,  the 
trichloride  or  rhodic  chloride,  EhCP.  It  is  obtained  in  the  anhydrous  state  by 
igniting  the  pulverised  metal  in  a  stream  of  chlorine,  or,  more  easily,  by  heating  one 
of  its  double  salts  (infra)  for  some  time  with  strong  sulphuric  acid,  and  pouring  the 
mixture  when  cold  into  water,  which  dissolves  the  alkaline  sulphate  and  a  small  quan- 
tity of  undeeomposed  double  chloride,  leaving  the  rhodic  chloride  undissolved.  As 
obtained  by  eitlier  process,  it  is  a  brownish-red  indifferent  body,  insoluble  in  all  acids 
and  alkalis.  When  heated  with  nitrite  of  potassium,  it  turns  yellow,  and  is  resolved 
into  an  orange-yellow  powder,  slightly  soluble  in  water,  but  easily  soluble  in  hydro- 
cMoric  acid,  and  a  soluble  compound  precipitable  by  alcohol.  With  nitrite  of  sodium 
it  yields  only  the  soluble  salt.  Sulphide  of  ammonium  added  to  these  solutions,  throws 
down  sulphide  of  rhodium,  soluble  in  excess  of  the  alkaline  sulphide,  and  completely 
precipitable  therefrom  by  acids.  (W.  Gibbs,  Sill.  Am.  J.  [2]  xxxiv.  341  ;  Jahresb. 
1863,  p.  293.) 

Hydratcd  rliodic  cMoride,  EhCP.  4H^0,  remains  in  the  form  of  a  red-brown  vitreous 
mass,  on  evaporating  over  the  water-bath  a  solution  of  rhodic  oxide  in  hydrochloric 
acid,  previously  freed  from  potash  by  treatment  with  nitric  acid.  It  yields  a  red 
powder,  is  deliquescent,  soluble  in  alcohol,  insoluble  in  ether;  at  a  red  heat  it  gives 
off  its  water,  and  becomes  insoluble. 

Cldororliodiates  of  Ammonium.— The:  salt  2(3NH'Cl.RhCP).3H:-0  is  obtained  by 
decomposing  the  corresponding  sodium-salt  with  sal-ammoniac ;  it  crystallises  in  fine 
rhombohedral  prisms,  easily  soluble  in  water,  insoluble  in  alcohol.  The  boiling 
aqueous  solution  deposits  on  cooling,  prisms  and  hexagonal  plates  of  the  salt 
2SH'Cl.EhCP.H-0,  less  soluble  and  darker-coloured  than  the  preceding. 

Chlororhodiates  of  Potassiiun.— The  salt  3KCl.RhCP.3H-0,  formed  by  mixing  the 
solutions  of  rhodic  oxide  in  hydrochloric  acid  with  a  strong  solution  of  potassic  chloride, 
crystallises  in  sparingly  soluble  prisms,  which  effloresce  and  give  off  all  their  water  on 
exposure  to  the  air.  Another  double  salt,  2KCl.RhCP.II-0,  is  obtained  by  heating,  in 
a  current  of  chlorine,  a  mixture  of  pulverised  rhodium  or  rhodic  cidoride  with 
chloride  of  potassium.  The  black  saline  mass  dissolves  in  water,  and  the  solution 
yields  by  evaporation  dark -red  crystals  soluble  in  alcohol. 

Cklororhodiale  of  Sodium,  3NaCl.RhCP.12H'-0,  is  obtained  by  heating  a  mixture  of 
1  pt.  rhodium  and  2  pts.  common  salt  in  a  stream  of  chlorine ;  it  crystallises  like  the 
corresponding  potassium-salt. 

JtnO'SiZUm,  CVASrxras  or.    RhCy'.    See  Cyanides  (ii.  271). 

StHOBStTMC,  SiETSCTSOia'  AETB  ESTIMATSOIff  OP.  Rhodium  forms 
only  one  class  of  salts,  viz.  the  rhodic  salts,  corresponding  in  composition  with  the  tri- 
chloride. These  salts  are  for  the  most  part  rose-coloured  (hence  the  name  of  tha 
metal),  and  exhibit  the  following  reactions  in  solution: — yfiih.  sidphydrio  acid,  a  brown 
precipitate  of  sulphide,  which  is  slowly  deposited;  with  sidphydrate  of  ammonium,  a 
brown  precipitate,  insoluble  in  excess;  with  sulphurous  acid  icndi  sulphites,  a  pale- 
yellow  precipitate,  affording  a  very  characteristic  reaction  ;  w\.th.  potash,  a  yellow  preci- 
pitate of  hydrated  rhodic  oxide,  soluble  in  excess ;  with  ammonia  also  a  yellow 


RIlODIUxM. 


103 


precipitate,  ■which,  however,  does  not  form  immediately  ;  witli  alkaline  carhonaies,  a  yel- 
low precipitate  after  a  while.  Iodide  of  ■poiassiui/i  produces  a  slight  yellow  precipitate  ; 
sfaii'iious  chloride  imparts  a  dark  colour  to  the  solutions,  but  forms  no  precipitate. 
Mercurous  nitrate  and  nitrate  of  silver  tovm  with  rhodic  chloride,  precipitates  analogous 
in  composition  to  the  argento-iridic  chloride  already  mentioned  (iii.  318).  Zinc 
precipitates  metallic  rhodium.  In  a  solution  of  rhodium  mixed  with  excess  of  potash, 
(dcohol  forms,  even  at  ordinary  temperatures,  a  black  precipitate,  probably  consisting 
of  metallic  rhodium  ;  with  the  other  platinum-metals,  this  reaction  takes  place  only 
when  the  liquid  is  heated.  No  precipitate  is  formed  by  sal-ammoniac,  chloride  of 
potassium,  chromate  of  potassium,  oxalic  acid,  cyanide  of  potassium,  cyanide  of  mer- 
cury, ferrocyanide  or  ferricyanide  of  potassium,  or  gallic  acid.  Hydrogen  gas  reduces 
the  anhydrous  salts  at  a  moderate  heat. 

Chlororhodiate  of  sodium  (p  102)  forms  with,  soluble  borates,  a  yellow  precipitate 
of  rhodic  oxide,  EhO^  containing  the  whole  of  the  metal.  A  similar  reaction  is  pro- 
duced by  trisodic  phosphate  and  by  cdkaline  carbonates,  but  part  of  the  rhodium  then 
remains  in  the  solution,  giving  it  a  yellow  colour.   (Glaus,  Jahresb.  1863,  p.  697.) 

Estimation  and  Separation. 

Ehodium  is  estimated  in  the  metallic  state.  The  solution  containing  it  is  mixed 
with  excess  of  sodic  carbonate  and  evaporated  to  dryness,  the  residue  ignited,  and  the 
calcined  mass  treated  with  cold  water ;  oxide  of  rhodium  then  remains,  and  may  be 
reduced  by  hydrogen. 

Khodium  is  separated  from  many  metals  with  which  it  may  be  alloyed,  by  fusing  the 
alloy  with  acid  sul23hate  of  potassium  ;  the  rhodium  is  thereby  converted  into  sulphate 
of  rhodium  and  potassium,  which  may  be  dissolved  out  by  water. 

The  separation  of  rhodium  from  other  metals  in  solution  is  somewhat  difficult, 
Ijeeause  it  is  not  completely  precipitated  by  sulphydric  acid.  To  separate  rhodium 
from  copper,  the  solution  is  saturated  with  sulphydric  acid  and  left  to  stand  in  a 
stoppered  bottle  for  twelve  hours,  then  filtered,  and  the  filtrate  heated  to  separate  an 
additional  portion  of  sulphide  of  rhodium.  The  whole  of  the  precipitate  is  then 
roasted  in  a  platinum  crucible  till  the  sulphides  are  completely  oxidised,  and  the  pro- 
duct treated  with  strong  hydrochloric  acid,  which  dissolves  tlie  copper  and  leaves  the 
oxide  of  rhodium.  The  liquid  filtered  from  the  sidphydric  acid  precipitate  still  contains 
a  small  portion  of  rhodium,  which  may  be  precipitated  by  carbonate  of  sodium,  and  con- 
verted into  oxide  as  above.    The  whole  of  the  oxide  is  then  reduced  by  hydrogen. 

To  separate  rhodium  from  iron,  the  rhodium  is  precipitated  as  completely  as  possible 
by  sulphydi'ic  acid ;  the  liquid  filtered ;  and  the  iron  in  the  filtrate  precipitated  by  am- 
monia, after  having  been  brought  to  the  state  of  ferric  oxide.  The  iron-precipitate 
carries  clown  with  it  a  certain  portion  of  rhodium,  which  may  be  separated  by  igniting 
the  precipitate  in  a  current  of  hydrogen,  and  treating  the  reduced  metals  with  hydro- 
chloric acid,  which  dissolves  the  iron  and  leaves  the  rhodium:  the  latter  is  then  con- 
verted into  oxide  by  ignition  in  the  air.  The  precipitated  sulpliide  of  rhodium  is  like- 
wise oxidised  by  roasting.  The  small  quantity  of  rhodium  which  remains  in  solution 
after  precipitation  by  ammonia  is  precipitated  by  carbonate  of  sodium,  and  converted 
into  oxide  by  ignition.  The  whole  of  the  oxide  of  rhodium  is  then  reduced  to  the 
metallic  state  by  hydrogen. 

The  separation  of  rhodium  from  the  alkali-metals  is  easily  effected  by  converting  the 
metals  into  chlorides,  and  igniting  the  chlorides  in  a  current  of  hydrogen,  which 
reduces  only  the  chloride  of  rhodium. 

The  methods  of  separating  rhodium  from  the  other  metals  of  the  platinum-group 
have  already  been  given  (iv.  680 — 684).  The  insolubility  of  chlororhodiate  of  sodium 
in  alcohol  alFords  in  many  cases  a  good  mode  of  separation  (p.  101).  To  separate  it 
ivom  iridium,  Gibbs  (Jahresb.  1863,  p.  293)  heats  the  solution  of  the  two  metals 
with  excess  of  nitrite  and  carbonate  of  sodium,  till  a  light  orange-yellow  colour  is 
produced  ;  adds  sulphide  of  sodium  by  small  quantities,  till  the  precipitate  of  rliodium 
sulphide  begins  to  redissolvc  (p.  105) ;  then  boils  for  a  few  minutes,  and  mixes  the 
solution  when  cold  with  a  slight  excess  of  hydrochloric  acid.  The  sulphide  of  rhodium 
thereby  precipitated  is  washed  with  cold  water,  dissolved  in  nitromuriatic  acid,  and  the 
rhodium  is  converted,  first  into  the  double  chloride  3NH'01.EhCP,  then  into  the  com- 
pound SNElRhC'P.  (See  further  Gibb.s,  Jahresb.  1864,  p.  287  ;  and  Carey  Lea, 
ibid.  291.) 

Atomic  weight  of  Bhodium. — 3'146  grammes  of  chlororhodiate  of  potassium, 
2KCl.RhCP,  heated  in  a  current  of  hydrogen,  were  found  by  Berzelius  (Pogg.  Ann. 
xiii.  435)  to  lose  0-930  grm.  chlorine,  leaving  a  mixture  of  0'912  grm.  of  rhodium 
and  0'515  of  potassium-cliloride.  In  anotlier  experiment,  1'3  grm.  of  the  salt  lo.st 
0'335  grm.  chlorine,  leaving  0'35S  grm.  rhodium  and  0'515  grm.  potassium-chloride. 
The  mean  of  these  results  gives  for  the  atomic  weight  of  rhodium,  very  nearly  the 
number  104. 
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KBOSZVnx,  OXIDES  OP.  Rhodium  forms  four  oxides,  having  the  formulae 
EhO,  Eh-0',  KhO^,  and  RhO'.  (Claus.) 

The  protoxide,  KhO,  is  formed,  with  incandescence,  when  the hydrated  sesquioxide, 
Eh-0'.3H'0,  is  heated  in  a  platinum  crucible.  It  is  a  dark-grey  substance,  perfectly 
indifferent  to  acids. 

The  Sesqtiioxide  or  Bhodic  Oxide,  EhW,  obtained  by  heating  the  nitrate,  is  a 
grey  porous  mass,  with  metallic  iridescence ;  insoluble  in  acids,  easily  reduced  by 
hydrogen.    It  forms  two  hydrates. 

The  trihydrate.  or  normal  rhodic  hydrate,  Eh'O'.SH'O  or  EhH'O',  is  produced  by 
precipitating  a  solution  of  chlororhodiate  of  sodium  with  potash,  in  presence  of  alcohol ; 
or,  without  the  aid  of  alcohol,  by  heating  the  rhodiTim-solution  with  very  strong 
potash-ley.  It  is  gelatinous,  shrinks  to  a  very  small  bulk  when  dried,  and  is  almost 
indifferent  to  acids.  Hydrochloric  acid,  however,  dissolves  a  very  small  quantity  of 
it,  acquiring  the  fine  rose-colour  characteristic  of  rhodic  salts. 

The  pentahydrate,  Rh^OlSH-'O  or  EhH^O'.H^O,  is  formed  by  treating  a  solution  of 
chlororhodiate  of  sodium  with  aqueous  potash.  It  has  a  lemon-yellow  colour,  and 
retains  3  or  4  per  cent,  potash  even  after  washing.  The  mother-liquor  has  a  yellow 
colour,  and  still  retains  rhodium. 

Dioxide,  EhO'. — Obtained  by  fusing  pulverised  rhodium  or  the  sesquioxide,  with 
ni'cre  and  potash,  and  digesting  the  fused  mass  with  nitric  acid,  to  dissolve  off  the 
potash.    It  is  a  dark-brown  substance,  insoluble  in  acids. 

When  chlorine  is  passed  into  a  solution  of  rhodic  pentahydrate,  Eh'O'.SH^O,  a 
black-brown  gelatinous  precipitate  of  the  trihydrate,  Eh^O'.SH'O,  is  formed  at  first ; 
but  this  compoxmd  gi-adually  loses  its  gelatinous  consistence,  becomes  lighter  in 
colour,  and  is  finally  converted  into  a  green  hydrate  of  the  dioxide,  Eh02.2H-0.  The 
alkaline  solution  at  the  same  time  acquires  a  deep  violet-blue  colour. — The  green 
hydrate  treated  with  hydrochloric  acid  dissolves,  with  evolution  of  chlorine,  forming  a 
rose-coloured  solution  of  the  sesquichloride  : 

2RhO'  +  8HC1  =  Eh^CP  +  4H^0  4-  CP. 

Trioxide,  RhO'. — The  blue  alkaline  solution  above  mentioned  deposits,  after  a  while, 
a  blue  powder,  becoming  green  when  dry,  and  yielding,  when  treated  with  nitric  acid, 
a  blue  floeculent  substance,  consisting  of  the  trioxide,  easily  reduced  to  the  green  dioxide. 
(Claus.) 

RHOISIUIVT,  OXiressr-SAKTS  op.  These  salts,  analogous  in  composition  to 
the  trichloride,  do  not  crystallise  very  readily.  Moreover,  the  only  rhodic  oxygen-salts 
that  can  be  obtained  pure,  are  those  which  contain  acids  capable  of  expelling  nitric 
acid  from  its  combinations ;  because,  in  order  to  obtain  rhodic  oxide  free  from  potash, 
it  must  be  washed  with  water  containing  nitric  acid,  which  then  unites  with  the 
rhodic  oxide.    The  weaker  acids  are  not  capable  of  removing  the  whole  of  the  potash. 

Bhodic  acetate,  Rh^O'.SC^H^OlSH^O  =  ^^^!!?^'|oi|H'0.— Recently  prepared 

rhodic  oxide  dissolves  in  acetic  acid,  forming  an  orange-yellow  solution,  which  when 
evaporated  over  the  water-bath,  leaves  a  transparent  orange-yellow,  amorphous,  non- 
deliquescent  mass,  soluble  in  water  and  in  alcohol ;  it  always,  however,  retains  3  or  4 
per  cent,  of  potash .  (Claus.) 

i^'2>a!'f,  Rh-Ol3N20^4H-0  or  ^^^,!}^|012H'0.— The  yellow  hydrate  of  rhodic 

oxide  dissolves  very  easily  in  nitric  acid,  and  the  solution  evaporated  over  the  water- 
bath  leaves  a  gummy,  very  hygroscopic  mass,  insoluble  in  alcohol.  The  nitrate  when 
ignited  leaves  the  insoluble  sesquioxide. 

Phosphates. — Rhodic  oxide  dissolves  partially  in  aqueous  phosphoric  acid,  forming 
the  salt  Rh-0'.2P^Ol6H-0,  very  soluble  in  water,  and  precipitable  by  alcohol.  The 
residue  constitutes  a  basic  phosphate. 

Sulphate,  Rh^O'.3SOM2H20,  or  |^^!}'2|oM2H^O.— Yellowish-white  crystalline 

mass,  having  a  styptic  and  acid  taste. — When  the  mother-liquor  of  potassio-rhodic 
cyanide  is  boiled  for  some  time  with  strong  sulphuric  acid,  the  liquid  then  evaporated, 
and  the  residue  digested  with  water,  a  potassio-rhodic  sulphate  dissolves,  and  another 
double  sulphate  remains   as   a  reddish-yellow  crystalline   powder,  consisting  of 

Eh"'KM      (Claus).    The  same  salt  is  formed  when  sulphuric  acid  is  added  to  a 

solution  of  chlororhodiate  of  potassium.  (Berzelius.) 

SM?p^ii!e,Rh-0'.3SOl6H-0,  or  ll^^r^ojo".— Resembles  the  sulphate,  but  is  white, 
soluble  in  water,  insoluble  in  alcohol.    When  heated  it  gives  off  sulphurous  and 
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sulphuric  acids,  and  leaves  an  oxide  of  rhodium.  A  compound  of  this  salt  with 
sulphite  of  potassium,  3K'SO^Rh-\SO^)'.6H-0,  m.iy  be  obtained  by  treating  a 
solution  of  chlororbodiate  of  potassium  with  excess  of  acid  sulphite  of  potassium,  first 
at  ordinary  temperatures,  then  for  a  long  time  at  a  higlier  tcmperi.ture. 

BHOBZVI^,  SUXiPHXBSS  OP.  A  frotosvlphidp,  RhS,  is  obtained  by  heating 
rhodium  (Berzelius),  or  chlorurhodiate  of  ammonium  (Vauquelin),  with  sulphur; 
also  by  heating  the  sesquisulphide  in  an  atmosphere  of  carbonic  anhydride  (Fellen- 
berg).  It  has  a  greyish-blue  colour  and  metallic  lustre  (Vauque li  n),  and  melts  only 
at  a  very  high  temperatui-e  (Berzelius).  When  heated  in  a  current  of  dry  chlorine, 
it  is  converted  into  the  dichloride.    (Fellenberg,  I'ogg.  Ann.  i.  63.) 

Sesquisulphide  of  Rhodium ,  BlrS',  is  obtained  as  a  black-brown  precipitate  by  the 
action  of  sulphydric  acid  on  a  solution  of  an  alkaline  chlororhodiate. 

KHODZUM-COnSPOUI7DS,  A.TO.Vtfi'NZA.CAJ,.  These  compounds,  discovered 
by  Glaus  {Beitrdge  zur  Geschichte  dcr  Platinmctcdlc,  Dorpat,  18.5-t ;  Jahresb.  1854, 
p.  369;  1865,  p.  433),  are  analogous  to  the  ammoniacal  iridium-conipounds  (iii.  324). 
A  dilute  solution  of  the  ammonium-salt,  3NH''Cl.RhCP.|H'0,  mixed  with  excess 
of  ammonia,  assumes  a  lemon-yellow  colour,  and  deposits  a  precipitate  of  rhodie 
hydrate  ;  and  the  filtered  liquid  leaves  on  evaporation  a  light-yellow  saline  residue, 
from  which  water  extracts  sal-ammoniac,  leaving  a  yellow  crj-.^talline  powder,  consisting 
of  the  animonio-trichloride  of  rhodium,  5NH'*.RhCl',  which  may  be  formulated  as 
chloride  of  diammo-rhodio-triammonium,  N'[(NH^)-Rh"'H'].CP.  It  may  be  purified 
by  dissolving  it  in  boiling  aqueous  ammonia,  and  evaporating  the  filtered  solution 
over  the  water-bath  ;  and  is  deposited  at  a  certain  degree  of  concentration,  in  small 
transjjarent  prisms,  triclinic  according  to  Claus,  rhombic  according  to  Keferstein 
(Jahresb.  1866,  p.  421).  It  is  sparingly  soluble  in  water,  insoluble  in  alcohol,  soluble 
without  decomposition  in  potasii  and  in  ammonia,  slowly  and  imperfectly  decomposed 
by  acids.  When  heated,  it  gives  otf  ammonia,  sal-ammoniac,  and  free  nitrogen,  and 
leaves  metallic  rhodium. 

The  corresponding  oxide,  lONH'.R'-'O',  is  obtained  by  digesting  the  ammonio- 
chloride.  with  water  and  silver-oxide,  and  evaporating  the  resulting  j-ellow  solution  iu 
a  vacuum;  it  then  remains  in  the  solid  state.  It  dissolves  in  acids,  forming  the  cor- 
responding ammoniated  rhodium-salts,  and  expels  ammonia  from  sal-ammoniac. — Tlio 
carbonate,  10NH'.Rh"O'.3H=CO^  is  a  white,  strongly  alkaline,  saline  mass,  easily 
soluble  in  water,  insoluble  in  alcohol. — The  nitrate,  lONHMih  O'.SN'O*,  is  a  neutral 
yellowish-white  salt,  which  does  not  decompose  till  heated  above  160'^. — The  sulphate, 
10NH'.Rh-O'.3H^SO\  forms  yellowish- white  prismatic  crystals,  which  do  not  decompose 
till  heated  above  180°. — Th.%  oxalate  is  also  crystalline;  the  jj/ios^j/it^/c  was  obtained 
only  as  a  yellowish  gummy  mass. 

KBOBZU^-GOXiS.    See  Rhodium,  Allots  of  (p.  102). 

KHOSZZITB.  A  mineral  supposed  to  be  a  lime-boraeite,  occurring  in  minute, 
jnonometric,  tetrahedral  crystals,  on  red  tourmalines  from  the  neighbourhood  of 
Mursinsk  in  Siberia.  Hardness  =  8.  Specific  gravity  =  3-3  —  3-42.  Tinges  the 
blowpipe  flame  green  aliove  and  red  below,  and  finally  red  throughout :  hence  its 
name.    (G-.  Rose,  Pogg.  Ann.  xxxiii.  253.) 

RHOBXZOM'ZG  ACZD,  This  name  is  applied  to  two  acids  produced,  under 
different  circumstances,  from  earboxide  of  potassium  (iv.  696).  Berzelius  and 
Wohler  noticed  that  a  red  substance  is  produced  by  the  action  of  water  on  the  black 
mass  formed  in  the  preparation  of  potassium  by  Brunner's  process  (iv.  693).  L.  Gmelin 
found  that  the  aqueous  solution  of  this  substance  yields  croconate  of  potassium  when 
evaporated  in  contact  with  the  air,  and  inferred  that  it  contains  an  acid  different  from 
croconic  acid.  Heller,  in  1837  (Ann.  Ch.  Pharm.  x.xiv.  1),  examined  this  acid  more 
particularly,  and  gave  it  the  name  of  r  h  o  d  i  z  o  n  i  c  a  c  i  d.  It  was  further  examined  by 
Wern  er(J.  pr.  Oiem.  xiii.  404'),  but  the  experiments  of  these  chemists  did  not  deter- 
mine the  composition  of  the  acid.  Brodie,  in  1859  (Chem.  Soe.  Qu.  J.  xii.  269),  by 
treating  pure  earboxide  of  potassium  with  anhydrous  alcohol,  obtained  a  red  salt, 
Qioj^hQ8_  which  he  regarded  as  rhodizonate  of  potassium,  identical  with  that  previously 
obtained  by  Heller  and  Werner.  On  the  other  hand  AVill,  in  1861  (Ann.  Ch. 
Pharm.  cxviii.  187),  by  the  analysis  of  several  salts  of  the  acid  obtained  in  a  similar 
manner  from  the  impure  earboxide  of  potassium  formed  in  the  preparation  of  the 
metal,  concluded  that  its  composition  is  C^H'O"^,  or  C"'H"0'-;  and  this  result  is  con- 
firmed by  the  experiments  of  Lerch  (Ann.  Ch.  Pharm.  cxxiv.  20),  who  has  obtained 
rhodizonic  acid  in  the  free  state  by  decomposing  the  salts  of  carboxylic  acid,  C"'H^O'° 
(iii.  190,  iv.  296),  with  acids.  It  appears  then  that  the  name  rhodizonic  acid  has  been 
applied  to  two  distinct   compounds.    It  will  be  convenient  to  designate  the  acid 
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originally  obtained  by  Heller,  and  analysed  by  Will  and  Lerch,  as  o-rhodizonic,  and 
that  obtained  by  Brodie  as  |8-rhodizonic  acid. 

a-Bltodiz onic  acid,  C^H^O"   =  ^      -qJ    >0^ — This  acid  is  formed  from  car- 

boxylic  acid  by  the  assumption  of  water:  C'^ffO'"  +  2W0  =  2C5H<0«  (Lerch). 
When  dried  in  a  vacuum  it  contains  C^H^O'  ==  C^H'C.H'-O,  and  gives  off  1  at.  WO  at 
100°.  The  vacuum-dried  acid  forms  colourless  rhombic  prisms,  easily  soluble  in  water 
and  in  alcohol ;  the  colourless  acid  aqueous  sohition  becomes  yellow  or  roseate  when 
heated,  and  colourless  again  on  cooling.  The  crystals  turn  yellow  and  brown-red  on 
exposure  to  the  air,  and  at  100°  black  with  loss  of  water;  at  a  higher  temperature  the 
acid  decomposes,  leaving  a  carbonaceous  residue,  and  yielding  a  small  quantity  of  an 
acid  sublimate.  (Lerch.) 

The  a-rhodizonates  are  red,  and  are  pi'oduced  from  the  hydrocarboxylates  (iii. 
189)  and  from  carboxide  of  potassium  by  assumption  of  water  and  oxygen  (Lerch). 
The  potassmm-salt  is  obtained  by  treating  the  "black  mass"  of  the  potassium  prepara- 
tion repeatedly  with  strong  alcohol,  then  with  dilute  alcohol,  mixed  towards  the  end 
of  the  process  with  a  little  acetic  acid,  and  finally  washing  the  residue  with  dilute 
alcohol.  It  is  at  first  of  an  unctuous  consistence  and  light  yellowish-red  colour,  but 
acquires  a  crimson  colour  by  exposure  to  the  air,  and  remains  unaltered  after  drying. 
It  is  insohible  in  alcohol,  dissolves  slowly  in  about  150  pts.  of  cold  water,  much  more 
easily  in  hot  water,  forming  a  neutral  reddish-yellow  solution.  (Will.) 

Rhodizonate  of  potassium  dried  at  ordinary  temperatiu-es  has,  according  to  Will's 
analysis,  the  composition  C*H''K=0''.H^O  ;  it  gives  off  its  water  at  120° — 130°,  leaving 
the  anhydrous  salt  C^H'^K-O".  The  hydrated  salt  is  isomeric  with  croconate  of  potas- 
sium, C-'K^O^.  2H-'0,  but  differs  from  the  latter  in  giving  off  only  half  as  much  water 
■when  heated  (ii.  111). — The  neutral  solution  scarcely  absorbs  any  oxygen  from  the 
air,  but  if  mixed  with  free  potash  it  quickly  turns  yellow,  absorbs  a  considerable 
quantity  of  oxygen,  and  then  leaves  on  evaporation  a  mixture  of  croconate  and  oxalate 
of  potassium.  The  croconic  acid  is  formed  from  the  rhodizonic  acid  by  addition  of  the 
elements  of  water :  its  formation  does  not,  however,  take  place  immediately,  but  only 
on  evaporation.  The  oxalic  acid,  the  proportion  of  which  is  not  constant,  appears  to 
be  formed,  not  from  rhodizonic  acid,  but  from  a  brown  substance  mixed  with  it,  pro- 
bably a  product  of  the  oxidation  of  rook-oil  not  completely  removed  from  the  "  black 
mass"  by  washing  with  alcohol.  (Will.) 

Ehodizonate  of  barium,  C*H''Ba"0''.II^O  (vacuum-dried),  is  obtained,  by  precipitating 
the  potassium-salt  with  chloride  of  barium,  as  a  dark-red  precipitate,  which  becomes 
dark-brown  when  dried,  acquires  a  greenish-yellow  lustre  when  pressed,  and  gives  off 
its  water  at  100°  (Will).  The  triplumhic  salt,  C'»H2Pb'0'2.2H20  (vacuum-dried),  is 
obtained,  by  precipitating  the  potassium-salt  with  neutral  acetate  of  lead,  as  a  dark -red 
flocculent  precipitate  (the  supernatant  liquid  acquiring  an  acid  reaction),  which  becomes 
blue-black  when  dry,  and  gives  off  its  water  at  100° — 120°  (Will).  Lerch,  by  preci- 
pitating the  aqueous  acid  with  neutral  acetate  of  lead,  obtained  a  dark-red  basic  lead- 
salt,  C'»H-Pb30'l2PbH20^--The  triargcnticsalt,  C^HAg'O",  is  a  purple-red  precipitate, 
metallic-green  when  dry,  slightly  soluble  in  water.  (Will.) 

^-Rhodizonic  acid,  C'H'O'. — This  acid  is  not  known  in  the  free  state  [i.e.,  as  a 
hydrogen-salt).  Its  fotasshmi-salt,  C'°K°0^  discovered  by  Brodie,  remains  undissolved 
when  pure  carboxide  of  potassium  is  treated  with  absolute  alcohol  (iv.  696).  It  is 
distinguished  from  the  a-rhodizonate  by  the  great  facility  with  which  it  absoi-bs  oxygen 
on  exposxire  to  air  and  moisture,  and  is  converted  into  croconate  of  potassium  : 

CioK^Qs  +  H'O  -f-  0^    =    2eK=0*  +  2KH0  (Brodie). 
The  a-rhodizonate  is  probably  formed  from  it  in  a  similar  manner  by  the  assumption 
of  a  larger  quantity  of  water,  thus  : 

CioK^Os  +  SH^^O  +  03    =    2C'^H=K-0''  -i-  2KH0; 

tut  this  latter  reaction  has  not  been  actually  observed  (Will).  The  conversion  of  the 
/8-rhodizonate  into  croconate  is  not  accompanied  by  the  formation  of  oxalic  acid. 
(Brodie.) 

Pure  /8-rhodizonate  of  potassium  dissolves  with  pale  red  colour  in  dilute  acetic  acid, 
and  the  solution  yields,  with  acetate  of  barium,  a  shining  red  precipitate,  which  quickly 
changes  colour,  even  during  washing.  (Brodie.) 

RHOEOCHHOEaB.    A  variety  of  Ksemmererite  from  the  Ural  (iv.  770). 

11H03JOCSISSOS1T2S.  Native  carbonate  of  manganese.  (See  Caebokates, 
i.  789.) 

RHOSOSJITS.  Siliceous  Manganese,  Manganese  spar,  Bustamitc,  Pajshcrgitc, 
Bisilicate  of  Manganese,  rothcr  Mangankcssel,  Kicsclmangan. — A  mineral  consisting 
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mainly  of  silicate  of  manganese,  but  containiug  also  iron,  magnesium,  and  calcium.  It 
usually  occurs  niassire,  but  sometimes  in  monoclinic  crystals,  like  angitp,  having  the 
angle  ooP  :  ccP  =  87*^7',  and  exhibiting  the  faces  ooP,  ooPoo,  [  coP  oo],  oP.  Cleavage 
perfect  parallel  to  a>P,  imperfect  parallel  to  oP.  Hardness  =  5'6  to  6  5.  Specific 
gravity  =  3-4  to  3-68.  It  has  a  vitreous  lustre,  light  brownish-red  or  flesh-red  colour, 
sometimes  greenish  or  yellowish  when  impure ;  streak  white.  Transparent  to  opaque. 
Fracture  eonchoi'dal  to  uneven.  Brittle.  Melts  to  a  black  bead  before  the  blowpipe, 
and  gives  conspicuously  with  fluxes  the  reactions  of  manganese. 

Atiah/scs:  a.  From  LSnghansbyttan  in  Sweden  (Borzelius,  Schw.  J.  xxi.  254). — 
b.  St.  Marcel  in  Piedmont  (Ebelmin,  Ann.  Min.  [4],  vii.  8). — c.  Bustamitc,  from  tho 
Real  Minas  de  Fetela,  Mexico:  a.  by  Dumas  (Bull,  des  sc.  Nat.  1826,  Oct.  163); 

by  Ebelmin  (loc.  cit.). — cl.  Algeria:  rose-red,  granular  (Ebelmin). — e.  Piijs- 
bcrgitc,  from  the  Pajsberg  iron-mine  near  Philipstadt  in  AVernieland,  Sweden:  rose- 
red;  specific  gravity  =  3-63.  (Igelstrom,  J.  pr.  Chem.  xxiii.  278.) 


a. 

b. 

c. 

d. 

e. 

/3. 

Silica     .    .    .  . 

48-00 

46-37 

48-90 

50  67 

45-49 

46-46 

Manganous  oxide 

49-04 

47-38 

36-06 

30-73 

39-46 

41-88 

Lime  .... 

3-12 

6-48 

14-57 

16-45 

4-06 

8-13 

Ferrous  oxide 

0-81 

1-31 

6-42 

3-31 

Magnesia  .    .  . 

.  0-22 

0-73 

2-60 

0-91 

100-38 

99-23 

100-34 

99^ 

98-63 

100-69 

These  analyses  show  that — 

a.  consists  of  12  MnSiOlCaSiO' 

b.  „       „    7  MnSiO^CaSiO' 

c.  „       „    2  MnSiO^CaSiO' 

d.  „       „    6  MnSiOlCaSiO'.FeSiOlMgSiO^ 

c.     „       „  24  MnSi0^6CaSi0^2FeSiO''.MgSiO' 

Fuwhriic,  from  Franklin,  New  Jersey,  where  it  occurs  with  Franklinite,  is  a  crystal- 
lised manganous  silicate  resembling  the  preceding,  but  likewise  containing  zinc. 
Specifle  gravity  =  3-63.  The  foUo-wing  analyses — a.  by  Hermann  (.1.  pr.  Chem.  xlvii. 
5)  ;  b.  by  Rammelsberg  {Mincralchemie,  p.  459) — lead  to  the  formula  7MnSiO^. 
2FeSiOl  2CaSiO^  MgSiO^  ZuSiO^ :— 

Loss  by 

Si02         MnO  FeO         ZiiO        CaO        MgO  ignn.ion. 

a.  46-48  31-52  7-23  5-85  4-60  3-09  1-00  =  99-67 
h.    46-70       31-20       8-35       5-10      6-30      2-81        0-28    =  100-74 

Manganous  silicate  is  often  mixed  with  manganous  carbonate,  manganous  oxide,  or 
quartz,  as  in  the  several  varieties  of  siliceous  manganese  from  Elbingerode  in  the  Hartz, 
known  as  AUagite,  Fhoti:ite,  Corneous  Manganese,  &c.  Rhodonite  likewise  becomes 
altered  by  the  tendency  of  manganous  oxide  to  pass  to  a  higher  state  of  oxidation, 
accompanied  by  absorption  of  water,  the  red  colour  of  the  mineral  changing  to  brown 
or  black,  and  indefinite  compounds  or  mixtures  resulting,  which  may  consist  either 
partly  of  silicates,  or  wholly  of  an  oxide  of  manganese.  Marcdine  or  Hderodine  from 
St.  Marcel  is  a  mineral  of  this  kind;  also  Stratopeite,  a.  black  amorphous  mineral  of 
specific  gravity  2-64,  from  the  Pajsberg  mine  in  Philipstadt,  in  which  Igelstrom  found 
35-43  per  cent,  silica,  32-41  manganic  oxide,  10-37  ferric  oxide,  8-04  magnesia,  and 
13-75  water. 

[For  analyses  of  these  indefinite  varieties  of  siliceous  manganese,  see  Rammels- 
berg's  Mincralchemie,  pp.  460 — 462.] 

BHOSSOPHYXoEiJTS.    Syn.  with  Rhodocheom-b. 

RHOBOTi^.ia-Ea^C  ii.CI3>,  or  ffiHODOXAEJTHr&l.  Tannic  acid  from  the 
leaves  of  the  lilwdochndron  J'crrugineum.  (R.  Schwarz,  Wien.  Akad.  Ber.  ix.  298  ; 
Gm.  XV.  630.) 

K.H OIVS J3 -3 ? .  Syn.  with  Magnesito  or  native  carbonate  of  magnesium 
(i.  787). 

RHUSA.BB.  Rhenm.  Many  species  of  rhubarb — Bhctnn  patinntmii.  Bh.  v.ndida- 
tum,  Bh.  coinpactum,  Bh.  australe,  Bh.  hybridum,  &c. — grow  wild  on  the  high  lands  of 
Central  Asia,  and  some  of  them  are  cultivated  in  various  parts  of  Europe.  The  roots 
are  much  used  for  their  purgative  properties  ;  several  kinds  occur  in  commerce,  the 
most  esteemed  being  tho  Turkey  rhubarb.  In  this  country  tho  waved  garden  rhubarb, 
Bhcum  undtdatum,  and  the  large  garden  rhubarb,  Bh.  h/jbridum,  are  much  cultivated 
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for  the  sake  of  their  juicy  stems,  which  have  a  pleasant  acid  taste,  and  are  used  for 
making  pastry.  The  juice  of  the  stems  contains  oxaHc,  citric,  and  malic  acids,  the  latter 
sometimes  in  considerable  quantity.  Dessaignes  (J.  Pharm.  [3]  xxv.  23)  obtained 
from  a  litre  of  the  iuiee  of  Rh.  compactuni  (after  removing  the  oxalic  acid  by  chloride 
of  calcium),  15  grms.  of  acid  calcic  malate;  Rh.  Rhapofiticum,  on  the  other  hand, 
yielded  only  7  grms. 

The  root  of  rhubarb  has  been  made  the  subject  of  numerous  investigations,  the  most 
important  of  which  are  those  of  Schlossberger  and  Dopping  (Ann.  Ch. 
Pharm.  \.  196),  and  of  De  la  Kue  and  Miiller  (Chem.  Soc.  Qu.  J.  x.  298). 
Schlossberger  and  Dopping  found,  in  the  alcoholic  tincture  of  rhubarb,  a  number  of 
substances,  which  were  afterwards  found  also  by  De  la  Rue  and  MiiUer  in  the  deposit 
which  separates  from  the  tincture  after  long  standing.  These  are: — 1.  Chrysophanic 
acid,  which  separates  to  the  amount  of  about  4  per  cent,  from  the  alcoholic  decoction 
of  the  precipitate;  2.  Krythroritin,  contained  in  the  mother-liquor  of  the  chryso- 
phanic acid,  and  obtained  from  it  by  repeated  precipitation  with  ether  and  solution  in 
alcohol ;  3.  Phcsoretin,  the  portion  of  the  alcoholic  decoction  which  is  insoluble  in  otlier; 
and  4.  Aporctin,  in  the  portion  of  the  original  deposit  insoluble  in  boiling  alcohol.  (.See 
these  several  substances.)  By  exhausting  the  pulverised  root  with  benzene,  or  with 
light  coal-tar  oil,  to  extract  the  chrysophanic  acid  (which  is  the  best  mode  of  preparing 
tliat  substance,  i.  958),  then  distilling  off  the  greater  part  of  the  solvent,  pressing  out 
the  liquid  from  the  nearly  solid  residue,  and  repeated  solution  in  hot  benzene,  Di'  la 
Eue  and  Miiller  likewise  obtained  a  reddish-yellow  crystalline  substance,  cmudin, 
insoluble  in  benzene  (ii.  485). 

For  the  older  investigations  of  rhubarb-root,  which  were  made  chiefly  with  the  view 
of  extracting  an  active  medicinal  principle  from  it,  but  did  not  lead  to  any  definite 
result,  see  Handwbrterhuch  der  Chcmie,  vi.  819.  Schlossberger  and  Dcipping  are  of 
opinion  that  the  physiological  action  of  the  root  cannot  be  attributed  to  any  one  of  its 
constituents  in  particular. 

The  ash  of  the  stems  and  leaves  of  rhubarb  [what  species  ?]  has  brcn  analysed  by 
Th.  Eichardson  (Jahresb.  1847-48;  Tafel  C  zu  S.  1074),  with  the  following 
results : — 

K'O      Na^O      CaO      MgO      SO'      Si02     P^O'  Fe"'PO'  NaCl 
Stems      .      .      .WSS        0  46      10-04       .    .        1-89      2-77       l-i'S.?      2-77       8-84    =  99-19 
Leaves     .      .      14-47      31-77       3-95       5-59       9  52      2-33      30  04      2-33     tiace    -  100-00 

The  stems  [fresh  or  dry  ?]  yielded  0-41  per  cent.,  and  the  leaves  1-23  per  cent.  ash. 

E.  Brandes  (Jahresb.  1853,  p.  581)  has  examined  the  inorganic  constituents  of 
four  kinds  of  rhubarb-root.  A  Eussian  species  gave  5-03  per  cent,  water  and  18-2 
ash  ;  a  Chinese  species  8  22  water  and  8-82  ash  ;  an  older  Austrian  species,  O'O  water 
and  5-8  ash;  a  younger  Austrian  species  (both  cultivated  at  Bilitz),  11-2  water  and 
6  54  ash. 

The  ash  from  100  pts.  of  the  dried  roots  contained : — 

Soluble  in  water.  Insoluble  in  water. 


'|0  145  0-840  .  .  trace  0-445  0-125  0-060  1-635  0-355  trace  0-755  0-035  =  4-395 
•  0-020   2-525    .   .     trace    0  250   0  MO   0  0  5   0-605   0  3-25   trace   0-570   0-015  =  4-468 


KCI     K-O    CaO    MgO    SO'   Fe-O'  Al^O'  CaO    MgO    MnO  P-O^  SiO' 
Russian      0-196  0-280   0980   trace    .    .     0-100   0-008   8-388   0-244    trace   0-860   0012   =  11  068 
Chinese      0-420  0"J15    .    .     trace    .    .     0  115   0  015   4-095   0-195   trace   0265   0-025  =  5-345 
Au.^trian, 

older 
Austrian 
younger 

Tip  (Jahresb.  1854,  p.  657)  found  in  100  parts  of  rhubarb-root  dried  at  100° 
(I.  Eussian,  11.  Chinese,  III.  Eoot  of  Rheum  palmatum,  \Y.  a  the  tap-root,  and  lY.b 
the  branch-roots  of  Rh.  undulatum),  the  following-  quantites  of  ash  and  calcic 
c-arbonate :  — 

I.  II.  III.        IV.  a.  IV.*. 

Ash    .       .       .       17-0  23-0  3-6  11  6  10-0 

CaCOHherein    .       15  5  22  3  17  H'S  8-4 

RHTTSARBARZC  ACID. 

RH  UB  ARB  ARXir. 

RHUS.  Sumach.  Many  species  of  this  genus  are  very  rich  in  tannic  acid,  which 
in  Rhus  Curiaria,  Rh.  glabra,  and  Rh.  typhina,  exists  in  all  parts  of  the  plant.  The 
tannic  acid  of  the  sumachs,  like  gallotannic  acid,  yields  gallic  acid  when  treated  with 
sulphuric  acid.  (Stenhouse.) 

The  leaves  of  Rh.  copallina  and  Rh.  glabra  contain  a  considerable  quantity  of  acid 
malate  of  calcium.  Rh.  Metopium  exudes  a  yellow,  emetic,  purgative  resin  ;  the  wood 
is  rich  in  tannin.  Rh.  suceedanea  is  said  by  some  authoritir-s  to  yield  Chinese  wax ; 
according  to  others,  this  substance  is  produced  by  an  insect  living  on  the  plant. 


'  I    Syn.  with  Chbtsophanic  Acid. 


RICINELAID  AMIDE— RICININE. 
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The  juice  of  the  leaves  of  Rhus  Toxicodendron  contains  gallic  acid  (Aschoff). 
Khittel  (Jahresb.  1868,  p.  530)  found  in  these  leaves,  besides  the  usual  plant- 
constituents,  an  iron-greening  tannin  and  a  volatile  alkaloid,  which  is  the  poisonous 
principle.   Bh.  venenata  and  Eh.  juglandifolia  also  contain  poisonous  principles. 

Eh.  vcrnicifera  contains  a  juice  which  blackens  in  the  air,  and  is  used  for  the  pre- 
paration of  Japan-varnish  ;  the  seeds  contain  a  sebaceous  oil.  The  milky  juices  of  Eh. 
Toxicodendron  and  Eh.  venenata  likewise  blacken  on  exposure  to  the  air.  (Roch- 
leder's  Phytochemie.  pp.  30,  31.) 

The  air-dried  leaves  of  Eh.  Toxicodendron  yield,  according  to  Khittel,  7'30  per  cent., 
the  leaves  dried  at  100°,  7'91  per  cent,  ash,  containing,  in  100  pts. :  2o'81  per  cent. 
K-0,  0-0-1  Na^O,  21-59  CaO,  6-45  MgO,  0-49  Al^O-',  ■2-35  Fe^O^,  1-54  CI,  3-98  S0^ 
11-57  P-0^  6-86  SiO-,  18-43  CO^  ( =  99-11). 

The  heart-wood  of  Ehus  peiitapht//! urn  yields,  according  to  Comaille  (J.  Pharm. 
[3]  xliii.  269  ;  Jahresb.  1863,  p.  616),  0-9  per  cent,  ash,  containing  in  100  pts.:  025 
K-0  and  Na-0,  49-54  CaO,  0-27  MgO,  0-37  Al-0\  8  20  Fe^O^  0-14  CI,  1-81  SO', 
2-57  SiO-',  and  36-66  CO-. 

KICXfir£:3.AI3}AIV!![ZBS,  C'^H^NO^— A  product  obtained  by  the  action  of 
alcoliulio  animonia  on  ricinelai'din.  It  closely  resembles  elai'damide,  melts  at  91° — • 
93°,  and  si,liditi<.'S  at  89°.    (Eowney,  Chem.  Gaz.  1855,  p.  361.) 

SXCZSTEXAISIC  A.CZX>.  C'»H'<0'.  Palmic  acid.  (Boudet,  Ann.  Ch. 
Pharm.  iv.  16.— PI  ay  fair,  ihid.lx.  322.— Bouis,  Ann.  Ch.  Phys.  [3],  xliv.  82.— Gm. 
xvii.  135.) — An  acid  isomeric  with  rieinoleic  acid,  produced  by  the  action  of  nitrous 
acid  on  the  latter  ;  also  by  saponifying  ricinelaidin  with  caustic  potash,  salting  out  the 
resulting  soap,  and  decomposing  it  with  hydrochloric  acid.  It  crystallises  in  tufts 
of  white  silky  needles,  melting  at  50°  (Boudet,  Bouis),  and  solidifying  to  a  crystal- 
line mass  at  48'5°.  Keddens  litmus  strongly;  dissolves  easily  in  alcohol  and 
ether;  decomposes  alkaline  carbonates.  Decomposed  by  distillation,  and  by  boating 
with  soda,  in  the  same  manner  as  rieinoleic  acid.  The  rieinelaidates  of  the  alkali- 
metals  are  soluble  in  water. — The  harivm-salt,  C^''H'''■Ba"0^  obtained  by  precipitation, 
is  a  white  powder  unctuous  to  the  touch. — The  sdvcr-salt,  C'"H^'Ag0-,  is  a  light  wbita 
powder,  soluble  in  ammonia,  but  insoluble  in  water,  alcohol,  and  ether. 

Eicinelmdate  of  Ethyl,  C-^H^^O^  =  C'"H^'(C-ff)0^  formed  by  the  action  of  hydro- 
chloric acid  gas  on  an  alcoholic  solution  of  the  acid,  is  a  crystalline  mass,  which  melts 
at  16°,  dissolves  slightly  in  cold,  very  freely  in  hot  alcohol.    (PI  ay  fair.) 

EICINELAIBIlVr.  C=»II'  '0'? — A  solid  fatty  body  produced  by  the  action  of 
nitric  peroxide  on  castor-oil.  When  purified  by  washing  with  water  and  crystallisation 
from  alcohol,  it  forms  small  white  nodules  melting  at  43°  (Play fair),  at  45°  (Bouis), 
at  62° — 66°  (Boudet).  It  solidifies  slowly,  after  remaining  pasty  for  a  long  time. 
It  is  very  soluble  in  alcohol  and  ether.  Caustic  potash  at  the  boiling  heat  converts  it 
into  glycerin  and  ricinelai'date  of  potassium.  When  .submitted  to  dry  distillation, 
it  behaves  like  castor-oil,  yielding  a  dark  brown-red,  spongy  residue,  and  a  distillate 
of  cenanthol  (Bertagnini,  Ann.  Ch.  Phai-ni.  Ixxxv.  282) ;  and  if  the  eenantliol  be 
driven  off  by  steam,  there  remains  a  solid  acid,  containing  73-8  per  cent,  carbon  and 
11-21  hydrogen  (Bouis).  With  care  the  distillation  maybe  continued  to  the  end 
without  formation  of  the  spongy  residue,  in  which  case  a  large  quantity  of  acrolein 
and  solid  hydrocarbons  pass  over,  whilst  a  little  carbon  remains  behind  (Bouis).  By 
distillation  with  excess  of  potash,  ricinelai'din  yields  octylic  alcohol,  sebate  of  potassium, 
and  two  other  acids.  (Bouis.) 

RXCUa-IC  ACID.  A  fatty  acid,  containing  7S-6  per  cent,  carbon,  9  9  hydrogen, 
.and  16  5  oxygen,  said  by  Bussy  and  Lecanu  to  be  obtained,  together  -n'ith  others,  by 
the  saponification,  and  by  the  distillation,  of  castor-oil.  {GmeWs  Handbook,  xvii. 
140.) 

RZCIiriSi-S.  (Tuson,  Chem.  Soc.  J.  xvii.  195.) — An  alkaloid  contained  in  the 
seeds  of  the  castor-oil  plant  (Eicinus  communis).  The  seeds  of  Croton  Tiglium  contain 
a  similar  or  perhaps  the  same  base.  To  prepare  it,  bruised  castor-seeds  are  ex- 
hausted by  repeated  boiling  with  water;  the  decoction  is  strained,  and,  after  separating 
the  oil  as  completely  as  possible,  evaporated  to  an  extract,  which  is  boiled  with 
alcohol  and  filtered.  After  standing  24  hours,  the  tincture  is  separated  from  the 
deposited  resin,  and  the  alcohol  is  distilled  off.  The  residue,  on  standing,  deposits 
crystals  of  ricinine,  which  are  purified  by  recrystallisation  from  alcohol,  with  the  help 
of  charcoal. 

Ricinine  forms  colourless  rectangular  prisms  and  laminfe,  having  a  slight  taste 
of  bitter  almonds,  insoluble  in  water,  soluble  in  alcohol,  nearly  insoluble  in  ether  and  in 
benzene.  When  heated,  it  melts  to  a  colourless  liquid,  which  solidifies  in  crystalline 
needles.    Sublimes  unchanged  between  two  watch-glasses.    Contains  nitroge;i. 
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RICINOLEAMIDE— EICINOLEIC  ACID. 


When  strongly  heated  on  platinum-foil,  it  burns  with  a  luminous  smoky  flame.  Dis- 
solves 'u\  oil  of  vitriol  without  coloration  ;  the  solution  is  coloured  green  by  chromate 
of  potassium. — Dissolves  in  nitric  acid  without  evolving  red  fumes,  and  on  evaporation 
leaves  colourless  needles,  which  turn  white  in  water. 

Eiciuine  is  insoluble  in  water. — It  forms  with  hijdrocUoric  acid  a  compound,  which 
is  decomposed  by  evaporating  the  solution. — Its  solution  mixed  with  mercuric  chloride, 
solidifies  after  some  minutes  to  a  crystalline  mass  of  fine  needles. — The  hydrochloric 
acid  solution,  when  evaporated  with  chloride  of  platinum,  yields  orange-coloured  octa 
hedrons  of  the  double  salt. 

BIcmOE.BABaSBB.    C'^H^NO^  =  "^"^"'^'Ik    (Boullay,  J.  Pharm.  [3] 

V.  329. — Bonis,  Ann.  Ch.  Phys.  [3]  sliv.  96.) — Produced  by  saturating  an  alcoholic 
solution  of  castor-oil  with  ammonia-gas,  and  leaving  it  to  stand  for  three  or  foiu? 
months,  or  heating  it  for  a  few  days  in  a  salt-bath.  When  purified  by  crystallisation 
from  alcohol,  it  forms  white  crystalline  needles,  melting  at  66°,  and  solidifying  to  an 
opaque  brittle  mass.  It  is  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  is 
resolved  by  acids  and  alkalis  into  ammonia  and  ricinoleic  acid. 

RICXN'O^SZC  JICSS.     C'^H^^O'  =      -°-        O.    (Bussyand  Lecanu,  J. 

Pharm.  xiii.  70. — Saalniiiller,  Ann.  Ch.  Pharm.  Ixiv.  108. — Svanberg  and 
Kolmodin,  J.  pr.  Chem.  xlv.  431. — Bonis,  Ann.  Ch.  Phys.  [3]  xUv.  103,  and  xlviii. 
99. — Petersen,  Ann.  Ch.  Pharm.  cxviii.  69. — Gm.  xvii.  131.) — A  fatty  acid  produced 
by  saponification  of  castor-oil  and  of  the  oil  of  Jatropha  Ciircas. 

Preparation. — Castor-oil  is  saponified  with  potash  or  soda-ley  ;  the  soap  is  salted 
out  and  decomposed  by  hydrochloric  acid ;  and  the  oily  mixture  of  ricinoleic  acid 
with  a  small  quantity  of  solid  fatty  acids  is  cooled  to  —10°  or  —12°  with  i  its 
volume  of  alcohol:  the  solid  acids  then  crystallise  out,  and  are  removed.  After 
driving  off  the  alcohol,  the  ricinoleic  acid  is  digested  with  excess  of  lead-oxide,  and  the 
lead-salt  formed  is  dissolved  in  ether,  and  decomposf-d  by  hydrochloric  acid  and  water. 
The  ricinoleic  acid,  which  is  left  on  evaporating  the  ethereal  layer,  is  purified  by  dis- 
solving it  in  aqueous  ammonia,  precipitating  with  chloride  of  barium,  and  crystallising 
the  barium-salt  from  alcohol.  From  the  barium-salt  the  acid  is  obtained  by  decom- 
position with  aqueous  hydrochloric  acid. 

Properties. — Eicinoleic  acid  is  a  pale  wine-yellow  syrupy  oil,  colourless  in  thin 
layers.  Specific  gravity,  0-94  at  15°.  Solidifies  completely,  at  —  6°  to  —  10°,  to  a 
granular  mass.  Inodorous.  Has  a  very  disagreeable,  persistent,  harsh  taste.  It 
mixes  in  all  proportions  with  alcohol  and  ether.  The  alcoholic  solution  has  an  acid 
reaction,  and  decomposes  carbonates  with  effervescence. 

Becompotiitions. — 1.  Eicinoleio  acid,  subjected  to  distillation,  yields  at  first  a  limpid 
and  afterwards  a  thick  and  repulsive-smelling  distillate,  free  from  sebacic  acid 
(Saalmiiller). — 2.  It  does  not  absorb  ox3fgen  from  the  air,  or  even  on  long  exposure 
to  the  gas,  and  does  not  form  carbonic  acid  (Saalmiiller). — 3.  It  absorbs  a  little 
sulphurous  acid  gas,  witliout  becoming  solid  or  otherwise  altered.  (Saalmiiller.) 

4.  By  the  dry  distillation  of  rieinoleates  of  the  alkali-metals,  various  products  are 
obtained,  according  as  the  neutral  salt  is  distilled  alone,  or  with  an  excess  of 
alkali : 

a.  By  cautiously  distilling  the  neutral  sodium-salt  until  the  residue  begins  to  froth 
up,  a  distillate  of  cenanthol  (iv.  174)  is  obtained,  the  residue  containing  the  sodium- 
salt  of  the  same  acid  that  is  formed  by  the  dry  distillation  of  castor-oil.  Tlie 
sodium-salt  and  the  glyceride  of  ricinoleic  acid  are  tlierefore  decomposed  m  the  same 
manner  by  distillation  (Stadeler).  According  to  Bouis,  the  neutral  rieinoleates  of  the 
alkali-metals  yield,  by  dry  distillation,  octylic  aldehyde  (xiii.  187),  and  a  peculiar 
acid  : 

b.  A  mixture  of  potassic  or  sodic  ricinoleate  with  excess  of  the  caustic  alkali  froths 
up  when  heated,  emitting  an  odour  like  that  of  mushrooms  ;  then  thickens,  gives  off  at 
250°  a  large  quantity  of  hydrogen  gas  (no  carbonic  anhydride  or  gaseous  hydrocarbon) 
and  a  volatile  oil,  and  leaves  a  white  spongy  residue,  consisting  of  sebate  of  potassium, 
together  with  a  neutral  oil,  which  yields  a  white  soap  by  saponification,  and  deposits 
crystals  of  palmitic  acid  when  cooled  (Bouis).  The  volatile  oil  is  a  mixture  of  methyl- 
oenanthyl  with  heptylie  or  octylic  alcohol,  or  both.  (See  Alcohols,  i.  98  ;  Heptyxic 
Alcohol,  iii.  145;  Octylic  Alcohol,  iv.  170). — According  to  E.  T.  Chapman  (Chem. 
Soc.  Qu.  J.  xviii.  290),  sometimes  the  one,  sometimes  the  other  alcohol  is  pi-odueed. — 
The  same  products  are  obtained  by  heating  castor-oil  with  excess  of  caustic  soda. 
(Bouis.) 

Kicinoleates. — Kicinoleie  acid  is  monobasic,  the  general  formula  of  its  salts  being- 
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C'»H^'MO=,  01-  C™H"''M"0«.  Tlipse  salts  are  all  soluble  in  alcohol,  most  of  tliem  also 
in  ether,  and  crystallisable.  They  do  not  alter  Ly  keeping,  or  absorb  oxygen  from 
the  air. 

The  barium-salt,  C'*H"''Ba"0''',  prepared  as  above  (p.  110),  crystallises  from  alcohol 
in  soft  scales,  slightly  soluble  in  water. — The  strontium-salt,  C'"^Il''''Sr"0",  obtained  liy 
precipitating  the  ammonium-salt  with  cliloride  of  strontium,  crystallises  from  alcohol  in 
small  grains. — The  calciim-salt,  C^"H"^Ca"0''  (at  100°),  prepared  in  like  manner,  forms 
scales,  which  melt  at  80°  to  a  yellow  mass,  brittle  and  friable  after  cooling. — The 
magticsium-salt,  C'-"'H''''^JVIg"0'^,  is  very  soluble  in  alcohol,  and  crystallises  theretroni  in 
slender  needles. — The  zinc-salt  forms  small  granules. 

Lead-salt,  C^''H"Pb"0''. — The  acid  heated  with  excess  of  lead-oxide  loses  2-9  to  3-6 
per  cent,  of  water  (1  at.  =  3'02  per  cent.),  and  forms  a  solid  compound,  the  ethereal 
solution  of  which,  evaporated  over  oil  of  vitriol,  leaves  the  lead-salt  as  a  transparent 
crystalline  mass,  melting  at  100^  to  a  light-brown  viscid  liquid,  and  solidifying 
to  an  easily  pulverisable  mass.  It  is  very  soluble  in  etlier ;  dissolves  in  cold, 
and  not  mnch  more  freely  in  hot  alcohol. — By  precipitating  ammoniacal  riciuoleic  acid 
with  neutral  acetate  of  lead,  a  curdy  precipitate  of  variable  composition  is  obtained. 
(Saalraiiller.) 

Silver-salt,  C"*H''AgO'. — Nitrate  of  silver  throws  down  from  the  ammonium-salt  -a 
curdy  precipitate,  which,  when  treated  with  alcohol  or  ether,  partially  dissolves,  ljut 
for  the  most  part  blackens  and  remains  undissolved.  It  softens  at  100°,  melts  at  higher 
temperatures  to  a  black  mass,  and  burns  with  evolution  of  disagreeably-smelling 
vapours ;  dissolves  easily  in  hot  alcohol,  and  slightly  in  cold  alcohol  and  ether. 

Eicinolcate  of  Ethyl,  C-"ffW  =  C'^H^^C  ff)0',  is  prepared  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  the  acid  in  absolute  alcohol,  and  purified  by  washing 
with  water  and  carbonate  of  .sodium.  It  is  a  yellowish  oil,  whicli  cannot  be  distilled 
without  decomposition.  (Saalmiiller.) 

aiCmrO-I>IikS£«Jii.KITIC  and  RICISJO-STJEAUIC  iJ.C3IBS.  Names  ap- 
plied by  Bussy  and  Lecanu  to  certain  fatty  acids  of  doubtful  composition,  obtained  from 
castor-oil:  probably  mixtures  of  stearic  and  palmitic  acid.  (See  Castou-oil,  i.  815;  also 
Gmi'lin's  Handboolc,  xvii.  140.) 

BISMAWSIITB.    Syu.  with  ALLOPHAjra  (i.  132). 

EIUElAIffEff'S  GBBESI.    See  Cobalt-geeen  (i.  1057). 

3£XOXiIT£S.  A  selenide  of  silver,  occurring  in  small  lead-grey  hexagonal  tables,  nt 
Tasco  in  Mexico.  Contains,  according  to  Del  Rio,  57'7  per  cent,  silver  and  42-.3t 
selenium,  whence  the  fornnila  AgSe.  Requires  further  examination.  (Dana,  ii. 
502.) 

l^IPXSOXiSTS.  A  mineral  resembling  eldorite  in  many  respects,  and  allied  to  it 
in  chemical  composition.  It  occurs  in  crystals  commonly  referred  to  the  hexngoniil 
system,  with  very  distinct  cleavage  parallel  to  the  base.  Crystals  from  the  Tyrol 
exhibit  the  form  of  double  six-sided  pyramids,  having  the  angles  of  the  termiuiil 
edges  =  132°40',  of  the  basal  edges  =  106°30' (Deseloizeaux).  According  to 
later  observations  by  Deseloizeaux  (Ann.  Min.  [5],  xi.  261),  howevei',  the  crystals 
have  two  optic  axes  inclined  to  one  another  at  an  angle  of  20^ :  hence  it  would  appear 
probable  that  the  mineral  is  monoclinic,  like  chlorite  (i.  913). 

Hardness  =  1—2.  Specific  gravity  =  2-78 — 2-96.  Translucent  to  nearly  trans- 
parent, with  pearly  lustre  and  green  colour,  but  red  across  the  axis  Ijy  transmitted 
light.  Streak  nncolonred  or  greenish.  Lamina;  flexible,  not  elastic.  Before  the 
blowpipe  it  behaves  like  chlorite. 

Analyses :  a,  h.  From  Greiner  in  the  Zillerthal  (v.  K o b  e  1 1,  Ann.  Ch.  Pharm.  xl.  244). 
— c.  Gumuchdagh,in  AsiaMinor  (Smith,  Ann.  Min.  [4],  xviii.  304). — d.  Mont  des  Sept- 
Lacs,  Dauphine  (Marignac,  Ann.  Ch.  Phys.  [3],  xiv.  56). — e.  Rauris,  in  the  Pinzgan 
(v.  Kobell). — ■/.  St.  Gotthardt  (Varrentrapp,  Pogg.  Ann.  xlviii.  185). — g.  From 
the  same  (Ra m m e  1  s b  e r g,  ibid.  Ixxvii.  414). — h.  St.  Christophe,  Dauphine, 
(Marignac) :  — 


a. 

b. 

c. 

d. 

r. 

/• 

g- 

ii. 

Silica    .    .  . 

26-51 

27-20 

27-14 

26-66 

25-37 

25-12 

26  88 

Alumina  . 

21-81 

20-69 

18-62 

19-19 

18-90 

18-49 

22-26 

17-51 

Ferric  oxide  . 

1-09 

Ferrous  oxide 

1500 

15-70« 

23-21 

24-76 

28-lOt 

28-79 

23-11 

29-76 

Magnesia  .  . 

22-83 

24-89 

17-64 

16-78 

15-03 

17-08 

17-41 

13-84 

Water  .    .  , 

12-00 

12-00 

10-61 

11-60 

10-69 

8-96 

10-70 

11-33 

98T5 

100^6 

97-28 

99-3"7 

99-38 

98-69 

99-69 

99~32 

*  With  OM?  m.mganous  oxide, 
t  With  O-U-2         „  „ 
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RISIGALLO— ROCCELLANILIDE. 


These  results  may  be  represented  by  the  formula  4M"SiO».  M'AJ'Os.  6H''0,  the 
numbers  of  atoms  of  ferrous  oxide  and  magnesia  being  in  6.  aa  1  :  3,  in  rf.  as  5  :  6, 
in  e.  /.  as  1  :  1,  in  ^f.  as  5  :  7,  and  in  A.  as  6  :  5. 

Eipidolite  occurs  also  in  Scotland. 

RZSXCAXiIiO.    Syn.  with  Kealgar. 

RITTIBTGERITB.  A  mineral  from  the  Joaehimsthal,  occurring  in  small  blackish 
monoclinic  crystals,  which  behave  before  the  blowpipe  like  pyrargyrite.  According  to 
Breithaupt,  it  is  identical  with  xanthocone  (j.f.). 

RIWIiXN'.  A  mucilaginous  substance  obtained  from  a  freshwater  alga,  Bivida 
tubcrosa.    (Braconnot,  Ann.  Ch.  Phys.  [2]  Ixx.  206.) 

ROBIWXC  ACXS.  An  acid  existing,  according  to  Keinsch  (Expert.  Pharm. 
[2]  xxxLx.  198),  in  the  root  of  the  false  acacia  {Sohinia  pseudaeacia).  The  infusion  of 
the  root,  evaporated  to  a  syrup,  and  left  in  a  cool  place,  deposits  rhomboi'dal  crystals  of 
robinate  of  ammonium.  The  free  acid  is  a  syrupy  mass,  which  becomes  crystalline  in 
contact  with  absolute  alcohol. 

BOBIN'IIIT.  A  yellow  colouring  matter  existing,  according  to  Kiimmell  (N.  Br. 
Arch,  xciii.  295),  in  the  wood  of  Eobinia  pseudaeacia,  from  which  it  is  obtained  by 
precipitating  the  aqueous  decoction  with  basic  acetate  of  lead,  and  decomposing  the 
precipitate  with  sulphydric  acid. 

ROBINnr.  C^H^'O'^.  (Zwenger  and  Dronke,  Ann.  Ch.  Pharm.  Snppl.  i. 
257;  Jahresb.  1861,  p.  774;  1862,  p.  498.)— A  yellow  substance  contained  in  tho 
blossoms  of  Eobinia  pseudaeacia.  To  prepare  it,  the  recently  gathered  flowers  are 
boiled  in  water,  and  the  decoction  is  again  boiled  six  or  eight  times  with  fresh  flowers  ; 
it  is  then  evaporated  to  a  syrup,  which  is  repeatedly  exhausted  with  boiling;  alcohol ; 
the  alcohol  is  distilled  oflT,  and  the  residue  is  set  aside  to  crystallise  ;  the  crystals  are 
pressed  and  washed  with  cold  alcohol,  to  remove  the  greater  part  of  the  raother-liqiior, 
and  dissolved  in  boiling  water ;  and  neutral  acetate  of  lead  is  added  to  the  solution, 
whereby  foreign  substances  are  precipitated,  while  the  robinin  remains  dissolved. 
The  filtrate  is  freed  from  lead  by  sulphydric  acid  and  evaporated,  and  the  robinin 
is  purified  by  recrystallisation  from  water. 

Robinin  thus  prepared  forms  very  delicate  straw-yellow  crystals,  having  a  somewhat 
silky  lustre,  and  containing  2C"H™0"'.1  IH'O.  They  give  off  their  water  (14'45  per 
cent.)  at  100°,  leaving  anhydrous  robinin,  which  melts  to  a  yellow  liquid  at  195'-',  and 
solidifies  to  an  amorphous  mass  on  cooling.  A  nhydrous  robinin  gave  by  analysis 
60-98  per  cent.  C,  and  5-51  H  (calc.  5M9  C,  5-10  H,  4371  O) ;  the  hydrate  gave 
43-50  C  and  6-33  H  (calc.  43-79  C,  5-98  H,  50-23  0). 

Robinin  is  neutral,  tasteless  in  the  solid  form,  slightly  styptic  in  aqueous  solution. 
Water  and  alcohol  dissolve  it  slightly  in  the  cold,  more  freely  at  the  boiling  heat ;  it  is 
insoluble  in  ether.  It  dissolves  quickly  in  alkalis  and  alkaline  carbonates,  forming 
golden-yellow  solutions ;  the  ammoniacal  solution  tui-ns  brown  on  standing.  The 
aqueous  solution  does  not  precipitate  metallic  salts  ;  it  colours  ferric  chloride  dark- 
brown  or  greenish,  but  does  not  affect  ferrous  chloride.  The  alcoholic  solution  preci- 
pitates neutral  and  basic  acetate  of  lead.  It  reduces  cupric  oxide  in  a  boiling  alkaline 
solution  ;  is  not  altered  by  emulsin. 

By  dry  distillation,  robinin  yields  a  yellow  distillate,  containing  quercetin  in  solution. 
When  heated  above  its  melting  point,  it  burns  with  a  smoky  flame  and  a  smell  of  burnt 
sugar,  and  leaves  charcoal.  It  is  decomposed  by  concentrated  nitric  acid  (with  pecu- 
liar facility  by  the  fuming  acid),  with  formation  of  oxalic  acid  and  a  large  quantity  of 
picric  acid.  When  heated  with  dilute  acids,  it  splits  up  very  readily  into  quercetin  and 
robinin-sugar : 

C''H™0'«  -I-  2W0    =    C"H'°0«  +  2C'^H'-0^* 

100  parts  of  crystallised  robinin  yield  37-96  parts  of  quercetin,  dried  at  100^  (by  cal- 
culation 38-25  parts). 

Robinin-sugar  does  not  crystallise,  but  is  obtained  as  a  sweet  brown  syrup,  which 
smells  like  caramel  when  heated,  and  yields  with  nitric  acid  a  large  quantity  of  picric 
acid,  together  with  traces  of  oxalic  acid.  It  reduces  cuprate  of  potassium  in  the  cold ; 
does  not  undergo  fermentation  with  beer-yeast. 

(C"H'»0^)") 

ROCCEX.I.AIirxx.XSE,  or  Phenyl-roccdlarnide,  C"H«N=0^  =      (C«H*)2  \w.  — 

H'  ) 

When  roccellic  acid  is  heated  with  excess  of  aniline  to  180° — 200°,  water  and  aniline 
distil  over,  and  a  black  pitchy  residue  is  left,  which  when  drenched  with  alcohol  yields 
crystals  after  a  few  days.    These  are  collected  and  purified  by  repeated  crystallisation 

*  It  will  be  observed  that  the  formula  of  robinin  is  related  to  that  assigned  toquercetin  by  Zwenger 
and  Dronke  (p.  4). 
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from  boiling  alcohol,  with  help  of  animal  charcoal.  RoccoUanilido  flius  obtained,  forms 
beautiful  colourless  laniin;e,  v  hich  melt  to  a  colourless  liquid  at  &3'3°,  and  solidify 
partially  at  52^.  Neutral.  At  a  somewhat  elevated  temperature,  it  yields  a  coloiu-less 
distillate,  without  any  carbonaceous  residue.  It  is  insoluble  in  water,  aqueous  am- 
monia, and  hydrochloric  acid  ;  not  coloured  by  hypochlorite  of  sodium.  The  alcoholic 
solution  does  not  precipitate  alcoholic  neutral  acetate  of  lead. 

ROCCEXXiIC  ACXB.  C'"H^-0'  =  '^     ^2        [0=.— A  kind  of  fatty  acid  existing 

in  EoccuUa  tinctoria  and  other  species  of  the  same  genus;  also,  according  to  Hecren, 
in  Lccanora  tartarca.  It  was  discovered  in  1830  by  Heeren  (Schw.  J.  hx.  346), and 
has  been  examined  by  Liebig  (Pogg.  Ann.  xxi.  31),  Schunck  (Ann.  Ch.  Phanu. 
xxxviii.  459),  and  Hesse  {^ibid.  cxvii.  332). 

Preparation. — 1.  Eoccdla  tinctoria  is  exhausted  with  aqueous  ammonia;  the  filtrate 
is  precipitated  by  chloride  of  calcium  ;  'the  well-washed  precipitate  is  decomposed  by 
hydrochloric  acid ;  and  the  acid  thus  separated  is  purified  by  solution  in  ether 
(Heeren).  The  liquid  filtered  from  the  rocceJlate  of  calcium  retains  erythric  acid 
(ii.  502)iu  solution. — 2.  The  lichen  is  freed  from  erythric  acid  by  milk  of  lime  ;  the  residue 
is  boiled  with  dilute  hydrochloric  acid  ;  the  acid  .solution  is  removed  ;  and  the  residue 
warmed  with  dilute  soda-ley.  From  the  greenish-brown  solution,  hydrochloric  aciil 
throws  down  green  flocks,  which  must  be  suspended  in  water  and  treated  for  a  short 
time  with  chlorine  gas,  which  chiefly  removes  the  green  substances.  The  acid,  after 
being  treated  with  chlorine,  is  washed  with  water,  and  purified  by  recrystallisation 
from  boiling  alcohol,  with  help  of  animal  charcoal  (Hesse).  The  acid  obtained  by 
method  1  may  also  be  purified  in  this  manner,  or  by  passing  chlorine  into  the  alkaline 
solution  (Hesse). — 3.  Tlie  lichens  are  exhausted  with  ether  in  a  percolator;  the  ether 
is  distilled  off;  and  the  greenish-white  crystalline  residue  is  dissolved  in  the  smallest 
possible  quantity  of  borax-solution,  a  portion  then  separating  out  as  the  liquid  cools. 
The  rest  is  precipitated  by  hydrochloric  acid,  and  purified  byre-solution  in  boiling 
aqueous  borax ;  then,  together  with  the  portion  of  acid  first  obtained,  by  recrystallisutiuii 
from  ether,  with  help  of  animal  charcoal  (Hesse).  Schunck  treats  the  lichen  ex- 
hausted with  boiling  water,  and  thereby  freed  from  erythric  acid  [and  picroerythrin 
(ii.  303)],  with  boibng  alcohol;  separates  the  green  fiocks,  which  fall  down  as  the 
tincture  cools ;  and  evaporates  the  filtrate  to  dryness.  From  the  residue,  boiling  water 
extracts  a  small  quantity  of  picroerythrin  ;  the  solution  then  prepared  with  cold 
alcohol  deposits,  on  addition  of  alcoholic  neutral  acetate  of  lead,  greenish-white  flocks 
of  roccellate  of  lead,  which  are  decomposed  by  nitric  acid ;  and  the  acid  thus  sepa- 
rated is  purified  by  recrystallisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

Properties. —  Roccellic  acid  forms  delicate,  white,  rectangular,  four-sided  plates, 
having  a  silvery  lustre  ;  from  alcohol  it  separates  in  short  needles.  Melts  at  132^^  to 
a  colourless  liquid,  which  solidifies  in  the  crystalline  form  at  about  lOS*-*.  At  a  tem- 
perature somewhat  below  200"-",  a  portion  volatilises,  while  another  portion  is  converted 
into  an  anhydride  (Hess  e).  It  is  tasteless  and  scentless  ;  the  alcoholic  solution  has  an 
acid  reaction.  It  is  perfectly  insoluble  in  water,  dissolves  in  V81  pt.  of  boiling  alcohol 
of  specific  gravity  U'819,  easily  in  (thir  (Heeren);  slightly  in  warm  bcncene. 
(Hesse.) 

Decompositions. — The  acid  heated  to  between  220°  and  280°  gives  off  water,  turns 
brown,  and  leaves  roccellic  anhydride,  C'H'^O^  (Hesse).  By  dry  distillation  it  yields 
sharp-tasting  products  similar  to  those  obtained  from  the  fats  (Heeren)  ;  according 
to  Schunck,  a  distillate  which  solidifies  in  the  crystalline  form,  and  after  repeated  dis- 
tillation, remains  oily,  leaving  little  or  no  residue.  Roccellic  acid  is  but  little  affected 
by  reagents.  It  is  not  decomposed  by  bromine,  sulphuric  acid,  or  hydrochloric  acid, 
and  is  but  slowly  oxidised  by  boiling  with  hydrochloric  acid  and  chlorate  of  potassium. 
When  boiled  for  a  long  time  with  fuming  nitric  acid,  it  gives  off  volatile  acids  having 
the  odour  of  butyric  acid,  but  does  not  yield  any  crystallisable  non-volatile  acids.  It 
is  but  slightly  altered  by  fusion  with  hydrate  of  potassium ;  heated  with  aniline,  it 
forms  roccellanilide.  (Hesse.) 

Roecellates. — Roccellic  acid  decomposes  carbonates.  The  roccellates  of  the 
alkali-metals  are  soluble  in  water;  the  other  salts  have  for  the  most  part  the  composi- 
tion C"H'»M"0\ — Tlie  liariiiiii-salt,  C"H3"Ba"0^  obtained  by  precipitating  the  am- 
monium-salt with  chloride  of  barium,  is  a  bulky  white  precipitate,  .somewhat  soluble  in 
boiling  water,  insoluble  in  pure  alcohol,  but  easily  soluble  in  alcohol  containing  acetic 
acid. — The  calcium-salt,  C"il-'°Ca"OMI-0,  is  a  white  amorphous  precipitate,  which  gives 
off  48  per  cent,  water  at  160°,  and  decomposes  at  a  liigher  temperature,  givingoff  acrolein 
and  a  combustible  gas  (Hesse). -A  basic  had-saJt,  2C"H-'°Pb"d'.Pb"H-0-.2ir-0, 
is  obtained  by  precipitating  alcoholic  roccellic  acid  with  a  warm  alcoholic  solution  of 
neutral  lead-acetate,  as  a  white  powder  which  gives  off  a  small  quantity  of  water  at 
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100°,  then  3'8  per  cent,  at  125°,  and  melts  at  a  higher  temperature  (Hesse). — The 
silver-salt,  C"H^"Ag^O*,  likewise  obtained  by  precipitation,  is  a  white  amorphous  mass, 
which  turns  grey  on  exposure  to  light.  (Hesse.) 

Ethylic  Roccellate,  C^'H"0<  =  C"H«''(C-H=)=0*,  obtained  by  passing  hydro- 
chloric acid  gas  into  a  warm  alcoholic  solution  of  the  acid,  is  a  pale-yellow  oil,  having 
a  faint  aromatic  odour,  lighter  than  water,  insoluble  in  water  and  in  aqueous  ammonia, 
and  not  attacked  either  by  aqueous  or  by  alcoholic  ammonia  even  after  several  months' 
contact,  or  when  heated  to  118°.  It  is  easily  soluble  in  alcohol,  less  soluble  in  ether. 
(Hesse.) 

ROCCEX.I.XC  AK-HVIJBXSS.  C"H^''0'.— Obtained  by  heating  roceellic  acid 
to  at  least  220^,  treating  the  fused  brown  mass  witli  dilute  soda-ley,  then  agitating  it 
with  ether,  and  evaporating  the  decanted  ethereal  solution.  It  is  a  colourless  or 
faintly  yellow  neutral  oil,  having  a  fatty  odour;  makes  grease-spots  on  paper  ;  dissolves 
sparingly  in  cold,  easily  soluble  in  hot  alcohol  anAm  ether.  Boiling  «orf«-/(y  converts  it 
into  roceellic  acid.  The  solution  in  warm  ammonia-water  mixed  with  hydrochloric  acid, 
deposits  white  flocks,  easily  soluble  in  alcohol,  and  remaining,  when  the  alccnol  is 
evaporated,  as  a  semicrystalline  acid  oil  having  a  burning  taste:  probably  a  mixture  of 
roceellic  and  roccellamic  acids.  (Hesse.) 

ROCCSa:.Z.XC  STHER.    {vid.  sup.) 

ROCCBX.S.IM'Xn-.  C'^H"iO'?  (Stenhouse,  Ann.  Ch.  Pharm.  Ixviii.  69.)— A 
crj'Stalline  substance  obtained,  together  with  i3-orsellie  acid  (iv.  235),  from  Roecella 
tinctoria.  To  prepare  it,  the  gelatinous  mass  obtained  by  precipitating  the  lime- 
extract  of  the  lichen  with  hydrochloric  acid  is  boiled  with  alcohol,  whereby  the  ;8- 
orsellic  acid  is  transformed  into  orsellinate  of  ethyl  (iv.  236),  while  the  roccellinin 
remains  unaltered.  The  product  is  treated  with  boiling  water,  which  dissolves  out  all 
the  ethylic  orsellinate,  leaving  the  roccellinin  undissolved. 

Koccellinin  crystallises  from  boiling  alcohol  in  silky  needles,  nearly  insoluble  in  cold 
alcohol  and  ether.  It  gives  by  analysis  62'44 — 62-07  per  cent,  carbon,  and  4'65 — 4'90 
hydrogen,  the  formula  CH'^O'  requiring  62-8  C,  4-7  H,  and  32-5  0.  It  is  easily 
dissolved  by  ammonia  and  the  fixed  alkalis :  the  solutions  do  dot  become  coloured  on 
exposure  to  the  air.  It  is  not  attacked  by  baryta  or  by  boiling  potash.  It  does  not 
precipitate  metallic  solutions.    Hot  nitric  acid  converts  it  into  oxalic  acid. 

ROCHBXiXaE-SAXiT.    Sodio-potassic  tartrate.    (See  Tartaric  Acid.) 

BOCHIaABTSXTS.    Syn.  with  Serpentine. 

ROCK-CORK.    A  variety  of  asbestos  (i.  415). 

ROCK-CRVSTA^.    Pure  crystallised  silica.    (See  Quartz.) 

ROCK-MXXiK,  or  Agaric  Mineral.  A  loose  friable  variety  of  hmestoue  (iii. 
696). 

ROCK-SA.I1T.    See  Sodium,  Chloride  of. 
ROCK-SOAP.    A  variety  of  bole. 

RCSnZERXTS.  A  hydrated  ferroso-ferric  sulphate,  occurring  on  the  Eammelsberg, 
near  Goslar,  in  monoclinio  crystals,  accompanied  and  interpenetrated  by  ferrous 
and  ferric  sulphates.   {Eammelsberg' s  Mineralcliemie,  p.  292.) 

RCESSXiERXTE.  A  hydrated  arsenate  of  magnesium,  occurring,  together  with 
pharmacolite  and  cobalt-bloom,  in  the  cupriferous  shale  of  Biber,  near  Hanau.  It  forms 
thin  fibrous  or  laminar  plates,  or  dentiform  and  vermicular  masses,  apparently  cleav- 
able  in  one  direction  ;  hardness  (of  the  unaltered  mineral)  =  2  to  3.  Translucent  to 
transparent,  colourless  or  white,  with  vitreous  lustre.  On  exposure  to  the  air  it 
becomes  opaque,  dull,  and  less  hard,  apparently  from  loss  of  water.  Before  the  blow- 
pipe it  gives  up  its  water  and  melts  to  a  white  enamel.  Dissolves  easily  in  hydro- 
chloric acid  (Blum,  Jahresb.  1861,  p.  1031).  Contains,  according  to  Delifs,  40'16 
As-0^  14-22  MgO,  with  trace  of  cobalt,  and  45-62  water  (=  JOG),  whence  the  formula 
2Mg"O.As'0='.15H20. 

R<ETTXSXTE.  A  mineral,  consisting  essentially  of  hydrated  nickel-silicate, 
occurring,  together  with  conarite  (hydrated  nickel-phosphate),  in  the  Hans-Georg  mine 
near  Eottis,  in  the  Saxon  Voigtland.  It  forms  thick  lenticular  and  wedge-shaped 
masses,  sometimes  weighing  several  pounds  ;  is  of  an  emerald-green  colour,  rarely 
passing  into  apple-green  ;  usually  dull  and  opaque,  but  translucent  on  the  edges  ; 
sometimes  brittle,  and  splits  with  moderate  facility.  Fracture  conchoidal  to  earthy. 
Streak,  dark  apple-green.  Hardness  =  2  to  3.  Specific  gravity  =  2-356  to  2  370. 
A.  Winckler  found  in  lumps  translucent  on  the  edges : 
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NiO    CoO    CuO  Fe'O'Al^O^    SiO'    P^O^  As"0^  SO^  H-0 
35-87    0-67    0-40    0-81    4  68    39-15    2-70    0  80    trace    11-17     =  95-55 
Hence  the  mineral  appears  to  consist  essentially  of  3(3Ni"O.SiO^).4H-0.  (Breithaupt, 
JaliresL.  1859,  p.  791.) 

HOT/S&.HZ.O'VZTS.    A  brownish  lirae-garnot  fi'om  Kimito  in  Finland. 

KOMEIWE,  or  EOSSSEITE.  A  mineral  found  at  St.  Marcel  in  Piedmont,  in 
groups  of  minute  crystals  in  the  gangue  which  accompanies  manganese.  The  crystals 
are  dimetric  octahedrons,  having  the  basal  angle  =  110°  60' — 111°  20',  and  the  angle 
over  the  summit  68°  10' — 69°  10'  (Dufrenoy).  It  scratches  glass.  Specific 
gravity  in  grains  =  4-714;  in  powder  =  4-675.  Colour,  hyacinth  or  honey-yellow. 
Contains  15-82  per  cent,  oxygon,  62-18  antimony,  rSl  iron,  1-21  maneanous  oxide, 
16-29  lime,  0-96  soluble  silica,  and  1-90  insoluble  silica  =99-67  (or  40-79  Sb=0-\  36-82 
Sb-0^  1-70  FeO,  1-21  MnO);  and  may  be  represented  by  the  formula  3M"0.Sb-0lSb"0\ 
(Damour,  Ann.  Min.  [3]  xx.  247  ;  [5]  iii.  179.) 

ZtOSANZXiZUE,  Anilnic-rcd.  See  Phenylamines  (iv  468).  Nitrous  acid  con- 
verts it  into  rosolic  acid.    (Wanklyn  and  Caro,  p.  117.) 

nj/droci/an-rosanilinc,C'"K'"'t^'  =  C'-'n'^NMICy.  (Hugo  Miiller,  Zeitschr. 
Ch.  Pharm  1866.) — A  base  produced  by  addition  of  the  elements  of  hydrocyanic  acid 
to  rosaniline,  analogous  therefore  in  composition  to  hydrocyanharmaline  (iii.  8).  It 
has  a  great  resemblance  to  leucaniline,  the  base  formed  from  rosaniline  by  addition  of 
hydrogen  (iii.  674).  It  is  j^repared  by  treating  a  finely  pulverised  rosaniline-salt  with 
alcohol  and  cyanide  of  potassium  (the  latter  being  added  in  the  proportion  of  about  1,  if 
acetate  of  rosaniline  is  used) ;  the  resulling  yellowish  white  powder  is  washed  on  a 
filter  with  alcohol,  then  dissolved  in  dilute  hydrochloric  acid  ;  the  solution  is  warmed 
and  mixed  with  dilute  alcohol;  and  the  base  is  precipitated  by  ammonia,  mixed  witli  a 
little  cyanide  of  potassium  or  hydrocyanic  acid,  in  case  the  solution  should  still  exhibit 
a  red  colour  from  unaltered  rosaniline.  A  white  or  yellowish--white  bulky  precipitate 
is  thus  obtained,  which  becomes  crystalline  after  awhile,  and  then  quickly  settles  down. 
If  it  is  coloured,  it  may  be  purified  by  resolution  and  reprecipitation ;  or  the  hydro- 
chloric acid  solution  may  be  decolorised  by  treatment  with  animal  chai-coal. 

Hydrocyan-rosaniline  precipitated  from  the  aqueous  liydrochlorate  by  ammonia, 
forms  a  dazzling  white  opaque  crystalline  powder.  From  a  warm  alcoholic  solution,  it 
separates  in  small  transparent  monoclinic  crystals,  having  a  splendid  diamond  lustre. 
Alkalis  added  to  a  very  dilute  aqueous  solution  of  one  of  its  salts,  separate  the  base 
either  as  a  milky  turbidity  fir  a  curdy  precipitate  resembling  chloride  of  silver.  It  is 
permanent  in  the  dark,  but  becomes  rose-red  on  the  surface  when  exposed  to  sunlight. 
It  is  decomposed  by  fusion  with  potash,  apparently  with  reproduction  of  rosaniline. 

Hydrocyan-rosaniline  dissolves  very  easily  in  hydrochloric,  nitric,  and  sulphuric 
acids,  forming  colourless  crystallisable  salts.  The  hydrocldornie  separates  from  a  very 
concentrated  solution,  in  large  apparently  monoclinic  crystals,  permanent  in  the  air, 
and  verj'  soluble  in  alcohol.  The  nitrate  and  sulphate  are  also  vei'y  soluble,  but  more 
difficult  to  crystallise,  the  solutions  having  a  great  tendency  to  dry  up  to  gummy  masses. 
The  solution  of  the  hydrochlorate  is  not  precipitated  by  chloride  of  platinum,  but  on 
evaporation,  the  cMoropIatinatc  separates  as  a  heavy  resinous  body.  A  solution  of 
pi itassic^iV-rafe forms,  even  in  very  dilute  solutions  of  the  salts,  a  yellow flocculent  pre- 
cipitate, which  at  a  gentle  heat  cakes  together  to  a  dark-yellow  resin. 

KOSE,  OIZi  OP.  A  volatile  oil,  extracted  chiefly  in  Persia,  India,  and  the  State 
of  Tunis,  from  several  species  of  very  odoriferous  roses,  especially  Eosa  cciitifolia,  R. 
damascena,  R.  mosckata.  It  is  a  thick  yellow  liquid,  solidifying  at  low  temperatures  to 
a  buttei-y  mass  of  transparent,  colourless,  shining  laminae,  which  does  not  liquefy  com- 
pletely again  below  28° — 30°.  The  scent  of  the  oil  is  very  fragrant  when  much 
diluted  ;  but  in  the  concentrated  state  it  causes  headache.  The  oil  is  a  mixture,  in 
variable  proportions,  of  a  camphor  or  stearoptene,  and  an  oxygenated  oil  which  has  not 
been  analysed.  Specific  gravity  of  the  crude  oil  =  0-87  (Chardin,  Ann.  Ch  Phnrni. 
vii.  154);  0-8912  at  15-5°  (Gladstone  and  Dale,  Ciietii.  Soe.  Qu.  J.  xvii.  1).  Index 
of  refraction  at  25°  =  1-4567  for  the  line  A,  1-4627  for  D,  1-4835  for  11.  Molecular 
rotatory  power  =  7°.    (Gladston e  and  Dale.) 

Rose-camphor  is  very  .slightly  soluble  in  alcohol,  but  very  freely  in  ether  and 
essential  oils.  It  forms  laminse,  melting  at  36-',  and  boiling  between  280°  and  300°. 
It  is  a  hydrocarbon  having  the  composition  of  ethylene  (Saussure,  Blanchet,  and 
Sell).  It  is  .soluble  in  caustic  potash  and  acetic  acid  ;  very  slightly  attacked  by  liydro- 
eldoric  and  nitric  acid. 

Od  of  roses  is  often  adulterated  with  oil  of  geranium.  According  to  Guibourl  (J. 
Pharm.  xv.  345),  the  adulteration  may  be  detected,  either  by  means  of  strong  sidphuric 
acid,  which  does  not  impair  the  purity  and  sweetness  of  rose-oil,  but  developes  in 
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geranium-oil  a  strong  disagreeable  odour,  even  with  very  small  quantities ;  or  by  exposing 
the  oil  to  iodine-vapour,  which  does  not  alter  the  colour  of  rose-oil,  but  colours  gera- 
nium-oil a  very  deep  brown ;  or  by  exposing  it  to  nitrous  acid,  which  colours  rose-oil 
deep  yellow,  and  geranium-oil  apple-green. 

KOSEIME.  Syn.  with  Eosanii-ine  (iv.  468).— D.  S.  Price  (Eep.  Pat.  Invent. 
1860,  p.  169;  Jahresb.  1859,  p.  760)  applies  the  term  especially  to  the  red  dye 
obtained  by  treating  sulphate  of  aniline  with  peroxide  of  lead. 

SOSEXalTE.  An  arsenate  of  cobalt,  occurring  in  small  quantity,  on  quartz,  at 
Schneeberg  in  Saxony,  in  trimetric  crystals,  having  the  angle  ooP  :  <xP  =  132°  48'; 
oP  :  Poo  =  158°  2'.  Cleavage  distinct  and  brilliant,  parallel  to  00  f  00 .  Hardness  = 
3.    Colour  deep  rose-red.    (Levy,  Dana's  Mineralogy,  ii.  417.) 

BOSEZiXiiiM',  or  S&OSITE.  A  variety  of  anorthite,  from  Aker  in  Scidermanland, 
Sweden,  having  a  rose-red  colour  and  granular  structure.  When  heated,  it  gives  off 
water  and  becomes  colourless ;  melts  easily  before  the  blowpipe.  Contains,  according 
to  Svanberg,  44'90  per  cent,  silica,  34'50  alumina,  0-69  ferric  oxide,  0'19  manganic 
oxide,  3-o9  lime,  2-45  magnesia,  6'63  potash,  and  6-63  water.  (Eammelsber^s  Mine- 
ralchemie,  p.  592.) 

ROSESffiA.R'?,  OIIi  OS*.  Obtained  by  distilling  the  fresh  leaves  and  flowers  of 
Eosmarinus  officinalis  with  water.  It  is  transparent,  colourless  or  yellow,  of  specific 
gravity  0  88  to  0-91  (Zeller),  0-9080  at  15-5°  (Gladstone  and  Dale).  Boils  at 
166° — 168°  (Kane);  neutral;  has  a  camphorous  taste,  and  the  odour  of  the  plant. 
Index  of  refraction  at  16-5°  =  1-4632  for  A;  l-4688forD;  l-4867forH.  Optical  rotatory 
power  =  — 17°  (Gladstone  and  Dale).  According  to  Lallemand,  on  the  contrary, 
it  is  dextrorotatory. 

Oil  of  rosemary  is  blackened  by  strong  sulphuric  acid ;  the  mixture  saturated  with 
lime  yields  the  calcium-salt  of  a  peculiar  acid  (Un  verdorben).  The  mixture  of  rose- 
mary-oil and  sulphuric  acid  yields  by  distillation  an  empyreumatic  oil  (Kane's 
rosmarine)  having  the  alliaceous  odour  of  mesitylene,  a  specific  gravity  of  0-807, 
boiling  at  173°,  and  isomeric  with  tnrpentine-oil.  (See  Gmelin's  Handbook,  xiv.  396.) 

According  to  Lallemand  (Ann.  Ch.  Phys.  [3]  Ivii.  404),  oil  of  rosemary  may  be 
separated  by  fractional  distillation  into  two  oils,  one  boiling  at  165°,  the  other  between 
200°  and  210°. — a.  The  former  is  a  mobile  hydrocarbon,  which  turns  the  plane  of 
polarisation  to  the  left;  it  iiuites  with  hydrochloric  acid,  the  combination  being  attended 
with  rise  of  temperature,  and  forms  a  compound,  which  remains  liquid  if  left  to  itself, 
but  when  treated  with  nitric  acid,  yields  a  considerable  quantity  of  a  crystalline  hydro- 
chlorate,  apparently  identical  with  hydrochlorate  of  turpentine-oil,  or  artificial  camphor, 
C'"H"^.H01.  The  same  oil  quickly  absorbs  moist  oxygen  in  sunsliine,  forming  crystals, 
which  are  similar  to  those  produced  in  like  manner  from  oil  of  turpentine,  but  disappear 
if  subjected  to  the  further  action  of  oxygen,  yielding  a  brown  acid  soluble  in  water. 

b.  The  portion  boiling  between  200°  and  210°  deposits,  at  low  temperatures,  a  large 
quantity  of  camphor,  resembling  common  camphor  in  all  respects,  excepting  that  it 
has  rather  less  dextrorotatory  power.  An  additional  quantity  of  it  may  be  obtained 
by  treating  the  mother-liquor  with  dilute  nitric  acid. 

ROSEXSrXTE.    Syn.  with  Plagionite. 

ROSEO-CHSJOBEIC  SAI.TS.    See  Chromiom  (i.  951). 

ROSEO-COBAliTZC  SiLXiTS.  See  Cobalt-bases,  Ammoniacai,  (i.  1062).  For 
Braun's  view  of  tlie  constitution  of  these  and  other  ammoniacal  cobalt-compounds, 
see  Ann.  Ch.  Pharm.  cxxxii.  33  ;  Jalu-esb.  1864,  p.  273. 

ROSE  QUARTZ.    See  QuARTZ  (p.  1). 

ROSETTE-COPPER.    See  Copper  (ii.  33). 

ROSE-WOOIS,  OISi  OE".  Okum  ligni  rhodii. — A  volatile  oil  obtained  from  rose- 
wood (C'otivolvidus  SLuparius),  by  distillation  with  water.  It  is  pale-yellow,  somewhat 
viscid,  and  consists,  to  about  |,  of  a  hydi-ocarbon,  C'"H'^  which  boils  at  249°,  and 
smells  like  roses  and  sandalwood.  Specific  gi'avity  of  the  crude  oil  =  0-9064  at  15-6^. 
Index  of  refraction  at  17°  =  1-4843  for  A  ;  1-4903  for  D;  1-5113  for  H.  Optical 
rotatory  power  =  — 16°  (Gladstone  and  Dale).  Rosewood-oil  is  sometimes  used 
for  adulterating  oil  of  roses,  which  thereby  loses  its  buttery  copsistence. 

ROSITE.    Syn.  with  Roselian. 

ROSOIiXC  ACID.  A  compound  produced  by  the  oxidation  of  phenol  in  presence 
of  alkalis.  It  was  discovered  by  Runge(Pogg.  Ann.  xxxi.  70),  amongst  the  products 
obtained  by  treating  coal-tar  oil  with  milk  of  lime.  When  the  mixture  of  phenol, 
rosolic  acid  and brunolicacid(i  .684),  thusobtained, isdistilled  with  water,  phenol  passes 
over,  and  a  pitchy  residue  is  left,  containing  rosolic  and  brunolic  acids.    This  residue. 
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dissolved  in  alcohol  and  mixed  with  milk  of  lime,  yields  a  rose-coloured  solution  of 
calcic  rosolate,  and  a  brown  precipitate  of  calcic  brunolate.  Tlie  solution  evaporated 
to  a  syraip,  and  mixed  with  a  third  of  its  volume  of  alcohol,  deposits,  after  a  few  days, 
rose-coloured  crystals  of  calcic  rosolate,  from  which  the  rosolic  acid  may  be  separated 
by  acetic  acid(Runge).  To  obtain  the  rosolic  acid  pure,  tlie  treatment  with  lime  and 
alcohol,  and  the  decomposition  of  the  calcium-salt  by  acetic  acid,  must  be  repeated 
several  times;  and  finally,  the  alcoholic  solution  of  the  acid,  which  is  still  not  quite  free 
from  lime,  must  be  mixed  with  a  little  hydrochloric  acid,  and  diluted  with  a  large 
quantity  of  water  :  the  rosolic  acid  tlien  separates  out  pure.  (Hugo  Miill  er,  Chem. 
Soe.  Q,u.  J.  xi.  1  :  see  also  Tschelnitz,  J.pr.  Chem.lxxi.  416  ;  Jaliresb.  1857, p.  447.) 

Ilosolic  acid  is  more  easily  prepared  by  heating  phenol  with  certain  metallic  oxides 
in  presence  of  an  alkali.  R.  Angus  Smith  (Chem.  Gaz.  p.  20),  obtained  it  by  heating 
phenol  with  soda  and  peroxide  of  manganese  ;  but  it  is  difficult  to  free  the  product 
from  the  manganate  of  sodium  formed  at  the  same  time.  An  easier  process  is  that 
given  by  Jourdin  (R^p.  Chim.  app.  iii.  217),  who  uses  mercuric  oxide  instead  of 
manganic  peroxide.  The  action,  which  takes  place  below  150°,  is  complete  in  about  ten 
minutes,  and  the  solution  decanted  from  the  reduced  mercury  contains  pure  rosolate  of 
sodium.  Rosolic  acid  is  likewise  produced,  with  evolution  of  hydrochloric  acid,  by 
heating  phenol  with  mercuric  chloride  (Jourdin);  also,  according  to  Schiitzen- 
berger  and  Sengenwald  (iv.  394),  by  heating  di-iodophenol  in  contact  with  the 
air.* 

According  to  Wankly  nand  Caro,  rosolic  acid  is  closely  related  to  rosaniline  (iv.  468), 
and  may  be  produced  by  adding  a  solution  of  a  nitrite  to  any  salt  of  rosaniline,  and 
boiling  the  solution.  During  the  boiling,  a  copious  evolution  of  nitrogen  occurs,  and 
the  rosolic  acid  gradually  separates  out  in  the  form  of  a  pitch,  with  a  cantharides-like 
lustre.    The  reaction  probably  takes  place  by  two  stages,  as  follows  :  — 

C™H'»N'  -1-  3HN02    =    C™(H"'#)N3  +  GR"0. 

Rosaniline.  Azorosaniline. 

C20H'«N«  +  4H=0      =    C-°H'«0'        +  3N' 

Azorosaniline.  Ilosolic  acid. 

Rosolic  acid  is  a  dark-colotired  amoi-phous  substance,  having  a  greenish  lustre,  and 
yielding  a  red  powder;  in  thin  films  it  exhibits  a  red  colour  by  transmitted  light.  Ifc 
bakes  together  at  about  60°,  and  melts  in  boiling  water  to  adark-green,  nearly  black  liquid. 
It  is  not  volatile,  and  not  easily  combustible.  It  dissolves  readily,  with  brownish-yellow 
colour,  in  alcohol  and  ether ;  also  in  phenol,  in  wood-creosote,  in  strong  acetic,  hy- 
drochloric, and  sulphuric  acids,  and  is  not  quite  insoluble  in  water ;  chloroform,  benzene, 
and  sulphide  of  carbon  do  not  dissolve  it  (Hugo  Miiller).  Its  composition  has  not 
been  fixed  with  certainty.  According  to  the  mean  of  Miiller's  analyses,  rosolic  acid  dried 
over  oil  of  vitriol  contains  75'92  per  cent,  carbon  and  6'83  hydrogen,  agreeing  nearly 
with  the  empirical  formula  C-^H^-'O',  which  requires  76-27  C,  6-"05  H,  and  17-68  O. 
Angus  Smith  proposed  the  formula  C'^H'^0'  (requiring  70-6  per  cent,  carbon),  and 
Dusart  (Rep.  Chim.  app.  i.  207),  from  his  own  analysis  (not  given),  deduces  the 
formula  CH"©^,  requiring  65-4  per  cent,  carbon.  According  to  Wanklyn  and  Caro, 
the  true  formula  is  probably  C-'H^O*  {vid.  svp.). 

Rosolic  acid  distilled  over  excess  of  soda-lime  yields  phenol,  a  portion,  however, 
suffering  further  decomposition  (Dusart).  Accordingto  Wankljm  and  Caro,  it  yields 
phenol  by  distillation  per  sc.  It  is  easily  attacked  in  alcoholic  solution  by  chlorine 
and  bromine,  also  by  nitric  acid  when  heated,  forming  a  light-yellow  substance,  which 
dissolves  in  caustic  alkalis,  luit  not  with  red  colour.  It  is  not  acted  upon  by  a  solution 
of  glucose  in  caustic  potash  (Miiller),  and  is  not  decolorised  by  sulphurous  acid 
(Dusart).  When  boiled  with  aniline  and  little  benzoic  acid,  it  forms  a  splendid  and 
very  permanent  blue  dye,  the  reaction  not  being  attended  with  evolution  of  ammonia, 
but  apparently  v.nth  separation  of  watei'.    (Wanklyn  and  Caro.) 

Eosolatcs. — Rosolic  acid  is  a  very  weak  acid,  weaker  even  than  carbonic  acid.  It 
unites  with  ammonia,  the  fixed  alkalis,  and  the  alkaline  earths,  forming  dark-red 
compounds,  soluble  in  water  and  alcohol,  and  very  easily  decomposed  by  exposure  to 
light  and  air,  being  partly  converted  into  carbonates,  and  losing  their  colour.  — The 
carmine-red  solution  of  rosolic  acid  in  alkalis  is  decolorised  by  boiling  with  zinc-powder, 
but  the  colour  is  restored  by  addition  of  ferricyanide  of  potassium.  (AVanklyn  and 
Caro.) 

The  calciiim-sah  separates  on  carefully  evaporating  its  solution  in  a  vacuum  over 
lime,  as  a  granular  or  crystalline  powder,  which  when  pressed  resembles  carthamin. — 
The  magnesium-salt  is  the  most  stable  of  the  rosolates.  The  soluble  rosolates  do  not 
form  precipitates  with  the  salts  of  the  heavy  metals,  not  even  with  basic  acetate  of 
lead  ;  neither  does  rosolic  acid  combine  with  alumina.    (H.  Miiller.) 


•  Communication  from  Prof.  Wanklyn. 
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l&OTKOFFKXTE.    A  name  of  garnet. 

KOTTXaSRA,  The  fruit  of  Rottlcra  tinctoria,  a  tree  growing  in  all  parts  of  India, 
is  covered  with  stellate  hairs  and  glands,  which,  when  brushed  oiF,  form  a  brick-red 
sandy  powder,  used  in  India  as  a  dye,  and  lately  introduced  into  medicine,  under  the 
name  of  Kamala,  as  a  remedy  for  tapeworm.  It  has  an  aromatic  odour,  is  but  slowly 
wetted  by  water,  and  yields  but  little  to  boiling  water,  colouring  it  only  a  pale-yellow ; 
but  alkaline  carbonates  and  caustic  alkalis,  especially  the  latter,  extract  the  colouring 
matter,  forming  deep  red  solutions.  The  extract  prepared  with  soda  imparts  to  silk  a 
fine  and  durable  liery-orange  colour,  without  further  addition  or  the  use  of  mordants ; 
with  cotton,  on  the  other  hand,  it  does  nst  produce  a  good  colour.  The  natural  dye- 
stuff  contains  3'49  per  cent,  water,  78"19  resinous  colouring-matters,  7'34  albuminous 
substances,  7'1-i  cellulose,  and  3'84  ash,  besides  small  quantities  of  volatile  oil  and  a 
volatile  colouring  matter.  (The  liquid  distilled  from  the  alcoholic  extract  has  a  yellow 
colour,  and  the  odour  of  the  original  substance).  Tlie  concentrated  ethereal  extract 
of  the  colouring  matter  deposits  a  yellow  crystalline  substance  called  Bcttlerin  ( vid.  inf.). 
The  extract  prepared  with  boiling  alcohol  deposits,  on  cooling,  non-crystalline  flocks 
of  a  substance  having  the  composition  of  C-"H^'0''.  It  may  be  obtained,  nearly  colour- 
less, by  repeated  solution  and  separation ;  is  sparingly  soluble  in  ether  and  in  cold 
alcohol,  insoluble  in  water ;  not  precipitated  by  lead-  or  silver-salts.  The  alcoholic 
solution  separated  from  these  flocks  leaves  a  dark-red  resin,  C'"H^°0',  soluble  in  all 
proportions  in  alcohol  and  ether,  insoluble  in  water,  melting  at  100°,  and  forming  witli 
acetate  of  lead,  a  deep  orange-coloured  precipitate  of  variable  composition.  (Anderson, 
Edinb.  New  Pliil.  Journ.  new  series,  i.  300;  Jahresb.  1855,  p.  669.) 

G-.  Leube,  Jun.  (Vierteljahrschr.  pr.  Pharm.  ix.  321  ;  Jahre.sb.  1860,  p.  562)  has 
also  examined  the  red  colouring  matter  of  Itottlcra  tinctoria,  but  with  very  different 
[and  doubtful]  results,  not  having  even  succeeded  in  preparing  the  crystallised 
substance  rottlerin.  He  found  in  the  deep  red  powder  47'6  per  cent,  resinous 
substances,  19'7  of  other  constituents  extractable  by  solvents  (extractive  matter, 
oxalic  acid,  albumin,  ulmic  acid,  and  inorganic  salts),  7'7  fibrin,  and  25  0  [insoluble] 
mineral  substances.  The  resinous  substance  extracted  by  ether  was  resolved  by  treat- 
ment with  cold  alcohol  into  two  resins,  one  easily  soluble,  the  other  sparingly  soluble, 
in  that  liquid.  The  former,  melting  at  80°,  contains  C'^H'^O^ ;  the  latter,  melting  at 
191°,  contains  C'*H'^0^  Both  are  brittle,  reddish-yellow,  dissolve  with  flue  red  colour  in 
cold  potash-ley,  alkaline  carbonates,  and  ammonia,  and  are  separated  therefrom  by 
acids  without  alteration  ;  they  are  not  altered  by  boiling  with  dilute  sulphuric  acid, 
but  nitric  acid  decomposes  them,  with  formation  of  oxalic  acid.  The  ash,  amounting  to 
28'85  per  cent,  of  the  red  substance,  was  found  to  contain  0-9  per  cent,  potash  and  soda, 
0-2  magnesia,  4-1  lime,  0-7  manganic  oxide,  8'5  ferric  oxide,  1'2  soluble  .silica,  83'8  in- 
soluble silica  [it  was  probably  mixed  witli  sand],  and  traces  of  chlorine  and  sulphuric 
acid. 

HOTTXiSRZKT.  CH'"©'.  (Anderson,  loc.  cit.) — This  substance  separates 
from  the  ethereal  extract  of  the  colouring  matter  of  Rottlera  tinctoria,  in  yellow  silky 
crystals,  which  are  insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  in  boiling 
alcohol,  melt  when  heated,  and  then  decompose.  It  dissolves  in  alkalis  with  deep 
red  colour.  Its  alcoholic  solution  is  not  precipitated  by  acetate  of  lead.  With  bromine 
it  forms  a  colourless  substitution-product ;  with  nitric  acid,  first  a  yellow  resin,  and 
then  oxalic  acid;  with  cold  concentrated  sulphuric  acid,  a  yellow  solution,  which 
wlien  heated  becomes  darker  and  gives  off  sulphurous  acid. 

EOITCOU.    Syn.  with  Annotto  (i.  307). 

SSUBSa.l^'HirBSSC  SLCXS.  The  name  given  by  Berzelius  to  the  compound 
C-N-H'S^  or  Cy-.2H  S.    (See  Cyanogen,  Sulphydeates  of,  ii.  285.) 

StTTBEI.2j.1W.  An  altered  biotite  (iii.  1013),  occurring  in  small  hexagonal  forms, 
of  a  red  colour,  in  a  kind  of  wacke.    (Dana,  ii.  226.) 

ZZ.U'BEX.lCiXTE.    Ked  tourmaline. 

RUBBRYTHRIC  A.CZI}.  A  yellow  substance  existing,  according  to  Eoch- 
leder  (Ann.  Ch.  Pharm.  Ixxx.  321;  Ixxxii.  205),  in  madder-root.  To  prepare  it,  the 
aqueous  decoction  of  the  root  is  precipitated  by  neutral  acetate  of  lead  ;  the  precipi- 
tate (which  serves  for  the  preparation  of  alizarin  and  purpurin),  is  collected  on  a  filter  ; 
and  the  filtrate  is  mixed  with  basic  acetate  of  lead,  not  in  excess,  which  throws  down  a 
dark,  flesh-coloured,  nearly  brick -red  precipitate,  containing  ruberythric  and  rubichloric 
acids,  with  small  quantities  of  citric  and  phosphoric  acids.  This  precipitate  is  sus- 
pended in  water,  and  decomposed  by  sulphydric  acid  ;  the  solution,  chiefly  containing 
rubichloric  acid,  is  filtered  from  the  sulphide  of  lead  ;  and  the  ruberythric  acid,  which 
remains  attached  to  this  lead-precipitate,  is  extracted  from  it,  after  washing  for  a  short 
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time,  by  boiling  with  alcohol.  The  alcoholic  solution  evaporated  to  one-third,  then 
mixed  with  water  and  a  small  quantity  of  baryta-water,  deposits  a  scanty  white  preci- 
pitate; and  the  filtrate,  treated  with  a  larger  quantity  of  baryta-water,  yields  ruberyth- 
rate  of  barium  in  dark  cherry-red  flocks.  These  are  collected  and  dissolved  in 
dilute  acetic  acid  ;  and  the  solution  is  nearly  neutralised  with  ammonia,  and  precipitated 
by  basic  acetate  of  lead,  whereby  a  cinnabar-coloured  lead-salt  is  obtained,  whioh 
must  be  washed  with  dilute  alcohol,  and  decomposed  under  alcohol  by  sulpbj'dric  acid. 
Tlie  liquid  heated  to  the  boiling-point  with  the  sulphide  of  lead,  then  filtered  hot  and 
evaporated,  deposits  light-yellow  crystals  of  ruberythric  acid,  which  may  be  purified 
by  pressure  and  recry.stallisation  from  a  small  quantity  of  boiling  water. — 251bs.  madder 
yield  1  gramme  of  the  acid;  Levantine  more  tlian  European  madder. 

Kuberythric  acid  forms  yellow  prisms  having  a  silky  lustre.  It  has  a  faint  taste  ; 
dissolves  sparingly  in  cold,  easily  in  hot  w'ater ;  with  gold-yellow  colour  in  alcohol  and 
ether,  with  blood-red  colour  in  aqueous  alkalis  ;  forms  red  precipitates  with  baryta- 
water,  with  alum-solution  after  addition  of  ammoniii,  and  with  basic  acetate  of  lead, 
after  addition  of  a  little  alcohol.  Boiling  aqueous  ferric  chloride  dissolves  it,  forming 
a  dark  brown-red  solution,  which  is  precipitated  by  alcohol. 

Ruberythric  acid  contains,  according  to  Eochleder's  analysis,  54-4:8  per  cent,  carbon 
and  5'16  hydrogen,  agreeing  nearly  with  the  formula  C'*"H^'*0^''  (calc.  54  54  C,  5'05  H, 
and  40-41  0),  or  with  C^«H''=0^'  (calc.  54-64  C,  5  04  H,  and  40-32  0).  The  percentage 
composition  is  nearly  the  same  as  that  of  rubian  (p.  123);  in  fact,  Eochloder  regards 
ruljian  as  merely  impure  ruberythric  acid.  Schunck,  on  the  contrary,  did  not  find  rub- 
erythric acid  in  madder,  and  is  of  opinion  that,  in  the  preparation  above  described, 
piroducts  of  the  decomposition  of  rubian  must  have  been  obtained. 

Ruberythric  acid  heated  in  aqueous  solution  with  hy<lrochloric  acid  is  resolved  into 
alizarin  and  glucose.  The  reaction  may  be  represented,  according  to  Rochleder,  by 
either  of  the  equations  : 

C^ojjioo^"    =    3C'»H''0^  +    Cm'-'O^  +  6H=0. 

Ruberythric  Alizarin.  Glucose, 

acid. 

or:  3C=iiH«203i    =  12C'°1P0'  +  SC'H'-O-*  +  9H-0. 

The  aqueous  solution  boiled  with  alkalis  also  deposits  alizarin  on  addition  of  an  acid. 
(Rochleder.) 

RTTBIA.    See  Madder  (iii.  740). 

RUBIACIC  A.CIH,  An  acid  produced,  accordingto  Schunck  (Ann.  Ch.  Pharm. 
Ixvi.  201  ;  Ixxxvii.  344),  by  boiling  rubiacin  or  rubiafln,  or  the  brown  flocks  thrown 
down  by  hydrochloric  acid  from  spent  madder-liquor,  with  ferric  nitrate  or  chloride. 
The  resulting  brown-red  solution,  mixed  with  hydrochloric  acid,  deposits  brown  flocks 
of  impure  rubiacic  acid,  which  may  be  purified  by  solution  in  boiling  aqueous  carbonate 
of  potassium,  and  reprecipitation  with  an  acid.  It  is  a  lemon-yellow  amorphous  powder, 
slightly  soluble  in  boiling  water,  and  converted  by  sulphuric  acid,  first  into  rubiacin, 
then  into  rubiafin.  Contains,  according  to  Schunck,  67-6  per  cent.  C,  2-9  H,  and  39  5  O, 
which  he  represents  by  the  formula  6'™ii'0"  or  C'-^H'^O",  requiring  57-0  C,  2-7H, 
and  40-3  0.  The  potassium-salt  forms  brick-red  needles  or  prisms,  containing  13-04 
per  cent,  potash,  the  formula  C^'WKO^''  requiring  12-58  pier  cent. 

RITBXACXSX.  Maddcr-orangc.  Kraff -orange.  (Runge,  J.  pr.  Chera.  v.  367  ; 
Eobiquet,  Ann.  Ch. Phys.  Ixiii.  311;Higgin,  Phil. Mag.  [3]  xxxiii.  232;  Schunck, 
Gmelius  Handliook,  xvi.  47.) — A  yellow,  crystalli sable  colouring-matter,  discovered  by 
Runge.  It  exists  in  madder-root,  probably  as  a  calcium-compound,  from  which  it  sepa- 
rates as  the  extract  turns  sour.  It  is  also  produced  by  the  action  of  alkaline  hydro- 
sulphates  on  rubiacic  acid  (Schunck),  and  by  heating  Higgins'  xanthin  {q.  v.) 
with  strong  sulphuric  acid,  and  by  the  spontaneous  decomposition  of  that  substance 
which  takes  place  when  an  aqueous  extract  of  madder  is  left  to  itself.  Rubiacin  is 
fonnd  partly  in  the  precipitate  pi'oduced  by  acids  in  the  decoction  of  madder,  partly  in 
the  residue  left  after  exhausting  the  root  with  water,  and  may  be  obtained  in  the  pure 
state  by  conversion  into  rubiacic  acid  and  subsequent  reduction  of  that  compound. 
(Schunck).  It  may  also  be  prepared  fi'om  the  madder-liquor  of  the  dye-houses,  by 
mixing  the  liquid  with  hydrochloric  acid,  treating  the  resulting  precipitate  with  boil- 
ing alcohol,  redissolving  the  orange-yellow  powder  which  separates  on  cooling,  in  boil- 
ing alcohol,  and  adding  stannous  oxide  to  the  solution.  The  hot  filtrate  deposits 
rubiacin,  on  cooling,  in  splendid  light-yellow  plates  and  needles,  having  a  strong  red- 
dish-green lustre  like  iodide  of  lead.  When  heated,  it  sublimes  completely  in  yellow 
scales  (Schunck).  It  is  slightly  soluble  in  boiling  water,  more  soluble  in  boiling 
alcohol.  It  contains  67'1  per  cent,  carbon  and  4-0  hydrogen,  whence  Schunck  deduces 
the  formula  C'-H-''0'»  (calc.  67-S  0,  3-9  II,  28-3  0). 
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Eubiacin  dissolves  in  strong  sulphuric  acid,  forming  a  yellow  liquid,  which  may 
heated  without  decomposition.  Strong  nitric  acid  attacks  it  at  the  boiling  heat.  It 
dissolves  in  ferric  chloride  or  nitrate,  forming  a  brown  solution,  which  on  addition  of 
an  acid,  turns  yellow  and  deposits  flocks  of  nibiacic  acid.  It  dissolves  in  alkalis, 
forming  purple  solutions,  from  which  acids  throw  down  yellow  flocks.  The  ammoniacal 
solution  forms  dingy-red  precipitates  with  the  chlorides  of  barium  and  calcium. 

Hj'drate  of  aluminium  introduced  into  an  alcoholic  solution  of  rubiacin  acquires  an 
orange  tint,  and  decolorises  the  liquid.  The  alumina-precipitate  dissolves  easily  in 
caustic  potash,  forming  a  purple  solution.  A  piece  of  mordanted  calico  is  scarcely 
coloured  by  rubiacin  suspended  in  boiling  water.  (Schunck.) 

RlJBm3»m.  C'^H'-'O".  (Schunck,  Phil.Mag.  [4]  v.410,  495;xii.  200,  270.)— A 
body  produced,  together  vrith  glucose,  by  the  action  of  alkalis  on  rubiacin  (respecting 
its  mode  of  formation,  see  Maddek,  iii.  746) ;  also  in  the  decomposition  of  rubihydran 
or  rubidehydran  by  dilute  hydrochloric  or  sulphuric  acid. 

Preparation  :  1.  When  rubian  is  boiled  for  some  time  with  caustic  soda,  a  precipi- 
tate is  formed,  consisting  chiefly  of  the  soda-compound  of  alizarin  (i.  114);  and  the 
alkaline  mother-liquor,  mixed  with  dilute  sulphuric  acid  and  a  large  quantity  of  water, 
deposits  yellow  flocks  containing  alizarin,  rubiretin,  verantin,  and  rubiadin,  while 
glucose  remains  in  solution.  The  flocks  are  treated  with  boiling  alcohol,  which  dis- 
solves them,  leaving  only  a  brown  substance  formed  from  the  sugar  ;  and  the  filtered 
liquid  is  treated  with  acetate  of  aluminium,  whereby  the  alumina-compound  of  alizarin 
is  precipitated,  together  with  a  small  quantity  of  verantin. 

The  mother-liquor  is  then  mixed  with  acetate  of  lead,  which  throws  down  rubiretin 
and  verantin  as  a  brownish-purple  precipitate  (see  Eueiretin),  while  rubiadin  remains 
in  solution,  stillmixed,  however,  with  a  small  quantity  of  rubiretin.  By  precipitating 
the  solution  with  a  large  quantity  of  water,  dissolving  the  yellow  flocks  thereby  obtained 
in  the  exact  quantity  of  boiling  alcohol  required,  and  digesting  with  hydrate  of  lead 
(or  stannous  Iiydrate),  the  rubiretin  is  removed,  and  the  hot-fUtered  solution  deposits 
rubiadin  on  cooling;  an  additional  quantity  of  that  substance,  but  in  an  impure  state, 
is  obtained  by  evaporating  the  mother-liquor.  This  latter  product  may  be  purified 
by  sublimation. 

2.  Anaqiieous  solution  of  rubihydran  (p.  131)  is  boiled  with  hydrochloric  or  sulphuric 
acid  till  it  becomes  colourless,  and  no  longer  deposits  yellow  flocks  or  a  brown  resin. 
These  flocks  are  a  mixture  of  rubiretin,  verantin,  and  rubiadin,  with  a  small  quantity  of 
alizarin  ;  the  alizarin  maybe  separated  by  acetate  of  aluminium,  and  then  the  rubiadin, 
in  the  same  manner  as  from  the  mixture  of  tbese  bodies  obtained  by  the  first  metliod. 

Kubiadin  crystallises  in  yellow  needles,  or  in  rectangular  plates,  which  are  sublimable, 
insoluble  in  water,  more  soluble  in  alcohol  than  rubianin.  Strong  sulphuric  acid  dis- 
solves it,  with  yellow  colour ;  aqueous  ammonia  and  carbonate  of  sodium  dissolve  it  at 
the  boiling  heat,  with  blood-red  colour.  It  is  precipitated  by  chloride  of  barium,  cldo- 
ride  of  calcium,  and  cuprio  acetate,  not  by  acetate  of  of  lead ;  does  not  dissolve  in  ferric 
chloride. 

Eubiadin  gives  by  analysis  69'6  per  cent,  carbon  and  5-1  hydrogen,  whence  Schunck 
deduces  the  formula  C^H'^O^  (calc.  69-3  C,  47  H,  and  26-0  0).  It  is  more  probably 
C'-7/»0'»  or  C"=H'-'0\ 

cmororubiadin,  C'^H'^CIO^  (Schunck,  Phil.  Mag.  [4]  xii.  270.)— Produced  by 
boiling  chlororubian  (p.  124),  with  dilute  sulphuric  or  hydrochloric  acid.  It  is  insoluble 
in  water,  but  soluble  in  alcohol,  whence  it  crystallises  in  broad  shining  needles  or 
laminse.  The  alcoholic  solution  reddens  litmus.  The  compound  dissolves  in  caustic 
soda  with  purjjle,  and  in  alkaline  carbonates  with  blood-red  colour.  It  gives  by 
analysis  60-6  to  61-7  C,  4-2  to  4-3  H,  and  11-2  to  11.0  CI,  which  Schunck  represents 
by  the  formula  C^^^-C'/O",  requiring  61-65  C,  3-85  H,  11-36  CI,  and  23-14  O.  The 
formula  C'H'^CIO^  requires  59-5  C,  4-0  H,  and  11-1  CI.  An  ammoniacal  solution  of 
chlororubiadin  mixed  wtth  chloride  of  barium,  filtered  from  the  flocks  which  separate 
at  first  and  left  to  itself  in  a  closed  vessel,  deposits  long  red  needles,  which  when  dried 
at  100°  contain  16-65  per  cent.  Ba"0,  and  may  be  rep)resented  by  the  formula 
C^'2H-'W'Cl'0'".2Ba"0. 

UtTBIASJlPrN-.  C'^ff^'O^?  (Schunck,  J.  pr.  Chem.  lix.  474.) — A  compound 
formed,  together  with  many  others,  liy  the  fermentation  of  madder. 

Erythrozym  is  added  to  aqueous  rubian,  and  the  liquid  is  allowed  to  stand  in  a 
moderately  warm  place,  until  it  has  become  tasteless  and  colourless,  owing  to  the  depo- 
sition of  a  brown  jelly.  If  this  deposit  should  not  take  place  in  24  hours,  more  eryth- 
rozym must  be  added.  Or  madder  is  stirred  up  with  cold  or  warm  water,  and  left  in 
a  warm  place  till  a  jelly  is  formed.  In  both  cases  the  mass  is  mixed  with  a  little  water, 
and  the  jelly  is  collected  on  a  filter  and  washed  with  a  small  quantity  of  water.  It 
contains  alizarin,  rubiretin,  verantin,  rubiufin,  rubiagin,  and  rubiadipin,  which  are 
separated  as  follows  : — 
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The  mass  is  well  boiled  with  alcohol  as  long  as  the  liquid  acquires  a  3'ellow  colour, 
and  acetate  of  alumiuium  is  added  to  the  tiltrate,  wliereby  alizarin,  verantin,  and 
rubiafin  are  precipitated  in  combination  with  alumina,  but  only  partially.  The  whole 
is  then  filtered  (for  the  further  treatment  of  the  precipitate,  see  below),  and  sulphuric 
acid  and  a  large  quantity  of  water  are  added  to  the  dark  brownish-red  filtrate,  whereby 
the  whole  of  the  dissolved  substances  are  precipitated  as  a  yellow  powder,  which, 
having  been  thoroughly  washed  with  water,  is  redissolved  in  boiling  alcohol,  and 
mixed  with  excess  of  acetate  of  lead.  The  dark  purple-red  lead-precipitate,  which  is 
to  be  filtered  boiling,  contains  abzarin,  rubiretin,  verantin,  and  rubiafin  ;  the  dark- 
yellow  filtrate,  rubiagin  and  rubiadipin. 

On  mixing  this  filtrate  with  a  large  quantity  of  water,  a  faintly  orange-coloured 
precipitate  is  formed,  consisting  of  the  lead-compounds  of  rubiagin  and  rubiadipin ; 
this  precipitate  is  to  be  collected  and  decomposed  by  boiling  dilute  sulphuric  acid. 
The  undissolved  portion  washed  with  water,  then  boiled  with  alcohol,  yields  to  the 
latter,  rubiagin  and  rubiadipin,  both  of  which  remain,  after  evaporation  of  the  alcohol, 
as  a  soft,  dark-brown,  fatty  mass,  and  may  be  separated  by  cold  alcohol,  which  dis- 
solves chiefly  the  rubiadipin  ;  the  undissolved  rubiagin  may  be  purified  by  recrystalli- 
sation  from  hot  alcohol. 

Eubiadipin  is  a  semifluid,  yeUowish-brown,  fatty  substance,  which  does  not  harden 
even  when  heated  for  a  long  time.  In  boiling  water  it  melts  to  oily  drops,  which  rise 
to  the  surfjice.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  alkalis,  forming 
with  the  latter  a  blood-red  soapy  liquid.  The  alcoholic  solution  forms,  with  neutral 
acetate  of  lead,  a  blood- red  precipitate  containing  3r35  per  cent,  lead-oxide,  whence 
Schunck  deduces  the  formula  C^HI^'OKPbO. 

RlTBZAri^.  C^^ffW?  (Schunck,  J.  pr.  Chem.  lix.  465.)— A  compound 
isomeric  with  rubiadin,  produced,  as  already  mentioned,  in  the  fermentation  of 
rubian.  The  lead-precipitate,  containing  alizarin,  rubiretin,  verantin,  and  rubiafin, 
obtained  as  described  in  the  preceding  article,  is  decomposed  by  boiling  hydrochloric 
acid ;  and  the  precipitated  yellow  flakes  are  washed  and  covered  with  cold  alcohol, 
which  extracts  rubiretin,  leaving  alizarin,  rubiafin,  and  verantin.  On  the  other  hand, 
the  above-mentioned  precipitate  produced  by  acetate  of  aluminium,  is  decomposed  by 
boiling  hydrochloric  acid,  whereby  orange  flakes  are  separated;  and  these  are  added  to 
the  residue  of  alizarin,  rubiafin,  and  verantin,  which  was  left  undissolved  by  cold 
alcohol,  and  the  whole  is  subjected  to  the  following  treatment : — The  mixture  is 
dissolved  in  boiling  alcohol  and  mixed  with  acetate  of  copper,  which  forms  a  purple 
precipitate  containing  rubiafite  and  verantite,  with  a  small  quantity  of  alizarite  of 
copper,  while  alizarin  alone  remains  in  solution.  The  puq^le  copper-precipitate,  decom- 
posed by  hydrochloric  acid,  deposits  insoluble  red  flakes,  which,  after  washing,  are 
dissolved  in  boiling  alcohol,  and  treated  with  hydrated  stannous  oxide  ;  whereupon  only 
ruhiajiti  remains  dissolved,  and  crystallises  from  the  filtrate  in  brilliant  needles  and 
laminae,  while  verantin,  together  with  a  small  quantity  of  alizarin,  is  preciijitated  as  a 
stannous  oxide  lake  (Schunck).    See  Verantix. 

Rubiafin  forms  yellow  shining  plates  and  needles,  sometimes  star-  or  fan-shaped 
masses,  which  behave  like  rubiacin  when  heated  with  water,  sidphurio  acid,  nitric  acid, 
neutral  acetate  of  lead,  and  cupi'ic  acetate,  and  likewise  form  rubiacic  acid  when 
treated  with  ferric  nitrate  :  in  fact,  rubiafin  differs  from  rubiacin  only  in  composition. 
It  contains,  according  to  Schunck,  69"3  per  cent,  carbon  and  4'6  hydrogen  (calc.  69"3 
C,  4-7  H,  and  26-0  0). 

ZlVMIJVS-llir.  (Schunck,  J.  pr.  Chem.  lix.  471.)— This  is  another  of  the  com- 
pounds produced  by  the  fermentation  of  rubian.  For  the  mode  of  preparing  it,  see 
Eubiadipin  (p.  120).  It  forms  smallyellow  spherical  granules,  or  concentrically  grouped 
needles.  It  is  insoluble  in  boiling  water,  dissolves  in  boiling  alcohol  more  easily  than 
rubiadin  or  rubianin,  and  with  yellow  colour  in  acetic  acid,  from  which  it  crystallises  on 
cooling.  Alkalis,  baryta-water,  and  lime-water  dissolve  it  with  blood-red  colour.  It  dis- 
solves in  coldod  of  vitriol,  with  dark  brown-red  colour,  and  in  boiling  nitric  acid,  forming 
ayellow  liquid,  which  deposit  sshiningci'ystals  as  it  cools.  When  boiled  with  ferric  chloride, 
it  assumes  a  darker  colour,  but  does  not  become  purple-brown,  like  rubiafin  and  rubiacin. 
The  alcoholic  solution  mixed  with  nexitral  acetate  of  lead  turns  yellow,  and  then 
tlirows  down  orange-coloux-ed  grains,  which  dissolve  sparingly  in  boiling  alcohol, 
easily  in  an  alcohohc  solution  of  neutral  lead-acetate.  This  property  distinguishes 
rubiagin  from  rul.)iaein,  rubiadin,  and  ruliiafin.  "With  cupric  acetate,  the  alcoholic 
solution  of  rubiagin  forms  an  orange-coloured  precipitate. 

The  composition  of  rubiagin  is  very  uncertain,  as  it  has  not  been  obtained  pure. 
Schunck  found  it  to  contain  68-10  per  cent.  C  and  6-14  H.     The  formula  C'H'^O^ 
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■whicli  requires  67'12  C,  4-89  H,  and  27'99  0,  -would  explain  its  formation  from  rubian, 
as  follows : — 

C2Bg3Joi5  +  2W0    =    CoHi'D*  +  2C'=H'=0''. 

Rabian.  I^ubiagin.  Glucose. 

BUBIATI.  C-'H^''0'*. — A  glucoside  existing  in  madder-root,  and  yielding,  under 
tlie  influence  of  acids,  alkalis,  or  erythrozym  (madder-ferment) — on  the  one  hand, 
glucose,  and  on  the  other,  alizarin,  together  with  rubiretin,  verantin,  and  other  products, 
varying  according  to  the  nature  of  the  decomposing  compound.  It  was  discovered  by 
Schunck  in  1847.    (For  references  to  his  memoirs,  see  Gmelin's  Handbook,  xvi.  32.) 

Prepa?-atio7i. — It  is  diificult  to  obtain  this  substance  pure,  inasmuch  as  it  alters 
very  quickly,  and  does  not  precipitate  any  metallic  solution  excepting  basic  acetate  of 
lead,  which  when  added  to  madder-extract,  tlirows  down  other  substances  at  the  same 
time.  The  best  results  are  obtained  by  taking  advantage  of  the  great  aflBnity  of 
rubian  for  porous  bodies,  especially  for  animal  charcoal. 

One  pound  of  Avignon-madder  is  exhausted  on  a  cloth  strainer,  by  pouring  four  or 
five  quarts  of  boiling  water  upon  it ;  the  dark  yellowish-brown,  still  hot  filtrate  is 
mixed  with  an  ounce  of  bone-charcoal,  stirred,  and  left  to  settle;  the  still  brown 
liquid  is  decanted ;  and  the  residue  is  collected  and  washed  with  cold  water,  till  the  liquid 
which  runs  oiF  becomes  green  when  boiled  with  hydrochloric  acid  (from  the  presence 
of  chlorogenin).  The  washed  bone-charoal,  if  boiled  with  alcohol,  as  long  as  it 
colours  the  liquid  yellow,  yields  to  it  the  rubian  which  it  has  carried  down  ;  and  on 
evaporating  tlie  alcoholic  solution,  the  rubian  is  left  behind,  but  still  impure,  contain- 
ing chlorogenin.  To  remove  the  latter,  the  impure  rubian,  obtained  in  the  manner 
just  described,  is  again  precipitated  in  the  same  manner  on  the  previously  used  char- 
coal, which  now  takes  up  only  the  nibian,  and  again  extracted  by  boiling  alcohol, 
this  series  of  operations  being  repeated  a  third  time  with  the  same  bone-charcoal,  in 
case  the  alcoholic  solution  still  contains  chlorogenin.*  On  evaporating  the  alcoholic 
solutions,  the  rubian  remains  behind,  still  retaining  a  small  quantity  of  a  decomposition- 
product  formed  by  the  action  of  heat.  This  is  separated,  either — a.  By  evaporating  the 
greater  part  of  the  alcohol,  mixing  the  solution  when  cold  with  dilute  sulphuric  acid 
(which  throws  down  tlie  decomposition-product  in  brown  resinous  drops),  removing  the 
sulphuric  acid  by  carbonate  of  lead,  then  filtering,  and  evaporating  over  the  water-bath ; 
or — b.  By  precipitating  the  solution  with  neutral  acetate  of  lead,  filtering  from  the 
brown-red  fiocks  which  separate,  and  adding  basic  acetate  of  lead,  whereby  a  com- 
pound of  rubian  with  lead-oxide  is  precipitated,  which  must  be  waslied  with  alcohol, 
and  decomposed  by  sulphydric  or  dilute  sulphuric  acid.  In  the  latter  case,  the  excess 
of  sulphuric  acid  must  be  removed,  as  in  a. — One  cwt.  of  madder  yields  1,000  grammes 
of  rubian. 

The  following  process  serves  at  the  same  time  for  the  preparation  of  alizarin, 
rubiacin,  rubiretin,  and  verantin : — Coarsely  pulverised  madder-root  is  well  boiled  with 
water  (lib.  of  the  root  to  16  quarts  of  water) ;  the  liquid,  after  several  hours'  boiling, 
is  strained  through  calico  (the  residue,  exhausted  with  water,  still  contains  alizarin  and 
rubiacin) ;  and  the  liquid  is  precipitated  with  dilute  sulphuric  (or  hydrocliloric)  acid. 
A  dark-brown  precipitate  is  thus  obtained,  which,  when  separated  by  decantation  and 
filtration,  and  freed  from  excess  of  acid  by  washing  with  a  quantity  of  cold  water  just 
sufficient  for  the  purpose  (a  larger  quantity  dissolves  rubiacin),  contains  seven  substances, 
— viz.  rubian,  alizarin,  rubiacin,  rubiretin,  verantin,  pectic  acid,  and  a  dark-brown 
product  of  the  decomposition  of  extractive  matters.  (The  filtrate  retains  chlorogenin 
and  a  small  quantity  of  sugar).  The  precipitate,  while  still  moist,  is  boiled  with 
alcohol,  as  long  as  the  alcohol  acquires  a  yellow  colour,  and  the  liquid  is  filtered  hot. 
(In  the  residue  there  remains  pectic  acid  and  oxidised  extractive  matter).  The  dark- 
brown  decoction,  on  cooling,  frequently  deposits  verantin  as  a  dark-brown  resinous 
powder,  which  must  be  separated  by  filtration.  The  alcoholic  solution,  after  being 
again  heated  to  the  boiling-point,  is  mixed  and  digested  with  recently  precipitated 
hydrate  of  aluminium,  till  the  solution  is  nearly  decolorised,  whereby  alizarin,  rubian, 
rubiacin,  and  part  of  the  rubiretin  and  verantin  are  precipitated,  while  another  portion 
of  the  two  last-mentioned  substances  remains  dissolved  in  alcohol. 

a.  Srjjaration  of  Alizarin. —  The  alumina-precipitate,  after  being  washed  with 
alcohol,  is  added  to  a  concentrated  boiling  solution  of  potassic  carbonate;  the  deep 
red  solution,  containing  all  the  other  substances,  is  filtered  from  the  undissolved 
compound  of  alizarin  and  alumina  ;  this  substance  is  repeatedly  boiled  with  aqueous 
potassic  carbonate,  till  the  liquid,  which  runs  off  on  filtration,  exhibits  only  a  faint 

*  As  fresh  bone-charcoal  precipitates  both  rubian  and  chlorogenin,  whereas  charco.il,  which  has 
once  been  used  for  (his  purpose  and  boiled  out  with  alcohol,  precipitates  only  the  former,  or  at  least 
gives  up  only  the  former  to  boiling  alcohol,  it  is  best  not  to  extract,  for  the  purpose  of  purification,  the 
first  portion  of  rubian  taken  up  by  fresh  bone-charcoal,  but  to  use  this  charcoal  for  the  preparation  of 
purer  rubian. 
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purple  eoiour ;  the  residue  is  decomposed  by  boiling  hydrocHoric  acid ;  and  the  alizarin 
thus  separated  is  crystallised  from  alcohol. 

Of  Ruhian. — The  deep  red  alkaline  liquid,  filtered  from  the  compound  of  alizarin 
and  alumina,  still  retains  in  solution,  rubian,  rubiacin,  rubiretin,  and  verantin,  which 
may  all  be  precipitated  by  hydrochloric  acid,  then  collected  and  wasljed  with  cold 
water,  till  the  liquid  which  runs  off  is  free  from  acid.  As  soon  as  this  point  is  attained, 
the  rubian,  which  is  insoluble  in  acidulated  water,  begins  to  dissolve  in  the  piire  water, 
imparting  to  that  which  runs  off  a  yellow  coloiu'  and  bitter  taste;  so  that  at  length  it 
is  completely  dissolved,  and  may  be  obtained  as  a  yellow  extract,  by  evaporating  the 
filtrate.  It  still,  however,  retains  pectic  acid,  which  remains  behind  on  dissolving  the 
extract  in  alcohol,  aud  from  6  to  8  per  cent,  ash,  from  which  it  cannot  be  separated. 

7.  Of  Ridjiacin,  Ridiirctin,  and  Vcraniin. — The  residue  left  after  the  rubian  has 
been  washed  out,  is  mixed  with  that  which  remains  on  evaporating  the  alcoholic 
liquid  above  mentioned,  containing  verantin  and  rubiretin,  and  the  mixture  is  treated 
with  a  boiling  solution  of  ferric  chloride  or  nitrate.  Rubiretin  and  rubiacin  then  dis- 
solve (the  latter  partly  as  such,  partly  converted,  with  assumption  of  oxygen,  into 
ferric  rubiacate,  p.  119),  while  verantin  remains  behind  in  combination  with  ferric 
oxide.  The  deep  red-brown  solution  is  filtered  after  boiling  for  some  time ;  the 
residue  is  kept  for  the  preparation  of  verantin;  the  rubiacin,  rubiacie  acid,  and  I'ubiretin 
are  thrown  down  from  the  filtrate  as  a  yellow  precipitate,  turning  brown  during 
washing;  and  this  precipitate,  while  still  moist,  is  dissolved  in  boiling  alcohol,  which 
takes  up  the  rubiacin  and  rubiretin,  and  deposits  the  former,  on  cooling,  in  small 
lemon-yellow  crystals.  (The  rubiacie  acid  which  remains  in  solution  is  purified  in  the 
manner  already  described,  p.  119, — the  crystallised  rubiacin  by  converting  it  into 
rubiacie  acid,  from  wliich  it  may  be  again  obtained  as  rubiacin).  By  further  evapora- 
tion of  the  alcohol,  a  mixture  of  rubiacin  and  rubiretin  is  obtained  as  a  dark-brown- 
red  residue,  which,  when  boiled  with  water,  deposits  dark-brown  di-ops  of  rubiretin; 
whilst  rubiacin  remains  suspended  as  a  liglit  powder,  and  may  be  removed  by  decanta- 
tion.  After  boiling  several  times  with  water,  as  long  as  any  yellow  powder  remains, 
and  then  decanting,  rubiretin  ultimately  remains  in  the  form  of  a  dark  red-brown 
mass. 

Properties. — Rubian  is  a  hard,  dry,  brittle,  perfectly  amorphous  mass,  resembling 
dried  varnish  or  gum-arabic,  not  at  all  deliquescent,  transparent,  and  deep  yellow  in 
thin  layers,  dark-brown  in  thicker  masses.  It  is  very  soluble  in  water,  .somewhat  less 
soluble  in  alcohol,  and  insoluble  in  ether,  which  precipitates  it  from  the  alcoliolic  solu- 
tion in  brown  drops.    The  solutions  are  very  bitter. 

Rubian  dried  at  100°  (after  deduction  of  5'30 — 7'69  per  cent,  ash,  consisting  chiefly 
of  calcic  carbonate),  contains,  according  to  Schunck,  54-85  per  cent,  carbon,  5-57 
hydrogen,  and  39-58  oxygen,  whence  he  deduces  the  formula  C^'H'^O'*,  requiring 
55-08  C,  5-57  H,  and  39-35  0.  This  formula  serves  to  account  for  the  several  trans- 
formations of  rubian  observed  by  Schunck,  supposing  that  tlie  formulas  assigned  to  the 
several  products,  alizarin,  rubiretin,  rubiadin,  &c.,  are  correct.  This,  however,  is  very 
doubtful,  especially  with  regard  to  the  most  important  and  best-defined  of  these 
products,  viz.  alizarin,  to  which  Schunck  assigns  the  formula  C'^H'^O*,  representing 
its  formation  from  rubian  by  the  equation  : 

Q28H3<oi5    =    2C"H"'0'  +  7H-0. 

Other  chemists,  however,  represent  alizarin  by  the  formula  C"'H''0',  wliich  agrees 
nearly  as  well  with  the  results  of  analysis,  and  gives  a  clearer  view  of  the  other 
chemical  relations  of  alizarin,  especially  to  phthalic  acid  (i.  1 14).  Hence  Gerhardt 
{Traite,  iii.  492)  suggested  for  rubian  (dried  at  100°)  the  formula  C"*H'«0>'.iII'O, 
(requiring  65-87  C,  4-94  H,  and  39-25  0),  according  to  which  the  formation  of  alizarin 
is  represented  by  the  equation  : 

C'^Hi^O'  +  H'O    =    C'"HW  -1-  C^H'W 

Rubian.  Alizarin.  Glucose. 

It  is  not  very  easy  to  explain  the  formation  of  the  other  derivatives  of  rubian  by 
Gerhardt's  formula,  especially  that  of  rubianic  acid ,  but,  as  already  observed,  the 
formulae  assigned  by  Schunck  to  these  compounds  are  very  doubtful,  many  of  them 
being  founded  on  analyses  evidently  made  upon  impure  preparations.  The  whole 
subject  therefore  requires  further  investigation. 

Decompositions. — 1.  Rubian  heated  in  a  test-tube  decomposes,  and  gives  off  water  at 
130°;  at  a  higher  temperature,  it  emits  orange-coloured  vajjours,  chiefly  consisting  of 
alizarin,  and  leaves  much  charcoal. 

2.  Heated  on  platinum-foil,  it  melts,  swells  up,  burns  with  flame,  and  leaves  a 
mixture  of  charcoal  and  ash. 

3.  Aqueous  rubian,  evaporated  by  heat  in  contact  with  the  air,  deposits  dark-brown 
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resinons  drops,  tlae  quantity  of  ■which  increases  on  pouring  water  upon  the  residue,  and 
again  evaporating.  The  drops  of  resin  melt  in  boiling  water,  become  brittle  on  cooling, 
yield,  when  heated  in  a  test-tube,  a  copious,  yellow,  transparent  sublimate,  resembling 
rubiacin,  and  behaving  in  a  similar  manner  to  ferric  chloride;  they  are  probably, 
therefore,  a  mixture,  of  rubiretin  and  rubiacin. 

4.  Chlorine  passed  into  aqueous  rubian  throws  down  yellow  flocks  of  chlororubian, 
■while  glucose  remains  in  solution  : 

C-28H:.4oi5  +  3H20  +  CP    =    C'-H"C10'=.HC1  +  C'W-OK 

Rubian.  Hydrochlorate  of 

ciilororubian. 

The  continued  action  of  the  chlorine  idtimately  produces  perohlororubian.  Chloride 
of  liim  con^verts  rubian  into  phthalate  of  calcium. 

5.  Aqueous  rubian  is  not  altered  by  cold  nitric  acid,  but  at  the  boiling  heat  red 
fumes  are  evolved;  and  the  rubian  is  completely  converted  into  phtlialic  acid,  without 
formation  of  oxalic  acid  or  any  insoluble  residue. 

6.  Oil  of  vitriol  dissolves  rubian,  with  blood-red  colour,  and  blackens  it  on  boiling, 
with  evolution  of  sulphurous  acid. 

7.  When  aqueous  rubian  is  boiled  ■with  dilute  sulphuric  or  hydrochloric  acid,  the 
solution  first  becomes  opalescent,  and  then  deposits  orange-coloured  flocks,  containing 
alizarin,  rubiretin,  verantiu,  and  rubianin,  while  sugar  remains  in  solution.  [For  the 
equations  representing  the  formation  of  these  products,  see  Maddee,  iii.  746.] 

8.  In  contact  ■with  aqueous  alkalis,  alkaline  earths,  or  the  acid  carbonates  of  the 
alkaline  earth-metals,  and  air,  rubian  takes  up  oxygen,  and  is  converted  into  rubianic 
acid,  rubidehydran,  and  rubihydran, — small  quantities  of  acetic  acid,  rubiadin,  and 
sugar  being  formed  at  the  same  time. 

o.  Formation  of  rubianic  acid : 

C^'H'-'O'^  -1-  0=    =    C2«H=°0"  +  200^  +  2W0 

Kubian.  Rubianic 
acid. 

or 

C28H3J0'5  -1-0     =    C^^ff-'O'^  +  C-H'02. 

Rubian.  Rubianic  Acetic 


3.  Of  rubidehydran : 
y.  Of  rubihydran  : 


acid.  acid. 
C28I£340"5    =    c-^H^^O'^  +  H'O. 


C2SH''0"5  +  SH^O    =  C^'H^O". 

9.  Rubian  boiled  with  excess  of  caustic  potash,  or  soda,  dissolves  with  blood-red 
colour,  changing  to  purple-red ;  and  by  continued  boiling  is  completely  resolved  into 
alizarin,  rubiretin,  verantiu,  and  rubiadin,  which  are  precipitable  by  acids,  and  sugar, 
which  remains  in  solution.  The  same  products  are  formed,  though  more  slowly,  by 
boiling  with  caustic  baryta.    [Madder,  iii.  746.] 

Ammonia  colours  aqueous  rubian  blood-red,  but  does  not  decompose  it,  even  at  fc 
boiling  heat. 

Magnesia  colours  aqueous  rubian  blood-red;  the  carbonates  of  calcium  and  barium 
do  not  act  upon  it ;  aluminie,  ferric,  and  cupric  hydi-ates  extract  all  the  rubian  from 
it. 

The  alkaline  sohitions  of  rubian  reduce  gold-salts,  but  not  silver  or  copper-salts. 

10.  Erythrozym,  added  to  an  aqueous  solution  of  rubian,  diffuses  itself  through  the 
liquid  without  dissolving,  rendering  it  turbid  and  gummy,  and  converting  it,  after 
standing  for  some  time  in  a  moderately  warm  place,  into  a  brown  jelly,  like  coagulated 
blood,  containing  yellow  strise  and  flocks  formed  of  long  capillary  crystals,  till  finally 
(more  erythrozym  being  added  if  necessary)  the  liquid  becomes  tasteless  and  colourless, 
and  a  gelatinous  mass  separates,  consisting  of  alizarin,  verantin,  rubiretin,  i-ubiafin, 
rubiagin,  and  rubiadipin  (iii.  746  ;  v.  120).  The  solution  retains  sugar  and  pectic 
acid.  JJuring  the  fermentation,  the  liquid  remains  neutral,  neither  absorbing  nor 
giving  oflt  gases  :  access  of  air  is  likewise  unnecessary. 

Derivatives  of  Biibian. 

Chlororubian,  C-'H"C10'-.  (Schunck,  Phil.  Mag.  [4]  xii.  200,  270.)— A  com- 
pound formed,  together  with  glucose,  by  the  action  of  chlorine  on  aqueous  rubian.  To 
prepare  it,  an  aqueous  extract  of  madder  is  precipitated  with  neutral  acetate  of  lead,  the 
filtrate  precipitated  with  ammonia,  the  resulting  red  precipitate  decomposed  by 
sulphuric  acid,  and  chlorine  gas  passed  into  the  filtrate.  The  dirty  yellow  flocks  of 
an  easily  fusible  resin,  which  are  precipitated  by  the  first  action  of  the  chlorine,  are 
Beparatcd  by  filtration ;  and  the  pure  yellow  flocks  of  chlororubian,  precipitated  on 
continuing  the  passage  of  the  chlorine,  are  collected  and  crystallised  firom  hot  alcohol. 
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When  crystiillisod  from  dilute  alcoholic  solution,  it  forms  light  orange-yellow 
needles,  having  a  bitter  taste ;  prucipitated  from  concentrated  alcoholic  or  hot  aqueous 
solution,  it  forms  granular  amorphous  spherules.  It  is  neutral ;  dissolves  with  yellow 
colour  in  boiling  water,  also  in  alcohol ;  does  not  dye  mordanted  tissues.  It  gives  by 
analysis  51-18  per  cent.  C,  4-93  H,  and  6-38  CI,  the  formula  recjuiring  50  92  U,  Ci'82  II, 
5-20  CI,  and  37  ol  0. 

Chlorine.-watcr  gradually  converts  chlororubian  into  perchlororub  ian.  Ey  boiling 
AWvite  sulphuric  ov  hydrochloric  acid,  it  is  resolved  into  c hloror ub i ad i n  (p.  120) 
and  glucose: 

C'-'H^'CIO'-    =    C"=H"C10'  +  CH'^O"  +  2W0. 

With  caustic  soda  it  forms  a  blood-red  solution,  which  after  being  heated  for  some  time 
deposits  dark  red-brown  flocks  of  oxyrubian,  while  sugar  and  its  products  of 
decomposition,  together  with  verantin,  rubiretin,  and  rubiadin,  remain  in  solution. 

Oxyruhiayt,  after  boiling  with  hydrochloric  acid,  washing  with  boiling  alcohol,  and 
drying,  is  a  yellowish-brown  powder,  which  if  free  from  chlorine,  yields,  when  heated 
in  a  test-tube,  a  yellow  crystalline  sublimate,  easily  soluble  in  alkalis.  It  is  not 
altered  by  sulphide  of  ammonium,  but  alkalis  turn  it  red-brown.  It  contains, 
according  to  Schunck,  707  C,  3'9  H,  and  25'-l  0,  which  may  be  represented  by  the 
formula  C-*'^H"0'';  its  formation  may  take  place  according  to  tlie  equation  : 
C^ff'ClO'^  +  NaHO    =    C-^H'^0«  +  NaCl  +  711-0. 

Verchlororuhiaii,  C^'II"C1"0'^  (Schunck,  loc.cit.) — This  compound,  reerystal- 
lised  from  boiling  alcohol,  forms  colourless  transparent  four-sided  plates,  having  a 
splendid  iridescence.  It  is  neutral,  sublimes  in  micaceous  scales  when  cautiously 
heated,  is  insoluble  in  water,  soluble  in  alcohol  and  ether  ;  gives  by  analysis  37'0o  (J, 
1-51  H,  44-40  CI,  the  formula  requiring  37-09  C,  1-26  H,  44-47  CI,  and  16-88  0. 

KU3IANIC  AC32>.  C™IP»0'*  ?  (Schunck,  Phil  Mag.  [4]  xii.  200,  270.)— 
An  acid,  produced,  together  with  rubihydran  and  rubidehydi-an,  by  the  oxidation  of 
rubian  in  contact  with  alkalis  (iii.  746). 

Preparation:  1.  From  Rubian. — Carbonic  acid  gas  is  passed  into  a  solution  of 
rubian  mixed  with  excess  of  baryta-water,  till  the  baryta  is  converted  into  acid  car- 
bonate, and  the  filtrate  is  left  to  stand  in  contact  with  the  air.  The  licjuid,  after  some 
time,  becomes  covered  with  thin  scarlet  films,  presenting  a  crystalline  appearance 
under  the  microscope  (compounds  of  baryta  witli  rubianic  acid  and  rabideliydran),  more 
of  which  are  obtained  after  longer  standing,  and  again  on  evaporating  the  liquul, 
finally  in  the  form  of  red  flocks,  ■>vliilst  rubihydran  remains  dissolved  in  the  brownish- 
yellow  liquid  (sometimes  also  sugar  resulting  from  a  secondary  decomposition).  The 
collected  films  and  fiocks  are  decomposed  with  dilute  sulphuric  acid  ;  the  excess  of 
that  acid  is  precipitated  by  carbonate  of  lead  ;  the  precipitate  is  repeatedly  boiled  with 
water,  till  it  exhibits  only  a  faint  reddish  tint  (in  which  state  it  contains  no  impurity 
except  a  small  quantity  of  rubiadin,  produced  by  secondary  decomposition),  and  the 
solution  is  filtered  and  evaporated;  a  yellow-brown  mass  then  remains,  mixed  with 
yellow  needles,  from  which  cold  water  extracts  rubidehydran,  leaving  rubianic  acid  in 
the  form  of  a  yellow  powder.  This  product  is  washed  with  cold  water,  and  roerys- 
tallised  from  boiling  water,  if  necessary  with  aid  of  animal  charcoal. 

2.  From  Madder,  without  previous  preparation  of  Tlubian. — Extract  of  madder  pre- 
pared with  hot  water  is  precipitated  with  neutral  acetate  of  lead,  then  the  filtrate  with 
basic  acetate  ;  and  the  latter  precipitate,  containing  rubian  and  chlorogenin,  is  decom- 
posed by  cold  dilute  sulphuric  acid,  digested  with  carbonate  of  lead,  and  filtered.  The 
filtrate,  treated  with  baryta-water,  then  with  carbonic  acid,  as  in  the  first  metliod, 
deposits,  after  standing  for  some  time  in  contact  with  the  air,  rubianate  of  barium  and 
the  barium-compound  of  rubidehydran,  to  bo  treated  as  in  1,  whWe  rubidehydran  and 
chlorogenin  remain  in  solution. 

Properties. — Kubianic  acid  forms  lemon-yellow  silky  needles;  in  the  impure  state, 
granules  and  a  crystalline  mass.    Tastes  somewhat  bitter.    Eeddens  litmus. 

It  gives  by  analysis  55-5  to  56  6  per  cent.  C,  and  5-4  to  5-6  H,  whence  Schunck 
deduces  the  formula  C'«H^'0-'  (calc.  56-0  C,  5-2  II,  38-8  0).  The  fornmla  C-'«ir'"0'^ 
requires  55-1  C,  5-3  H,  and  39-6  0. 

Rubianic  acid  dissolves  more  easily  in  boiling  than  in  cold  water  ;  also  in  alcohol,  but 
not  in  ether;  does  not  dye  mordanted  fabrics.  It  dissolves  without  decomposition 
in  hot  aqueous  phosphoric,  acetic,  oxalic,  and  tartaric  acids.  Its  salts  are  red ;  those 
of  the  alkcdi-metals  are  easily  soluble;  tlie  rest  are  formed  by  precipitation. 

Rubianic  acid  when  stronglv  heated  yields  a  sublimate  of  a'izarin,  and  a  residue  of 
charcoal ;  by  boiling  vitli  dilute  sulphuric  acid  it  is  resolved  into  alizarin  and 
glucose : 

C2<ij£3(.on  +  2IF0    =    CH^O'  +  2C«H'=0«- 
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'RVmANIN,  A  body  obtained,  togetlier  ■with  alizarin,  rubiretin,  and  verantin, 
by  boiling  aqueous  rubian  (or  the  extract  of  madder  prepared  with  boiling  water)  witli 
dilute  sulphuric  acid.  The  orange-yellow  flocks  thereby  deposited,  which  contain  the 
four  substances,  are  dissolved  in  boiling  alcohol,  the  reddish-yellow  solution  is  filtered 
boiling,  and  the  residue  is  boiled  witli  fresh  alcohol  as  long  as  the  latter  acquires  a 
dark-yellow  colour;  The  yellow  or  brownish-yellow  crystalline  mass  left  in  the  residue 
is  cliiefly  rubianin,  which,  however,  may  also  be  dissolved  by  frequent  treatment  with 
boiling  alcohol,  whence  it  crystallises  on  cooling,  as  well  as  from  the  first  extracts. 
The  solutions  are  left  to  cool,  and  the  crystals  of  rubianin  containing  verantin  are 
separated  from  the  mother-liquid  (which,  however,  still  contains  a  little  rubianin),  and 
dissolved  in  boiUng  alcohol ;  the  verantin  is  precipitated  by  acetate  of  lead,  and  the 
filtrate  is  left  to  cool,  whereupon  it  deposits  crystals  of  rubianin.  (See  further  Gnuiin's 
Handbook,  xiv.  133,  134.) 

Kubianin  crystallises  in  lemon-yellow  needles  having  a  silky  lustre,  and  lighter  in 
colour  than  rubiacin.  It  contains  (at  100°)  57'6  per  cent.  0  and  5'-12  H,  whence 
Sohunck  deduces  the  formula  C'^H^'O'^  (requiring  58  0  C,  6-7  H.  and  36-3  O. 
Gerhar  dt  (TmiVe,  iii.  493)  suggested  the  formula  C"'H'"0^  =  C'»H«0'  (alizarin) 
-t-  2H=0  (calc.  57-1  C,  4-8  H). 

Rubianin  is  more  soluble  in  boiling  water  than  rubiacin,  less  soluble  in  alcohol  than 
rubiretin  or  verantin.  Chlorine  converts  it  into  perchlororubian  (?).  It  dissolves  with 
^  yeUow  colour  in  cold  oil  of  vitriol,  and  without  decomposition  in  hot,  strong,  nitric 
acid.  It  is  insoluble  in  the  cold  in  ammonia,  carbonate  of  potassium,  and  carbonate 
of  sodium,  but  dissolves  at  the  boiling  heat,  forming  a  blood-red  solution,  whence  it 
crystallises  after  standing  for  some  time. — The  ammoniacal  solution  forms  red  preci- 
pitates with  chloride  of  barium  and  chloride  of  calcium.  The  alcoholic  solution  does 
not  precipitate  neutral  acetate  of  lead.  Enbianin  dissolves  with  dark-brown  colour  in 
a  strong  solution  of  ferric  chloride,  without  forming  rubiacic  acid. 

KUBICHIiO^IC  ACXS.  (Kochleder,  Ann.  Ch.  Pharm.  Ixxx.  327;  R. 
Schwarz,  ihid.  Ixxx.  333  ;  Willigk,  ibid.  Ixxxii.  339.) — This  acid,  perhaps  identical 
,with  Schunck's  chlorogenin  (i.  921),  is  contained,  according  to  Kochleder,  in  the  root, 
according  to  Willigk,  in  the  leaves,  of  Rubia  tinctorum ;  also,  according  to  Schwarz, 
in  the  herb  of  Asperula  odorata,  Galium  venim,  and  G.  aparine.  It  is  found  in  traces 
in  the  precipitate  formed  by  neutral  acetate  of  lead  in  the  aqueous  extracts  of  the 
plants  just  mentioned ;  in  somewhat  lai-ger  quantity  in  the  precipitate  produced  in  the 
filtrate  by  basic  acetate  of  lead ;  and  chiefly  in  the  precipitate  thrown  down  by  ammonia 
in  the  liquid  filtered  from  the  preceding  precipitates,  and  still  containing  lead.  It  is 
separated  therefrom  by  sulphydric  acid.  (For  the  details  of  the  preparation,  see 
Gmelin's  Handbook,  xvi.  67.) 

Eubichloric  acid  is  a  colourless  or  slightly  yellow  mass,  having  no  odour,  but  a  faint 
nauseous  taste ;  easily  soluble  in  water  and  alcohol,  insoluble  in  ether,  coloured 
yellow  by  alkalis,  not  precipitated  by  baryta-water.  Its  lead-salt,  obtained  by  preci- 
pitating the  ammoniacal  solution  with  neutral  acetate  of  lead,  is  a  yellow  transparent 
mass.  The  results  obtained  by  its  analysis  are  so  discordant  that  it  is  useless  to  quote 
them.    The  acid  itself  has  not  been  analysed. 

Rubichloric  acid  heated  with  hydrochloric  acid  turns  blue,  then  green,  and  deposits 
dark-green  flocks  of  chlororubin,  with  simultaneous  production  of  formic  acid; 
perhaps  thus : — 

C'^H'«0»    =    C'-H'O^  +  2CH-0'  +  2H-0. 

Kubichloric         Chloroiubin.       Formic  acid, 
aciit. 

Cblororubin. — This  body  is  likewise  produced  by  boiling  chlorogenin  with  acids 
(Schunck).  According  to  Jessen  (Wien.  Akad.  I3er.  xiv.  294),  it  is  contained  in 
Chinese  yellow  pods,  the  fruit  of  Gardenia  grandiflora,  and  may  be  prepared  therefrom 
by  distilling  the  alcoholic  decoction  in  a  stream  of  carbonic  anhydride,  to  remove  the 
alcohol,  passing  the  liquid  through  a  wet  filter  to  free  it  from  oil,  and  treating  the 
filtrate  with  neutral  acetate  of  lead,  which  throws  down  colouring  matters  and  tannic 
acid.  On  gently  warming  the  filtrate  with  hydrochloric  acid  and  heating  it  to  the 
boiling-point,  after  removing  the  brown  flocks  which  separate  at  first,  chlororiibin  is 
deposited  in  dark-green  flocks,  which  may  be  washed  with  water  and  dried  in  a 
vacuum.  It  then  forms  a  blue-green,  grass-green,  or  black-green  powder,  containing 
variable  quantities  of  water.  It  is  insoluble  in  water  and  in  alcohol,  but  dissolves 
in  alkalis,  forming  a  blood-rod  solution,  which  is  turned  green  by  acids.  It  gives  by 
analysis:  (a)  63-8  per  cent.  C,  5-0  H  (Debus);  (A)  68-6  C,  4-4  H  (Kochleder); 
(c)  61-17_C,  5-1  H  (Schwarz). 

According  to  Kochleder,  anhydrous  chlororubin  contains  C'^'H'O',  and  it  is  asso- 
ciated in  a  with  |  at.,  in  b  with  J  at.,  and  in  c  with  2at. 'water.  According  to  v.  Orth 
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(Wien.  Akad.  Ber.  xiii.  510),  it  contains,  after  deduction  of  5-9  per  cent,  ash,  74-8  C 
and  6'46  H,  whence  he  deduces  the  formula  C"H^°0°. 

ItUBISEHlTBRASr.  C-«ff=0".  (Schnnck,  Thil.  Mag.  [4]  xii.  200.)— Ob- 
tained in  aqueous  sohition  in  the  preparation  of  rubianio  acid,  and  partly  purified  by 
evaporation,  solution  in  cold  water,  and  precipitation  with  alcohol.  It  forms  a  reddish- 
yellow,  transparent,  non-deUquescent,  bitter  gum,  yielding  with  water  a  yellowish  solu- 
tion, from  which  it  is  not  precipitated  by  any  metallic  salt,  except  basic  acetate  of  lead. 
It  gave  by  analysis  56'o0  C  and  5'6o  H;  the  above  formula,  which  is  that  of  rubian 
minus  1  at.  water,  requires  56'75  C,  5'40  H,  and  38'87  0. 

RXTBXDINE:.  C"H"N.  (G.  Thenius,  Rep.  Chim.  app.  iv.  181  ;  J.ahresb.  1861, 
p.  500.) — An  organic  base  belonging  to  the  pyridine  series,  C"IP"-^N,  and  contained, 
together  with  several  other  members  of  that  series,  in  coal-tar.  The  method  adopted 
by  Thenius  for  obtaining  these  bases  from  coal-tar  oil,  and  separating  them  one  from 
the  other,  is  similar  to  that  given  by  Greville  Williams  under  Picoline  (iv.  636); 
consisting  in  combining  the  bases  with  sulphuric  acid,  liberating  them  liy  caustic  soda, 
dehydrating  them  with  caustic  potash,  and  separating  them  by  fractional  distillation,  or 
by  fractional  precipitation  as  platinum-salts. 

Rubidine,  so  called  from  the  tendency  of  most  of  its  salts  to  assume  a  reddisli  tint 
on  exposure  to  the  air,  is  a  colourless  liquid,  having  a  faint  odour  and  oily  consistence. 
It  is  heavier  than  water  (specific  gravity  =  1-017),  slightly  soluble  therein,  soluble  in 
all  proportions  in  alcohol,  ether,  and  volatile  oils.  At  17°  it  thickens,  biit  does  not 
solidify.  Boils  at  230°. — With  chloride  of  lime  it  produces  a  red  colour,  which  does 
not  entirely  disappear  on  addition  of  acids.  Fir-wood  moistened  with  liydroclilorie 
acid  is  also  coloured  red  by  it.  The  base  precipitates  alumina,  chromic  oxide, 
and  ferric  oxide  from  solutions  of  their  salts,  but  not  lime,  baryta,  or  magnesia. 

The  solutions  of  rubidine  in  acids  leave,  when  evaporated  over  tiie  water-bath, 
gummy  masses,  which  solidify  in  the  crystalline  form  on  standing  over  chloride  of 
calcium.  The  hydrochloratc  forms,  with  mercuric  chloride,  a  double-salt  whicli  melts 
at  32^,  and  crystallises  from  hot  water  in  needles,  turning  some\\iiat  reddish  in 
contact  with  the  air.  The  ■platinum-salt,  2C''H"'NCl.Pt''Cl'',  is  a  reddish  crystalline 
powder,  insoluble  in  water,  alcohol,  and  ether.  With  chloride  of  gold,  tlip  solution  of 
the  base  in  hydrochloric  acid  forms  a  yellowish-red,  sparingly  solable  double 
salt. 

RITBISZTTBS.  Symbol,  Rb. ;  Atomic  Weight,  85'4. — A  metal,  belonging  to  the  group 
of  elements  which  likewise  includes  lithium,  sodium,  potassium,  and  c<Tsinm.  It  was 
discovered  by  Kirchhoff  and  Bunsen  in  1860,  by  tlie  method  of  spectral  analysis. 
Its  spectrum  is  chiefly  distinguished  by  two  bright  red  lines,  situated  beyond  the  line  A  : 
hence  the  name  of  the  metal  (pvfii^os,  dark-red). 

Rubidium  was  first  detected,  together  with  cresium,  in  the  mineral  water  of  Diirck- 
heim,  in  which  it  exists  to  the  amount  of  2  pts.  in  ten  milhon.  It  has  since  been 
found  in  larger  quantity,  together  with  caesium  and  lithium,  in  several  other  saline 
waters  (see  Cesium,  i.  1113),  and  most  abundantly  in  tliat  of  Bourlionne-lcs-Bains,  a 
litre  of  which  contains  0'034  grm.  chloride  of  potassium,  0'032  grm.  chloi-ideof  cesium, 
and  0  019  grm.  chloride  of  rubidium  (Grandeau,  Ann.  Ch.Phys.  [3]  Ixvii.  135) ;  and 
in  that  of  Nauheim,  the  mother-liquor  of  which  yields  a  residue  containing  in  a  pound, 
2  drachms  9  grains  of  the  chlorides  of  rubidium  and  caesium.  (Btittger,  Ann.  Ch. 
Pharm.  cxxvii.  368  ;  cxxviii.  240.) 

uRubidium  is  also  found  in  several  lepidolites ;  that  of  Rozena,  in  Moravia,  contains 
0'24  per  cent,  rubidium,  with  only  a  trace  of  caesium ;  that  of  Hebron,  in  the  State  of 
Maine,  0'24  per  cent,  rubidium  and  0-3  per  cent.  ca;sium,  The  two  metals  likewise 
occur,  though  in  smaller  quantity,  in  the  lepidolite  of  Pi'ague,  the  petalite  of  Utfi  in 
Finland,  the  lithia-mica  of  Zinnwald  in  Bohemia,  tripliylline,  and  other  lithia 
minei-als.  The  melaphjTe  of  Norheim,  in  which  the  mineral  waters  of  Diiri.-kheim  and 
Kreuznach  take  their  rise,  contains,  according  to  Laspeyres  (Bull.  Soc.  Cliim.  1866, 
i.  356)  0'00038  per  cent,  oxide  of  cfesium,  and  0'000298  per  cent,  oxide  of  rubidium. 

Lastly,  rubidium  has  been  found  in  tlie  ashes  of  many  plants,  and  in  the  salin  or 
crude  potash  obtained  from  the  residue  of  the  beetroot  sugar  maniifacture  (iv.  713). 
According  to  Grandeau,  the  salin  of  the  North  of  France  contains  1'8  grm.  rubidium- 
chloride  in  a  kilogramme.  The  quantity  of  this  salt  annually  abstracted  from  the 
soil  amounts  to  about  260  grms.  per  hectare,  although  the  proportion  of  rubidium 
existing  in  the  soil  is  too  small  to  be  detected,  even  by  spectral  analysis.  Rubidium 
has  also  been  found  in  tobacco-leaves,  in  coffi'e,  tea,  cocoa,  and  crude  tart.ar.  In 
minerals  and  mineral- waters,  rubidium  and  c;esium  are  always  associated  with  lithium, 
and  generally  also  with  potassium  and  sodium ;  but  plants  have  the  power  of  assinn- 
lating  two  or  three  of  these  metals,  to  the  exclusion  of  the  rest :  thus  tea,  coffee,  and 
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the  salin  of  beetroot  contain  potassium,  sodium,  and  rubidium,  but  not  a  trace  of 
lithium. 

'Preparation. — The  best  source  of  rubidium,  according  to  Bunsen,  is  the  saline 
residue  obtained  in  the  preparation  of  lithia  from  Saxon  lepidolites,  and  consisting  of 
the  chlorides  of  sodium,  potassium,  and  rubidium,  with  small  quantities  of  chloride  of 
CKsium,  and  traces  of  chloride  of  strontium.  The  rubidium  is  precipitated,  together 
with  potassium  and  caesium,  by  platinic  chloride,  and  separated  from  potassium  by  the 
inferior  solubility  of  its  cliloroplatinate  (i.  1114).  One  kilogramme  of  the  saline  mixture 
is  dissolved  in  l  b  kilogrms.  of  water,  and  the  cold  liquid  is  precipitated  by  a  solution 
of  about  30  grms.  platinum  in  nitromuriatic  acid.  After  the  precipitate  has  com- 
pletely settled  down,  the  supernatant  liqiiid  is  decanted,  and  the  precipitate  is  boiled 
25  times  in  succession  with  small  quantities  of  water  (about  1'5  kilogrm.  in  all),  each 
portion  being  then  poured  into  the  original  liquid  decanted  from  the  precipitate.  A 
fresh  precipitation  of  platinum-salt  is  thereby  produced,  and  the  liquididecanted  there- 
from is  to  be  evaporated  down  to  nearly  its  original  bulk  (2-5  kilogrammes).  If  now 
the  precipitated  cliloroplatinate  be  decomposed  by  hydrogen,  and  the  reduced  platinum 
washed,  redissolved  in  nitromuriatic  acid,  and  added  to  the  liquid,  a  new  precipitate 
will  be  foi-med,  related  to  the  solution  in  the  same  manner  as  at  the  beginning  of  tlie 
process.    The  precipitate  and  liquid  may  therefore  be  again  treated  as  before. 

By  repeating  tliis  operation  seven  or  eiglit  times,  the  greater  part  of  the  rubidium- 
chloride  contained  in  a  kilogramme  of  the  same  material  will  be  extracted.  Each  of  the 
precipitates  thus  obtained  is  dried  over  the  water-bath,  the  whole  reduced  by  hydro- 
gen, and  the  alkaline  chlorides  dissolved  out  by  water.  Tlie  product  thus  obtained 
consists  of  125  grms.  cliloride  of  rubidium,  mixed  with  3  or  4  per  cent,  chloride  of 
potassium,  and  a  very  small  quantity  of  cliloride  of  cfesium.  To  remove  these  im- 
purities, the  boiling  solutions  of  36  grms.  of  the  mixed  chlorides,  and  of  the  platinic 
chloride  produced  by  dissolving  30  grms.  platinum  in  nitromuriatic  acid,  are  mixed 
together,  and  the  yellow  sandy  precipitate,  which  separates  on  coohng  to  40°,  is  washed 
by  decantation  with  water  at  40° — 50°.  The  washed  precipitate  is  reduced  by  hydro- 
gen at  as  low  and  regular  a  temperature  as  possible,  and  the  same  treatment  is  repeated 
till  the  precipitate,  when  examined  by  the  spectroscope,  no  longer  exhibits  the  red  ray 
peculiar  to  potassium  (Bunsen,  Ann.  Ch.  Pharm.  cxxii.  351).  The  chloride  of  rubi- 
dium thus  purified  no  longer  contains  any  foreign  metal  except  caesium,  fi'om  which  it 
may  be  separated  by  the  processes  already  described  (i.  1113,  1114). 

Tlie  same  process  may  of  course  be  applied  to  other  motlier-liquors  and  residues 
containing  caesium  and  rubidium.  Bottger  (Joe.  cit.)  recommends  the  saline  residue 
obtained  by  evaporating  the  mother-liquor  of  the  Nauheim  water  as  the  cheapest  and 
most  productive  source  of  these  metals. 

A  modification  of  the  preceding  process  is  given  by  Heintz.  (J.  pr.  Chem.  Ixxxvii. 
310;  Jahresb.  1862,  p.  121 ;  fm-ther,  Ann.  Ch.  Pharm.  cxxxiv.  129  ;  Bulk  Soe.  Chim. 
1865,  ii.  354.) 

The  following  process,  applicable  on  the  large  scale,  for  extracting  the  alkali-metals 
from  lepidohte  is  given  by  Schrotter  (Wien.  Akad.Ber.i.  [2]  268;  Bull  Soc.  Chim. 
1865,  ii.  106;  Jahresb.  1864,  p.  186): — The  mineral  is  first  heated  to  redness,  without 
the  addition  of  any  flux.  It  then  melts  with  considerable  tumefaction,  and  when  sub- 
sequently thrown  into  cold  water,  solidifies  to  a  vitreous  transparent  mass,  which  must 
be  pulverised  and  washed.  (The  wash-waters  contain  small  quantities  of  the  alkali- 
metals,  and  may  be  used  for  the  treatment  of  anotlier  portion  of  the  mineral).  The 
washed  mass  is  boiled  with  hydrochloric  acid  (2  pts.  of  acid  of  specific  gravity  I'lO  to 
1  pt.  of  lepidolite)  for  several  hours,  whereby  the  greater  part  of  the  silica  is  separated; 
and  the  solution,  after  addition  of  ferric  nitrate,  is  m.ixed  with  carbonate  of  sodium,  which 
precipitates  iron,  aluminium,  calcium,  magnesium,  and  manganese,  the  liquid  being 
sufficiently  diluted  to  prevent  the  simultaneous  precipitation  of  carbonate  of  lidiium. 
The  filtered  liquid  deposits  on  evaporation  a  small  additional  quantity  of  magnesium- 
carbonate,  and  then  retains  nothing  but  the  alkaline  chlorides  and  a  small  quantity 
of  sUica.  It  is  saturated  with  liydroehloric  acid,  and  mixed  with  an  aqueous  solution 
of  potassic  chloroplatinate  in  sufficient  quantity  (determined  by  previous  trial)  to 
precipitate  the  whole  of  the  rubidium,  CEesium,  and  thallium.  The  filtered  liquid, 
containing  the  excess  of  platinum  and  lithium,  is  precipitated  by  sulpliydric  acid  to 
separate  the  platinum ;  then  concentrated,  and  treated  with  carbonate  of  sodium,  which 
throws  down  the  lithium  as  carVjonate. 

The  platinum-precipitate  containing  rubidium,  caesium,  and  thallium,  is  reduced  by 
hydrogen  at  as  low  a  temperature  as  possible  ;  the  ignited  mass  is  washed  with  water, 
to  remove  the  chlorides  of  caesium  and  rubidium  ;  then  treated  with  sulphuric  acid,  and 
again  washed  with  water,  to  dissolve  out  the  thallium-salt.  Lastly,  the  caesium 
and  rubidium  are  separated  by  the  processes  already  mentioned. 
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This  process,  according  to  Sehriitter,  may  be  applied  to  all  minerals  containing 
lithium  :  1000  pts.  of  lepidolite  thus  treated  yield  78  pts.  carbonate  of  lithium,  6-5  pts. 
clilorides  of  caesium  and  ruljidium,  and  0'6  pt.  thallium — supposing  the  j^repiiration 
to  be  continuously  carried  on.  (For  remarks  on  Schrotter's  process,  see  v.  Hauer, 
Bull.  Soe.  Chim.  1865,  ii.  352.) 

According  to  Redtenbacher  (Bull.  Soc.Cliim.  1865,  ii.  201),  potassium,  caesium, 
and  rubidium  may  be  separated  by  the  ditfereut  solubilities  of  their  alums  at  17°,  100 
pts.  of  water  at  that  temperature  dissolving  13"5  pts.  of  potassium-alum,  but  only  2-27 
pts.  of  rubidiuiii-alum,  and  0'619  pt.  of  caesium-alum. 

Mitailic  Bnhidiuiti  was  first  obtained  by  electrolysis  of  the  fused  chloride,  the 
positive  pole  being  formed  of  graphite,  the  negative  pole  of  an  iron  wire ;  but  the 
metal,  as  fast  as  it  was  isolated,  rose  to  the  surface  of  the  fused  mass,  and  burnt  with 
a  reddish  flame.  By  using,  instead  of  pure  rubidium-chloride,  a  mixture  of  the  chlo- 
rides of  rubidium  and  calcium  in  equivalent  qantities,  and  heating  it  to  a  temperature 
a  little  below  redness,  a  fused  mass  is  obtained  at  the  negative  pole,  which,  when 
thrown  into  water,  causes  a  brisk  evolution  of  hydrogen — the  gas  carrying  with  it  small 
globules  of  metal,  which  burn  on  the  surface  of  the  water.  This  method,  however, 
does  not  yield  the  metal  in  sufficient  quantity  to  allow  of  an  examination  of  its  pro- 
perties. On  the  other  hand,  an  amalgam  of  rubidium  is  easily  formed  by  electrolysing 
a  strong  neutral  aqueous  solution  of  rubidium-chloride,  using  mercury  as  the  negative 
and  a  platinum-wire  as  the  positive  pole  of  the  battery.  The  mercury  then  takes  up 
the  rulndium,  becoming  heated  at  the  same  time,  and  the  resulting  amalgam  forms  on 
cooling  a  brittle,  crystalline,  silver-white  mass.  It  decomposes  water  at  common  tem- 
peratures, and  oxidises  in  the  air,  becoming  covered  with  a  crust  of  rubidic 
hydrate. 

Rubidium  is  obtained  in  larger  quantity  by  heating  a  mixture  of  89'55  pts.  aciil 
tartrate  of  rubidium,  8'46  neutral  tartrate  of  calcium,  and  r99  soot  from  oil  of  turj)en- 
tine,  in  a  furnace  similar  to  that  used  for  the  reduction  of  potassium  (iv.  693),  and 
collecting  the  volatilised  metal  in  a  receiver  containing  mineral  naphtha:  75  grms.  of 
the  acid  tartrate  thus  treated  yield  5  grms.  of  rubidium. 

Properties. — Rubidium  is  a  white  metal,  with  a  tinge  of  yellow,  and  a  silvery  lustre. 
Specific  gravity  =  1-52.  It  is  as  soft  as  wax,  even  at  —10°,  melts  at  38-5°,  and  is 
converted,  even  below  a  red  heat,  into  a  greenish-blue  vapour.  When  exposed  to  the 
air,  itinstanlly  becomes  covered  with  a  blue-grey  film  of  suboxide,  and  takes  fire  in  a 
few  minutes  even  more  easily  than  potassium.  It  is  decidedly  more  electropositive 
than  potassium,  when  formed  into  a  circuit  with  tlie  latter  in  acidulated  water.  When 
thrown  on  water  it  takes  fire,  with  violent  evolution  of  hydrogen,  and  burns  with 
a  flame  exactly  like  that  of  potassium.  It  burns  with  vivid  incandescence  in  the 
vapour  of  chlorine,  bromine,  iodine,  sulphur,  and  arsenic,  and  acts  as  a  reducing  agent 
in  the  same  manner  as  potassium.  (Bunsen,  Ann.  Ch.  Pharm.  cxxv.  367;  Jahresb. 
1863,  p.  185.) 

RtTBIDlUja,  BROIHCXBE  OF.  RbBr. — Prepared  by  dissolving  the  carbonate 
HI  hydroljromic  acid  ;  crystallises  in  permanent  shining  cubes  with  subordinate  octa- 
hedi-al  faces  and  cubic  cleavage;  soluble  in  104  8  pts.  water  at  16'^  and  in  5-98  pts. 
at  100°.    (Reissig,  Ann.  Ch.  Pharm.  cxxvii.  33  ;  Jahresb.  18G3,  p.  186.) 

RVBIDIVm,  CHIiORXSE  OS*.  RbCL— The  hot  solution  of  the  hydrate  or 
carbonate  in  hydroehloncacid  yields,  by  cooling  or  rapid  evaporation,  confused  crystals  ; 
by  slow  evaporation,  cubic  crystals  having  a  vitreous  lustre  and  easily  cleavable.  They 
are  anhydrous,  permanent  in  the  air,  decrepitate  when  heated.  The  chloride  melts  at 
an  incipient  red  heat,  and  volatilises  perfectly  in  the  blowpipe  flame  on  platinum-wire. 
100  pts.  of  water  dissolve  76-38  pts.  rubidium-chloride  at  1°,  and  82-89  pts.  at  7°. 
(Bunsen,  Jahresb.  1861,  p.  176.) 

CMoropIatinate  of  Rubidium,  2RbCl.Pt''Cl^  is  obtained  by  precipitation  as  a  light- 
yellow,  sandy,  anhydrous  powder,  consisting  of  microscopic  regular  octahedrons,  in- 
soluble in  alcohol,  and  much  less  soluble  in  water  than  chloroplatinato  of  potassium. 
(See  Table  of  Solubilities  given  under  Custom,  i.  1114.) 

RTTBISZTrnX,  CVATTXSE  OF.  Small  culiic  crystals,  which  decompose  very 
easily  (Reissig). — Tln'  firnici/aiiidc,  Rb''Fe"Cy''.2H'0,  is  obtained  by  boiling  ferro- 
cyanideof  iron  free  from  potash  (prepared  by  precipitating  ferrous  acetate  with  prussic 
acid,  and  exposing  the  washed  precipitate  to  the  air),  with  hydrate  of  rubidium, 
filtering,  neutralising  with  acetic  acid,  and  precipitating  with  alcohol.  The  light- 
yellow  crystals,  deposited  from  a  hot  solution  on  cooling,  appear  to  be  triclinic.  (Piccard, 
E^p.  Chim.  pure,  v.  254:  Jalu-esb.  1862,  p.  125.) 

aVBISIVM,  DBTBCTXOM'  AWI>  BSTIIVXATZOM'  OS".  The  compounds 
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of  rubidhim  so  closely  resemble  the  corresponding  compoundsof  potassium  and  c?esiani, 
that  they  cannot  be  distinguished  therefrom  by  ordinary  analytical  methods  ;  but  by 
spectral  analysis,  very  minute  quantities  may  be  detected.  The  spectrum  of  rnbidium 
is  continuous  in  the  middle  part,  like  that  of  potassium,  but  somewhat  less  bright ;  it 
is  especially  characterised  by  two  strong  red  lines,  Kba  and  Eb;8,  situated  beyond 
Fraunhofer's  line  A,  and  the  two  others,  7  and  5,  less  distinct,  and  likewise  situated 
beyond  A.  These  lines  are  most  distinctly  seen  with  the  nitrate,  chlorate,  perchlorate, 
and  chloride  of  rubidium,  on  account  of  the  facility  with  which  these  salts  are  decom- 
posed by  heat.  A  drop  of  water  weighing  4  milligrammes,  and  holding  in  solution 
only  0'002  milligrm.  of  the  chloride,  sliows  the  lines  a  and  )3  very  distinctly.  The 
Bulphate  also  gives  a  fine  spectrum,  and  even  with  the  silicate  and  phosphate,  all  parts 
of  the  spectrum  may  be  distinctly  seen.    (B  u  n  s  e  n  and  K  i  r  c  h  h  o  f  f. ) 

Estimation  and  Separation. — In  a  solution  not  containing  potassium  or  cas-siuni, 
ruliidium  may  be  estimated  in  the  same  manner  as  potassium.  The  separation  of 
rubidium  from  potassium  is  eiFected,  as  already  described,  by  the  inferior  solubility  of 
its  chloroplatinate  (p.  128).  Heintz(J.pr.  Chem. Ixxxvii.  320;  Jahresb.  1862,  p.  121) 
has  observed,  that  when  a  mixture  of  the  chlorides  of  sodium,  potassium,  and  rubidium 
is  treated  with  a  quantity  of  platinic  chloride  more  than  sufficient  to  convert  all  the 
rubidium  into  chloroplatinates,  and  then  boiled  down  to  a  small  bulk,  the  supernatant 
liquid  retains  only  a  trace  of  rubidium.  If,  on  the  contrary,  the  platinic  chloride  be 
added  in  quantity  less  than  sufficient  to  precipitate  the  whole  of  the  rubidium,  and 
the  liquid  be  kept  for  some  time  at  a  suitable  temperature,  the  precipitate  will  consist 
wholly  of  chloroplatinate  of  rubidium. 

For  quantitative  estimation,  however,  it  is  best  to  resort  to  indirect  methods. 
Bunsen  (Ann.  Ch.  Pharm.  cxxii.  347)  gives  the  following  : — 

a.  The  two  metals  are  precipitated  together  by  platinic  chloride,  and  the  amount  of 
platinum  in  the  precipitate  is  determined  by  the  loss  of  weight  consequent  on  reduction 
by  hydrogen,  and  subsequent  washing.  Let  A  be  the  weight  of  the  precipitate,  B  the 
loss  of  weight  caused  by  reduction,  &c.,  x  the  weight  of  the  potassic  chloroplatinate 
(KPtCP)  *  in  the  precipitate,  y  that  of  the  corresponding  rubidium-salt ;  then 

a:  +  y    —  A, 

2C1    2C1    ^  -p 

Pt  +  K  +  301^^       Pt  +  Eb  -t-  301'^  ' 

whence  x  and  y  may  be  calculated. 

As,  however,  commercial  platinum  often  contains  impurities,  which  may  render  its 
atomic  weight  incorrect  by  several  hundredths,  it  is  more  exact;  /8.  To  weigh  the 
mixture  of  the  chlorides  of  potassium  and  rubidium  obtained  by  washing  the  reduced 
precipitate,  and  determine  the  quantity  of  chlorine  contained  therein  by  precipitation 
with  nitrate  of  silver. 

Let  X  be  the  weight  of  potassium-chloride,  ^that  of  rubidium-chloride,  A  the  weight 
of  the  mixture  found  by  experiment,  B  that  of  the  precipitated  chloride  of  silver  : 
then 

X  +  y    =  A; 
Ag  +  CI      _^  Ag  +  CI 


y  = 


K  +  CI  "   '  Eb  -^  CI 

.         u-  Ag  +  CI      „      As  +  CI 
whence,  >t  =  a ; 

we  find : 

5A  -  B  . 

X  =   ;        y  =  K  —  X. 

b  —  a 

Atomic  Weight  of  Ricbidiiim. — Determined  in  the  .same  manner  as  that  of  potassium. 
According  to  the  mean  of  Bunsen's  experiments,  it  is  85'36  ;  according  to  Piecard, 
85'41 :  hence  85-4  may  be  regarded  as  correct. 

EUBIBIUM  FERBOCYATTIDS  OP.    (See  page  129.) 

RUBISXUm,  HVSRATS  OF.  EbHO,  or  Eb-O.H-0.  Obtained  by  gradually 
adding  baryta-water  to  a  solution  of  the  sulphate  in  100  pts.  water  deprived  of  air  by 
boiling.  If  the  liquid  be  kept  near  the  boiling  point  at  the  time  of  adding  the  baryta- 
water,  and  agitated,  the  precipitated  barium-sulphate  settles  down  in  a  few  minutes, 
and  the  filtrate  evaporated  in  a  silver  retort,  yields  hydrate  of  rubidium  in  the  form  of 
a  white  porous  mass,  with  slightly  greyish  reflex.  It  melts  at  a  heat  below  redness, 
without  loss  of  water,  and  forms  on  cooling  a  brittle,  slightly  friable,  amorphous  mass, 
having  a  lamellar  fracture.  It  volatilises  completely  in  the  blowpipe  flame,  dissolves 
in  water  with  great  rise  of  temperature,  deliquesces  rapidly  on  exposure  to  the  air, 

*  Pt  =  98-7. 
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forming  a  syrupy  liquid,  which  is  greasy  to  the  touch,  corrodes  tlie  skin,  and,  on  con- 
tinued exposure  to  the  air,  is  gradually  transformed  into  acid  carbonate  of  rubidium, 
In  short,  hydrate  of  rubidium  possesses  alkaline  and  caustic  properties  as  powerful  as 
those  of  hydrate  of  potassium.  It  dissolves  in  alcohol,  like  caustic  potash.  It  cannot 
be  fused  in  platinum-vessels  because  it  attacks  them. 

S^BIBStTBE,  XOQXSi:  OF,  KbI. — Obtained  like  the  bromide,  which  it 
resemliL^s  in  form.  (Reissig.) 

SitJ'SlBIUBf ,  OXTrCEU-SASTS  OE".  The  acetate,  C^H■*RbO^  crystallises  in 
iiaei-eous  laminje  (Grandeau).  The  borate,  Eb-0.2B=0^.6H-0,  separates  from 
a  hot  solution  of  2  at.  boric  acid  and  1  at.  rubidium-carbonate,  at  6°,  in  small  tabular 
rhombic  crj'stals,  exhibiting  the  combination  oP  .  ooP  .  ool'oo ,  and  having  the  angle 
coP  :  ooP  =  82°  23';  <»P  :  oofco  =  1.31°  4'.  It  is  permanent  in  the  air,  more 
soUible  in  hot  than  in  cold  v/ater,  and  has  an  alkaline  taste.  (Reissig,  Ann.  Ch. 
Pharni.  cxxvii.  33.) 

Carbonates. — The  ncut?-al  salt,  Eb-CO',  is  prepared  by  precipitating  the  sulphate  with 
baryta-water,  adding  carbonate  of  ammonium  to  the  filtrate,  evaporating  to  dryness, 
and  exhausting  the  residue  with  water.  The  solution  yields,  on  evaporation,  indistinct 
crystals  of  the  hydrated  salt,  Rb-CO'.H'-O,  soluble  in  alcohol,  and  having  a  strong  alkaline 
reaction.  The  crystals,  when  heated,  give  off  their  water,  and  leave  the  anhydrous 
carbonate  as  a  sandy  powder,  which  melts  at  a  higher  temperature.  On  exposure  to 
the  air,  it  deliquesces,  and  is  converted  into  the  acid  carbonate,  RblTCO^,  wliieh  forms 
glassy  prismatic  crystals,  permanent  in  the  air,  having  a  very  faint  alkaline  reaction, 
a  cooling,  not  caustic  taste,  and  easily  converted  by  heat  into  the  neutral  carbonate. 
(Bun sen  and  Kirehh of f.) 

Chlorate,  EbClO'. — Prepared  by  mixing  sulphate  of  rubidium  and  chlorate  of  barium 
m  equivalent  proportions.  It  forms  very  small  white  prisms,  having  the  taste  of 
clilorate  of  potassium,  soluble  in  water  to  the  amount  of  2'8  per  cent,  at  47°,  and 
1  per  cent,  at  195°.  (Eeissig). 

PercM.orate,  EbClO''. — Obtained  by  decomposing  the  carbonate  with  perchloric  acid, 
and  pui'ifled  by  i-epeated  crystallisation  from  boiling  water.  It  forms  a  sandy  powder, 
composed  of  hard  shining  microscopic  crystals.  The  crystals  obtained  by  evaporation 
over  oil  of  vitriol  appear  to  be  trimetric  and  isomorphous  with  perohlorate  of  potassium. 
They  are  anhydrous,  permanent  in  the  air,  less  soluble  than  perchlorate  of  potassium, 
and  have  a  disagreeable,  slightly  saline  taste.  They  melt  easily,  and  decompose  at  a 
red  heat  into  oxygen  and  chloride  of  rubidium.  (Louguiuine,  Truite  de  Chimie  par 
Pelouze  ct  Freiny,  3°"=  ed.  iii.  1419.) 

Ckromatcs. — The  neutral  scdt,  Eb^CrO^  or  Eb^'O.CrO',  is  obtained  by  adding  carbo- 
nate of  rubidium  to  a  solution  of  the  dichromate.  It  is  isomorphous  with  chroraate  of 
potassium,  has  an  alkaline  reaction,  and  forms  a  solution  of  a  fine  yellow  colour. 

Tlie  acid  chroraate  or  dichromate,  Eb"0.2CrO^,  forms  hard,  rather  bulky  cr^'stals, 
exactly  like  the  corresponding  potassium-salt.  It  is  easily  prepared,  either  by  super- 
satm-ating  a  hot  solution  of  the  carbonate  with  chromic  acid,  or  by  fusing  the  nitrate  or 
carbonate  with  oxide  of  chromium,  lixiviating,  and  evaporating.  The  mother-liquor 
ultimately  deposits  crystals  of  the  neutral  salt.  (Grandeau,  Ann.  Ch.  Phys.  [3]  Ixvii. 
loo  ;  Jahresb.  1863,  p.  184.) 

The  nitrate  and  oxalates  of  rubidium  have  been  already  described.  The  sulphates 
and  tartrates  will  be  described  under  the  respective  acids. 

RUBlHYERASiT.  (Schunck,  Phil.  Mag.  [4]  xii.  200,  270.)~A  substance 
having  the  composition  of  hydrated  rubian,  produced,  together  with  rubianic  acid  and 
rubidehydran,by  treating rubian  with  acid  carbonate  of  barium.  Thelirown-yellowfiltrate, 
obtained  as  described  at  p.  125,  is  again  mixed  with  baryta-water  to  separate  any  still 
undecomposed  rubian  ;  carbonic  acid  is  once  more  passed  into  it,  and  the  red  flocks 
which  separate  on  evaporation  are  removed.  The  filtrate  mixed  with  basic  acetate  of 
lead,  yields  a  red  precipitate,  which  is  to  be  washed,  decomposed  by  cold  dilute  sulphuric 
acid,  and  treated  with  carbonate  of  lead  to  remove  the  excess  of  that  acid.  The  preci- 
pitates are  then  removed  ;  sulphydric  acid  is  passed  into  the  liquid  ;  the  sidphide  of 
lead  is  separated  by  filtration  ;  and  the  filtrate  is  evaporated. 

Eubihydran  is  a  brown-yellow,  transparent  gum,  having  a  bitter  taste,  and  becoming 
soft  and  moist  on  exposure  to  the  air.  It  gives  up  its  water  only  after  prolonged 
heating  over  the  water-bath,  and  then  gives  by  analysis,  51-1  per  cent.  C  and  6-0  H, 
agreeing  approximately  with  the  formula  C''''H'*0^*  =  2C-'H'*0'*.5I-PO.  In  other  ex- 
periments, Schunck  obtained  numbers  agreeing  with  the  formulas  C^''I1"*0^'.3H'0  and 

Eubihydran  dissolves  easily  in  water,  but  is  not  very  soluble  in  alcohol.  It  is  not 
altered  by  boiling  phosphoric,  oxalic,  acetic,  or  tartaric  acid;  neither  is  it  precipitated 
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by  any  metallic  salt  except  basic  acetate  of  lead.    With  acids,  alkalis,  and  chlorine, 
yields  the  same  products  as  rubian. 

JtvaXHHSNIC  ACXD.    Syn.  with  Isamic  Acid  (iii.  403). 

KUBIKTG  ACXS.  Also  called  Biifocatecliuic  acid  (S  van  berg,  Ann.  Ch. 
Pharni.  xxiv.  210).  When  a  solution  of  catechin  in  an  alkaline  carbonate  is  exposed 
to  the  air,  the  liquid  gradually  assumes  a  dark  red  colour,  and  then  yields  mth  hydro- 
chloric acid,  red,  non-crystalline  flocks  of  rubinic  acid,  which,  however,  is  so  unstable 
that  it  blackens  even  during  washing  and  drying.  When  dried  in  a  vacuum,  and  already 
altered,  it  gave  by  analysis  61 '04  per  cent,  carbon  and  •1-21  per  cent,  hydrogen. 

The  rubinates  are  red  and  slightly  soluble :  their  solutions  blacken  during  evapora- 
tion. The  j>otassium-salt  may  be  isolated  by  saturating  the  red  solution  of  catechin  in 
potassic  carbonate  with  acetic  acid,  till  the  rubinic  acid  begins  to  separate,  adding 
alcohol  to  the  filtrate,  and  drying  the  precipitated  salt  in  a  vacuum.  It  is  very  soluble 
in  water ;  its  solution  forms  red  precipitates  with  metallic  salts. 

KTTBXRXITZII'.  C'H^O'. — A  substance,  isomeric  with  benzoic  acid,  existing  in 
madder-root,  and  obtained  as  a  bye-product  in  the  preparation  of  rubian  (p.  123)  ; 
in  the  decomposition  of  rubian  by  acids  and  by  erythrozym  (p.  124 ;  also  G7nelin's 
Handbook,  xiv.  133,  135),  and  in  the  preparation  1  of  rubiadin  (p.  120) ;  in  the  last 
case  as  a  lead-compound.    It  is  also  produced  by  boiling  chlororubian  with  alkalis. 

The  mixture  of  the  lead-compounds  of  rubiretin  and  verantin,  obtained  in  the  pre- 
paration of  rubiadin,  yields,  when  decomposed  by  boiling  hydrochloric  acid,  a  brown 
powder,  from  which  the  rubiretin  may  be  dissolved  out  by  cold  alcohol,  the  greater 
part  of  the  verantin  remaining  behind.  The  alcoholic  solution,  when  evaporated,  leaves 
the  rubiretin,  which,  if  it  does  not  melt  in  boiling  water,  must  be  purified  byre-solution 
in  cold  alcohol  and  evaporation  of  the  filtrate.  A  similar  mode  of  purifying  may  be 
applied  to  rubiretin  obtained  as  a  secondary  product  under  other  circumstances. 

Properties. — Rubiretin  is  a  dark  reddish-brown  resin,  brittle  and  friable  in  the  cold, 
soft  at  6Ci°,  melting,  at  about  100°,  to  dark-brown  drops.  It  gives  by  analysis,  68-41 
per  cent.  0,  and  5-22  H  (calc.  68-85  C,  4-91  H,  26-24  0). 

Eubiretin  dissolves  sparingly  in  boiling  water,  but  softens  therein,  and  on  cooling 
deposits  yellow  flocks,  which  increase  on  the  addition  of  an  acid.  It  is  easily  soluble 
in  alcohol.  It  dissolves  with  d-^rk  orange  colour  in  oil  of  vitriol,  and  is  precipitated  by 
water.  It  dissolves  in  ammonia,  in  the  ptire  fixed  alkalis,  and  in  alkaline  carbonates, 
forming  brown-red  solutions,  from  which  it  is  precipitated  by  acids.  The  aramoniacal 
solution  forms  purple  precipitates  with  chloride  (if  barium  and  chloride  of  calcium, 
dirty  red  with  alum  and  nitrate  of  silver.  It  dissolves  in  aqueous  ferric  chloride,  with 
dark  red-brown  colour,  and  is  precipitated  by  acids.  When  free  from  alizarin,  it  does 
not  dye  mordanted  fabrics. 

Wlien  heated  in  a  test-tube,  it  generally  yields  a  scanty  sublimate  of  alizarin, 
together  with  a  brown  oil.  It  is  decomposed  by  hot  oil  of  vitriol.  Boiling  nitric  acid 
converts  it  into  a  yellow  substance,  which  no  longer  softens  in  boiling  water,  and  is 
s-arcely  soluble  in  alcohol.  Chlorine  passed  into  the  alcoholic  solution  of  rubiretin, 
decolorises  it,  and  renders  it  no  longer  precipitable  by  acids.  (Schunck.) 

RUSXTAN-M-IC  ACX3.  Tannic  acid  from  the  leaves  of  Eubia  tinctontm. 
(Willigk,  Ann.  Ch.  Pharm.  Ixxxii.  340;  Gm.  xv.  532.) 

KUBSXSJXTRXC  ACIB,  or  Nitro-hamatic  acid.  Se*  Picramic  Acid  under 
Phenol  (iv.  406). 

^1787.  The  Oriental  ruby  is  a  red  variety  of  corundum  (ii.  86);  see  also  Dana's 
Mineralogy  {u.  \\\).  The  red  varieties  of  spinel  are  sometimes  called  Spinel  ruby, 
Balas  ruby,  or  Alamandin  ruby.  (See  Spinel.) 

RUE,  OXIi  OP.  The  essential  oil  obtained  by  distilling  garden  rue  {Rata  graveo- 
lens)  with  water.  When  piu-ified  by  a  few  rectifications,  it  is  somewhat  viscid ;  has  a 
specific  gravity  of  0-837  at  18°;  a  strong  disagi-eeable  odour,  like  that  of  the  plant;  a 
slightly  bitter  aromatic  taste  ;  boils  at  228° — 230° ;  and  solidifies,  between  -i-  1°  and 
—  2°,  to  shining  crystalline  laminae,  resembling  those  obtained  from  anise-oil. 

Oil  of  rue  is  chiefly  a  mixture  of  a  hydrocarbon  with  an  aldehyde  or  ketone 
belonging  to  the  series  C°II-''0.  This  compound,  separable  by  alkaline  bisulphites, 
was  formerly  regarded,  according  to  the  investigations  of  Gerhardt  (Compt.  rend, 
xxvi.  225,  361  ;  Traite,  ii.  773),  and  of  Cahours  (Compt.  rend.  xxvi.  262),  as  capric 
or  rutic  aldehyde,  CoH^'O.  But  Greville Williams  (Phil.  Trans.  1858,  [1]  99; 
Jahresb.  1858,  p.  443)  has  shown  that  the  crude  oil  contains  two  such  compounds,  viz., 
C"H--0  and  C'-H-'^O,  the  latter  in  comparatively  small  quantity;  and  this  result  has 
been  confijmed  by  Harbordt.  (Ann.  Ch.  Pharm.  cxxiii.  293  ;  Jahresb.  1862,  p.  250.) 

Williams,  by  subjecting  crude  oil  of  rue  to  repeated  fractional  distillation,  obtained 
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distillatrs  having  boiling-points  between  160^  and  238^.  Tlie  portion  boiling  between 
lf)U°  and  188^,  give,  with  alkaline  bisulphites,  scarcely  traces  of  a  crystalline  compound ; 
V>ut  the  fractions  of  higher  boiling-point  yield  crystalline  compounds  when  thus 
treated  (best  with  the  ammonium-salt) ;  and  the  portions  boiling  above  210°  solidify, 
after  a  few  hours'  contact  with  the  acid  sulphite,  to  a  crystalline  mass,  from  which,  after 
washing  with  the  solution  of  the  sulphite,  pressure,  &c.,  the  aldehyde  or  ketone  may  be 
separated  by  distillation  with  potash. 

The  product  thus  obtained  from  the  portion  of  the  oil  boiling  between  210°  and  232° 
is  a  colourless  liquid,  having  a  fruity  odour  quite  dilFerent  from  that  of  rue.  Specific 
gravity  =  0-8i97  at  15°.  When  cooled  to  +  7°  and  shaken,  it  solidities  to  a  white 
inass  resembling  camphor.  Boils  at  213°  (oxidising  at  the  same  time  unless  kept  in 
an  atmosphere  of  hydrogen).  Gives  by  analysis,  77'71  per  cent.  C  and  13  07  H, 
agreeing  with  the  formula  C"H--0,  which  requires  77  65  C,  12-94  H,  and  9-41  O. 
Vapour  densitj-,  obs.  =  5'870;  eale.  =  5'874.  Williams  regards  this  compound  as 
euodic  aldehyde  or  hydride  of  euodyl,  C"H-'O.H,  the  name  being  suggested 
by  its  fragrant  odour.    See  also  Hallwachs  (Jahresb.  18')9,  p  506). 

The  higher  fractions  of  crude  oil  of  rue,  yielded  also  by  similar  treatment  a  small 
quantity  of  a  liquid  boiling  at  232°,  and  having  nearly  the  composition  of  1  a u r i c  alde- 
hyde, Cni-'O;  anal.  78-1  per  cent.  C,  12-9  H;  calc.  78-3  C,  13-0  H,  and  87  0. 
Vapour-density,  obs.  =  6'182;  calc.  =  6'366. 

According  to  Harbordt  {loc.  cit.),  the  compound  C"H'-'-0,  which  forms  the  chief  con- 
stituent of  rue-oil,  is  not  euodic  aldehyde,  but  a  ketone,  viz.,  methyl-capriuol  = 
C"'H"O.CH^  The  portion  of  the  crude  oil  boiling  at  228°,  yielded  by  analysis 
numbers  agreeing  with  the  formula  of  lauric  aldehyde,  C'^H^'O  ;  but  the  compound 
obtained  therefrom  with  acid  ammonium-sulphite,  gave  by  distillation  with  carbonate 
of  sodium,  a  body  agreeing  nearly  in  composition  and  vapour-density  (obs.  6  03)  with 
the  formula  C"H--0.  This  11-carbon  compound  yielded  by  oxidation  (together  with 
oxalic  acid),  capric  acid,  caprylic  acid,  and  lower  me.Tibers  of  the  acetic  acid  series,  but 
no  acid  containing  11  at.  carbon. 

The  portion  of  rue-oil  which  does  not  combine  with  alkaline  bisulphites,  is  separable 
into  a  more  volatile  portion,  having  the  composition  of  turpentine  oil,  and  a  less  vola- 
tile portion,  which  appears  to  be  isomeric  with  borneol,  but  boils  at  a  lower  tempera- 
ture.   (Gr.  Wi  lliams.) 

S,UFIGAZ>I.IC  ACm.  CH^O'.ffO.  Para-ellagic  acid.  (Eobiquet,  Ann.Ch. 
Piuirm.  xix.  204.) — This  acid,  which,  in  the  dry  state,  contains  the  elements  of  gallic 
acid  minus  1  at.  water,  is  produced  by  gently  heating  gallic  acid  to  140°  with  5  pts. 
of  strong  sulphuric  acid,  and  pouring  the  sticky  mass  when  cold  into  cold  water,  drop 
by  drop.  An  abundant  red-brown  precipitate  is  then  formed,  partly  flocculent,  piartly 
crystalline,  and  the  crystalline  portion,  which  amounts  to  60  or  even  70  per  cent,  of  the 
gallic  acid  employed,  may  be  separated  by  levigation. 

Rufigallic  acid  thus  obtained  forms  kermes-brown  crystalline  grains,  which  at  120° 
give  off  10'6  per  cent.  (1  at.)  watCT,  and  lose  their  lustre.  When  strongly  heated  in 
the  air,  it  carbonises  in  gi-eat  part,  becoming  covered  with  small  cinnabar-coloured 
prisms.  It  dissolves  in  3,500  pts.  of  water,  easily  in  potash,  the  solution,  when 
exposed  to  the  air,  depositing  coloured  crystals  after  a  long  time.  On  boiling  the 
acid  with  stuffs  mordanted  with  alum  or  an  iron-salt,  dyes  are  obtained  similar  to 
those  produced  by  madder,  but  less  bright. 

KUFiraoaZC  ACIB.  (Wagner,  J.  pr.  Chem.  li.  82.) — An  acid  obtained,  in 
the  form  of  a  dark  brick-red  precipitate,  when  a  solution  of  morintannic  acid  in  cold 
strong  sulphuric  acid,  or  that  produced  by  boiling  morintannic  acid  with  dilute  hydro- 
ehioric  acid,  is  left  to  itself  for  some  time.  When  purified  by  washing  with  cold  watei", 
solution  in  alcohol,  reprccipitation  with  water,  and  drying,  it  forms  a  dark-red 
amorphous  powder,  very  soluble  in  alcohol,  less  soluble  in  water,  very  slightly  soluble 
in  ether.  A  very  small  quantity  of  ammonia  suffices  to  render  it  soluble  in  water,  in 
all  proportions.  Its  solutions  have  an  acid  reaction.  Its  composition,  as  determined 
by  analysis  (54'4  per  cent.  C,  4'4  H),  is  very  near  to  that  of  morintannic  acid  ;  and  as 
the  latter  can  be  reproduced  by  the  action  of  alkalis  on  rutimorio  acid,  it  is  probable 
that  the  two  acids  are  either  isomeric,  or  differ  only  by  the  elements  of  water. 

Kufimorie  acid  may  be  heated  without  decomposition  to  130°  ;  but  above  that  tem- 
perature, it  gives  ofi'  vapours  which  condense  to  a  crystalline  mass,  exhibiting  all  the 
characters  of  pyrocatechin.  It  dissolves  with  red  colour  in  strong  sulphuric  acid 
without  alteration,  also  in  hydrochloric  acid.  Nitric  acid  converts  it  into  oxalic  acid 
and  a  nitrogenised  acid.  With  caustic  alkalis  and  their  carbonates,  it  forms  crimson 
solutions,  which  lose  their  colour  but  slowly.  An  alcoliolic  solution  of  the  acid  forms 
with  alcoholic  potash  a  dark-red  viscous  precipitate.  Kufimorie  acid,  boiled  with 
p(jtash  or  baryta,  is  reconverted  into  morintannic  acid. 
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The  aqueous  solution  of  rufimoric  acid  (contaiaing  a  trace  of  ammonia),  does  not 
precipitate  alum ;  but  on  adding  more  ammonia,  a  dark-red  lake  is  thrown  down. 
The  same  reaction  is  produced  with  stannous  chloride  and  chloride  of  barium.  Neutral 
acetate  of  lead,  cupric  acetate,  and  mercurous  nitrate  form  red  or  brown  precipitates. 
Nitrate  of  silver  and  sulphate  of  zinc  are  not  precipitated. 

Chlorine  decomposes  the  solution  of  rumiforic  acid,  throwing  down  red  flocks. 

Htjnjr,  C-'H^"0^  (Mulder,  Kev.  scientif.  iii.  50.) — A  compound  produced  by 
the  action  of  heat  on  phlorizin,  and  dilFering  therefrom  by  the  elements  of  2  at.  water  : 
Q21JJ21Q10  _  4.  2H"0.    It  is  a  resinous  substance  of  a  red  colour,  very 

friable,  dissolving  in  alcohol  with  deep  orange  colour,  nearly  insoluble  in  ether.  Water 
dissolves  it  at  the  boiling  heat,  and  decolorises  it  instantly  ;  the  solution  becomes 
milky  on  cooling.  Rutin  dissolves  in  strong  sulphuric  acid,  producing  a  fine  red  solu- 
tion, which  is  decolorised  by  water.  It  is  insoluble  in  hydrochloric  acid  ;  decomposed 
by  hot  nitric  acid.  It  dissolves  with  red  colour  in  potash  and  ammonia,  and  is  preci- 
pitated therefrom  by  acids. 

RVM.  A  spirituous  liquor  distilled  in  the  West  Indies  from  molasses.  (See  lire's 
Dictionary  of  Arts,       iii.  606.) 

H.'O'IVIICSKr.  Syn.  with  Chhysophanic  acid  (i.  968).  Tliis  substance  exists  in 
the  rctots  of  various  species  of  Rumex,  viz.,  Rumex  'patientia,  R.  pahistris,  R.  acuius, 
R.  aquaticus,  and  R.  Hydrolapathum,  as  well  as  in  rhubarb  and  wall-lichen. 

RUSIOCHIWE.  A  red  substance  produced  by  the  action  of  clilorine-water  and 
ammonia  on  qxiiniue  (p.  18). 

Syn.  with  Capbamidb. 
RWTHEKHTPBRIC  ACID.     See  RUTHENIUM,  OxiDES  OF  (p.  137). 

ItUTSSK'XOC'S'.a.iazSES.    See  Cyanides  of  Ruthenium  (ii.  271). 

RUTHEITXimi.  Atcmiic  weiglit,  104.  Symbol, 'Rn. —  This  metal,  discovered  by 
Claus  in  1846,  occurs  in  platinum-ore,  and  chiefly  in  osmiridium,  which  sometimes 
contains  it  to  the  amount  of  3  to  6  per  cent.  Its  properties  and  combinations  have 
been  examined  chiefly  by  Claus  (Pogg.  Ann.  Ixiv.  192,  624;  Ixv.  200;  Ann.  Ch. 
Pharm.  Ivi.  257  ;  lix.  234;  Ixiii.  259),  Fr^my  {Traite  dc  CMmie  par  Pelouze  et 
Fremy,  3'"»-  ed.  iii.  1334),  and  D  eville  and  Debray  (Ann.  Ch.  Phys.  [3]  Ivi.  385; 
Jahresb.  1859,  p.  233). 

Extraction  :  1 .  Pulverised  osmiridium,  mixed  with  about  half  its  weight  of  common 
salt,  is  heated  to  low  redness  in  a  current  of  moist  chlorine ;  the  disintegrated  mass  is 
digested  in  cold  water  ;  and  the  concentrated  solution,  which  is  brown-red  and  almost 
opaque,  is  mixed  with  a  few  drops  of  ammonia  and  gently  heated,  whereupon  it  deposits 
a  copious  black-brown  precipitate,  consisting  of  sesquioxide  of  ruthenium  and  dioxide 
of  osmium.  This  precipitate,  after  being  washed  with  nitric  acid,  is  heated  in  a 
retort,  till  the  osmium  is  expelled  in  the  form  of  osmic  tetroxide.  The  residue  is  then 
ignited  for  an  hour  in  a  silver  crucible  with  caustic  potash  free  from  silica,  and  the 
ignited  mass  is  softened  and  dissolved  by  cold  distilled  water.  The  solution  is  left 
in  a  corked  bottle  for  two  hours  to  clarify  ;  after  which  the  perfectly  transparent 
orange-coloured  liquid  is  separated  by  a  siphon,  and  neutralised  with  nitric  acid.  It 
then  deposits  velvet-black  sesquioxide  of  ruthenium,  which,  when  washed,  dried,  and 
ignited  in  an  atmosphere  of  hydrogen,  yields  the  pure  metal.  (Claus;  see  also  Pla- 
TINUM-OEE,  iv.  681). 

2.  Pulverised  osmiridium  is  heated  with  3  pts.  peroxide  and  1  pt.  nitrate  of  barium ; 
the  mass  is  treated  in  the  manner  described  under  Iridium  (iii.  315,  No.  5) ;  and  the 
orange-yellow  solution  of  rutheniate  of  potassium,  ultimately  obtained  by  fusing  the 
mixture  of  iridium  and  ruthenium  with  nitre  and  caustic  potash,  and  lixiviating  with 
water,  is  treated  with  carbonic  or  nitric  acid  till  it  becomes  colourless ;  it  then  deposits 
oxide  of  ruthenium,  slightly  contaminated  with  silica.  This  oxide,  strongly  calcined 
in  a  graphite  crucible,  yields  metallic  ruthenium,  which  is  then  fused  in  the  oxyhy- 
drogen  furnace  (iv.  313).  The  ruthenium  thus  obtained  still  requires  to  be  purified 
by  one  or  more  fusions  with  nitre  and  potash,  till  its  density  is  brought  up  to  11'3. 
(Deville  and  Debray.) 

3.  Scaly  osmiridium,  consisting  almost  entirely  of  osmium,  iridium,  and  ruthenium, 
is  heated  to  bright  redness  in  a  porcelain  tube,  through  which  a  current  of  air  (freed 
from  carbonic  acid  by  passing  through  potash,  and  from  organic  matter  by  passing 
through  oil  of  vitriol)  is  drawn  by  means  of  an  aspirator.  The  osmium  and  ruthe- 
nium are  thereby  oxidised,  the  former  being  carried  forward  as  tetroxide  and  condensed 
in  caustic  potash  solution,  while  the  oxide  of  ruthenium  remains  behind,  together  with 
iridium  ;  and  by  fusing  this  residue  with  hydrate  of  jiotassium,  and  treating  the 
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mass  with  water,  a  solution  of  potassic  rutheniate  is  obtained  as  above  (Friimy). 
According  to  Deville  and  Uebray,  tlie  ruthenium  thus  obtained  is  still  contaminated 
with  small  quantities  of  osmium,  rhodium,  and  iridium. 

Prifpei-tics. — Ruthenium  obtained  by  calcining  one  of  its  ammoniacal  chlorides,  is  a 
wliite  spongy  mass ;  when  separated  from  its  oxides  by  reduction  with  hydrogen,  it 
forms  porous  fragments,  very  much  resembling  iridium,  and  moderately  easy  to  pid- 
verise.  It  is  the  most  refractory  of  all  metals  except  osmium.  Peville  and  Debray 
have,  however,  fused  it  by  placing  it  in  the  hottest  part  of  the  oxyhydrogen  flame  at 
about  2  millimetres  from  the  orifice  of  the  jet.  After  fusion,  it  has  a  density  of  11  to 
11-4  ;  that  of  the  porous  metal  is  only  8'6. 

Ruthenium  is  scarcely  attacked  by  nitromuriatic  acid.  It  is,  however,  more  easily 
oxidised  than  platinum,  or  even  than  silver  (Fremy).  When  pure  it  is  easily 
oxidised  by  fusion  with  hydrate  of  potassium,  still  more  easily  on  addition  of  a  small 
quantity  of  nitrate  or  chlorate,  producing  rutheniate  of  potassium,  which  dLssolves  in 
water,  with  orange-yellow  colour. 

H.'£JTHEIJIUjRT,  AXiX.OirS  OF.  Zinc  forms  with  ruthenium  an  alloy,  which  crys- 
tallises in  regular  hexagonal  prisms,  takes  fire  when  heated  in  the  air,  and  burns  with 
faint  deflagration. 

An  alloy  of  tin  and  ruthenium,  RuSu-,  is  easily  obtained  by  heating  ruthenium  to 
redness  in  a  graphite  crucible,  with  10  to  15  times  its  weight  of  tin,  and  dissolving  out 
the  excess  of  tin  from  the  cooled  mass  with  hydrochloric  acid.  The  alloy  then  remains 
in  maiinilicciit  cubic  crystals,  like  those  of  melted  bismuth.   (Deville  and  Debray.) 

KiyTHEKTZUJffi,  CHZiORXBSS  OP.  Ruthenium  forms  three  chlorides,  viz., 
RuCl-,  RuCP,  and  RuCl';  the  last,  however,  is  known  only  in  combination. 

The  d  ichloridc,  RuCl',  is  produced,  together  with  the  trichloride,  by  igniting  pul- 
verised rtitbenium  in  a  stream  of  chlorine,  the  trichloride  then  volatilising;  while  the 
diehloride  remains  in  the  form  of  a  black  crystalline  powder,  insoluble  in  water  and  in 
all  acids,  even  nitromuriatic  acid,  and  only  partially  decomposed  liy  alkalis.  A  soluble 
diehloride  is  formed  by  passing  sulphydric  acid  gas  into  a  solution  of  the  trichloride. 
A  brown  sulphide  is  then  precipitated,  and  the  solution  acquires  a  fine  bhie  colour.  If 
the  excess  of  sulphydric  acid  be  expelled  by  a  current  of  air,  a  pure  solution  of  the 
diehloride  will  be  obtained,  which  becomes  green  by  strong  concentration,  and  yields 
with  ammonia  a  green  precipitate  of  the  soluble  diehloride  (?  hydrated).  Both  the 
blue  and  the  green  diehloride  are  converted  into  trichloride  when  heated  with  nitric 
acid. 

Trichloride  or  Ruthcnious  Chloride,  RuCF.  Prepared  by  precipitating  a  solu- 
tion of  potassic  rutheniate  with  an  acid,  dissolving  the  precipitated  black  oxide  in  hy- 
drochloric acid,  and  evaporating.  It  is  a  yellow-brown,  crystalline,  very  deliquescent 
mass,  becoming  dark-green  and  blue  at  certain  points  when  strongly  heated.  It  dis- 
solves easily  in  water  and  in  alcohol,  leaving  a  small  quantity  of  a  yellow  insoluble  salt. 

The  conceotrated  solution  of  ruthenious  chloride,  mixed  witli  concentrated  solutions 
of  the  chlorides  of  potassium  and  ammonium,  yields  the  double  salts  K^Ru"'CP  = 
2KCl.RuCP  and  (NII')2Ru"'CP,  in  the  form  of  crystalline  precipitates,  with  violet 
iridescence,  very  slightly  soluble  in  water,  insoluble  in  alcohol.  The  solution  of  the 
potassium-salt,  left  for  some  time  in  contact  with  water,  becomes  txu-bid  and  black,  and 
d'^posits  a  black  oxychloride  of  ruthenium  ;  the  same  decomposition  takes  place  inmie- 
diately  on  heating  the  solution. 

Tc  tr  a  chl  oride  of  Ruthenium  or  Bufhenic  Chi  or  i  d  cTiuCV,  is  known  only 
in  its  double  salts.  potassium-salt,  K-Ru'''CP  =  2KCl.RuCl',  is  prepared  by  mix- 
ing a  solution  of  ruthenic  hydrate  in  hydrochloric  acid  with  chloride  of  potassium,  and 
evaporating  to  the  crystallising  point.  It  is  brown,  with  rose-coloured  iridescence,  very 
soluble  in  water,  but  insoluble  in  alcohol.  It  appears  to  be  dimorphous,  inasmuch 
as,  when  deposited  from  a  .solution  containing  several  other  salts,  it  crystallises  in  mi- 
croscopic six-sided  prisms,  but,  under  other  circumstances,  in  i-egular  transparent  octa- 
hedrons, being  then  isomorphous  with  the  corresponding  salts  of  platinum,  palladium, 
osmium,  and  iridium. 

The  ommmiium-salt,  2Nir'Cl.RuCl*,  is  obtained  like  the  potassium-salt,  which  it 
resemliles  close]}'. 

BUTHBTTIU'EI,  CYiklTISfES  OP.    (See  Cyanides,  ii.  271.) 

K.tJTHE»rixnM,  DETECTIOW  AJSH  ESTimATSOU  OP.  Ruthenium  ia 
most  frequently  met  with  in  solution  in  the  form  of  trichloride.  This  solution,  which 
is  of  an  orange-yellow  colour,  is  distinguished  by  its  character  of  decomposing,  when 
heated,  into  hydrochloric  acid  and  blackish-brown  sesquioxitle  of  ruthenium.  The 
same  solution  exhibits  with  reagents  the  following  characters  : — 
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Sulphydric  add  partly  precipitates  the  nitheniiim  in  the  form  of  a  black  sulphide, 
but  at  the  same  time  reduces  the  trichloride  to  dichloride,  the  reduction  being 
attended  with  a  change  of  colour  from  orange-yellow  to  a  fine  azure-blue  :  this  reaction 
is  extremely  delicate,  and  very  characteristic  of  ruthenium.  Zinc  effects  the  same 
reduction.  Sidphydrute  of  ammonium  throws  down  the  greater  part  of  the  ruthenium, 
in  the  form  of  a  black-brown  sulphide,  not  perceptibly  soluble  in  excess. — The  caustio 
alkalis,  alkaline  carbonates,  and  phosphate  o  f  sodium  precipitate  the  black  sesquioxide, 
insoluble  in  excess  of  the  reagent. — Borax  forms  no  precipitate  at  first,  but,  on  heating 
the  solution,  the  hydrated  sesquioxide  is  thrown  down. — Sidphuroiis  acid,  oxalic  acid, 
and  formate  of  sodium  do  not  precipitate  the  metal,  but  merely  decolorise  the  solution. 
— Ferrocyanide  of  potassivm  decolorises  the  solution  at  first,  but  afterwards  turns  it 
bluish-green. — Sulphocyanate  of  potassium  produces,  after  awhile,  a  red  coloration 
passing  to  deep  red-purple,  and  changing  to  a  fine  violet  on  heating  the  liquid.  This 
is  one  of  the  most  characteristic  reactions  of  ruthenium,  inasmuch  as  soluble  sulpho- 
cyanates  do  not  exhibit  any  very  decided  character  with  the  other  metals  of  the  plati- 
num group  ;  for  its  distinct  production,  however,  it  is  necessary  that  the  solution  be 
free  from  other  platinum-metals. — Acetate  of  lead  forms  a  purple-red  precipitate,  in- 
clining to  black. —  Cyanide  of  mercury  colours  the  solution  blue,  and  throws  down  a 
blue  precipitate. — Nitrate  of  silver  forms  a  black  precipitate,  which  is  a  mixture  of 
chloride  of  silver  and  sesquioxide  of  ruthenium  ;  the  oxide  dissolves,  after  a  while,  in 
the  nitric  acid,  leaving  a  white  residue  of  chloride  of  silver;  and  if  ammonia  be  then 
added  in  excess,  the  chloride  of  silver  dissolves,  and  the  sesquioxide  of  ruthenium  is 
reprecipitated  :  this  is  also  a  very  dslicate  reaction. — The  chlorides  of  potassiiim  and  am- 
monium throw  down,  from  concentrated  solutions,  crystalline  precipitates  of  double 
chlorides,  exhibiting  a  play  of  colours  inclining  to  violet. — The  nitrites  of  the  alkali- 
metals  form  with  ruthenious  solutions,  double  salts  [3MN0'.Ru'"(N0^)'],  which  dissolve 
readily  in  excess  of  the  alkaline  nitrite,  forming  solutions,  which,  when  treated  with 
a  small  quantity  of  yellow  sulphide  of  ammonium,  assume  a  splendid  dai-k-red  colour, 
changing  to  brown  without  precipitation  of  sulphide.  This  reaction  is  recommended 
by  Gibbs  and  by  Claus  (Jahresb.  1863,  p.  697)  for  the  detection  of  nitrites. 

The  solution  of  chlororutheniate  of  potassium,  2KCl.EuCl'',  exhibits  the 
following  reactions : — AVith  svlphydric  acid,  no  reaction  at  first ;  but  after  a  while,  or  on 
heating,  a  brown  precipitate  of  disulphide,  KuS^  a  considerable  quantity  of  ruthenium, 
however,  remaining  in  solution. — Yellow  sulph.yd.rate  of  ammonium  immediately 
throws  down  part  of  the  ruthenium,  in  the  form  of  a  brown-yellow  sulphide;  the 
reaction  is  complete  on  the  addition  of  an  acid. — Potash  and  alkaline  carbonates  form 
no  precipitate  in  the  cold;  a  deposition  of  oxide  takes  place  on  heating  the  liquid,  but 
a  considerable  portion  still  remains  dissolved. — Nitrate  of  silver  forms  a  rose-coloured, 
mercurous  nitrate,  a  light-yellow,  and  stannous  chloride  a  yellow  precipitate. 

The  compounds  of  ruthenium  may  readily  be  distinguished  from  those  of  the  other 
platinum-metala,  by  fusing  a  few  milligrammes  of  the  substance  in  a  platinum-spoon, 
with  a  large  excess  of  nitre,  leaving  it  to  cool  when  it  ceases  to  froth,  and  dissolving  the 
cooled  mass  in  a  little  distilled  water.  An  orange-yellow  solution  of  potassie  rutheniate 
is  thus  formed,  which,  on  addition  of  a  drop  or  two  of  nitric  acid,  yields  a  bulky 
black  precipitate ;  and  on  adding  hydrochloric  acid  to  the  liquid,  with  the  precipitate 
still  in  it,  and  heating  it  in  a  porcelain  crucible,  the  oxide  dissolves,  forming  a  solution 
which  has  a  fine  orange-yellow  when  concentrated,  and  when  treated  with  sulphydric 
acid  till  it  becomes  nearly  black,  yields  a  filtrate  of  a  splendid  sky-blue  colour. 
Characteristic  reactions  are  also  obtained  with  sulphocyanate  of  potassium  and  acetate 
of  lead. 

Metallic  ruthenium  may  be  distinguished  from  the  other  platinum-metals  by  mixing 
if,  with  common  salt,  and  igniting  the  mixture  in  a  current  of  chlorine.  The  resulting 
black  mass  dissolves  in  water,  with  a  fine  orange-yellow  colour,  which  of  itself  is  suffi- 
cient to  distinguish  ruthenium  from  rhodium  and  iridium  (the  former  of  which  yields 
under  similar  circumstances  a  rose-coloured,  and  the  hitter  a  black-brown  solution).  It 
may  be  further  distinguished  by  the  black  precipitate  which  it  yields  with  ammonia, 
and  by  the  reactions  ^vith  sulphydric  acid,  &c.,  above  mentioned. 

Estimation  and  A^fwa^/ore.— Kuthenium  is  precipitated  from  its  solutions  in  the 
form  of  oxide,  and  generally  as  sesquioxide,  viz.,  from  a  solution  of  the  sesquichloride, 
either  by  alkalis  or  bj  simply  heating  the  solution,  and  from  a  solution  of  rutheniate 
of  potassium  by  nitric  acid.  The  precipitated  oxide  is  reduced  to  the  metallic  state  by 
ignition  in  an  atmosphere  of  hydrogen.  As,  however,  the  precipitate  generally  contains 
alkali,  which  cannot  be  removed  by  washing,  the  reduced  mass  must  be  treated  with 
water ;  the  liquid  filtered  from  the  ruthenium  ;  and  the  metal,  before  weighing,  must 
be  again  ignited,  and  left  to  cool  in  an  atmosphere  of  hydi'ogen,  as  it  oxidises  when 
heated  in  the  air. 
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Eutlienium  has  hitlierto  been  found  only  associated  with  the  metals  of  the  pLitinum- 
residues,  and  from  these  it  is  separated  by  the  methods  already  described  (p.  13i  ;  seo 
also  Platintim-oke,  iv.  681). 

The  following  methods  of  separating  ruthenium  from  platinum,  rhodium,  and 
iridium,  are  given  by  Gibbs  (Sill.  Am.  J.  [2]  xxxiv.  341;  Jahresb.  1863,  p. 
292):  — 

1.  From  Platinitm.—The  mixture  of  the  double  chlorides,  K'PtCl^  and  K-KuCl", 
is  ti-eated  with  a  cold  solution  of  chloride  of  potassium ;  the  resulting  solution,  which 
contains  chiefly  the  ruthenium-salts,  is  heated  with  nitrite  of  potassium,  and  evapo- 
rated to  dryness  ;  and  the  residue  is  treated  with  hot  absolute  alcohol,  which  leaves 
chloroplatinate  of  potassium  undissolved.  The  alcoholic  solution  containing  the 
chlororutheniate  of  potassium  (together  with  traces  of  platinum)  is  evaporated;  the 
residue  is  heatrd  with  hydrochloric  acid;  the  deep  rose-coloiu-ed  solution  of  the 
potassic  chlororutheniate  is  repeatedly  evaporated  to  dryness  with  s.il-ammoniac  ;  and 
the  hot  aqueous  solution  of  the  resulting  chlororutheniate  of  ammonium  is  converted, 
by  evaporation  with  ammonia,  into  the  yellow  ammonio-chloride,  4NH'.RuCT^3H-0. 
The  latter,  when  dissolved  in  hot  water,  yields  with  mercuric  chloride  a  yellow  crys- 
talline precipitate  of  the  salt,  4XH'.EuCP.Hg"Cr-,  which  may  be  freed  from  platinum 
by  recrystallisation,  and  yields  by  ignition  silver-white  ruthenium. 

2.  A  similar  method  serves  for  the  separation  of  ruthenium  from  rhodium,  the 
latter  metal  remaining  undissolved  as  chlororhodiate  of  potassium,  when  the  solution  of 
the  two  double  chlorides  is  treated  with  nitrite  of  potassium,  and  the  evaporated 
residue  with  alcohol.  The  chlororliodiate  of  potassium  is  then  either  converted  into 
metallic  rhodium  by  ignition  with  sal-ammoniac,  or  dissolved  in  hot  hydrochloric  acid, 
supersaturated  with  ammonia,  and  precipitated  as  sulphide  by  sulphydric  acid. 
(Gibbs.) 

3.  Jfrom  Iridium. — The  best  mode  of  proceeding  is  to  heat  the  .solution  of  the  two 
metals  with  an  excess  of  nitrite  and  carbonate  of  sodium  till  a  light  orange-yellow  is 
produced;  then  add  sulphide  of  sodium  by  small  portions,  till  part  of  the  precipitated 
sulphide  of  ruthenium  is  redissolved  ;  boil  for  a  few  minutes  ;  and  mix  the  liquid,  after 
cooling,  with  a  slight  excess  of  hydrochloric  acid.  The  precipitated  sulphide  of  ruthe- 
nium is  washed  with  hot  water,  dissolved  in  nitromuriatic  acid,  and  converted,  first 
into  chlororutheniate  of  ammonium,  tiien  into  the  above-mentioned  mercury- compound. 
The  solution  filtered  from  the  sulphide  of  ruthenium,  and  evaporated  with  hydro- 
chloric acid  and  sal-ammoniac,  yields  pure  chloriridiate  of  ammonium. — The  tetra- 
chlorides of  iridium  and  ruthenium  may  also  be  separated  by  heating  with  nitrite  and 
carbonate  of  potas-'-ium,  evaporating  to  dryness,  and  treating  the  residue  with  absolute 
alcohol.  The  ruthenium-salt  then  dissolves,  whilst  the  iridium-salt  remains,  and  may 
lie  easily  converted  into  chloriridiate  of  ammonium. 

According  to  Gibbs,  the  separation  of  iridium  and  ruthenium  by  ignition  with  nitre 
and  potash  does  not  yield  good  results,  inasmuch  as  part  of  the  ruthenium  always 
remains  unattacked,  and  a  small  quantity  of  the  iridiiun  dissolves,  together  with  the 
rutheniate  of  potassium. 

On  the  separation  of  ruthenium  and  the  other  platinum-metals,  see  further  Gibbs 
(SiU.  Am.  J.  [2]  xxxvii.  57;  Jahresb.  1864,  p.  288;  Bull  Soc.  Chim.  1864,  ii.  38), 
Carey-Lea  (Sill  Am.  J.  [2]  xxxviii.  31;  Jahresb.  1864,  p.  290). 

Atomic  Weight  of  Ruthenium.- — Claus  (J.  pr.  Chem.  xxxiv.  173,  420;  Ann.  Ch. 
Pharm.  Ivi.  257),  by  the  analysis  of  chlororuthenite  of  potassium,  2KCl.RuCP,  found 
that  the  atomic  weight  of  the  metal  was  104'22,  which  is  nearly  the  same  as  that  of 
rhodium.  Other  experiments  gave  higher  numbers,  but  the  above  determination  is 
generally  regarded  as  nearest  to  the  truth. 

RVTHENXVIMC,  OXXSES  OP.  Ruthenium  forms  five  oxides,  viz  RuO,  Ku^O', 
EuO-,  EuO',  and  RuO*,  the  fourth,  however,  being  known  only  in  combination. 

The  protoxide,  EuO,  obtained  by  calcining  the  dichloride  with  carbonate  of 
sodium  in  a  current  of  carbonic  anhydride,  and  washing  the  residue  with  water,  has  a 
dark-grey  colour  and  metallic  lustre,  is  not  acted  upon  by  acids,  but  is  reduced  by 
hydrogen  at  ordinary  temperatures. 

Sesquioxide,  or  Ruthetiious  Oxide,  Ru'O'. — Pulverised  ruthenium,  heated  in 
contact  with  the  air,  rapidly  absorbs  48  per  cent,  oxygen,  and  is  afterwards  slowly 
Converted  into  the  anhydrous  sesquioxide,  which  has  a  deep  blue  coloui-,  is  insoluble  in 
acids,  and  is  reduced  when  heated  into  hydrogen  gas. 

The  hydrated  sesquioxide,  Eu-0'.3H-0  =  EuIPO',  is  obtained  as  a  blackish-brown 
precipitate,  when  a  solution  of  ruthenious  chloride  is  treated  witli  an  alkaline  carbonate. 
This  hydrate,  after  prolonged  washing,  still  retains  3  or  4  per  cent,  of  alkali ;  it  dis- 
solves with  yellow  colour  in  acids,  but  is  not  dissolved  by  water  or  by  alkalis.  When 
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strongly  heated  in  an  atmosphere  of  carbonic  anhydride,  it  gives  off  its  water,  and 
becomes  insoluble  in  acids. 

The  dioxide  or  ruthenic  oa;i£?e,  RuO",  is  formed  by  roasting  the  disulphide,  or  by 
strongly  igniting  ruthenic  sulphate,  EuS'-'O'  or  EuO'.2SO'.  The  former  method 
yields  a  black-blue  powder  with  a  tinge  of  green  ;  the  latter,  grey  particles  with 
metallic  lustre,  and  bluish  or  greenish  iridescence. 

The  hydrate,  RuH'O^  =  Eu0^.2H^0,  is  obtained  as  a  gelatinous  precipitate,  by 
decomposing  chlororutheniate  of  potassium  with  carbonate  of  sodium,  or  ruthenic 
sulphate  with  caustic  potash  or  soda ;  in  the  latter  case,  however,  the  solution  must  be 
evaporated,  as  it  retains  a  considerable  quantity  of  the  hydrate.  Ruthenic  hydrate, 
when  dried  and  heated  in  a  platinum  spoon,  deflagx-ates  with  vivid  incandescence,  and 
is  scattered  about.  It  dissolves  in  acids,  forming  yellow  solutions.  The  solution  in 
hydrochloric  acid  turns  red  when  evaporated,  and  ultimately  leaves  red -brown  ruthenic 
cliloride.    The  hydrate  dissolves  also  with  light-yellow  colour  in  alkalis. 

The  trioxide,  RuO',  commonly  called  rtithemc  acid,  is  known  only  in  the  form  of  a 
potassium-salt,  which  is  obtained  by  igniting  ruthenium  with  a  mixture  of  potash  and 
nitrate  or  chlorate  of  potassium.  It  dissolves  in  water,  forming  an  orange-yellow 
solution,  which  has  an  astringent  taste,  colours  organic  substances  black  by  coating 
them  with  oxide,  and  is  decomposed  by  acids,  yielding  a  precipitate  of  the  sesqui- 
oxide. 

Tetr  oxide  of  Butheniu'm,'RaO*.  Euthcnic  tetroxide.  Perruf  heme  acid.  Etithen- 
hypersdure. — This  volntile  oxide,  analogous  to  osmic  tetroxide,  is  obtained  by  heating 
to  dull  redness,  in  a  silver  crucible,  a  mixture  of  3  grammes  of  ruthenium  with  24  grms, 
caustic  potash  and  8  grms.  nitre,  dissolving  the  fused  mass  in  48  grms.  of  wa*er, 
introducing  the  solution  into  a  tubulated  retort  connected  by  a  long  condensing  tube 
with  a  flask  containing  caustic  potash,  and  passing  chlorine  into  the  liquid.  The 
liquid  becomes  hot,  and  the  tetroxide  passes  over,  condensing  in  the  neck  of  the  retort 
and  the  tube,  as  a  golden-yellow  crystalline  crust,  which  melts  between  50°  and  60°. 
Part  of  it,  however,  remains  in  the  liquid,  and  may  be  separated  by  distillation.  To 
purify  it  from  adhering  water  and  chlorine,  it  is  melted  in  a  tube  under  a  layer  of 
water ;  it  then  crystallises  on  cooling,  and  may  be  pressed  between  paper. 

Ruthenic  tetroxide  is  a  golden-yellow,  crystalline  mass,  in  which  rhomboi'dal 
prisms  may  be  distinguished.  It  is  heavier  than  sulphuric  acid,  very  volatile, 
vaporising  even  at  ordinary  temperatures,  and  emitting  an  odour  like  that  of  nitrous 
acid  ;  melts  at  58°,  forming  a  yellow  liquid,  which  boils  at  about  100°.  It  dissolves 
sparingly  in  water,  the  solution  remaining  unaltered  in  the  dark,  but  decomposing 
rapidly  even  in  diffused  daylight.  It  dissolves  in  hydrochloric  acid,  without  losing  its 
characteristic  odour,  and  on  adding  alcohol  to  the  solution,  trichloride  of  ruthenium 
is  formed.  Sulphurous  acid  colours  the  solution  of  ruthenic  tetroxide  red-purple, 
changing  to  violet-blue  when  heated.  Sulphydric  acid  throws  down  a  black  precipi- 
tate of  oxysulphide.  The  dry  oxide  moistened  with  strong  potash,  becomes  hot, 
melts,  and  volatilises  in  great  part,  the  rest  gradually  dissolving  as  rutheniate  of 
potassium.  (C  laus,  J.  pr.  Chem.  Ixxix.  28;  Jahresb.  1859,  p.  260.) 

SfUTHBSJltyEE,  SXTtPHZBES  OF.  Sulphydric  acid,  passed  into  a  solution  of 
either  of  the  chlorides  of  ruthenium,  usually  forms  a  precipitate  consisting  of  sulpliide 
and  oxysulphide  of  ruthenium  mixed  with  free  sulphur.  The  blue  solution  of  the 
protochloride  yields  a  dark-brown  sesquisulphide,  Ru^S'.  When  sulphydric  acid  gas  is 
passed  for  a  long  time  into  a  solution  of  the  trichloride,  disulphide  of  ruthenium,  RuS'^, 
is  formed,  as  a  brown-yellow  precipitate,  becoming  dark-brown  by  calcination. 

SlU'riHSSrSlTS^I-COSVEPOUSriJS,  AMIWOIUIACAI,.  a.  Di-ammoniacal.—1h& 
oxide,  Ru0.2NH-*,  is  obtained  by  evaporating  a  solution  of  the  tetrammoniacal  oxide, 
Eu0.4NII^,  in  a  dry  vacuum,  as  a  yellowisli-brown  spongy  mass,  formed  of  small, 
very  deliquescent,  crystalline  laminae,  containing  5  at.  water.  When  placed  on  the 
tongaie,  it  exerts  a  caustic  action,  stronger  even  than  that  of  potash.  Its  salts 
resemble  those  of  the  following  series,  excepting  that  they  are  of  a  darker  colour  : — 

)3.  Tetrammoniaccd. — Tlie  chloride,  EuCR4NH^. 311^0,  is  obtained  by  dissolving 
1  pt.  of  chlororutheniate  of  ammonium,  2NH'Cl.RuCl*,  in  16  pts.  of  water,  boihng  the 
solution  for  an  hour  with  30  pts.  of  caustic  ammonia  and  1  pt.  of  ammonium- 
carbonate,  evaporating  to  dryness  over  the  water-bath,  digesting  the  pulverised 
crystalline  mass  with  1  pt.  of  water,  and  washing  it  on  a  iiltpr  witli  weak  alcohol,  till 
the  free  sal-ammoniac  is  completely  dissolved.  The  salt  when  dry  is  dissolved  in 
4  pts.  of  hot  water  containing  a  little  carbonate  of  ammonium  ;  and  the  solution,  iiltered 
while  still  hot,  deposits  the  salt  on  cooling  in  beautiful  golden-yellow,  oblique  rhom- 
bic crystals,  wliich  are  not  very  soluble  in  cold  water,  and  quite  insoluble  in  alcohol. 
The  crystals  retain  their  water  till  they  are  heated  to  a  temperature  at  which  they 
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undergo  complete  decomposition,  leaving  metallic  ruthenium.  The  solution  has  a 
strong  tendency  to  form  slightly  soluble  compounds  with  other  metallic  salts.  Caustic 
potash  does  not  eliminate  ammonia  from  it  at  ordinary  temperatures,  but  liver  of 
sulphur  immediately  sets  ammonia  free  ;  with  chloride  of  platinum,  it  immediately  forms 
a  precipitate  of  the  compound  EuCr-.4NH'.PtCl'. 

The  chloride,  treated  with  oxido  of  silver,  yields  the  oxide  Ku0.4NH'',  -which,  how- 
ever, has  not  been  obtained  in  the  solid  state,  as  its  solution  when  evaporated  gives 
oif  half  its  ammonia,  leaving  the  oxide  Ku0.2NH',  already  described.  The  solution 
of  the  tetrammouiacal  oxide  resembles  that  of  potash  ;  it  absorbs  carbonic  acid  from  the 
air,  expels  ammonia  from  its  salts,  precipitates  metallic  oxides,  and  dissolves  alumina: 
it  does  not,  however,  exert  any  action  on  the  salts  of  copper  or  silver. 

The  oxygen-salts  of  this  base,  obtained  by  decomposing  the  chloride  with  the  corre- 
sponding silver-salts,  are  very  soluble  in  watei',  but,  for  the  most  part,  insoluble  in 
alcohol.  The  carbonate,  RuC0^.2NHl 511^0,  is  soluble,  strongly  alkaline,  and  crystal- 
lises in  light-yellow  rhombic  prisms.  The  nitrate,  Ku(NO^)'^.2NH^2H^O,  forms  small 
rhomboidal prisms,  having  a  sulphur-yeUow  colour  and  strong  lusti-e,  melts  when  heated, 
and  decomposes  with  slight  detonation.  The  sulphate,  RuSO'.2NH'.4H-0,  crystallises 
in  fine  transparent  rhombic  plates  of  a  golden-yellow  colour.  "When  exposed  to  the  air, 
they  give  olf  part  of  their  water,  and  become  opaque,  acquiring  a  metallic  aspect.  (Glaus, 
J.  pr.  Chem.  Ixxix.  28  ;  Ixxxv.  129  ;  Jahresb.  1859,  p.  263  ;  1861,  p.  320.) 

KUTHESaS'OKBSTS:.  A  mineral  from  the  gold-mines  of  Rutherford  County, 
North  Carolina,  where  it  occurs  in  small,  brown,  monoclinic  crystals,  which  exhibit  in- 
candescence when  heated.  According  to  Shepard  (Sill.  Am.  J.  xii.  209),  it  contains 
titanic  oxide  and  eerie  oxide  ;  according  to  T.  S.  Hunt  {ibid.  [2]  xiv.  344:),  68  per  cent, 
titanic  oxide,  12  lime,  &c. 

jaUTlC  .aCISJ.    Syn.  with  Capeic  Acm  (i.  742). 

SEXTTIliS.    A  variety  of  native  titanic  oxide.   (See  Titanium.) 

RD'TILIIT.  The  name  applied  by  Braconnot  to  a  red  resinous  substance  (called 
olivin  by  Mulder),  produced  by  salicin  with  strong  sulphuric  acid:  probably  impure 
saliretin. 

KUTSJEff.  C==*H=*0'\  EtUinic  Acid.  Phytomclin.  Melin.  Vegetable  Yellow. 
(Weiss, Pharm.  Centr.  1842,p. 903.— Born trager,  Ann. Ch. Pharm. llii.  385.— Roch- 
leder  andHlasiwetz,  ?7«(^.  Ixxxii.  197. — AV.  Stein,  J.  pr.  Chem.  Ivlli.  399  ;  Ixxxvili. 
280.— Hlasiwetz,  Ann.  Ch.  Pharm.  xcvi.  123  ;  further,  Chem.  Centr.  1862,  p.  449.— 
Zwengerand  Dronke,  Ann.  Ch.  Pharm.  cxxiii.  145. — Gm.  xvi.  500.) — A  glucoside, 
which  appears  to  be  very  widely  diffused  in  the  vegetable  kingdom.  It  was  first  ob- 
tained from  garden  rue,  by  Weiss  and  by  Borntrager;  afterwards  from  capers,  the 
flower-buds  of  Capparis  spinosn,  by  Rochleder  and  Hlasiwetz,  also  by  Zwenger  and 
Dronke ;  and  from  the  so-called  Waifa,  the  undeveloped  flower-buds  of  Sophora  japonica , 
by  Stein  and  by  W.  Martins  (N.  Jahrb.  Pharm.  i.  241).  According  to  Stein,  saf- 
flower  yellow  is  imcrystallisable  i-utin  ;  the  colouring  matters  of  straw  and  of  JEtliaUum, 
Hippophae,   and  Folyyonum  Fagopyrum  likewise  agree   in   character  witli  rutin. 

T reparation  :  1.  From  Garden  Hue. — The  dried  and  comminuted  plant  is  boiled  for 
half-an-hour  with  common  viuegar,  and  the  expressed  liquid  is  set  aside  for  several 
weeks,  or  so  long  as  it  continues  to  deposit  impure  rutin.  The  deposit  is  washed  witli 
cold  water,  heated  to  boiling  with  4  pits,  of  acetic  acid  and  16  pts.  of  water,  filtered, 
and  left  for  some  days  to  crystallise.  The  crystals  obtained  thus,  and  by  partial  eva- 
poration of  the  mother-liquor,  are  dissolved  in  6  pts.  of  boiling  water  ;  the  sokition  is 
treated  with  animal  charcoal ;  and,  after  addition  of  i  of  water,  the  alcohol  is  dis- 
tilled off.  The  rutin  orytallises  from  the  residue  after  some  days,  the  more  readily  th<! 
less  strongly  the  solution  has  been  heated  (Borntrager,  Weiss).  A  green  resin 
with  which  the  rutin  is  contaminated  is  difficult  to  remove  by  crystallisation  ;  it  is  more 
easily  got  rid  of  by  acidifying  the  alcoholic  solution  with  acetic  acid,  and  precipitating 
witli  neutral  acetate  of  lead.  On  removing  the  lead  from  the  filtrate  by  suljihydric 
acid,  and  evaporating,  the  rutin  crystallises,  and  may  be  recrystallised  from  boiling 
water.  It  still  contains  a  substance  resembling  coumarln,  from  which  it  maybe  freed, 
though  with  great  difficulty,  by  repeated  boiling  with  ether.  (Zwenger  and 
Dronke.) 

2.  From  Prraerved  Capirrs. — The  capers  are  macerated  In  water  for  a  fi'w  lionrs, 
after  which  the  water  is  poured  off,  and  the  capers  are  pressed;  this  process  is  repeated 
twice,  to  remove  salt  and  vinegar.  The  decoction,  obtained  by  twice  boiling  the  washed 
capers  in  not  too  large  a  quantity  of  water,  throws  down,  on  standing  for  24  hour.s,  a 
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large  quantity  of  yellowisli-white  flocks,  wliich  arc  collected,  dried,  and  dissolved  in 
boiling  alcohol,  whereby  a  gelatinous  substance  is  left  undissolved.  The  alcoholic 
solution  is  mixed  with  water,  and  the  alcohol  is  distilled  off ;  the  residue  then  solidifies 
on  cooling,  from  ci-ystallisation  of  rutin.  The  crystals  are  purified  by  pressing  and 
recrystallisation  from  boiling  water  (Rochleder  and  Hlasiwetz).  Zwenger  and 
Dronke  add  to  the  solution  in  hot  water  a  few  drops  of  solution  of  neutral  acetate  of 
lead  (too  much  would  precipitate  a  compound  of  rutin  and  lead-oxide),  and  free  the 
filtrate  from  lead  by  means  of  sulphydric  acid. 

3.  From  Waifa. — The  coarsely-bruised  waifa  is  repeatedly  boiled  with  alcohol  of 
80  per  cent.,  and  the  greater  part  of  the  alcohol  is  distilled  off,  whereupon  the  residue 
thickens  to  a  pulp  of  impure  rutin,  amounting  to  11  per  cent,  of  the  waifa  employed. 
It  is  crystallised  repeatedly  from  boiling  water,  and  afterwards  washed  with  cold  water 
(Stein).  To  purify  the  rutin,  hydrate  of  lead  is  added  to  the  boiling  alcoholic  solu- 
tion, so  long  as  it  is  coloured  bi'own  ;  the  solution  is  filtered  ;  and  the  rutin  is  tlirown 
down  from  the  filtrate  by  an  additional  quantity  of  lead-hydrate.  The  latter  pure 
yellow  precipitate  is  decomposed  by  alcoholic  sulphydric  acid,  and  the  filtrate  is  free 
from  sulphide  of  lead,  and  evaporated  to  crystallisation.  (Stein.) 

Propertk  s. — Eutin  crystallises  from  its  aqueous  solution  in  pale  yellow-delicate  needles, 
probably  having  the  composition  2C■"H■■^*0'^5H'0.  It  has  a  slightly  styptic,  afterwards 
saline  taste.  The  crystals,  heated  to  100°,  give  off  from  1-61  to  2-12  water,  and 
leave  a  hydrate  coutainingC"II=»0'^2H-0  (mean  of  analyses,  49-51  C,  5-47  H,  46-02  0; 
calc.  49-66  C,  5-29  H,  45-0.3  0),  which,  at  150°  to  160°,  gives  off  its  2  at.  water  (5-63 
— 5'92  per  cent.),  and  leaves  anhydrous  rutin,  C-*H**0'^  containing  52-66  C,  5-02  H, 
42-32  O  (calc.  52-81  C,  4  93  H,  42-27  0).    (Zwenger  and  Dronke.) 

Rutin  is  nearly  insoluble  in  cold  but  dissolves  easily  in  boiling  water,  forming  a  pale- 
yellow  solution,  which  is  decolorised  by  acids,  and  quickly  deposits  the  rutin  on  cooling. 
It  dissolves  slightly  in  cold  absolute  alcohol,  freely  in  boiling  alcohol  of  76  per  cent., 
and  crystallises  therefrom  only  on  concentration  and  addition  of  water.  It  is  insoluble 
in  boiling  ether.  It  dissolves  freely  in  hot  acetic  acid,  and  is  partially  deposited  on 
cooling.  By  digestion  with  moderately  dilute  mineral  acids,  it  acquires  a  lemon-yellow 
colour,  and  is  rendered  paler  again  by  water ;  whi^n  heated  with  acids,  it  dissolves  and 
suffers  decomposition  (infra).    It  absorbs  hydrochloric  acid  gas.  (Stein.) 

Rutin  dissolves  easily  in  a^X'afe  and  edkaline  carbonates — also  in  baryta-,  stro)itia-,  and 
lime-water,  forming  yellow  solutions,  which  deposit  the  rutin  unaltered  on  addition  of 
acids,  and  tm-n  brown  in  the  air  from  absorption  of  oxygen.  According  to  Stein,  it  de- 
composes carbonate  of  sodium  and  frrroci/anide  of  potassiu7n.  It  is  coloured  dark-green 
hy  ferric  chloride,  brown-red  to  gveenishhy  ferrates  chloride.  Acitate  of  lead,  added  to 
an  alcoholic  solution  of  rutin,  or  in  excess  to  aqueous  rutin,  forms  a  yellow  precipitate 
containing  C"H^"0'^2Pb"0.    (Borntrager;  Rochleder  and  Hlasiwetz.) 

Decompositions. — 1.  Eutin,  after  dehydration  at  160°,  cakes  together  at  190°,  and 
then  melts  to  a  yellow  viscid  liquid,  which,  on  cooling,  solidifies  to  an  amorphous 
mass,  and  takes  up  water  when  immersed  in  it.  When  more  strongly  heated  it  is 
carbonised,  emitting  an  odour  of  caramel,  and  yielding  a  distillate  containing  quercetin 
(Zwenger  and  Dronke).  Rutin,  melted  at  180°,  forms  a  yellow  viscid  liquid  on 
cooling,  and  partly  crystallises  ;  at  220°  a  yellow  sublimate  is  produced  (Borntrager). 
Over  a  bath  of  oil  of  vitriol,  rutin  becomes  coloured  at  100°,  melts  at  120°,  giving 
off  gas-bubbles,  boils  at  200°,  and  is  decomposed  at  290°,  yielding  products  of  distil- 
lation. The  water  evolved  at  200°  over  the  oil-bath  contains  formic  acid  ;<  a  solution, 
of  the  melted  mass  in  a  little  boiling  water  throws  down  amorphous  quercetin  on 
Btnding  (Stein). — 2.  Nitric  acid  boiled  with  rutin  produces  chiefly  oxalic  acid 
(Zwenger  and  Dronke).  According  to  Stein,  it  forms  picric  acid  with  a  trace  of 
oxalic  acid.  Cold  nitric  acid  colours  rutin  yellow,  then  quickly  olive,  and  at  last  red- 
brown  (Stein). — 3.  Rutin  forms  with  oil  of  vitriol  a  brown-yellow  (olive-green, 
according  to  Rochleder  and  Hlasiwetz),  afterwards  brown-red  solution,  without  libera- 
tion of  sulphurous  acid  ;  water  thi'ows  down  from  the  solution,  after  an  hour,  olive- 
green  flocks,  after  twelve  hours  a  violet  precipitate  ;  and  the  supernatant  liquid,  when 
evaporated  and  freed  from  sulphiu-ic  acid,  yields  easily  soluble  crystals  (Stein). — 
4.  \Vhen  boiled  with  dilate  mineral  acids,  rutin  splits  up  into  sugar  (Stein)  and 
quercetin  (Hlasiwetz).  The  decomposition  takes  place  with  peculiar  rapidity  in  an 
alcoholic  solution ;  it  is  also  effected  by  formic  acid,  especially  at  a  temperature  of, 
110°.  When  rutin  is  dissolved  in  boiling  acetic  acid  of  60  per  cent.,  and  again  crystal- 
lised, the  amount  of  carbon  in  the  crystals  (dried  at  120°)  is  increased  to  51-8  or  62 
per  cent.  ;  it  now  reduces  copper  solutions,  and  has,  therefore,  been  partly  converted 
into  quercetin  (Stein).  The  decomposition  is  not  effected  by  emulsin  (Zwenger  and 
Dronke).  From  100  parts  of  rutin,  dried  at  100°,  39-24  to  43-25  parts  (mean  41-9) 
of  quercetin  were  obtained,  corresponding  with  the  equation, 

C«H'-'0'5  +  sn-O    =    C''H'"0''  +  2C'TIi-0''. 
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Calculation,  43'37  per  cent,  qiiercetiu  (Zwengor  and  Droiike).  Hlasiwetz  (Wien. 
Akad.  Ber.  17,  400)  obtained  o8'03  per  cent,  quercetin  and  44'5  percent,  sugar. 

5.  Rutin,  treated  in  aqueous  or  alcoholic  solution  with  sod ium-amalgam,  is  converted 
into  paraeartharain.    (Stein,  iv.  341.) 

6.  It  reduces  nitrate  of  silver  and  trichloride  of  gold,  not  cuprate  of  potassiuw. 
With  water  and  silver-oxide,  it  forms  a  dark-red  liquid,  which  leaves,  on  evaporation, 
a  brown  amorphous  residue.  (Stein.) 

SUTIMTC  ACS33.    Syn.  with  Rutin. 

EUTSST-SUGAK.  This  sugar,  isomeric  with  glucose,  is  produced,  together  with 
quercetin,  by  boiling  rutin  with  dilute  sulphuric  acid,  and,  after  removing  the  quercetin 
and  sulphuric  acid,  may  be  obtained,  by  evaporation,  solution  in  alcohol,  and  precipi- 
tation with  ether,  as  a  colourless,  nncrystallisable  sj^rup.  It  does  not  act  on  polarised 
light;  reduces  cuprate  of  potassium  in  the  cold;  yields  with  boiling  nitric  acid,  oxalic 
but  no  picric  acid  ;  and  is  not  fermentable. 

RVTYXi.  Syn.  with  Capryl,  C'"H"0,  the  radicle  of  rutie  or  capric  acid.  It  is 
also  applied,  but  incorrectly,  to  the  alcohol-radicle  C'"!!-',  jjroperly  called  Dccyl.  (See 
Appendix.) 

RUTVIiEITE.  C'll".  (A.  Bauer,  Ann.  Cli.  Pharm.  cxxxv.  344;  Bull.  Soc. 
Chim.  1865,  ii.  265.) — A  hydrocarbon  polymeric  with  acetylene,  and  perhaps  identical 
with  menthene,  produced  by  the  action  of  alcoholic  potash  on  tribromide  of  diamylene, 
C"'H'-'"Br'.  It  is  related  to  diamylene  and  rutyl  (C'°H"0),  in  the  same  manner  as 
valerylene,  C^H",  is  related  to  amylene  and  valei-yl,  and  to  eampiholic  acid,  C"'H"0^  in 
the  same  manner  as  crotonylene,  C'H",  to  erotonic  acid,  CH^O*. 

Rutylene  is  a  colourless  liquid,  lighter  than  water,  and  having  an  agreeable  odour, 
somewhat  like  that  of  turpentine-oil.  Boils  at  about  150°.  Vapour-density,  obs.  = 
4'843;  calc.  4'778.  It  is  insoluble  in  water,  soluble  in  alcohol  and  in  ether.  Bromine 
attacks  it  strongly,  with  formation  of  hydrobromic  acid  and  separation  of  charcoal.  If, 
however,  rise  of  temperature  be  prevented,  dibromide  of  rutylene,  C'lI'^Br^,  is 
formed.  This  is  a  very  unstable  compound,  which  decomposes  even  at  ordinary  tem- 
peratures, and  acts  strongly  on  acetate  of  silver  and  on  alcoholic  potash,  probably 
forming,  in  both  cases,  the  hydrocarbon  C'°H'*. 

BYACOIiXTE,  or  liht/ncolite  (from  pva^,  a  lava-stream).  A  mineral  from 
Vesuvius,  having  the  crystallisation  of  felspar,  and  resembling  the  glassy  variety. 
(D  an  a,  li.  245.) 

KYE.  See  Cbbeai,s  (i.  823). — Ergot  of  Rye  {Claviccps  •purpurea.  1-)  contains, 
according  to  Neidhardt  (N.  Jahrb.  Pharm.  xviii.  193  ;  Jahresb.  1862,  p.  516),  31  06 
per  cent,  fat  oil,  2'69  resin,  1-3  red  colouring  matter,  0'8  mannite  [mycose,  according  to 
M itseherlich  and  Berthelot,  iii.  106S],  and  3-9  osmazome,  together  with  phos- 
phates, a  volatile  base  (trimethylamine),  gum,  and  fungin  (cellulose  with  red  colouring 
matter).    The  ergotine  of  AViggers  (ii.  499)  is  regarded  by  Neidhardt  as  resin. 

Ergot  may  be  detected  in  rye-flour  by  tirst  boiling  the  flour  twice  with  alcohol,  to 
remove  fatty  and  resinous  matters,  then  treating  the  expressed  residue  with  alcohol, 
and  adding  from  10  to  20  drops  of  dilute  sulphuric  acid.  If  the  rye-flour  is  free  from 
ergot,  the  liquid  remains  colourless,  or  exhibits  only  a  faint  yellowish  tinge  ;  in  the 
contrary  case,  it  acquires  a  red  colour,  more  or  less  deep,  according  to  the  quantity  of 
ergot  present.  (Jacob y.  Anal.  Zeitschr.  iii.  509;  BuU.  Soc.  Chim.  1866,  i.  267.  See 
also  Handwdrterb.  de  Chem.  vii.  730.) 


s. 

SABASXIiXiA.  SEEDS.  The  seeds  of  Veratrum  Sabadilla  (Retz),  or  Veratntm 
officinale  (Schl.),  a  colchiaceous  plant  indigenous  in  Mexico,  contain,  according  to 
Couerbe  (Ann.  Ch.  Phys.  [2]  Iii.  352),  two  organic  bases,  veratrine  and  sabadilline, 
and  two  acids,  sabadillic  or  cevadic  acid  (i.  843),  and  veratric  acid,  together  with  helonin 
or  veratrum-resin. 

Sabadilline,  C^'H^^N'^O^,  according  to  Couerbe,  is  extracted  by  exhausting  the 
pulverised  seeds  with  alcohol  of  specific  gravity  0-845,  treating  the  residue  left  on  dis- 
tilling off  the  alcohol  with  dilute  sulphuric  acid,  decolorising  the  liquid  with  animal 
charcoal,  and  adding  caustic  potash,  which  precipitates  sabadilline,  hydrosabadilline, 
and  veratrine,  together  with  two  non-basic  substances.    This  precipitate  is  dissolved  in 
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dilute  sulphuric  acid,  and  the  solution  is  mixed  with  nitric  acid  as  long  as' a  black 
pitchy  precipitate  is  produced.  The  liquid  filtered  therefrom  is  precipitated  by  caustic 
potash  ;  the  precipitate  is  washed,  dried,  and  dissolved  in  absolute  alcohol ;  and  the 
mass  remaining  after  evaporation  of  the  alcohol  is  boiled  with  water,  which  takes  up 
sabadilline  and  hydrosabadilline.  The  former  separates  on  cooling  in  stellate  gi-oups 
of  apparently  cubic  crystals,  which  have  a  faint  rose  colour,  but  may  be  rendered 
colourless  by  recrystallisation. 

Sabadilline  has  an  extremely  acrid  taste :  it  begins  to  melt  at  200°,  and  decomposes 
at  liigher  temperatures,  emitting  fumes,  and  leaving  a  bulky  cinder.  It  is  moderately 
soluble  in  hot  water,  the  solution  having  a  distinct  alkaline  reaction,  freely  soluble  in 
alcohol,  insoluble  in  ether.  It  is  decomposed  by  strong  mineral  acids,  but  forms 
crystallisable  salts  with  dilute  sulphuric  and  nitric  acids. 

According  to  Simon  (Pogg.  Ann.  xliii.  493),  sabadilline  is  not  a  definite  substance, 
but  a  mixture  of  resin,  alkali,  and  veratrine,  the  latter  being  precipitated  by  ammonia 
from  the  solution  of  the  so-called  sabadilline  in  sulphuric  acid.  According  to 
Hiibschmann,  on  the  other  hsund  {Mittheilunge7i  des  Schweizer  Apothekervereins, 
Band  iii.  Heft  1),  sabadilline  is  a  definite  compound,  and  is  distinguished  from 
veratrine  by  not  exciting  sneezing,  by  its  insolubility  in  ether,  and  by  not  being  pre- 
cipitated by  ammonia  from  its  solution  in  sulphuric  acid. 

Hydrosabadilline  or  Sabadilla  gum-resin,  C*°II-*N-0°,  differing  from  sabadilline  by 
the  elements  of  1  at.  water,  is  contained,  according  to  Couerbe,  in  the  aqueous  mother- 
liquor  of  the  latter,  and  separates  on  evaporation  in  oily  drops,  which  solidify  to  a 
reddish  resinous  mass.  It  melts  at  165°,  is  very  soluble  in  alcohol,  nearly  insoluble  in 
ether,  has  an  alkaline  reaction,  and  unites  with  acids,  but  does  not  form  crystallisable 
salts. 

SACCHABAMIDB.   CH'^O"  =  (CH^O^)"  I ^2.  (Heintz,  Pogg.  Ann.  cvi.  93  ; 

H* 

Jahresb.  1869,  p.  290.) — This  compound  separates  as  a  white  precipitate  when  dry 
ammonia-gas  is  passed  into  an  ethereal  solution  of  ethylic  saccharate  (p.  143).  It  may 
be  crystallised  from  warm  water,  but  is  converted  by  boiling  with  water  into  saccha- 
rate of  ammonimn,  and  is  quickly  decomposed  by  acids  into  ammonia  and  saccharic  acid. 

H*  ) 

SACCHARIC  ACI3.    C^H^O'  =  (CH'O^)"  I  0^  —  An  acid,  isomeric  with 

H'-'  j 

mucic  acid,  produced  by  the  action  of  nitric  acid  on  cane-sugar,  glucose,  milk-sugar,  and 
mannite.  It  was  first  observed  by  Scheele  {Opuscula,  ii.  203),  who  mistook  it  for 
malic  acid,  and  it  has  been  studied  by  Guiirin-Varry  (Ann.  Ch.  Phys.  [2],  xlix.  280; 
lii.  318;  Ixv.  332),  Erdmann  (Ann.  Ch.  Pharm.  xxi.  1),  Hess  {ibid.  xxvi.  1; 
XXX.  402),  Thaulow  (/iiV7.  xxvii.  113),  Liebig  [ibid.  xxx.  313;  cxiii.  1;  Jahresb. 
1859,  p.  261),  and  Heintz  (Pogg.  Ann.  Ixi.  316;  cv.  211;  cvi.  93;  cxi.  265,  291  ; 
Jahresb.  1868,  p.  251 ;  1859,  p.  290;  1860,  p.  259).  See  also  Gm.  xi.  513  ;  Gerh.  ii. 
145  :  KekuM's  Lchrbitch,  ii.  238. 

Preparation. — 1.  One  part  of  cane-sugar  is  warmed  with  3  pts.  nitric  acid,  of  specific 
gravity  1'25  to  1'30,  till  a  reaction  is  set  up  ;  the  vessel  is  then  removed  from  the 
fire ;  and  after  the  first  brisk  action  is  over,  and  the  liquid  has  cooled  to  50°,  it  is 
kept  at  that  temperature  over  a  moderate  fire  as  long  as  red  fumes  continue  to  escape. 
It  is  then  diluted  with  half  its  bulk  of  water,  and  divided  into  two  parts,  one  of  which 
is  saturated  with  carbonate  of  potassium,  and  then  mixed  with  the  other ;  or  the  entii-e 
liquid  may  be  neutralised  with  the  alkaline  carbonate,  and  then  treated  with  excess  of 
acetic  acid.  The  liquid,  after  several  days'  repose,  deposits  crystals  of  acid  potassie 
saccharate,  which  may  be  purified  by  repeated  crystallisation  from  boiling  water,  with 
addition  of  animal  charcoal,  if  necessaiy  (Heintz).  Or  the  acid  ammonium-salt 
may  be  prepared  instead  of  the  potassium-salt.  (Liebig.) 

2.  When  1  pt.  of  milk-sugar  is  oxidised  with  '2^  pts.  nitric  acid  of  specific  gravity 
1-32,  diluted  with  2^  pts.  water,  mucic  acid  (about  33  per  cent.)  is  first  formed  and 
separates  out ;  and  the  liquid  filtered  therefrom,  consisting  chiefly  of  a  solution  of 
saccharic  acid,  may  be  concentrated  at  a  gentle  heat  to  about  one-third,  and 
neutralised  mth  carbonate  of  potassium. 

Pree  saccharic  acid  is  best  prepared  from  the  cadmium-salt.  The  acid  saccharate 
of  potassium  or  ammonium  is  dissolved  in  boiling  water;  the  solution,  neutralised  with 
potash  or  ammonia,  is  mixed  at  the  boiling  heat  with  the  solution  of  a  cadmic  salt,  and 
tjoiled  for  some  time,  and  the  cadmic  saccharate  thereby  precipitated  is  decomposed  by 
sulphydric  acid.  (Heintz.) 

Properties. — Saccharic  acid  is  not  crystallisable,  but  if  rise  of  temperature  has  been 
avoided  during  its  preparation,  it  may  be  obtained  in  the  form  of  a  colourless  brittle 
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mass.  It  is  deliqupscent,  easily  soluble  in  water  and  alcohol,  insoluble  in  ether.  The 
solution  of  saccharic  acid  prepared  from  cane-sugar  is  dextrorotatory. 

Decompositions. — Saccharic  acid  turns  brown  even  at  the  heat  of  the  water-bath. 
It  reduces  the  metal  from  solution  of  auric  chloride,  and  when  heated,  also  from  ammo- 
niacal  silvir-soliition.  When  oxidised  by  nitric  acid,  it  yields,  first,  dextrotartaric, 
then  oxalic  acid.  When  heated  with  hydrate  of  ■potassium  to  250°,  it  yields  acetate 
and  oxalate  of  potassium: 

CH^K-O'  +  2KnO    =    2C^H»K0^  +  C=K"0*  -t-  2H-0. 

Sacchaiate.  Acitate.  Oxalate. 

Saccharates. — Saccharic  acid  is  mostly  dibasic,  forming,  with  the  alkali-metals, 
both  neutral  and  acid  salts.  With  lead,  howevei-,  it  forms  a  salt  containing  3  at.  of 
metal,  which  replace  6  at.  of  hydrogen. 

The  acid  potassium-salt,  C''H"KO',  prepared  as  above,  forms  trimetrio  crystals, ^ex- 
hibiting the  combination  ooPoo  .  ooP.  .Pco .  Angle  ooP  :  ccP  =  103°26°;Poo  :  Pco 
=  131°  46.  Axes  a  :  b  :  c  =  1-7631  :  2-2338  :  1.  Cleavage  easy,  parallel  to  oP.  It 
is  somewhat  difficult  of  solution  in  watrr,  1  pt.  of  it  requiring  from  80  to  90  pts.  of 
water.  The  neutral  potassium-salt,  CH^K'-O",  forms  a  crystalline  crust.  The  acid 
ammonium-salt,  C'*H^(NII*)0",  forms  quadrilateral  prisms,  about  as  soluble  as  the 
corresponding  potassium-salt.  The  ncMtrcd  ammonium-scdt  and  the  sodium-scdts  have 
not  been  obtained  in  tlie  crystalline  form. 

Saccharate  of  barium,  CIPBa'D*,  and  the  corresponding  strontium-  and  calcium - 
salts,  are  precipitates  insoluble  in  water,  and  when  obtained  from  hot  solutions,  consist 
of  microscopic  crystals.  Free  saccharic  acid  does  not  precipitate  the  salts  of  barium, 
strontium,  and  calcium,  but  forms  precipitates  with  baryta-,  stontia-,  and  lime-water. 
Soluble  saccharates,  even  the  acid  salts,  form  precipitates  with  barium-,  strontium-,  and 
calcium-salts. 

The  magnesium-salt,  C«H'Mg"0».3H-0,  the  zinc-salt,  C«H>*Zn"0'.H-0,  and  the 
cadmium-sedt,  C''H"Cd'0',  are  crystalline,  nearly  insoluble  in  cold  water,  somewhat 
soluble  in  boiling  water.  When  neutral  saccharate  of  potassium  or  ammonium  is 
precipitated  by  a  cold  solution  of  cadmium-salt,  a  floccident  precipitate  is  formed, 
which  cakes  together  into  aresino-as  mass  ;  if  the  two  solutions  are  mixed  at  the  boiling 
heat,  a  white  heavy  powder  is  formed,  consisting  of  microscopic  needles. 

The  bisiuuth-sedt  is  obtaincd,'as  a  flccculent  precipitate,  on  adding  ue-atral  saccharate 
of  potassium  to  a  solution  of  bismuth-nitrate  in  a  large  quantity  of  water.  The 
copper-salt  is  obtained  by  dissolving  cupric  hydrate  in  aqueous  saccharic  acid.  The 
green  solution,  if  free  from  excess  of  acid,  deposits  a  green  precipitate,  which  does  not 
blacken  when  boiled.  The  ferrous  salt  is  obtained,  as  a  gummy  mass,  by  dissolving 
metallic  iron  in  saccharic  acid  and  evaporating.  Ferric  hydrate  dissolves  with  yellow 
colour  in  saccharic  acid  and  saccharate  of  potassium. 

Saccharates  of  Lead. — These  salts  vary  greatly  in  composition,  according  to  the 
manner  in  which  they  are  prepared.  When  saccharate  of  potassium  is  boiled  with 
excess  of  neutral  lead-acetate,  a  resinous  salt  separates,  agreeing  approximately  in 
composition  with  the  formula  C'^H"P"b-''0"^ ;  and  by  boDiug  the  solution  decanted  there- 
from, an  amorphous  salt  is  obtained,  corresponding  with  the  formula  C"II''P"b-0'* 
(H  ein  tz).  Thaulow,  by  the  same  process,  obtained  a  heavy  granular  precipitate,  having 
nearly  the  composition  C'-H"'P"b^O'^.  If  the  boiling  be  prolonged,  the  precipitate 
becomes  continually  richer  in  lead,  and  after  9  or  10  hours'  boiling,  has  the  com- 
position C«H  'P"b^6s.    (H  e  i  n  t  z.) 

Saccharate  of  silver,  CH^Ag^O*,  is  obtained  by  mixing  the  neutral  potassium-salt 
with  nitrate  of  silver,  as  a  white  precipitate,  which,  in  presence  of  an  excess  of  the 
potassium-salt,  remains  white  on  boiling  and  becomes  crystalline.  It  is  very  soluble 
in  ammonia,  the  solution  depositing  metallic  silver  when  boiled. 

SACCHARIC  ETHERS.  Neutral  Ethylic  saccharate,  C''H'*(C=H*)-0^  is  obtained 
by  passing  liydrochlorie  acid  gas  into  a  solution  of  saccharic  acid  in  absolute  alcohol; 
or,  better,  into  absolute  alcohol  containing  saccharate  of  calcium  in  suspension.  In 
the  latter  case,  a  crystalline  compound  of  ethylic  saccharate  and  chloride  of  calcium, 
2C*H''(C-H^)-0^.Ca"CP,  separates,  which  is  easily  soluble  in  water,  slightly  soluble 
in  alcohol,  insoluble  in  ether.  On  dissolving  this  compiound  in  a  small  quantity 
of  water,  adding  a  little  alcohol,  and  a  strong  solution  of  sodic  sulphate,  evaporating 
quickly  to  dryness  in  a  vacuum,  exhausting  the  residue  with  alcohol,  and  adding  a 
large  quantity  of  ether,  a  solution  is  obtained,  which,  when  left  to  evaporate,  leaves 
the  neutral  ethylic  saccharate  in  the  form  of  a  syrup,  -which  gradually  solidifies  to 
a  crystalline  mass.  It  is  easily  soluble  in  water  and  in  alcohol,  sliglitly  soluble 
in  ether.  The  ethereal  solution,  treated  with  dry  ammonia-gas,  yields  saccharamide 
(p.  142).    (Heintz,  Pogg.  Ann.  cv.  211  ;  Jahresb.  1858,  p.  251.) 
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Ethyl-saccharic  acid,  C^H'(C^II')0',  has  not  yet  been  obtained  ;  but  by  passing 
hydrochloric  acid  gas  into  absolute  alcohol  in  which  acid  saccharate  of  potassium  was 
suspended,  Heintz  obtained  a  crytalUsable  compound,  C''H'(C''H*)0*,  containing  1  at. 
■water  less  than  ethyl-saccharic  acid — probably  the  ethylic  ether  of  the  first  anhydride 
of  saccharic  acid :  thus — 

Anhydride.  Ether. 
SACCHARIB.  CH'^O^ — A  compound  produced,  according  to  G61is  (Compt. 
rend,  xlviii.  1062;  Jahresb.  1869,  p.  547),  by  heating  cane-sugar  for  some  time  to 
160°.  The  sugar  is  then  converted  into  a  mixture  of  saccharid  and  dextroglucose  : 
C12H220"  =  C»H'»05  -I-  CH'W;  it  acquires  the  appearance  of  fruit-sugar;  only  half 
of  it  is  fermentable  ;  and  it  reduces  only  half  as  much  cupric  oxide  in  alkaline  solution 
as  an  equal  quantity  of  glucose  or  inverted  sugar.  By  the  action  of  dilute  acids,  how- 
ever, it  is  rendered  wholly  fermentable,  and  then  behaves  towards  reducing  agents  like 
ordinary  glucose. 

SACCHARIBES.  Berthelot  applies  this  term  to  compounds  formed  by  heating 
dextroglucose,  and  other  kinds  of  sugar,  with  organic  acids.  The  formation  of  these 
compounds  is  attended  with  elimination  of  water,  and  they  are  capable  of  breaking  up 
again,  by  assimilation  of  water,  into  the  original  acid  and  carbohydrate  :  e.g. — 


-  3H=0 

Butyric  acid. 

Glucose. 

Dibutyro- 
glucose. 

ec^H^o^  + 

-  TH^O 

Acetic  acid. 

Glucose. 

Hexaceto- 
gluoose. 

4C*H«0»  + 

-  bWO 

Tartaric  acid. 

Glucose. 

GUicoso-tetra- 
tartaric  acid. 

The  saccharides  are  subdivided  into  glucosides,  or  those  produced  from  dextro- 
glucose; levulosides,  from  Isevo-glucose ;  galactosides,  from  lactose  or  milk- 
sugar;  and  inosides,  from  inosite.  The  natumlly  occurring  bitter  principles,  which 
are  resolvable  by  boiling  with  dilute  acids  into  an  organic  acid  and  glucose,  but 
have  not  been  prepared  artificially,  are  analogous  in  composition  to  Berthelot's 
saccharides.  Berthelot  likewise  includes  under  saccharides  the  compounds  formed  by 
the  action  of  acids  on  starch,  dextrin,  cellulose,  and  other  carbohydrates :  e.g.,  xyloi- 
din  from  starch  and  nitric  acid,  pyroxylin  from  cellulose  and  nitric  acid. 

The  formation  of  the  saccharides  occurs  for  the  most  part  by  long  contact  at  100°  or 
120°;  with  some  kinds  of  sugar,  as  with  trehalose,  the  temperature  may  be  raised  as 
high  as  180°.  Only  a  part  of  the  sitgar  thus  enters  into  combination. — They  are 
decoraposible  into  their  constituents  under  the  same  conditions  as  the  fats,  but  with 
greater  difficulty.  Water  scarcely  acts  upon  them  at  100'^ ;  at  higher  temperatures 
the  sugar  itself  would  be  destroyed.  Continuous  boiling  with  dilute  acids  decomposes 
them  completely  into  the  original  acid  and  fermentable  sugar ;  part  of  the  latter,  how- 
ever, easily  undergoes  a  further  decomposition  into  glueic  acid  and  humus-like  bodies. 
Some  saccharides  suffer  decomposition  by  contact  with  ferments. 

The  saccharides,  like  the  natural  fats,  are  soluble  in  water  when  they  contain  a 
volatile  acid  ;  insoluble  when  they  contain  a  fixed  acid.  The  soluble  saccharides  have 
an  intensely  bitter  taste;  they  deflect  the  polarisation  in  the  same  direction  as  the 
sugar  from  which  they  are  derived  ;  none  of  them  axe  volatile,  but  some  of  them  emit 
a  peculiar  smell  when  warmed. 

Eespecting  the  classification  of  the  saccharides,  see  Berthelot,  Chimie  Orgamque 
fondee  sur  la  Si/iithesc,  ii.  271 ;  also  Gmelin's  Handbook,  xv.  317. 

SACCHARXMETBRS  and  SACCHA.IIOIVIETERS.  Instruments  for  deter- 
mining the  amount  of  sugar  contained  in  solutions.  The  latter  term  is,  however, 
applied  more  especially  to  hydrometers  graduated  for  the  purpose.  (See  Sugar.) 

SACCHABXTE.  A  granular  variety  of  andesin,  having  traces  of  cleavage  in  one 
direction,  occurring  in  veins  in  serpentine  at  the  ehrysoprase  mines  near  Frankenstein 
in  Silesia.  Specific  gravity  =  2'668.  Contains,  according  to  Schmidt  (Pogg.  Ann. 
Ixi.  38o),  58-93  per  cent,  silica,  23-50  alumina,  1-27  ferric  oxide,  5-67  lime,  0-56 
magnesia,  0-05  potash,  7"42  soda,  0-39  oxide  of  nickel,  and  2-21  water. 

SACCHABOXD.    A  name  given  by  Kane  to  a  sweetish  substance,  probably 

identical  vnth  orcin,  produced  by  the  decomposition  of  Heeren's  pseudo-erythrin 
(ethylic  orsellinate). 

SACCHAKOItSETEB.    See  Sacchabimeteb. 
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Sii-CCHlXlilffilisr,  SiiCCHUIiSaciC  ACXS.    Brown  substances  obtained  in  tho 
doeoniposirioH  of  siinav  by  dilute  acids.   (See  Ulmln.) 
SAPETY-i.^lffiP.    (See  Combustion,  i.  1101.) 

S  ArST'H'-TUES.  An  arrangement  adapted  to  a  gas-generating  vessel,  to  prevent 
the  liquid  into  which  the  delivery-tube  dips,  from  passing  back  into  the  vessel,  in  con- 
sequence of  diminished  internal  pressure.  The  simplest  form  consists  of  a  straight 
tube  passing  through  tlie  cork  of  the  generating  vessel  and  dijjping  below  the  surface  of 
the  liquid,  or  of  a  tube  bent  twice  at  right  angles,  passing  just  through  the  cork,  so 
that  a  portiim  of  liquid  may  remain  in  the  lower  bend,  and  form  a  liquid  joint,  cutting 
off  the  communication  between  the  inside  of  the  vessel  and  the  external  air.  In  either 
ease,  when  the  pressure  within  the  vessel  becomes  less  than  that  of  the  atmosphere,  air 
will  pass  in  through  the  safety-tube  and  restore  the  equilibrium.  The  safety -tulx^ 
likewise  diminishes  the  danger  of  bursting  from  sudden  increase  of  tension  within  the 
vessel.  (For  figures  of  various  forms  of  safety-tube,  see  liandwortcrhuch  der  Chcmi'', 
vii.  853.) 

SAFS'liORlTS.  Native  arsenide  of  cobalt,  containing  a  considerable  quantity  of 
iron.   (See  Cobalt,  i.  10-i2.) 

SAFPaOWEJl.    Carihamus  tinctorius  (i.  808). 

SAFFROHT.  A  yellow  substance,  consisting  of  the  dried  stigmas,  with  part  of  the 
styles,  of  the  saffron  crocus  {Crocus  sativiis),  a  plant  indigenous  in  Greece  and  Asia 
Minor,  and  extensively  cultivated  in  Austria,  France,  and  Spain,  formerly  also  in 
England.  The  stigmas  are  from  an  inch  to  I5  inch  long,  narrow  and  roundish  whei-<' 
they  are  attached  to  the  style,  but  spreading  and  club-shaped  near  the  extremity,  whicli 
is  truncated.  They  have  an  orange  or  brownish-red  colour,  yellow  in  the  narrower  part, 
a  strongly  aromatic,  almost  intoxicating  odour,  an  aromatic  bitter  taste,  and  impart  a 
strong  yellow  colour  to  the  saliva,  as  also  to  water,  alcohol,  and  oils.  Strong  sulphuric 
acid  colours  them  first  indigo-blue,  then  red,  and  finally  brown. 

Saffron  is  used  as  a  dye  ;  also  in  medicine,  chiefly  for  the  colouring  of  tinctures,  &c. 
On  account  of  its  high  price,  it  is  often  adulterated  with  other  suljstances  of  similar 
colour,  such  as  the  florets  of  the  safHower  or  tlie  marigold,  slices  of  the  flowers  of  the 
pomegranate,  &c.  ;  but  these  substances  are  easily  detected,  on  close  examination,  by 
their  different  shape  and  colour.  Saffron  was  formerly  met  with  in  two  forms,  called 
h a)/ -saffron  and  caJce-saffron  ;  but  the  former  is  now  alone  in  demand,  the  latter 
being  entirely  an  artificial  compound  of  the  florets  of  the  safHower,  gum,  and  other 
materials. 

According  to  an  analysis  by  Bouillon-Lagrange  and  Vogel,  saffron  contains  7'5  per 
cent,  of  volatile  oil  (including  stearoptene),  65'0  saffron-yellow  or  safraniu,  0-6  wax,  6'5 
gum,  0'3  albumin,  lO'O  vegetable  fibre,  and  lO'O  water. 

Quadrat,  by  evaporating  an  ethereal  extract  of  saffron,  obtained  a  yellowish  fatty 
body,  which  was  partially  soluble  in  boiling  alcohol,  and  when  treated  with  hot  water 
left  a  snow-white  residue,  melting  at  about  48°.  As  the  alcohol  cooled,  crystals  sepa- 
rated out,  while  a  fatty  body  (?  oleic  acid)  remained  in  solution.  Similar  crystals  were 
likewise  obtained  by  directly  boiling  the  saffi'on  with  absolute  alcohol,  and  lea\'ing  the 
liquid  to  cool.  Quadrat  also  found  in  saffron,  glucose  and  a  perhaps  peculiar  acid. 
Saflron  when  burnt  left  8'9  per  cent,  ash,  containing  potash,  soda,  lime,  magnesia, 
chlorine,  sulphuric,  phosphoric,  silicic,  and  carbonic  acids.  (Handw.  d.  Chcm.,\i\.  61  ; 
Vcmvj  Cijdopadia,  xx.  309.) 

S  ArRAWIM,  or  SAE°P:KOIT-YEIiXiOW.  (Bouillon-Lagrange  and  Vogel, 
Ann.  Chim.  Iviii.  198. — N.  K.  Henry,  J.  I'harm.  viii.  399. — Quadrat,  J.  pr.  Chem.  Ivi. 
68.) — A  colouring  matter  obtained,  though  not  in  the  pure  state,  from  saffron.  Quadrat 
prepares  safranin  by  first  exhausting  saifrou  with  ether,  then  boiling  it  with  water, 
and  precipitating  the  decoction  with  acetate  of  lead,  decomposing  the  precipiitate  with 
svdphydric  acid,  then  washing  it,  and  boiling  it  with  alcohol  of  40  per  cent.  The 
alcoholic  solution  when  concentrated  first  deposits  crystals  of  sulphur,  and  ou 
evaporating  the  remaining  liquid  to  dryness,  dissolving  in  water,  filtering,  and  again 
evaporating,  safranin  is  obtained  as  a  roseate  inodorous  powder,  easily  sohible  with 
yellow  colour  in  water  and  alcohol,  very  slightly  soluble  in  ether,  and  slowly  altering 
by  exposiu'e  to  light  and  air.  It  is  coloured  blue  by  strong  sulphuric  acid,  green  by 
nitric  acid,  blackish  by  hydi'ocldoric  acid.  Ilochleder  (J.  pr.  Chem.  Ixxiv.  1)  regards 
saffron-yellow  as  identical  with  the  colouring  matter  of  the  pods  of  Gardenia  grandi- 
Jlora,  and  designates  both  as  orocin  (ii.  108). 

SAO'APSM'UIME.    A  gum-resin  imported  from  Egypt  and  Persia,  and  probably 
derived  frum  Finilajjcrsica.   It  occurs  in  commerce,  in  yellow  or  reddish  agglomerated 
Vol.  V.  L 


146 


SAGENITE— SAL. 


granules,  having  an  odour  of  garlic  and  an  acrid  bitter  taste.  It  softens  in  tlie 
hand,  but  does  not  melt  at  a  higher  temperature.  Contains,  aeordiug  to  Brandi's, 
volatile  oil,  two  resins,  bassorin,  gum,  malic  acid,  ash,  and  impurities. — It  yields  um- 
belliferone  by  dry  distillation  (Sommer),  and  when  treated  with  nitric  acid,  forms 
sty  phnic  or  other  acids.  (Bottger  and  Will ;  Brandes,N.  Tr.  ii.  2,97;  Pelletier, 
Bull.  Pharm.  iii.  481.) 

The  volatile  oil  of  sagapenum  is  obtained  by  distillation  with  water.  It  is  lighter 
than  water,  yellow,  limpid,  and  has  a  repulsive  odour  of  garlic.  When  exposed  to 
the  sun  and  air,  the  oil  is  converted  into  a  transparent  varnish,  acquiring  at  the  same 
time  a  smell  of  turpentine.  Strong  nitric  acid,  when  heated  with  it,  turns  it  thick  and 
yellowish-red,  with  formation  of  oxalic  acid.  It  assumes  a  dark-red  colour  with  oil  of 
vitriol,  and  dissolves  in  alcohol  and  ether.  (Brandes.) 

The  alcoholic  extract  of  sagapenum  is  resolved  by  ether  into  two  resins : — 
a.  The  resin  insoluble  in  ether  is  brown-yellow,  brittle,  inodorous  and  tasteless,  and 
fusible  when  heated.  It  dissolves  easily  in  warm  caustic  potash  and  in  alcohol,  but 
is  insoluble  in  aqueous  ammonia,  and  in  volatile  and  fat  oils. — b.  The  resin  soluble  in 
ether  is  red-yellow,  transparent,  tough  at  first,  and  has  a  slight  odour  of  sagapenum, 
and  a  mild,  afterwards  bitter  taste.  It  melts  when  warmed,  and  dissolves  with 
dark-red  colour  in  oil  of  vitriol.  It  dissolves  slightly  in  aqueous  ammonia,  partially 
only  in  caustic  potash,  easily  in  alcohol  and  ether,  and  very  slightly  in  hot  oil  of  tur- 
pentine and  oil  of  almonds.  (Brandes.) 

Sagapenum  treated  with  cold  alcohol  of  specific  gravity  0-83,  yields  a  pale-yellow 
solution,  a  considerable  residue  soluble  in  water  remaining  behind.  The  pale-yellow 
resin,  which  remains  on  evaporating  the  alcoholic  solution,  has  a  strong  smell  of  garlic, 
melts  at  100°,  and  gives  up  to  water,  when  repeatedly  boiled  therewith,  a  substance 
having  a  bitter  and  onion-like  taste  :  the  residue  dried  at  110°,  dissolved  in  alcohol, 
again  evaporated,  and  dried  at  66°,  is  semifluid,  and  contains  69'06  per  cent.  C,  8-51 
H,  and  21'43  0  ;  after  being  melted  for  some  hours  at  100°,  it  is  darker,  but  stiU 
remains  sticky,  and  contains  69"84  per  cent.  C,  8-63  H,  and  21'53  0.  (Johnston, 
Phil.  Trans.  1840,  p.  361.) 

SA.G'EII'ITS.    A  variety  of  Eutile.    (See  Titanium.) 

SASO.  A  kind  of  starch,  prepared  in  the  islands  of  the  Indian  Archipelago, 
Madagascar,  and  Guinea,  from  the  pith  of  the  stems  of  certain  palms :  e.  g.,  Sagus  Rum- 
phii  W.,  8.  farinifera  Gartn.,  8.  Raffia  Jacq.,  8.  Rctphia  P.  B.,  8.  lavis  Jacq.,  8. 
gennina  Labill,  &e. ;  and  in  China  and  Japan  from  certain  Cycads,  as  Cyc.as  cireinalis  L. 
and  Cycas  revolufa  L.  The  pith  is  well  stirred  up  with  water  on  sieves  ;  and  the 
starch  deposited  from  the  water  is  washed,  half  dried  in  the  air,  then  rubbed  through' 
suitable  sieves,  to  granulate  it ;  and  finally  dried,  either  in  the  open  air,  or  in  ovens  at  a 
heat  of  about  60°,  whereby  the  grains  become  more  or  less  horny  and  translucent. 

Several  kinds  of  sago  are  distinguished  : — White  sago  forms  irregular  pure  white 
grains ;  red  sago,  round  regular  grains,  brown-red  on  one  side ;  brown  sago,  round 
irregular  grains  of  various  sizes,  and  of  a  grey-brown  colour,  lighter  in  parts  ;  pearl 
sago,  yellowish  grains  of  the  size  of  a  pin's  head.  The  specific  gravity  of  sago  varies 
from  0-670  to  0  776.  The  grains,  when  steeped  in  cold  water,  take  up  more  or  less 
of  it,  and  swell  up  to  several  times  their  original  bulk,  becoming  transparent  and  gela- 
tinous. The  water  takes  up  a  small  quantity  of  chloride  of  sodium,  and  gives  a  blue 
colour  with  iodine,  as  does  also  the  swelled  sago  itself.  The  microscope  shows  that 
the  external  layers  of  the  grains  have  been  most  disorganised  by  the  heat  employed 
in  drying  the  sago. 

The  so-called  "German  sago"  is  prepared  from  ordinary  wheat  or  potato-starch,  and 
is  granulated  in  the  same  manner  as  genuine  sago.  It  is  pure  white,  only  partly 
somi-translucent,  less  hard  and  more  friable  than  true  sago. 

SASZiXTS.  A  variety  of  Augite,  from  Sahla,  in  Sweden.  It  has  a  dingy  green 
colour,  and  is  coarsely  foliated,  arising  from  composition  parallel  to  the  base. 

SAZi.  The  Latin  names  formerly  used  in  chemistry  to  distinguish  salts  are  in  some 
cases  still  retained  in  pharmaceutical  language.  The  following  are  examples  of  these 
names : — 

Sal  acetosella.  Acid  oxalate  of  potassium,  j  8al  aperitivum  Fricelericiamim.  Sulphate 


Sal  alkali  nmierale.  Carbonate  of  sodium. 
Sal  alkali  vegetabile.   Carbonate  of  potas- 
sium. 

Sal  alkali  volatile  siccum,  or  simply  Sal 

volatile.    Carbonate  of  ammonium. 
Sal  amariim.    Sulphate  of  magnesium. 


of  sodium. 

Sal  aiiri  philosophicim.  Acid  sulphate 
of  potassium. 

Sal  ccttharticum.   Sulphate  of  magnesium. 

Sal  cornu  cervi.  Carbonate  of  ammo- 
nium. 
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Sal  dc  duohus.    Neutral  sulphate  of  po- 
tassium. 

Sal  digestivum  Sylvii.  ?  Chloride  of  potas- 

Sal fi'lrrifugiim  Si/lvti. )  sium. 

Sal  duplicatum.     Neutral  sulphate  of 

potassium. 
^>((/  martis.  Crystallised  ferrous  sulphate. 
Sal    microcosmicum.       Ammonio  -  sodic 

phosphate. 
Sal  ndrahilc pcrlatuni.  Disodic  orthoplios- 

phate. 

Sal  narcoticum  vitrioli.    Boric  acid. 


Sal polychrcstum  Glascri,  8.  Lamcrianiim, 
S.  Parmensc.  Neutral  sulphate  of  po- 
tassium. 

Sal  folyclircstum  Sclgnctti.  Tartrate  of 
potassium  and  sodium. 

Sal  Saturni.    Acetate  of  lead. 

Sal  secrctuni  Glauhcri.  Sulphate  of  am- 
monium. 

Sal  Sf  dat.  vum  Ilovthi  rgii.    Boric  acid. 
Sal  succaii.  Am^ber. 
Sal  tartari.    Carbonate  of  potassium. 
Sal  urincB  fixnm,  S.  fv^ihle,  S.  nativiim. 
Ammonio-sodic  phosjihate. 


SAZiA.3SAM^!^B>  The  common  salamander,  Lacerta  salamaiidra  (L.),  secretes,  in 
the  warts  of  its  skin,  a  white  milky  liquid,  wliich  has  a  strong  offensive  odour  and 
distinct  acid  reaction,  is  somewhat  viscid  when  fresh,  and  quickly  coagulates  ;  alcohol 
causes  it  to  coagulate  immediately.  This  liquid,  when  introduced  under  the  skin  of 
other  animals,  exerts  a  strong  poisonous  action :  in  birds  it  produces  violent  convulsions, 
ending  in  death ;  in  mammals  the  convulsions  are  much  less  violent,  and  the  morbid 
symptoms  ultimately  disappear  without  fatal  result.  The  poisonous  principle  is  said 
to  be  of  basic  nature,  and  soluble  in  alcohol.  (Gratiolet  and  Cloez,  Compt.  rend, 
xxxii.  592;  ssxiv.  729.) 

SAXfiL^^CAXrA..  Hirundo  (sndcnfa. — This  bird  is  said  to  construct  the  edible 
nests  obtained  by  the  Chinese  from  the  coasts  of  Cochin-China,  Java,  and  other  islands 
of  the  Indian  Archipelago.  According  to  Mulder  (J.  pr.  Chem.  svii.  69),  the  nests 
usually  have  theform  of  a  spoon  withoutthe  handle ;  they  are  white  or  slightly  coloured, 
have  a  vitreous  fracture,  and  contain  about  90  per  cent,  of  a  peculiar  nitrogenous  sub- 
stance, which  lie  calls  rcossin  ;  also  about  5  prT  cent,  phosphates,  and  a  small  quantity 
of  fat.  According  to  Pay  en  {Precis  de  Chimie  Industridle,  4me,  ^d.  ii.  727),  the  nutri- 
tive matter  of  these  nests,  to  which  he  gives  the  name  of  cubilosc,  exhibits  the  cha- 
racters of  the  neutral  albuminoids. 

SAXiSP.  Salcb,  Salah. — The  tuberose  roots  of  certain  species  of  orchis,  as  Orchis 
Murio,  0.  mascuJa,  0.  carioiyhorus,  0.  inilitaris,  0.  latifolia,  0.  macidata,  &e.  The  roots 
are  gatliered  in  summer,  when  the  tuber  of  the  previous  year  has  died  away,  and  the 
new  one  is  fully  developed.  They  are  soaked  for  a  few  minutes  in  boiling  water,  and 
then  dried.  Salep  thus  prepared  forms  round  or  hand-shaped,  somewhat  flattened, 
horny,  translucent,  greyish-yellow  lumps,  having  a  sickly  taste  and  faint  peculiar  odour, 
and  easily  reduced  to  a  dirty  yellow  powder.  In  cold  water  this  powder  swells  up 
slowly,  in  hot  water  quickly,  to  a  bulky  semi-transparent  jelly.  One  p)t.  of  salep  is 
capable  of  converting  48pts.  of  boihng  water  into  a  thick  gum,  which  becomes  compact 
and  solid  on  the  addition  of  magnesia  or  of  borax. 

According  to  some  authorities,  siilep  consists  chiefly  of  a  gum  resembling  bassorin  (ii. 
955),  with  small  quantities  of  starch  and  gum  ;  according  to  Mulder  (Ann.  Ch.  Pharm. 
xsvii.  283),  of  pectic  acid.  According  to  Schmidt  (ihid.  li.  29),  salep,  when  examined 
with  the  microscope,  exhiliits  distinct  grains  of  starch,  or  at  all  events  of  a  substance 
which  is  turned  blue  by  iodine.  Salep-mucilage  liquefies  when  digested  with  dilute 
sulphuric  acid,  the  amylaceous  substance  being  converted  into  gum  and  sugar, while  the 
cellular  membrane  forms  a  pirecipitate.  Salep-bassorin  appears  to  consist  merely  of 
this  membrane  swollen  by  water.  Pulverised  salep,  dried  at  10()°,  left  1-59  per 
ci'nt.  ash,  consisting  of  calcic  carbonate  with  calcic  and  magnesic  phosphates. 

SAIsH'S'BSSAIVKS^S.    Syn.  with  IIydeosaucyiamide  (iii.  218). 

SAXiICXBT.  C'lIi^O'.— (Leroux,  Ann.  Ch.  Phys.  [2]  xliii.  440.— Bracon not, 
ihid.  xliv.  296. — Pelouzo  and  Gay-Lassac,  ihid.  xliv.  220;  xlviii.  111. — Piria, 
ihid.  Ixix.  281 ;  [3]  xiv.  257. — Bouchardat,  Compt.  rend,  xviii.  299;  xix.  602  ;  xx. 
610,  1635.— Gerhardt,  Ann.  Ch.  Pliys.  [3]  vii.  215;  Traite,  iii.  311.— Gm.  xv.430.) 
— This  substance,  discovered  by  Leroux,  an  apothecary  of  Vitry-le-Fran<;ais,  exists 
ready-formed  in  the  barks  of  several  spiecies  of  willow  and  poplar,  especially,  accord- 
ing to  Braconnot,  in  that  of  Salix  helix,  S.  amygdalina,  Popidus  tnnnda,  and  P.  gra-ca. 
It  appears  also  to  be  contained  in  the  flower-buds  of  meadow-sweet  {Spircea  JJlmaria), 
and  in  the  green  parts  of  this  and  other  herbaceous  spiraeas,  inasmuch  as  these  plants 
yield  salicylol  by  distillation  with  water  (Buchuer,  N.  Eepert.  Pharm.  ii.  1);  also 
in  castoreum  (i.  814),  being  derived  from  the  willow-barks  which  constitute  the  principal 
food  of  the  beaver.  (Wohler.) 

Salicin  is  produced  artificially:—!.  By  the  action  of  nascent  hydrogen  on  helioin, 
C'^H"''0'  (iii.  139).    Wlieii  an  aqueous  solution  of  that  substance  is  digested  with 
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sodium-aTn.ilgani,  and  evaporated  to  dryness  after  supersaturation  with  carbonic  acid, 
salicin  remains  in  the  residue,  and  may  be  extracted  therefrom  by  alcohol  (Lisenko, 
Zeitschr.  Ch.  Pharm.  1864,  p.  677). —  2.  Together  with  benzoic  acid,  by  boiling  popu- 
lin  (iy.  690)  with  lime  or  baryta-water  : 

C2ojj2;o8    +    H-0      =      CH^O^    +  CH'SQ'. 

Populin.  Benzoic  Salicin. 

acid. 

Or,  together  with  ethylic  benzoate  and  benzamide,  by  heating  populiu  to  100°  in  a 
sealed  tube  with  alcoholic  ammonia.  (Piria). 

Preparation. — 1.  Six  poimds  of  dry  chopped  willow  or  poplar  bark  are  boiled  with 
water;  the  liquid  is  strained,  concentrated  down  to  18  pounds,  mixed  while  still  hqt 
with  2  pounds  of  levigated  oxide  of  lead,  digested  for  2-1  hours,  and  again  strained  ; 
the  residue  is  thoroughly  washed  ;  and  the  filtrate  is  evaporated  to  a  syrup,  and  left  to 
crj'stallise.  An  additional  quantity  of  salicin  is  obtained  from  the  niother-liqnors 
after  they  have  again  been  treated  with  oxide  of  lead,  and  the  entire  product  is  puri- 
fied by  repeated  crystallisation  (Duf  los,  Schw.  J.  Ixvii.  25). — 2.  The  aqueous  decoc- 
tion of  the  bark  is  precipitated  with  basic  acetate  of  lead;  the  filtrate  is  boiled  with 
chalk,  till  the  excess  of  the  basic  acetate  is  decomposed,  and  the  liquid  becomes  clear 
and  colourless  ;  then  evaporated  to  an  extract ;  and  this  extract  is  exhausted  with 
alcohol  of  34°,  and  left  to  crystallise  (Peschier,  Ann.  Ch.  Phys.  [2]  xliv.  418). — 
8.  Sixteen  pta.  of  bark  are  macerated  vrith  2  pts.  lime  and  with  water  for  24  hours ; 
the  mixture  is  boiled  for  half  an  hour,  and  sti'ained;  the  residue  is  treated  in  like 
manner  with  the  same  qiiantity  of  lime  as  before ;  and  the  whole  of  the  liquids  are 
decanted  from  the  sediment,  concentrated,  then  mixed  with  6  to  8  pts.  of  bone-black, 
and  evaporated  to  complete  dryness.  The  residue,  after  being  pulverised,  is  exhausted 
at  a  gentle  heat  with  alcohol  of  82  per  cent.,  and  the  alcohol  is  distilled  off  from  the 
tinctures ;  the  salicin  then  crystallises  from  the  residue  in  pale-yellow  granules, 
which  are  purified  by  recrystallisation  with  help  of  animal  charcoal.  (Erdm.ann, 
Berl.  Jahrb.  xxxiii.  1,  136.) 

Properties. — Salicin  crystallises  in  broad,  tabular,  ormostly  scaly  crystals,  belonging 
to  the  trimetricsystem,  and  exhibiting  the  combination  ooP.  ooPco  .  Pco  .  Axes,  a:  6:  c, 
=  0-9274  :  2-4938  :  1.  Angle,  ooP  :  ooP  =  139°  12',  f-oi  :  Poo  =  136°  18' 
(Schabus).  It  is  white,  soluble  in  water  and  in  alcohol,  insoluble  in  ether  and  in 
oil  of  turpentine.  AVater  at  ordinary  temperatures  dissolves  about  5  pts.  of  salicin ; 
alcohol  much  less.  It  melts  at  120°,  does  not  give  off  water  till  heated  to  200°,  and 
decomposes  at  a.  higher  temperature.  Its  solutions  have  a  bitter  taste,  and  do  not  alter 
vegetable  colours.  According  to  some  authorities,  it  possesses  febrifugal  properties. 
The  solutions  turn  the  plane  of  polarisation  of  light  to  the  left ;  [a];-  =  —56-8°. 

Salicin  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  by  gelatin,  or  by  in- 
fusion of  galls. 

According  to  Phipson  {Chcm.  Nnvs,  vi.  278),  an  alcoholic  solution  of  1  at.  salicin 
and  1  at.  benzoic  acid  yields  crystals  of  populin.  Salicin  also  forms  crystallisable 
compounds  with  tartaric  and  citric  acids.  According  to  0.  Schmidt  (Bull.  Soc.  Chim. 
1866,  i.  287)  salicin  does  not  yield  populin  when  heated  as  just  mentioned  :  heated  in 
a  sealed  tube  with  benzoic  acid  and  water,  it  yields  a  yellow  resinous  body  (sali- 
retin  ?)  and  a  solution  which  colours  ferric  chloride  bhie  (saligenin  ?). 

Decompositions. — 1.  Salicin  heated  to  260°  gives  off  water  and  salicylous  acid,  to- 
gether with  acid  vapours  having  an  odour  of  caramel,  and  leaves  a  yellow  residue  in- 
soluble in  water,  which  turns  brown,  and  ultimately  carbonises.  By  dry  distillation  it 
yields  salicylol,  together  with  aromatic  products.  When  distilled  with  soda-lime, 
it  yields  a  mixture  of  phenol  and  salicylol  (Gerhardt). — 2.  By  the  current  of  a 
Bunsen's  battery  of  400  pairs,  salicin  is  resolved  into  glucose  and  saligenin,  which 
latter  is  then  converted  into  salicylol,  and  ultimately  into  salicylic  acid  (Tichano- 
witsch,  Petersb.  Acad.  Bull.  iv.  80).. — 3.  It  is  not  altered  by  ozone.  (Gorup- 
Besanez,  Ann.  Ch.  Pharm.  ex.  106.) 

4.  When  boiled  with  water  and  peroxide  of  lead,  it  yields  a  solution  of  lead-formate, 
and  a  lead-compound  of  salicin.  Distilled  with  peroxide  of  manga^iese  and  dilute  sul- 
phuric acid,  it  yields  large  quantities  of  formic  acid  and  carbonic  anhydride  ;  but  a 
mixture  of  sulphuric  acid  and  dichromate  of  potassium  converts  it  into  carbonic  anhy- 
dride, formic  acid,  and  salicylol. 

5.  Salicin  is  coloured  red  by  strong  sulphuric  acid,  and  the  product  is  decolorised  by 
water;  the  solution  then  contains  a  conjugated  acid  (Mulder's  sulphorufic  acid), 
together  with  unaltered  salicin.  If  the  mixture  be  heated,  there  is  also  formed  a  resinous 
suljstanee,  called  olivin  by  Mulder,  rutil in  by  Braeonnot,  and  probably  identical 
with  Piria's  saliretin  (q.  v.).  The  red  colour  imparted  to  salicin  by  strong  sulphuric 
acid  may  serve  for  the  detection  of  salicin  in  willow-bark. 
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■  6.  Salioin  heated  with  dilute  si'lpkiiric  or  hydrochloric  acid  is  rosolvod  into  glucose 
and  saligenin: 

C"H'80'  +  WO    =    CWO^  +  CWO\ 

The  same  transformiition  is  effected  by  contact  with  water  and  eimddn,  at  a  tempe- 
rature not  above  40°  (Piria) ;  or  by  digestion  with  sa^/m  at  38°  or  40°.  (Stiideler, 
J.  pr.  Chera.  Ixxii.  350.) 

7.  Salicin  treated  with  very  weak  nitric  acid,  at  ordinary  temperatures,  is  converted 
into  helicfa : 

C"II'80'  +  0    =    C'^H'»0'  +  H=0. 

Sometimes  helicoi'din  is  formed  instead  of  helicin,  especially  if  the  acid  has  a  density 
of  about  12°  Bm.  (Piria).  When  salicin  is  boiled  once  or  twice  with  nitric  acid 
diluted  with  ten  times  its  bulk  of  water,  it  turns  yellow  and  gives  off  red  vapours,  to- 
gether with  tlie  odour  of  salicylol ;  and  the  solution,  if  then  mixed  with  a  ferric  salt, 
acquires  the  colour  of  ink.  The  same  solution,  when  left  at  rest,  deposits  salicylous 
acid,  the  quantity  of  which  gradually  increases  on  evaporation  at  a  gentle  hea't,  without 
boiling.  But  if  the  hquid  be  again  boiled,  it  becomes  clear,  and  then  on  cooling 
deposits,  after  a  while,  needles  of  nitrosalicylie  acid,  which  are  reddened  by  ferric  salts 
(Gerhardt).  By  the  prolonged  action  of  nitric  acid,  the  salicin  is  ultimately  con- 
verted into  p)icric  acid,  togetlier  with  oxalic  acid.  (Braconnot.) 

8.  Salicin  added  by  small  portions  to  boiling  aqueous  caustic  soda,  dissolves  with  effer- 
vescence, and  the  solution  when  saturated  with  an  acid  deposits  saliretin.  On  distilling 
the  neutralised  solution,  salicylol  passes  over,  and  a  residue  is  left  containing  salicylic 
acid  and  a  brick-red  powder  (Bouchardat,  Compt.  rend.  xix.  1179)- — 9.  Fused 
with  excess  of  potash,  it  gives  off  a  large  quantity  of  hydrogen,  and  is  ultimately  con- 
verted into  salicylate  and  oxalate  of  potassium. 

10.  Chlorine  converts  salicin  into  chlorosalicin,  dichlorosalicin,  and  perchlorosalicin. 
— 11.  A  mixture  of  hydrochloric  acid  and  chlorate  of  27otassiam  transforms  it  into  per- 
chloroquinone  (p.  29).  Salicin  distilled  with  hypochlorite  of  calcium  yields  chloropicrin, 
but  no  perchloroquiiione  (Stenliouse,  Ann.  Ch.  Pharra.  Iv.  4;  Ixvi.  247). — 12.  An 
aqueous  solution  of  salicin  mixed  yvith  chloride  of  iudine  solidifies,  after  a  while,  to  a 
white  magma  of  crystals  containing  iodine,  which  have  not  been  further  examined. 
(Sten  house,  Chem.  Soc.  J.  xvii.  327.) 

13.  After  the  ingestion  of  salicin  into  the  animal  body,  salicylol  and  salicylic  acid 
arc  found  in  the  urine  (Laveran  and  Millon,  Ann.  Ch.  Phys.  [3]  xiii  145).  If  tlie 
dose  is  large,  the  urine  contains  also  unaltered  salicin,  together  with  saligenin,  and 
perha2)s  also  plienol.    (Ranke,  J.  pr.  Chem.  hd.  1.) 

Suhstitution-derivatives  of  Salicin. 

Beuzosalicin.  C-»n=-0«  =  C'^H"(C'H*0)0'.— This  is  the  composition  of  Po^n*- 
lin,  a  crystallisable  substance  obtained  from  the  bark,  leaves,  and  root  of  the  aspen 
(iv.  G80). 

cmorosalicin.  C"H"C10'.  (Piria,  [3]  xiv.  275.)— Crystallised  .salicin  exposed 
to  the  aelion  of  clilorine  gas,  is  converted  into  a  red  resinous  substance,  with  copious 
evolution  of  hydrochloric  acid ;  but  when  chlorine  is  passed  into  a  pulp  composed  of 
1  pt.  of  finely  pulverised  salicin  and  about  4  pts.  of  water,  the  whole  gradually 
dissolves,  and  chlorosalicin  separates  as  a  nacreous  crystalline  precipitate,  which  must 
be  pressed  in  a  cloth,  dried  between  bibulous  paper,  shaken  up  two  or  three  times  with 
ether  to  remove  adhering  resinous  matter,  and  crystallised  from  boiling  water. 

Chlorosalicin  crystallises  in  long,  very  light, silky  needles  containing  C'^H"C10'.2H-0. 
It  is  soluble  in  water  and  alcohol,  insoluble  in  ether.  When  heated,  it  first  gives  off 
its  water,  then  melts  to  a  transparent  colourless  liquid,  and  finally  decomposes,  giving 
off  vapours  of  hydrochloric  acid,  and  leaving  a  large  quantity  of  charcoal.  In  contact 
with  emulsin  it  is  quickly  resolved  into  glucose  and  chlorosaligenin,  C'H'CIO-. 
Strong  sulphuric  acid  dissolves  it  with  reddish  colour.  Wlien  heated  with  dilute 
acids,  it  is  quickly  resolved  into  glucose,  and  a  resin  resulting  from  the  metamorphosis 
of  chlorosaligenin.  (Piria.) 

D ichlorosalic  in,  C"H"'Cr-'0',  is  olitained  by  the  action  of  chlorine  on  the  pre- 
ceding compound,  or  by  its  prolonged  action  on  salicin.  It  forms  long,  silky,  snow- 
white  needles,  containing  2  at.  water,  which  they  give  off  at  100°.  It  is  inodorous, 
shghtly  bitter,  nearly  insoluble  in  cold  water,  sparingly  soluble  in  boiling  water, 
moderately  soluble  in  alcohol,  and  nearly  insoluble  in  ether.  By  dry  distillation  it 
yields  chlorosalicylol,  together  with  other  products.  Its  aqueous  solution  does  not 
precipitate  metallic  salts.  Dilute  acids  convert  it  into  glucose  and  a  reddish  resin. 
Emulsin  acts  upon  it  in  the  same  manner  as  on  monochlorosalicin.  (Piria.) 

Perchlorosalicin,  CH'^CPO^,  is  formed  when  chlorine  is  passed  into  a  heated 


150 


SALICOSYL-SALICYLAMIC  ACID. 


mixture  of  water  and  diohlorosalicin,  containing  lumps  of  marble  to  neutralise  the 
hydrochloric  acid  as  fast  as  it  is  formed.  It  is  then  precipitated  as  a  yellow  crystalline 
powder,  which  must  be  shaken  two  or  three  times  with  ether,  and  crystallised  from 
weak  alcohol.  It  forms  small  yellowish  needles,  containing  2  at.  water,  which  is  given 
off  at  100°.  It  is  inodorous,  but  has  a  bitter  taste,  decomposes  when  heated  above 
100°,  and  is  resolved  by  emulsin  into  glucose  and  a  resinous  product.  (Piria.) 

Fltunbosalicin,  C'^H'''Pb^O'  [?],  is  obtained  by  pouring  a  few  drops  of  ammonia 
into  a  hot  strong  solution  of  salicin,  and  gradually  adding  basic  acetate  of  lead  till 
about  half  the  salicin  is  precipitated.  The  lead-compound  then  separates  as  a  bulky 
white  precipitate,  resembling  starch  when  dried,  having  a  bitter  and  sweetish  taste, 
soluble  in  acetic  acid  and  in  potash.  It  does  notgive  off  any  water  at  100°.  It  is  decom- 
posed by  the  weakest  acids,  salicin  being  set  free.  Strong  sulphuric  acid  colours  it 
red. 

Lead-compounds  of  salicin  of  different  composition  are  obtained  under  other  circum- 
stances, not  very  well  defined.  (Piria.) 

SAXiXCOS7Ii.  C'H^O^.  A  monatomic  radicle  which  may  be  supposed  to  exist  in 
salicylol,  or  salicylous  hydride,  C'H^O^.H,  and  its  derivatives  (p.  161).  It  was  for- 
merly called  salicyl,  but  this  name  belongs  properly  to  the  diatomic  radicle  of  salicyUe 
acid. 

SA.tt'S.C'Y'Si.  C'lI'O.  The  diatomic  radicle  of  salicylic  acid  and  its  derivatives. 
Not  known  in  the  separate  state. 

(CffO)") 

SAIalC-a-a-ACBTXC  &.CXD.    C^WO*  =    C^H^O    \Q'^ .  —  Acdosalicylie  add. 

H  3 

[Formerly  regarded  as  AcctmalicyUo  anhydride,  C'H^O-.C^'O,  in  accordance  witli 
the  monatomic  formula  of  salicylic  acid,  C'H^O'.H.O].  Kscovered  by  Gerhardt,  who 
obtained  it  by  the  action  of  cliloride  of  acetyl  on  salicylate  of  sodium  (i.  31).  It  is 
also  produced  by  heating  salicylic  acid  with  chloride  of  acetyl.  As  thus  obtained,  it 
crystallises  in  tufts  of  slender  prisms,  dissolves  completely  in  water  only  at  the  boiling 
heat,  easily  in  alcohol  and  ether,  and  reacts  with  ferric  salts  like  salicylic  acid.  It 
melts  easily,  and  when  heated  a  little  above  its  melting-point,  emits  the  odour  of  acetic 
acid.  It  dissolves  in  warm  nitric  acid  of  specific  gravity  VI,  the  solution  yielding 
crj'stals  of  a  uitro-acid.    (H.  v.  Gilm,  Ann.  Ch.  Pharm.  cxii.  180.) 

SAaiC-srEaAESSC  ACX®.    C'H'NO^  =  (C'H'0)"|.q.     (Cahours,  Ann.  Ch. 

Phys.  [3]  X.  349.— Muspratt  and  Hofmanu,  Ann.  Ch.  Pharm.  liii.  226.— Lim - 
pricht,  ibid,  xcviii.  256;  xcix.  249.) — This  compound,  metamerie  with  oxybenzamie 
acid,  phenyl-carbamic  acid,  and  nitrotoluene,  and  formerly  regarded  as  salicylamide, 
N.H^.C'H^O-  (that  is,  as  the  amide  of  monobasic  salicylic  acid,  C'H^O^.H.O),  is  pro- 
duced by  the  action  of  ammonia  on  methylsalicylic  or  ethylsalicylie  acid : 

C'ff(CH')0'  +  Nff    =    C'lI'NO^  +  CH^O. 

Wothylsalicylic  Salicjlamic  Methyl- 

acid,  acid.  alcohol. 

To  prepare  it,  1  vol.  of  wintergreen-oil  (methylsalicylic  acid)  is  mixed  and  repeatedly 
agitated  with  about  6  vols,  of  strong  alcoholic  ammonia.  The  yellowish-brown  solu- 
tion thus  obtained,  deposits,  on  evaporation,  needles  of  salicylamic  acid,  which  may 
be  purified  by  crystallisation  from  hot  water  or  alcohol. 

According  to  Cahours,  it  is  produced  by  heating  acid  salicylate  of  ammonium,  but 
Limpricht  was  not  able  to  prepare  it  in  this  way.  ■ 

Salicylamic  acid  crystallises  in  laminae  having  a  strong  lustre,  and  a  yellowish-white 
colour  not  removable  by  treatment  with  animal  charcoal.  It  has  an  acid  reaction,  is 
nearly  insoluble  in  cold  water,  easily  soluble  in  hot  water,  also  in  alcohol  and  in  ether. 
It  melts  at  132°,  and  boils  at  270°,  giving  off  an  aromatic  vapour  which  condenses  to 
shining  laminae  of  the  acid.  If  it  be  kept  at  this  temperature  tiU  about  a  fourth  part 
has  volatilised,  the  residue  contains  salicylimide,  which  may  be  extracted  by  alcohol : 
C'H"N02    -    H^O    =  C'H^NO. 

This  reaction  affords  a  decided  proof  of  the  diatomicity  of  salicylic  acid,  since  monato- 
mic acids  do  not  form  amic  acids  and  imides  (i.  47,  171).  Salicylamic  acid  passed 
over  red-hot  lime,  is  resolved  into  ammonia,  aniline,  and  phenol.  With  fuming  nitric 
acid,  it  forms  a  nitro-substitute.  Strong  acids  and  alkalis  convert  it,  by  assumption  of 
water,  into  acid  salicylate  of  ammonium,  (C'II'0)"(NH^).H.O-. 
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Salicylamatos.- -Salieylamic  acid  is  so  weak  an  acid,  tliat  it  is  not  capable  of 
uniting  directly  -witli  ammonia,  or  decomposing  alkaline  carbonates,  but  crystallises 
unaltered  from  the  solution,  on  evaporation. — The  harimn-sali,  C'^II'-Ea"N-'0*  (at  100°), 
is  soluble  in  water,  and  is  obtained  by  treating  the  acid  with  baryta-water  in  a  vessel 
protected  from  the  air. — The  Mroiittu/ii-,  calcium-,  and  magnesium-salts  are  similar  in 
properties  and  composition,  and  are  obtained  in  like  manner ;  the  last,  by  adding  the 
acid  to  magnesia  suspended  in  water.  All  these  salts  are  decomposed  by  carbonic 
acid. — The  2}oiassium-  smd  sodium-salts  are  obtained,  as  radio-crystalline  masses,  by 
decomposing  the  barium-salt  with  the  corresponding  sulphates,  and  evaporating  the 
filtrate. — Cupric  salicylamate,  C''H'*Cu"N'-0',  is  precipitated  in  bright-green  microsco- 
pic needles,  on  adding  cupric  acetate  to  a  solution  of  either  of  tlie  preceding  salts. — 
The  silver-salt,  CH^AgNO-  (dried  over  oil  of  vitriol)  is  a  greyish-white,  not  percepti- 
bly crystalline  precipitate,  which  blackens  on  boiling  the  liquid.  (Limpricht.) 


Substitution-derivatives  of  Salicylamic  Acid. 

ISTitrosallcylamic  acid.  CH^N-O'  =  [C'n'(N02)0]"  .j:-^  Mtrosalicz/lamidc, 

H 

Anilamide.  (C  a  hours,  loc.  cit.) — Produced  by  treating  methyl-nitrosalicylic  acid  with 
ammonia  in  the  manner  above  described :  its  preparation  takes,  however,  a  much  longer 
time  (two  or  three  weeks)  than  that  of  salicylamic  acid,  because  methyl-nitrosalicylic 
acid  dissolves  but  slowly  in  alcoholic  ammonia. 

Nitrosalicylamie  acid  is  sohiblc  in  hot  water,  alcohol,  and  eth°r,  and  when  reerystal- 
lised  from  alcohol,  forms  yellow  needles,  which  sublime  when  cautiously  heated.  It 
dissolves  easily  in  alkalis,  and  is  precipitated  unaltered  by  acids.  The  aqueous  solu- 
tion coloMs  ferric  salts  red.  When  heated  with  strong  acids  or  alkalis,  it  is  resolved 
into  ammonia  and  uitrosalicylic  acid.    Its  salts  are  not  known. 

C-HMi: 

Etbylsalicylamic  acid. 


1,  C^H''NO'  =   (C'II'0)"lJ^.    (Limpricht,  Ann.  Ch. 


Phnrm.  xcviii.  262.) — Produced  by  the  action  of  aqueous  ammonia  on  ethylic  methyl- 
salicylate  : 

C'ir'(Cff)(C-H=)0='  +  Hff    =    C'H«(C^ff)N02  +  CH*0. 

If  the  materials  are  left  to  act  in  the  cold,  colourless  needles  of  ethylsalicylamic  acid 
arc  obtained  in  a  few  daj's ;  if  they  are  heated  to  100°  in  a  sealed  tube,  the  action  is 
complete  in  a  few  hours. 

Ethylsalicylamic  acid  is  soluble  in  hot  water,  in  alcohol,  and  in  ether,  and  separates 
from  the  ethereal  solution  in  crystals  of  considerable  size.  It  melts  at  110°  in  tho 
dry  state,  at  100°  when  heated  with  water,  and  solidifies  to  a  crystalline  mass, 
which  sublimes  at  a  stronger  heat.  From  solution  in  warm  potash-ley,  hydrochloric 
acid,  or  nitric  acid,  it  separates  unaltered  on  cooling  ;  from  solution  in  sulphuric  acid 
on  dilution  with  wafer.  The  aqueous  solution  has  a  slight  acid  reaction.  It  is 
coloured  red  by  ferric  chloride,  green  by  cupric  sulphate,  and  is  precipitated  by  ammo- 
niacal  acetate  of  lead. 

Benzoylsalicylamic  acid,  C"II"NO^  =  (C'H'0)">p,.  Bemoylsaltci/lamidc. 

H  )^ 

Salicylhcnzamide.  (Gerhardt  and  Chiozza,  Compt. rend,  xxxvii.  86. — Limpricht, 
Ann.  Ch.  Pharm.  xcix.  249.) — Produced  by  the  action  of  salicylamic  acid  on  chloridts 
of  benzoyl.  A  mixture  of  the  two  substances  in  equivalent  quantities  is  heated  to  120° 
— 145°  as  long  as  hydrochloric  acid  continues  to  escape;  and  the  residue,  which 
rcmaina  liquid  and  viscid  for  a  long  time  after  cooling,  but  becomes  crystalline  on  the 
addition  of  a  ft'W  drops  of  alcohol  or  ether,  is  washed  with  a  small  quantity  of  ether 
and  dissolved  in  boiling  alcohol,  whence  it  ci-ystallises  on  cooling  in  very  slender 
needles  united  in  flocks. 

The  acid  when  heated  gives  off  1  at.  water,  and  is  converted  into  benzoylsalieylamide, 
C'H'NO'''  (Limpricht).  It  dissolves  very  easily  in  ammonia,  but  is  deposited  in  its 
original  state  when  the  ammonia  evaporates,  or  when  the  solution  is  mixed  witli  an 
acid ;  also  in  the  fixed  alkalis,  forming  deep  yellow  solutions,  but  is  generally  resolved 
at  the  same  time  into  lienzoic  and  salicylamic  acids  (Limpricht).  It  dissolves  in 
warm  carbonate  of  sodium  without  evolution  of  carbonic  anhydride,  and  the  solution, 
when  treated  with  acids,  deposits  very  soluble  crystals,  probably  consisting  of  benzoic 
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and  salicj'liimic  ;icids  (Limpricli t).  Its  solution  in  st.rontta -water  first  deposits 
crystals  of  benzoate,  and  afterwards  of  salicylamate  of  strontium. 

The  ammoniacal  solution  forms  a  light  lemon-yellow  precipitate  with  neutral  acetate 
of  lead,  and  light-blue  with  sulphate  of  copper.    (G  erhardt  and  Chiozza.) 

Silver-salt.  —  The  ammoniacal  solution  of  the  acid  forms  with  nitrate  of  silver  alight 
lemon-yellow  precipitate,  which  becomes  strongly  heated  with  chloride  of  benzoyl, 
forming  chloride  of  silver.    (Gerhardt  and  Chiozza.) 

Cumylsalicylamic  acid,  C"H:"N02  =    (C"H'0)"  —Prepared,  like  the 

preceding,  with  salicylamie  acid  and  chloride  of  eumyl.  Crystallises  from  alcohol  in 
eapillaj-y  needles.    (Gerhardt  and  Chiozza.) 

SAX.IC-iri.A.ffiEZBE,  (CH^N^O  =  ^^'gl^^  I  N^,  appears  to  be  produced  by  the 

prolonged  action  of  ammonia  on  ethylic  methylsahcylate.  (Limpricht,  Ann.  Ch, 
Pharm.  xcviii.  262.) 

(C'H'O)") 

SA.I.XC-ZZ.B£rJZOZC  A.cra.     C'''H'»0<  =    C'H^O  V-O^.     Syn.  with  Bbn- 

H  j 

zosAUCYLic  Acid  (i.  565). 

SAI.ICYI.IC  ACID.    CW  =(C'H^)"jQ,    spinoylicacid.  Hyperspinoy- 

lie  acid.  (Piria,  Ann.  Ch.  Pharm.  xxs.  165  ;  xeiii.  262. — Lowig  and  Weidmann, 
J.  pr.  Chem.xix.  236;  Pogg.  Ann.  xlvi.  83. — March  and,  J.  pr.  Chem.  xxyi.  395. — Proc- 
ter, J.  Pharm.  [3]  iii.  275.— Delalande,  Ann.  Ch.  Phys.  [3]  vi.  346.— Gerhardt, 
ibid.  rn.  217.— Cahours,  iiit^.  x.  327;  xiii.  90,  113.— Ett ling,  Ann.  Ch.  Pharm. 
liii.  77. — Schlieper,  ibid.  hx.  26. — Kolbe  and  Lautemann,  Ann.  Ch.  Pharm. 
cxiii.  125  ;  cxv.  157;  cxx.  299;  Jahresb.  1859,  p.  309  ;  1860,  p.  287  ;  1861,  p.  393.— 
Kekule,  Ann.  Ch.  Pharm.  oxvii.  145;  Jahresb.  1860,  p.  293.— Gm.  xii.  246.— Gerh, 
iii.  320;  iv.  1017.) 

This  acid,  metameric  with  oxybenzoic  acid,  exists  ready-formed  in  the  flowers  of 
Spircsa  Uliuaria,  and  as  methylsalicylie  acid  in  oil  of  wintergrecn. 

Formation. — 1.  From  salicylol  by  oxidation  wiith  aqueous  chromic  acid  (Ettling), 
or  by  heating  with  oxide  of  copper  (Ettling,  Piria). — 2.  By  melting  salicylol  or 
salicin  with  hydrate  of  potassium  (Piria): 

C'H'=0-  +  KHO    =    C'H^KQs  + 

Salicylol.  Potassic 
Salicylate. 

— 3.  By  heating  indigo  with  hydrate  of  potassium  to  300°.  The  experiment  does  not 
always  succeed  :  if  the  heat  be  not  continued  long  enough,  only  phenyl-carbamic  acid 
is  produced;  if  too  long,  a  brown  substance  is  formed.  (Ettling.) 

5.  Bypassing  ciirbonic  anhydride  into  phenol  containing  small  pieces  of  sodium.  The 
metal  then  dissolves  with  evolution  of  hydrogen,  and  salicylate  of  sodium  is  formed, 
together  with  other  products.  Salicylic  acid  has,  in  fact,  the  same  composition  as 
phenyl-carbonic  acid  :  C'*H*0  +  CO-  =  C'H'^0' (Kolbe  and  Lau  temann). — 6.  By 
the  action  of  nitrous  acid  on  phenyl- carbami  e  acid  (Gerland): 
C'll'NO*  -I-  HNO=  =  C'Hi^O'  +  H=0  +  N^. 
Griess  (Jahresb.  1861,  p.  413),  by  the  action  of  nitrous  acid  on  phenyl-carbamic  acid, 
obtained  an  acid,  which  he  calls  diazo- saly  1- n i  trie  acid,  having  the  composition 
C'*H'N^O' ;  and  this,  when  heated  in  an  aqueous  solution,  is  completely  resolved  into 
salicylic  acid,  nitric  acid,  and  free  nitrogen : 

C^IPN^O'  +  2W0    =    2C-H«0^  +  NHO^  +  N*. 

7.  Coumaric  acid  (ii.  93),  heated  with  hydrate  of  potassium,  j'ields  salicylate  and 
acetate  of  potassium  (Delalande,  Ann.  Ch.  Phys.  [3]  vi.  343): 

C9H>*0=  +  2KH0    =    C'ffKO'  +  C^H^KO^  +  E?. 

8.  Methylsalicylie  acid  (oil  of  wintergreen)  is  resolved  by  gaseous  hydi-iodic 
acid  into  salicylic  acid  and  methylic  iodide  (Lautemann,  Ann.  Ch.  Pharm.  cxxv.  13): 

C-HXCH=)0'  -^  HI    =    C'E»0'  +  CH'I. 

9.  lodosalicylic  acid  is  decomposed  by  hydrlodic  acid,  even  at  temperatures  below 
100'-',  and  more  quickly  at  100°,  into  salicylic  acid  and  free  iodine  (Kekul^  Chem.  Soc. 
J.  xvii.  203): 

C'H^IO'  4-  HI    =    C-H=0'  +  I-^. 
Preparation. — a.  Prom  the  flowers  of  Spircea  JJlmaria.    The  flowers  are  exhausted  . 
with  ether,  or  the  water  distilled  from  them,  with  frequent  cohobation,  is  shaken  up 
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with  etlier;  the  ethereal  solution  is  distilled  ;  the  residue  is  treated  with  water,  which 
dissolves  salicyhc  acid  and  tannin  ;  and  the  aqueous  solution  is  neutralised  with  carl  io- 
nate  of  potassium,  evaporated,  and  distilled  with  hydrochloric  acid.  The  watery  dis- 
tillate slowly  evaporated  yields  colourless  needles.    (Lowig  and  Weidmann.) 

b.  From  Oil  of  Gaultki7-ia  (Wintergrein). — The  oil  is  heated  with  strong  potash- 
ley  till  no  more  methylic  alcohol  is  given  off  from  it,  and  the  residue  is  precipitated  with 
hydrochloric  acid.  The  precipitate  is  washed  with  cold  water,  and  crystallised  from 
hot  alcohol.  (Cahours.) 

c.  From  Salicylol,  or  from  Salicin. — 1.  Hydrate  of  potassium  is  heated  in  a  silver 
basin,  and  as  soon  as  it  is  melted,  salicin  is  added  by  small  portions,  with  con- 
tinual stirring ;  whereupon  the  mass  turns  brown,  swells  up,  and  gives  off  a  large 
quantity  of  hydrogen.  It  is  tlieu  heated  as  long  as  hydrogen  is  given  off  in  presence 
of  excess  of  potash.  If  the  potash  is  not  in  excess,  only  a  small  quantity  of  salicylic 
acid  is  obtained,  but  instead  of  it,  salicylol  and  a  brown  resinous  substance  which 
it  is  difficult  to  convert  into  salicylic  acid,  even  by  repeated  fusion  witli  hydrate  of 
potassium.  If  the  process  be  rightly  conducted,  the  mass  becomes  nearly  colourless, 
exhibiting  only  a  slight  yellowish  tint.  The  mass  is  dissolved  in  water  ;  the  solution  ia 
supersatvu'ated  with  hydrochloric  acid,  the  vessel  being  surrounded  with  cold  water ; 
and  the  resulting  crystalline  mass  is  separated  from  the  mother-liquor  (which  contains 
oxalic  acid),  and  recrystalhsed  from  hot  water  (Piria,  Gerhardt,  Marchaud). — 
2.  Cupric  salicylate  is  heated  in  a  retort  till  nothing  more  escapes  at  220°,  and  the 
residue  has  assumed  a  uniform  kermes-brown  tint.  This  residue,  consisting  of  cuprous 
salicylite,  is  then  introduced  into  a  glass  tube,  and  sulphuretted  hydrogen  passed  over 
it,  whereupon  the  mass  becomes  heated  and  blackened,  and  sahcylic  acid  sublimes  ; 
and  in  order  that  the  sublimate  may  not  cover  up  the  undecomposed  mass,  and  so  pro- 
tect it  from  further  decomposition,  it  must  be  driven  forward  by  the  application  of  a 
gentle  heat.  Or  the  cuprous  salicylate  is  dissolved  in  warm  acetic  acid,  or  in  hydro- 
chloric acid  diluted  with  an  equal  quantity  of  water ;  the  colourless  liquid  is  precipitated 
by  sulphuretted  hydrogen,  and  the  hquid  filtered  from  the  sulphide  of  copper  is  eva- 
porated to  the  crystallising  point.  Or  the  solution  of  the  copper-salt  in  acetic  acid  is 
supersaturated  with  ammonia,  and  precipitated  with  neutral  acetate  of  lead,  the  preci- 
pitate suspended  in  hot  water,  sulphuretted  hydrogen  passed  thxxmgli  the  liquid,  and 
the  sulphide  of  lead  removed  by  filtration  :  the  filtrate  on  cooling  yields  pure  salicylic 
acid.  (Ettling.) 

d.  From  Indigo  (p.  152). — The  heat  must  be  carefully  regulated,  because,  if  the  required 
temperature  is  exceeded,  the  salicylic  acid  decomposes,  and  a  brown  substance  is  formed  ; 
and  if  tlie  heating  is  not  continued  long  enough,  nothing  but  phenyl-carbamic  acid  is 
produced. 

e.  From  Phenol. — Dry  carbonic  anhydride  is  passed  into  warm  phenol,  with  addition 
of  small  pieces  of  sodium.  The  metal  then  dissolves  with  evolution  of  hydrogen,  anil 
a  stiff  paste  is  formed,  containing  the  isomeric  salts,  salicylate  and  phenyl-carbonate  of 
sodium,  together  with  unaltered  phenol.  On  acidulating  with  hydrochloric  acid,  tlie 
phenyl-carbonic  acid  is  decomposed  with  evolution  of  carbonic  anhydride,  and  the  salicylic 
acid  which  is  set  free  maybe  separated  from  the  phenol  by  solution  in  strong  aqueous  car- 
bonate of  ammonium.  Tlie  solution  boiled  down  till  it  acquires  a  slight  acid  reaction, 
filtered  from  separated  resin,  and  mixed  with  hydrochloric  acid,  yields  salicylic  acid, 
to  be  purified  by  recrystallisation  with  aid  of  animal  charcoal.  Salicylic  acid  is  also 
formed,  though  in  much  smaller  quantity,  by  passing  carbonic  anhydiide  into  a  ready- 
prepared  solution  of  plienylato  of  sodium  in  phenol.  (Kolbe  and  Lautemann, 
Ann.  Ch.  Pharm.  cxv.  177.) 

Properties. — Salicylic  acid  crystallises  by  spontaneous  evaporation  of  its  alcoholic 
solution  in  large  monoclinic  four-sided  prisms.  From  a  hot  aqueous  sohition  it  sejja- 
rates  on  cooling,  in  slender  needles  often  an  inch  long.  Particularly  large  and  fine 
crystals  are  obtained  by  .slow  evaporation  of  the  ethereal  solution  (Cahours).  It  melts 
at  158°  (Cahours),  at  121°  (Procter),  at  125°  (Ettling).  Sublimes  at  about  200°, 
without  boiling,  in  slender  needles  having  a  strong  lustre,  and,  when  pure,  may  be 
completely  distilled  by  careful  heating  (Cahours,  Ettling).  It  has  a  sweetish-sour 
taste,  and  produces  irritation  in  the  throat.  Reddens  litmus  rather  strongly.  It  does 
not  act  on  polarised  light. 

It  is  slightly  soluble  in  cold,  much  more  soluble  in  hot  water  ;  still  more  in  cdcohol, 
moderately  soluVdo  in  wood-sjnrit,  especially  when  warm.  Ether  dissolves  it  in  some- 
wh.at  considerable  quantity  at  ordinary  temperatures,  and  still  more  when  heated. 
Boiling  oil  of  turpentine  dissolves  about  ~  of  its  weight  of  the  acid. 

The  aqueous  solution  imparts  a  deep  violet  colour  to  ferric  sails. 

Decompositions. — 1.  Salicylic  acid,  when  quickly  heated,  especially  if  it  be  impure, 
gives  off  phenol  (March  and,  Cahours).  Heated  with  pounded  glass  or  quicklime, 
it  is  resolved  into  phenol  and  carbonic  aniiydride.    (Gerhardt,  iv.  389.) 
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2.  Heated  with  dilute  sulphuric  acid  and  manganw  peroxide,  it  yields  formic  acid. 

3.  Sulphuric  anhydride  converts  it  into  sulphosalicylic  acid,  C'H''O^.SO^. 

4.  Fuming  nitric  acid  in  the  cold  converts  salicylic  acid  into  nitrosalieylic  acid  ;  by 
prolonged  action,  however,  picric  acid  is  produced.  The  same  products  are  obtained 
by  treating  salicylic  acid  with  a  mixture  of  fuming  nitric  and  strong  sulphuric  acid. 

5.  With  chlorine  and  bromine,  salicylic  acid  yields  chlorinated  or  brominated  acids, 
the  degree  of  substitution  varying  according  to  the  proportions  used,  and  the  circum- 
stances of  the  reaction  (p.  156). 

6.  A  mixture  of  hydrochloric  acid  and  chlorate  of  potassium  converts  it  into  perchloro- 
quinone  (p.  29). 

7.  Dry  salicylic  acid  (1  at.)  distilled  with  pentachloride  of  phosphorus  (2  at.  or  3 
pts.)  yields  an  oily  body,  which,  after  rectifying  and  collecting  the  portion  wliich 
distils  between  24U°  and  270°,  consists  of  salicylic  chloride,  (C'H^O)"CP,  salicylic 

chlorohydrate,  C'H^O-.CI  =  (C'H'O)"  and   chlorosalieyHc  chloride,  C'H^CP, 

or  (C'H'C1^)"CP.  The  first  and  third  of  these  bodies  are  resolved  by  boiling  with 
water  into  hydrochloric  acid  and  chlorosalieyHc  acid,  C'ii'ClO^,  isomeric  with 
clilorobenzoic  acid ;  the  second  yields,  in  liko  manner,  hydrochloric  and  salicylic  acids. 

Such  are  the  results  obtained  by  Kolbe  andLaute  ma  nn  (Jahresb.  1860,  p.  288),  who 
however,  regard  the  compound  C'H^OCP  as  chloride  of  chlorosalylic  acid,  C'H'CIO.CI 
(isomeric  with  chloride  of  chlorobenzoyl),  and  the  third  as  trichloride  of  chlorosalyl, 
C'H^Cl.CP. 

Chiozza  (Ann.  Ch.  Phys.  [3]  xxxvi.  102;  Jahresb.  1862,  p.  493),  by  distilling 
salicylic  acid  with  pentachloride  of  phosphorus,  had  previously  obtained  an  oily  distillate, 
which  yielded  chlorobenzoic  acid  (or  an  isomer)  when  treated  with  water.  Grerhardt 
(Ann.  Ch.  Pharm.  Ixxxix.  360;  Jahresb.  1854,  p.  421),  by  acting  in  like  manner  on 
methylsalicylic  acid  (oil  of  wintergreen),  obtained  salicylic  chlorohydrate,  C'H^O'Cl ; 
and  Drion  (Jahresb.  1854, p.  423),  by  the  same  process,  likewise  obtained  the  latter 
compound,  together  with  salicylic  chloride,  C'H'OCP.  Kekule  {ihid.  I860,  p.  293), 
by  heating  the  distillate  obtained  with  wintergreen  oil  and  phosphoric  chloride  to  180° 
— 200°,  to  expel  oxychloride  of  phosphorus  and  the  excess  of  pentachloride  (1  at. 
methylsalicylic  acid  decomposes  only  1  at.  PCP),  obtained  a  product  which,  when 
treated  with  water,  yielded  only  salicylic  acid,  no  chlorobenzoic  or  chlorosalylic  acid : 
therefore  CffOCl;  but  when  the  chlorinated  distillate  was  further  heated  to  somewhat 
below  280°,  the  compound  C'H'OCP  was  obtained,  which  yielded  with  water  the  chlo- 
rinated acid  C'H^CIO^.  Kekulii  finds,  however,  that  the  composition  of  the  chlorinated 
distillate  is  by  no  means  constant,  but  that  the  proportion  of  chlorine  increases  at  each 
rectification. 

Very  different  results  have  been  obtained  by  Couper  (Ann.  Ch.  Pharm.  cix.  369; 
Jahresb.  1858,  p.  266),  who,  by  gradually  dropping  1  at.  wintergreen  oil  into  2  at. 
pentachloride  of  phosphorus,  and  rectifying,  obtained  a  yellowish  liquid  passing  over  at 
about  290°,  and  a  blackish  residue  which  solidified  on  cooling.  This  liquid  has  the 
composition  C'H'CPPO'  {salicyl-trichlorophosphata),  and  is  resolved  by  waterinto  hydro- 
chloric, phosphoric,  and  salicylic  acids.  Its  formation  may  be  represented  by  the 
equation : — - 

'  C'H«0'    +    PCP     =     2HC1    +  C'H^CPPO^. 

8.  Dry  salicylate  of  sodium  distilled  with  excess  of  phosphoric  oxychloride  gives  off 
hydrochloric  acid,  a  viscid  liquid  which  passes  over  at  a  high  temperature,  and  on  ex- 
posure to  the  air  deposits  tabular  crystals  consisting  of  the  phenylic  ether  of  lasylic 

acid,  C"H'0^  =  Qsjjs*^!*-*-    (Kolbe  and  Lautemann.) 

9.  With  f/^/onV/co/'afci^Zsalicylicacidformsacetyl- sal  icy  lie  acid,  C'H*(C''H'0)0''', 
mctameric  with  terephthalic  acid.    (H.  v.  Grilm,  Ann.  Ch.  Pharm.  cxii.  180.) 

10.  Salicylic  acid  heated  with  iodine  yields  a  mixture  of  mono-,  di  -,  and  tri-iodo- 
salicylic  acids  (Kolbe  and  Lautemann),  together  with  tri-iodophenol  (Lau- 
temann,  .Jahresb.  1861,  p.  393).  The  same  iodated  salicylic  acids  ai-e  produced  by 
dropping  tincture  of  iodine  into  a  cold  aqueous  solution  of  salicylate  of  barium  (liolbe 
and  Lautemann).  On  adding  a  solution  of  iodine  in  chlorine-water  to  a  warm  aqueous 
solution  of  salicylic  acid,  a  crystalline  precipitate  is  immediately  formed,  which  after 
washing  with  cold  water,  is  found  to  contain  a  considerable  quantity  of  an  iodine — 
probably  an  iodosalicylic  acid.    (H.  Watts.) 

Salicylates. — Salicylic  acid  is  dibasic,  forming  acid  and  neutral  salts,  repre- 
sented by  the  following  formulse  : — 

Acid,        C'ffMO'    =    ('^'^]^°)"|02andC"H'»M"0«    =    '-'^  h'm"! 
Neutral,    C'H'JVPO^    =    ^^'^'.0)"' 0=  and  CUI'M"0'      =  ^^'^y^"\o\ 
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The  acid  salicylates  of  diatomic  metals  may  also  be  regarded  as  compounds  of  the 
Bcutral  salts  with  the freeacid:  C"H"'M"0''  =  C'H'M"01C'II«01  The  neutral  salicy- 
lates of  the  monatomic  metals,  potassium,  ammonium,  and  silver,  have  not  been  obtained. 

Salicylic  acid  was  formerly  regarded  as  monobasic,  the  salts  here  considered  as  acid 
being  then  regarded  as  neutral ;  indeed,  the  existence  of  salicylates  containing  2  at.  of 
a  monatomic  or  1  at.  of  a  diatomic  metal  was  not  known  till  18.55,  wlien  several  of 
them,  were  prepared  by  Piria.  The  diutomicity  of  salicylic  acid  is  coi'roborated  by  the 
existence  of  acid  salicylic  ethers,  oil  of  wintergreen  for  example,  and  by  the  composi- 
tion of  salicylamic  acid  and  salicylimide  (p.  1.50). 

The  salicylates  of  ammonium,  potassium,  sodium,  barium,  strontium,  magnesium, 
calcium,  and  zinc,  are  soluble  and  crystallisable.  The  aqueous  solutions  of  the  alkaline 
salicylates  turn  brown  on  exposure  to  the  air.  Most  salicylates  are  resolved  by  dry 
distillation  into  phenol  and  a  carbonate. 

Salicylate  of  Ammonium,  C'H^(Nir)0'. — Deposited  in  crystalline  scales  from 
a  solution  of  the  acid  satm-ated  with  ammonia,  then  boiled  and  evaporated,  or  in  silky 
needles  by  spontaneous  evaporation  of  the  dilute  solution.  The  crystals  are  monoclinic 
(Marignac).  It  melts  at  126°  (Procter),  and  is  completely  decomposed  by  distil- 
lation into  water  and  salicylamic  acid,  according  to  Cahours;  according  to  Limpricht, 
however,  salicylamic  acid  is  not  produced  in  this  way. 

Salicylates  of  Barium.— The  acid  salt,  C''H'»Ba"O^H'0,  or  C'ir'Ba"O^C'H"0'. 
H"0,  is  formed  by  boiling  salicylic  acid  with  carbonate  of  barium,  and  separates  on 
evaporation  in  short,  concentrically  grouped,  shining  needles,  which  give  otf  their  water 
at  218°  (Cahours).  A  boiling  concentrated  solution  of  this  salt  mixed  with  concen- 
trated baryta-water  deposits  the  neutral  salt,  C'H'Ba"0^.2H^0,  in  small  coloiu'less 
laminae,  which  give  off  their  water  at  140°.  The  salt  has  an  alkaline  reaction,  and  is 
resolved  by  carbonic  acid  into  the  acid  salt  and  carbonate  of  barium.  It  dissolves  but 
slightly  in  water  even  at  the  boiling  heat.  (Piria.) 

Salicylates  of  Calcium. — The  acid  salt,  C'''H"'Ca"0''.2H-0,  prepared  like  the 
acid  barium-salt,  is  soluble  in  cold  water,  and  separates  therefrom  by  spontaneous 
evaporation  in  well-developed  octahedrons.  On  mixing  a  concentrated  solution  of  tl}is 
salt  with  a  solution  of  lime  in  sugar-water  containing  a  large  excess  of  su^ar,  and 
warming  the  liquid  in  the  water-bath,  the  neutral  calcimn-salt,  C'H^Ca"0'.H-(  >,  sepa- 
rates as  a  sandy  insoluble  powder,  which  retains  its  water  at  100°,  but  gives  it  otf  at 
lSO-\  It  is  decomposed  by  carbonic  acid  in  the  same  manner  as  the  neutral  barium- 
salt. 

Salicylates  of  Copper. — The  acid  salt,  C"II"'Cn"0°.4H'0,remains  dissolved  w'len 
a  solution  of  the  acid  barium-salt  is  decomposed  by  sulphate  of  copper,  and  crystal- 
lises in  long  greenish-blue  needles,  wliich  do  not  give  otf  their  water  till  heated  con- 
siderably above  100°.  When  heated  with  a  quantity  of  water  not  sufficient  to  dissolve  it 
completely,  it  melts  below  10l)°,  and  is  resolved  into  salicylic  acid  and  the  neutral 
copper-salt,  C'H'Cu"0''.H-0,  wliicli  forms  a  yellowish-green,  light,  neaiiy  insoluble 
powder.    The  same  decomposition  of  the  acid  salt  is  effected  by  ether.  (Piria.) 

Potassio-cupric  salicylate,  C'^H''Cu"K-0''.4II-0,  is  obtained  on  adding  salicylic  acid 
to  a  solution  of  cupric  tartrate  in  excess  of  strong  potash-ley,  as  a  light-green  crys- 
talline precipitate,  which  separates  from  solution  in  a  small  quantity  of  w.arm  water, 
in  emerald-green  rhombic  plates.  It  is  very  soluble  in  water,  insoluble  in  alcohol  and 
ether,  and  is  resolved  by  boiling  its  aqueous  solution  into  cupric  oxide  and  acid  sali- 
cylate of  potassium.  It  gives  otF  its  water  below  100°. — Baryto-cupric  salicylate, 
C"H"Cu"Ba"0".4lI-0,  separates  on  mixing  the  solution  of  the  preceding  salt  with 
chloride  of  barium,  as  a  siskin-green  crystalline  precipitate  insoluble  in  water.  Tho 
water  of  crystallisation  begins  to  escape  at  35°.  (Piria.) 

Salicylates  of  Lead.— The  acid  salt,  C"H"'Pb"O^H"0,  is  obtained  by  boiling 
salicylic  acid  with  water  and  carbonate  of  lead,  in  needles  having  a  very  brilliant 
satiny  lustre,  or  by  pouring  a  strong  solution  of  salicylate  of  ammonium  or  piotassium 
into  a  strong  solution  of  acetate  of  lead,  as  a  white  crystalline  precipitate,  soluble  in 
boiling  water  (Cahours). — The  ncutrcd  sedf,  C'H'Pb"0',  is  obtained  as  a  heavy 
crystalline  powder  by  adding  basic  acetate  of  lead  to  a  boiling  saturated  solution  of 
the  acid  salt. — A  basic  salt,  2C'H*Pb"0'.3Pb"0,  separates  as  a  white  powder  compost  d 
of  nacreous  scales,  on  boiling  the  acid  salt  with  a  slight  excess  of  ammonia.  (Piria.) 

Salicylate  of  M agncsium  (acid),  obtained  by  boiling  the  aqueous  acid  with 
magnesia  or  its  carbonate,  forms  radiating  needles  often  aggregated  in  a  compact 
mass.    It  dissolves  easily  in  cold  and  still  more  in  boiling  watex-.  (Cahours.) 

Salicylate  of  Potassium,  2C'H^K0'.H^0,  is  obtained  in  colourless,  shining, 
silky  needles,  by  saturating  tho  aqueous  acid  with  carbonate  of  potassium,  evaporating 
to  dryness,  and  treating  the  residue  with  strong  boiling  alcohol.    It  is  converted  by 
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clilorine  into  diehlorosalieylate,  and  by  bromine  into  dibromosalicylate  of  potasBium. 
Treated  with  bromine  in  presence  of  excess  of  potash,  it  yields  a  red  substance 
resembling  sulphide  of  antimony,  insoluble  in  alcohol,  ammonia,  and  potash,  and 
having  the  composition  of  tribromophenol.  (Cahours.) 

Salicylate  of  Silver,  C'll'A.gO'^,  is  a  white  precipitate,  which  dissolves  in  a 
small  quantity  of  boiling  water,  and  separates  on  cooling  in  small  very  brilliant  needles. 
(Cahours.) 

B  romosalicylic  Acids. 

asonobromosalicylio  acid,  C'H^BrO*.    (Gerhardt,  Ann.  Ch.  Phys.  [3]  vii. 

217  ;  Cahours,  ibid.  xiii.  99.) — This  acid  is  produced  by  triturating  salicylic  acid 
with  a  quantity  of  bromine  not  sufficient  to  convert  the  whole  of  it.  On  washing  the 
resulting  gummy  mass  with  small  quantities  of  cold  alcohol,  to  extract  the  unaltered 
salicylic  acid,  dissolving  the  residue  in  boiling  alcohol,  and  leaving  the  solution  to 
evaporate,  bromosalicylic  acid  is  obtained  iu  colourless  prisms  having  a  strong  lustre, 
and  somewhat  like  salicylic  acid.  It  melts  when  slightly  heated ;  dissolves  but 
sparingly  in  water,  even  at  the  boiling  heat ;  pretty  readily  in  alcohol  and  ether,  espe- 
cially when  warm.  It  is  decomposed  by  dry  distillation.  When  distilled  with  fine  sand 
and  a  small  quantity  of  baiyta,  it  yields  thick  vapours  condensing  into  a  reddish  liquid, 
which  by  rejieated  distillation  with  sand  and  baryta  yields  bromopheuol:  C'H^BrO^  = 
C^H^BrO  +  CO^ 

Bromosalicylic  acid  forms  with  ammonia,  potash,  and  soda,  crystallisable  salts, 
which  are  less  soluble  in  water  than  the  salicylates. — It  colours  ferric  salts  red,  like 
salicylic  acid. 

Sibromosaiicylic  acid,  C'HWO^.   (Cahours,  Ann.  Ch.  Phys.  [3]  vii.  102.) 

— To  prepare  this  acid,  pulverised  salicylic  acid  is  gradually  triturated  with  excess  of 
bromine  as  long  as  any  action  takes  place,  aud  the  mixture  is  left  to  stand  for  some 
hours  ;  the  excess  of  bromine  is  then  waslied  out  with  cold  water,  and  the  residue  dis- 
solved in  boiling  ammonia.  As  the  solution  cools,  the  ammonium-salt  is  deposited  in 
slender  shining  needles.  These  crystals  are  dissolved  in  water  ;  the  acid  precipitated 
by  hydrochloric  acid ;  the  white  precipitate  washed  and  dissolved  in  boiling  alcohol, 
aud  the  solution  left  to  evaporate.  Or  bromine  is  dissolved  in  a  concentrated  solution 
of  salicylate  of  potassium,  whereupon  the  liquid  becomes  heated,  and  soon  deposits 
crystals  of  dibromosalicylate  of  potassium ;  this  salt  is  decomposed  by  hydrochloric 
acid,  and  the  separated  acid  washed  and  crystallised  from  alcohol. 

It  forms  short  colourless  or  slightly  reddish  needles,  which  melt  at  about  150°.  It 
is  sparingly  soluble  in  water,  moderately  soluble  in  alcohol,  more  easily  in  ether.  It 
dissolves  in  strong  sulphuric  acid  at  a  gentle  heat,  and  is  precipitated  from  the  solution 
by  water.  Boiling  wairic  aacZ  dissolves  it  readily,  with  evolution  of  bromine  and  nitrous 
vapours  and  formation  of  picric  acid,  which  crystallises  on  cooling.  When  distilled 
with  sand  and  a  small  quantity  of  baryta,  it  yields  dibromophenol. 

The  dibromosalicylates  of  ammonium,  potassium,  and  sodium,  are  even  less  soluble 
than  the  nionobromosalicylates.  The  potassium-salt  crystallises  from  alcohol  in 
shining  colourless  prisms. 

Triaromosalicylic  acid,  C'H'Br'O^  (Cahours,  Ann.  Ch.  Phys.  [3]  vii.  101.) 

— When  a  mixture  of  finely  pulverised  dibromosalicylic  acid  with  excess  of  bromine  is 
exposed  to  sunshine  for  25  or  30  days,  and  the  resulting  crystals  are  washed  with 
water,  and  recrystalbsed  from  strong  alcohol,  tribromosalicylic  acid  is  obtained  in 
small  yellowish  prisms,  very  hard  aud  friable,  insoluble  in  water,  moderately  soluble 
in  alcohol,  very  readily  in  ether. 

When  distilled  with  sand  and  a  small  quantity  of  baryta,  it  yields  tribromophenol 
contaminated  with  a  small  quantity  of  oily  matter.  When  boiled  with  nitric  acid, 
it  yields  bromine-vapours  and  yellow  crystals. 

Its  compounds  with  ammonia,  potash,  and  soda  are  crystallisable,  but  very  sparingly 
soluble  in  water.  The  ammonium-salt  forms  with  silver-salts  a  precipitate  of  a  deep 
orange-yellow  colour. 

Chlor osalicylic  Acids. 

Only  two  of  these  compounds  are  known,  both  being  produced  by  the  direct 
action  of  chlorine  on  salicylic  acid.    (Cahours,  Ann.  Ch.  Phys.  [3]  xiii.  106.) 

OTonochlorosalicylic  acid,  C'H^CIO^,  isproduced: — 1.  By  the  action  of  chlorine 
on  excess  of  salicylic  acid,  a  portion  of  the  acid  tlierefore  remaining  undecomposed ;  it  is 
difficult,  however,  to  pm-ify  from  dichlorosalicylic  acid. — 2.  When  chlorine  gas  is  very 
slowly  passed  into  a  concentrated  solution  of  salicylate  of  potassium,  till  the  liquid, 
which  becomes  brown,  begins  to  deposit  a  dark-green  substance ;  the  solution  then 
decomposed  by  an  aeid,  and  the  resulting  white  precipitate  washed  with  water  and 
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crystallised  from  alcohol,  slender  needles  arc  obtained  consisting  of  chlorosalicylic 
acid  not  quite  pure. 

Sichlorosalicylic  acid,  C'H'Cl-Ol — This  compound  is  produced  by  the  action 
of  excess  of  chlorine  on  salicylic  acid.  To  prepare  it,  chlorine  gas  is  passed  through  a 
concentrated  solution  of  salicylate  of  potassium  as  long  as  the  liquid  continues  to 
deposit  a  dark-green  body ;  this  substance  is  washed  on  a  filter  with  water  till  the 
water  runs  away  colourless,  then  dissolved  in  boiling  water,  which  is  mixed  with  i  of 
its  volume  of  alcohol  of  36°  Bm. ;  and  the  needles  of  the  potassium-salt  which  sepa- 
rate on  cooling  are  repeatedly  crystallised  from  very  weak  spirit  till  they  become 
colourless.  Those  crystals  are  then  dissolved  in  water,  the  solution  mixed  with  hydro- 
chloric acid,  and  the  resulting  white  precipitate  dissolved  in  boiling  alcohol  of  82  per 
cent. ;  the  solution  on  cooling  yields  the  acid  in  needles  or  in  scales,  or  by  spontaneous 
evaporation  in  hard,  well-formed  octahedrons.  The  acid  dissolves  sparingly  in  boiling 
water,  and  crystallises  in  slender  needles  on  cooling.  It  dissolves  in  gently  heated 
oil  of  vitriol,  and  separates  partially  as  the  liquid  cools. 

The  acid,  distilled  two  or  three  times  with  sand  and  a  small  quantity  of  baryta  or 
lime,  is  completely  resolved  into  carbonic  anhydride  and  diehloroplienol.  It  dissolves 
gradually  in  boiling  7iitric  acid-,  and  deposits  beautiful  yellow  laminae  on  cooling. 

Dichlorosalicylate  of  ammonium  is  sparingly  soluble  in  water.  The  acid  potassium- 
salt  forms  greyish-white  needles  very  much  resembling  methyl-dichlorosalieylic  acid. 

lodosalicylic  Acids. 

Formation. — 1.  When  tincture  of  iodine  is  dropped  into  a  cold  aqueous  solution  of 
barytie  salicylate,  C'H*Ba"0^,  till  the  yellow  colour  of  the  tincture  remains  piermanent, 
several  lodosalicylic  acids  are  formed,  which  on  addition  of  hydrochloric  acid  are  pre- 
cipitated together  with  unaltered  salicylic  acid.  They  cannot,  however,  be  separated 
from  one  another  by  water,  although  their  solubility  diminishes  as  the  proportion  of 
iodine  increases. — 2.  When  1  at.  salicylic  acid  is  fused  with  2  at.  iodine,  and  the  pro- 
duct is  treated  with  aqueous  potash,  several  iodosalieylic  acids  are  dissolved  out,  and 
there  remains  a  red  body  resembling  amorphous  phosphorus,  which  is  insoluble  in  water, 
alcohol,  ether,  alkalis,  and  acids,  is  not  altered  by  fuming  sulphuric  acid,  but  dissolves 
with  red  colour  in  sulphide  of  carbon  ;  this  body  appears  to  be  tetriodo-disalicylic 
acid,  C'^H''I^O*.  (Kolbe  and  Lautemann,  Ann.  Ch.  Pharm.  cxv.  157;  Jahresb. 
I860,' p.  291.) 

As  iodosalicylic  acid  is  reduced  by  hydriodie  acid  to  salicylic  acid  even  below  100° 
(p.  162),  Kekid^  is  of  opinion  that  the  iodosalicylic  acids  obtained  by  fusing 
salicylic  acid  with  iodine  are  not  directly-formed  substitution-products,  but  are  rather 
formed  in  the  alkaline  solution,  during  the  process  of  separation  ;  perhaps  thus : — 
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Preparation. — 1.  Finely  pidverised  iodine  (2  at.)  is  intimately  mixed  with  salicylic 
acid  (1  at.),  and  the  mixture  is  heated  over  a  lamp  in  a  wide-bottomed  glass  vessel,  the 
heat  beiuo-  removed  as  soon  as  the  fused  mass  begins  to  boil.  The  resulting  brown 
crystalline  mass,  containing  a  mixture  of  mono-,  di-,  and  tri-iodosalicylic  acids,  with 
somewhat  considerable  quantities  of  tri-iodophenol  (iv.  409)  and  unaltered  salicylic 
acid,  is  treated  with  dilute  potash,  which  dissolves  everything  excepting  the  red  body 
above  mentioned ;  the  filtered  alkaline  liquid  is  mixed  with  hydrochloric  acid ;  and  the 
separated  acids  are  washed  with  water,  which  removes  nearly  all  the  unaltered  salicylic 
acid.  On  dissolving  the  fused  residue  in  excess  of  sodic  carbonate,  and  neutralising 
the  iiquid  with  hydrochloric  acid,  the  tri-iodophenol,  wdiich  is  soluble  only  in  excess  of 
alkali,  separates  out ;  and  the  filtered  liquid  yields  on  evaporation,  first,  crystals  of  sodic 
tri-iodosalicylate,  then,  on  further  concentration,  satiny  needles  of  sodic  di-iodosalicy- 
late,  and,  lastly,  sodic  mono-iodosalicylate  in  small  lancet-shaped  laminse.  The  complete 
separation  and  purification  of  the  last  two  acids  is  eflFected  by  decomposing  the  sodium- 
salts  with  hydrochloric  acid,  and  boiling  the  separated  acids  with  carbonate  of  barium, 
tlie  di-iodosalicylate  of  barium  being  very  slightly  soluble  in  water,  while  the  mono- 
iodosalicylate  dissolves  with  moderate  facility.--2.  A  larger  product  is  obtained  by 
dissolving  equal  weights  of  salicylic  acid  and  iodine  in  alcohol  of  80  per  cent.,  and 
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boiling  the  eolution  for  three  hours  in  a  flask  provided  with  an  upright  condensing 
tube.  The  brown  solution  is  mixed  with  water,  heated  to  drive  oif  the  alcohol,  then 
supersaturated  with  carbonate  of  sodium,  and  the  resulting  sodium-salts  are  further 
treated  as  above.  (Lautemann,  Ann.  Ch.  Pharm.  cxx.  299;  Jahresb.  1861,  p 
393.) 

nSono-iodosalicylic  acid,  CH^IO^ — This  acid,  separated  from  the  purified 
barium-salt  by  hydrochloric  acid,  forms  a  white  crystalline  mass,  slightly  soluble  in 
water,  easily  soluble  in  alcohol  and  ether.  It  crystallises  from  water  acidulated  with 
sulphuric  or  acetic  acid  in  long  silky  needles ;  from  alcohol,  by  slow  evaporation,  in  hard 
warty  groups  of  needles.  It  melts  at  196'^,  and,  when  suddenly  heated,  is  resolved  into 
free  iodine,  iodophenol,  and  carbonic  anhydi-ide.  By  boiling  with  caustic  potash  it  is 
converted  into  oxysalicylic  acid,  C'II"0''  (iv.  320). 

The  aqueous  and  alcoholic  solutions  of  the  acid,  and  likewise  the  solutions  of  its 
salts,  colour /cm'c  chloride  violet, 

lodosalici/lcde  of  Ammonium  is  sparingly  soluble  in  water,  and  crystallises  in  needles. 
— The  barium-scdt,  C'''II"Ba"I'^0'',  is  very  soluble  in  water,  and  crystallises  in  rosettes 
of  delicate  laminae,  which  assume  a  reddish  colour  when  heated  in  the  moist  state. — 
The  silver-salt  is  sparingly  soluble,  and  crystallises  in  hard  grains.  (Lautemann.) 

Bi-iodosalicylic  acid,  C'H-TO^,  separated  from  the  barium-salt,  forms  a  white 
amorphous  mass,  nearly  insoluble  in  water,  moderately  soluble  in  alcohol  and  ether. 
From  water  acidulated  with  sulphuric  acid,  and  from  acetic  acid,  it  crystallises  like  the 
mono-iodatod  acid;  from  alcohol  in  needle-shaped  crystals.  It  does  not  melt  at  212°, 
but  turns  brown  from  incipient  decomposition  ;  when  quickly  heated,  it  decomposes, 
with  separation  of  iodine.  Boiling  nitric  acid  likewise  eliminates  iodine  from  it,  and 
probably  converts  it  into  dinitrosalicylic  acid.  By  boiling  with  strong  'potash-ley  it  is 
converted  into  dioxysalicylic  or  gallic  acid,  C'H'^O^  part  of  which  is,  however, 
resolved  into  carbonic  anhydride  and  diosyphenio  (pyrogallic)  acid. — The  solutions  of 
di-iodosalicylic  acid  and  its  salts  colour, /frr/c  chloride  violet. 

The  di-iodosalicylates  are  for  the  most  part  very  sparingly  soluble  ;  the  most 
soluble  among  them  is  the  sodium-salt. — -The  barium-salt,  C"H'^I''Ba"0'=,  crystallises 
from  a  moderately  concentrated  solution,  in  needles  having  a  satiny  lustre.  (Laute- 
mann.) 

Tri-iodosalicylic  acid.  C'H^I^O'. — This  acid  is  very  difficult  to  prepare,  being 
very  unstable,  and  apt  to  split  up,  during  the  process  of  formation  by  fusing  salicylic  acid 
with  iodine,  into  carbonic  anhydride  and  tri-iodophenol.  It  is  insoluble  in  water, 
Bohible  in  alcohol  and  ether,  and  crystallises  from  the  former  in  tufts  of  needles.  It 
melts  at  about  157°,  with  partial  decomposition.  Alkalis  decompose  it,  abstracting 
carbonic  anhydride  and  hydriodic  acid,  and  converting  it  into  a  red  body,  CHTO. 

Tri-iodosalicylate  of  Sodium  is  a  grey-green  mass  very  slightly  soluble  in  water. 
(Lautemann.) 

Nitrosalicylic  Acids. 

Two  nitro-derivatives  of  salicylic  acid  are  known, — viz.,  the  mono-  and  di-nitrated 
acids. 

Mono-nitro-salicylic  acid,  or  simply  XTitrosalicylic  acid,  C^H^NO'*  = 
C'II'(NO-)0'.  Ill clii/otic acid.  Anilicacid.  Nitro-anilioacid.  Aiiiloticacid.  Nitros2nroylia 
acid.  (Chevreul,  Ann.  Chim.  Ixxii.  131.— Buff,  Ann.  Ch.  Phye.  [2]  xxxvii.  160.— 
Dumas,  ibid.  Ixiii.  205  ;  [3]  ii.  227.— Gerhardt,  ibid.  vii.  325. — Marchand,  J.  pr. 
Chem.  xxvi.  385. — Piria,  Ann.  Ch.  Pharm.  Ivi.  35. — Stenhouse,  ibid.  Ixx.  253.— 
H.Major,  Das  chem.  Lahoratorium  der  Vniv.  Christiania,  1854,  p.  84. — Gm.  xii. 
307. — Gerh.  iii.  335.) — This  acid  was  first  observed  by  Chevreul  among  the  products 
of  the  decomposition  of  indigo  by  nitric  acid.  Gerhardt  obtained  it  by  treating 
salicylic  acid  with  fuming  nitric  acid.  Piria  and  Major  have  shown  that  it  is  formed, 
together  with  helicin,  by  the  action  of  cold  dilute  nitric  acid  upon  sahcin. 

Preparation. — 1.  From  salicylic  acid. — Fuming  nitric  acid  acts  violently  on 
salicylic  acid,  converting  it  into  a  reddish  resinous  mass  ;  and  on  removing  the  excess 
of  nitric  acid  by  washing  with  cold  water,  and  dissolving  the  residue  in  boiling  water, 
nitrosalicylic  acid  is  deposited  in  delicate  yellowish  needles.  It  may  also  be 
prepared  by  gently  heating  salicylic  acid  with  very  dilute  nitric  acid.  (Gerhardt.) 

2.  From  indigo. — When  indigo  is  gradually  added  to  boiling  dilute  nitric  acid 
diluted  with  10  to  15  times  its  weight  of  water,  a  solution  is  formed  which  on  cooling 
deposits  nitrosalicylic  acid ;  but  tlie  product  requires  to  be  purified  by  several  crystal- 
lisations, or  by  transforming  it  into  a  lead-salt,  and  decomposing  the  latter  with 
sulphydric  acid.    (Chevreul,  Buff,  Marchand.) 
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3.  From  metliyl-nitrosnlieylic  aciil,  "by  boilinp;  with  potash,  satiimtiiig  tho 
resulting  brown-red  liquid  with  hydrochloric  acid,  and  cryfitaliisiiig-  the  flaky  acid  which 
separates.  (Cahours.) 

Properdcs. — Nitrosalieylie  acid  crystallises  in  colourless  needles  containing  1  at 
water,  C'HXNO^)0-MI-0,  which  they  readily  give  oif  on  exposure  to  dry  air.  It  melts- 
at  a  moderate  heat,  and  solidifies  on  cooling  to  a  crystalline  mass  composed  of  six-sided 
plates.  It  reddens  litmus,  and  sublimes  at  a  gentle  heat.  It  is  very  sparingly  soluble 
in  cold  water,  but  dissolves  easily  in  boiling  water  and  in  alcohol.  Its  solutions  are 
coloured  blood-red  by  ferric  salts. 

Boiling  mfric  acid  converts  nitrosalieylie  acid  into  picric  acid.  A  boiling  solution  of 
chloride  of  lime  converts  it  into  chloropierin  (Stenhous  e).  Ijy  boiling  with  hydro- 
chloric acid  and  chlorate  of  potassium  it  is  quickly  converted  into  p)ei'chloroquinone. 
The  same  transformation  takes  place  in  a  few  days  when  chlorine  gas  is  passed  into 
the  hot  aqueous  solution.  Nitrosalieylie  acid  in  contact  with  nascent  hydrogen  dissolves 
in  water,  forming  a  blood-red  solution,  which  gradually  deposits  purple-red  flocks. 
(Buff.) 

Nitrosalicylates,  C'H'M(NO-)0^'  and  C"^ffM"(N02)--0«.— Those  salts  are 
mostly  yellow,  take  fire  when  heated,  and  burn  like  gunpowder  without  actual  detona- 
tion.   They  redden  ferric  salts  strongly. 

The  ammonium-salt,  C'H'(NH')(NO''')0^  obtained  by  saturating  the  acid  with  am- 
monia, crystallises  by  cooling  or  spontaneous  evaporation  in  fine  needles  of  a  gold  or 
orange-yellow  colour. — The  potassiinn-scdt,  C'H'K(NO-)0',  forms  yellow  silky  ciyistals 
slightly  soluble  in  cold  water,  moderately  soluble  in  alcohol. — The  sudium-salt  is 
yellow,  and  very  soluble  in  water. 

The  harium-salt,  C"H»Ba"(NO-)20«.4H=0  (?),  obtained  by  saturating  the  acid  with 
carbonate  of  barium,  crystallises  in  shining  yellow  needles',  which  are  sparingly  soluble 
in  cold  water,  insoluble  in  alcohol,  and  give  olF  12'7  per  cent,  water  of  crystallisation  at 
200'^.— A  basic  salt,  C"H''Ba"(NO'')20^Ba"H=0^4H=0,  is  obtained  as  a  ycUow  powder 
of  the  colour  of  lead-chromate,  by  precipitating  a  solution  of  the  preceding  salt  with 
ammonia. 

The  strontium-,  calcium-,  and  magnesium-salts  are  yellow,  and  very  soluble  in  water. 

The  ferric  salt  forms  long,  dark -red,  nearly  black  needles,  which  dissolve  slowly  in 
water,  forming  a  blood-red  solution. 

The  neutral  lead-salt,  C'-'HTb"(NO'^)'O^H=0,  obtained  by  saturating  the  acid  with 
carbonate  of  lead,  or  by  pouring  nitrosalieylate  of  potassium  into  a  hot  solution  of  a 
lead-salt,  forms  a  very  bulky  crystalline  precipiitate,  which  increases  considerably  as 
the  liquid  cools.— A  basic  lead-salt,  C'-'H8Pb"(N0-)20=.Pb"0,  is  formed  wlien  the  neu- 
tral salt  is  treated  with  hot  aqueous  ammonia;  it  is  a  dark-yellow  powder,  ciuite  inso- 
luble in  water,  and  contains  56  per  cent,  lead-oxide  (D u  m  as).  When  a  neutral  solution 
of  lead-nitrate  is  poured  into  a  boiling  solution  of  potassic  nitrosalieylate,  the  mixture 
deposits,  after  a  short  time,  very  slender  dark-yellow  needles,  insoluble  in  water,  and 
containing  50  per  cent,  lead-oxide.  (Buff) 

The  mcrcurous  salt  is  obtained  by  mixing  the  solution  of  potassic  nitrosalieylate 
and  barytie  nitrate,  as  a  light-yellow  precipitate,  insoluble  in  cold,  slightly  soluble  in 
boiling  water. 

The  silver-salt,  C'H'Ag(NO')0',  is  obtained  liy  precipitating  the  ammonium-salt 
with  silver-nitrate,  and  crystallises  easily  from  boiling  water  in  straw-coloured  needles. 
When  heated,  it  does  not  detonate,  but  throws  out  very  bulky  vegetations  of  carbide  of 
[diver. 

Jiinitrosalicylic  acid,  C'lI^N^O'  =  C'R\'NO^yO\  Nitro-populic  acid.— 
(Cahours,  Ann.  Ch.  Phys.  [3]  xxv.  11. — Stenhouse,  Ann.  Ch.  Pharm.  Lxxviii.  1.) — 
Produced  : — 1.  As  an  acid  methyl-other,  by  the  action  of  a  mixture  of  fuming 
nitric  and  sulphuric  acid  on  methylsalicylic  acid.  On  boiling  the  resulting  methyl- 
dinitrosalicylic  acid  for  a  few  minutes  with  strong  caustic  potash,  a  dipotassic  dinitro- 
salicylate  is  obtained  as  a  .sparingly  soluble  salt  of  a  splendid  red  colour ;  and  on 
treating  this  salt  with  strong  sulphuric  acid,  keeping  the  temperature  from  rising 
above  50°,  sulphate  of  potassium  is  formed,  together  with  dinitrosalicylic  acid,  which 
may  be  dissolved  out  by  cold  water.  (Cahours.) 

2.  By  digesting  the  aqueous  extract  of  the  branches  of  certain  poplars  (Pojnrlus 
balsa??iifera,  P.  nigra)  with  dilute  nitric  acid  (Stenhouse).  Fordetailsof  the  prepa- 
ration, see  Gmelin's  Handbook,  xii.  314. 

Dinitrosalicylic  acid  crystallises  from  boiling  water  in  nearly  colourless  silky  needles, 
or  by  slow  evaporation  in  small  hard  prisms.  It  is  very  soluljle  in  pure  water,  but 
only  slightly  soluble  in  water  containing  sulphuric  or  hydrochloric  acid.  It  dissolves 
easily  in  alcohol  and  ct/ier.    Its  taste  is  very  sour  at  first,  then  astringent,  and  finally 
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very  bitter.  Its  solutions  impart  a  persistent  yellow  colour  to  the  skin.  It  melts  iit 
a  moderate  temperature,  when  cautiously  heated,  and  sublimes  without  alteration. 

Dinitrosalicylic  acid  produces  a  deep  cherry-red  colour  vii\h  ferric  salts.  Strong 
nitric  acid  at  the  boiling  heat  quickly  Converts  it  into  picric  acid  (hence,  in  preparing 
it  from  poplar  extract,  the  heat  must  be  kept  low).  Oil  of  vitriol  dissolves  it  at  low 
temperatures,  and  water  separates  it  from  the  solution  unaltered  ;  but  the  mixture 
carbonises  when  heated.  When  heated  with  hydrochloric  acid  and  chlorate  of  potas- 
sium, it  is  converted  into  perchloroquinone. — Chloride  of  lime  does  not  attack  in  the 
cold  ;  but  on  heating  the  mixture,  a  violent  action  takes  place,  resulting  in  the  forma- 
tion of  chloropicrin. 

Dinitrosalicylates. — Dinitrosalicylic  acid  forms  neutral  salts,  C'H^M'^(NO')0' 
and  C'H2M"(N0^)^0',  and  acid  salts,  C'H'M(N02)20'  and  C"H«M"(NO^)  '0''.  They  are 
mostly  yellow,  sparingly  soluble,  and  detonate  violently  when  heated. 

The  ammonium-salt,  C'H^(NH')(NO^)^0^,  is  easily  obtained  by  dissolving  the  acid 
in  ammonia,  and  separates  on  evaporation  in  small  needles  of  a  fine  yellow  colour. 

Fotassium-salts. — The  neutral  or  dipotassic  salt,  C'H^K'(NO')-0'',  is  jiroduced  when 
methyl-nitrosalicylic  acid  is  decomposed  by  boiling  with  excess  of  strong  potash-ley. 
It  forms  beautiful  needles,  having  a  splendid  yellowish-red  colour  aud  satiny  lustre, 
and  united  in  stellate  groups.  It  appears  to  be  completely  decomposed  by  continued 
boiling  with  potash;  detonates  violently  on  glovping  coals  or  on  a  hot  plate  (C  a  hours). 
The  monopotassic  or  acid  salt,  C'II^K(NO-)'0',  produced  by  neutralising  the  aqueous 
acid  with  carbonate  of  potassium  (Stenhouse),  or  by  heating  the  neiitral  salt  with 
dilute  nitric  acid  (Cahours),  crystallises  in  small  lemon-yellow  prisms;  very 
sparingly  soluble  in  cold  water ;  insoluble  in  alcohol  or  ether.  It  dissolves  very  readily 
in  alkaline  liquids,  and  is  precipitated  therefrom  by  acids  (Stenhouse).  It  deposits  the 
free  acid  when  boiled  with  strong  hydrochloric  acid.  It  dissolves  in  slightly  heated 
oil  of  vitriol,  and  the  solution,  on  being  mixed  with  water,  deposits  the  acid  in  crystal- 
line laminse.    It  detonates  on  glowing  coals,  but  not  so  strongly  as  the  neutral  salt. 

The  monosodic  salt,  C'H''Na(NO-)^0^,  obtained  by  neutralising  the  aqueous  acid 
with  carbonate  of  sodium,  forms  small  spicular  crystals  or  yellow  shining  needles, 
more  soluble  in  water  than  the  potassium-salt. 

Barium-salts. — The  ncutred  salt,  C'H-'Ba"(NO-)-0',  is  obtained  by  adding  a  boiling 
solution  of  caustic  baryta  to  a  boiling  solution  of  the  acid,  as  long  as  the  resulting  pre- 
cipitate redissolves  on  agitation.  The  filtrate  then  on  cooling  deposits  small  granular 
crystals. — The  acid-salt,  C"IJ°Ba"(NO^)^0'^,  is  obtained  as  a  yellow  precipitate  on 
adding  baryta-water  in  excess  to  dinitrosalicylic  acid.  It  is  crystalline,  and  very 
slightly  soluble  in  boiling  water. 

The  lead-salt  is  very  sparingly  soluble  in  water. 

The  silver-salt,  C'H^Ag(NO^)''0',  is  obtained,  in  small  granular  very  slightly  soluble 
crystals,  by  saturating  a  hot  dilute  solution  of  the  acid  with  carbonate  of  silver. 

Oxysali  cylic  Acids. 

Oxysalicylic  acid,  CH^O',  and  dioxysalicylic  acid,  CH^O^,  are  formed  by  the 
action  of  boiling  potash-ley  on  mono-  and  di-iodosalicylic  acid  respectively  (iv.  320  ; 
V.  158). 

S.&X.ZCVS.IC  ii.ia-HV3>HZSES.   (aerhardt,  Ann.  Ch.Phys.  [3]  xxxvii.  322.) 

• — When  dry  salicylate  of  sodium  is  treated  with  phosphoric  oxychloride,  hydrochloric 
acid  is  evolved,  and  two  products  are  formed,  both  containing  the  elements  of  sali- 
cylic acid  minus  water,  viz. : — 

(C'H'O)") 

Disalicylic  acid,  C'^Hi»05    =    (C'H'O/'  O'    =    2C'ffO'  -  H^O. 

H'^  I 

SaKcylide         C'H^O=     =    (C'H<0)"0       =    C'H^O^    -  H^'O. 
The  formation  of  these  compounds  may  be  represented  by  the  equation  : — 
4C'ffNaO'  -1-  PCPO    =    C'<H'«05  +  ICWO'  +  NaCl  -i-  2HC1  +  PNa'O'. 
The  product  of  the  reaction  is  a  hard  mass,  which,  when  heated  with  water,  is  con- 
verted into  a  viscous  substance  soluble  in  boiling  alcohol.     The  alcoholic  solution 
on  cooling  deposits  di  salicylic  acid  in  the  form  of  a  thick  oil,  which  very  slowly 
solidifies,  and,  when  treated  with  boiling  water  or  with  alkalis,  is  converted  into  salicylic 
acid.    Boiling  ether  dissolves  it,  and  leaves  it  on  evaporation  in  the  form  of  a  plastic 
mass. 

If  salicylic  acid  be  regarded  as  monobasic,  and  represented  by  the  formula 
C'ffO-.H.O,  disalicylic  acid  will  be  its  anhydride,  (C'H^O-)-O,  which  is  the  view  of 
its  composition  taken  by  Gerhardt.   In  like  manner,  the  compounds  now  denominated 
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salicyl-acetio  aud  salieyl-bcnzoic  acids  \^ere  formerly  regarded  as  anhydrides 
(p.  150). 

Salicylide,  C'H^O^  the  true  anhydride  of  salicylic  acid,  is  the  portionof  thoabove- 
described  product  which  is  insoluble  in  boiling  alcohol.  It  is  white,  amorphous,  not 
attacked  by  boiling  water,  insoluble  in  boiling  ether.  When  heated,  it  melts  to  a 
transparent  Liquid,  which  solidifies  to  a  translucent  mass  on  cooling.  It  is  not  attacked 
by  a  boiling  solution  of  sodic  carbonate,  and  but  slowly  by  boiling  aqueous  ammonia, 
but  potash  quickly  converts  it  into  salicylate  of  potassium. 

When  salicylic  anhydride  [?  disalicylic  acid  or  salicylide]  is  subjected  to  dry  distil- 
lation, the  portion  which  passes  over  below  300°  contains  phenol  and  a  body  having 
the  composition  C'H*0  [=  salicylide,  C'H^O^  —  CO]  ;  and  on  expflling  the  phenol  by 
heat,  and  crystallising  the  residue  from  alcohol,  with  addition  of  animal  charcoal,  this 
body  is  obtained  in  silky  needles,  which  melt  at  103°,  dissolve  in  125  pts.  alcohol  of 
specific  gravity  0'801,  and  sparingly  in  M'ater  and  in  ether.  The  crystals  heated  with 
bromine  to  100°  yield  a  bromine  compound,  C'H^BrO,  which  melts  at  196°,  and  crys- 
tallises from  hot  alcohol  in  needles. — A  nitro-compound,  C°H'(NO-)0,  crystallising  in  a 
similar  form,  and  melting  at  150°,  is  produced  by  treating  the  compound  C'H^O  for 
several  days  with  fuming  nitric  acid.  Tliis  nitro-compound  is  converted  by  sulphide 
of  ammonium  into  a  base,  C'lPON,  which  crystallises  in  yellow  needles,  and  forms  a 
crystalline  platinum-salt  somewhat  soluble  in  water.  The  compound  CH^O  yields 
with  strong  sulphuric  acid  a  sulpho-acid,  which  forms  a  barium-salt  crystallising  in 
nodules  (H.  Marker,  Ann.  Ch.  Pharm.  cxxiv.  249).  The  formation  of  the  compound 
C'^H''0  was  first  noticed  by  Limpricht.  {Lchrb.  d.  org.  Chcm.  p.  914.) 

SAX.ZCYX.IC  CHXiOROISirKRiLTE.  C'H^O^Cl^  (C'H''0)"|  ^q.— This  body, 

metamex'ic  ■«ith  chlorosalicylol  (p.  171),  and  commonly  called  chloride  of  salicyl,  is 
produced,  together  with  chlorobenzoylic  chloride,  C'H^CIO.CI,  by  the  action  of  peuta- 
chloride  of  phosphorus  on  methylsalicylic  acid  (Gerhardt,  Traite,  iii.  343  ;  Drion, 
Ann.  Ch.  Pharm.  xcii.  423),  and  on  salicylic  acid  (Kolbe  and  Lautemann,  Jahresb. 
1860,  p.  288;  KekuU,  ibid.  293;  see  also  p.  154  of  this  volume).  When  separated 
from  phosphoric  oxychlorido  by  heating  the  product  to  160°,  it  forms  a  slightly- 
coloured  fuming  liquid.  In  contact  with  water,  it  becomes  heated,  and  is  transformed 
into  hydrochloric  and  salicylic  acids.  With  methylic  and  ethyhc  alcohols,  it  yields  in 
like  manner  methyl-  and  ethyl-salicylic  acids.  It  cannot  be  distilled  without  decom- 
position, hydrochloric  acid  being  then  evolved,  and  a  fuming  liquid  passing  over 
which  exhibits  all  the  characters  of  chlorobenzoylic  chloride;  a  large  quantity  of 
carbonaceous  matter  is  also  left  behind.  (Gerhardt.) 

SAXiICiriiZC  ETHERS.  By  distilling  salicylic  acid  with  an  alcohol  and  strong 
sulphuric  acid,  acid  ethers  are  obtained  having  the  composition  of  salicylic  acid  in 
which  1  at.  of  the  tj-pic  hydrogen  is  replaced  by  an  alcohol-radicle,  the  remaining  atom 
of  hydrogen  Ijoing  replaceable  by  metals,  or  likewise  by  aleohol-radiclos,  yielding  neutral 
salicyhc  ether. 

(CTI'O)'") 

IHCetbylsalicylic  acid,  CH'O^    =      CH''     rO-.  GcniItJicric  acid.  (C-a\\ovlVb, 

H  ) 

Ann.  Ch.  Phys.  [3]  x.  327  ;  xxvii.  5.— Procter,  J.  Pharm.  [3]  iii.  27.— Gerhardt,' 
Compt.  rend,  xxxviii.  32.) — This  ether,  isomeric  with  anisic  acid,  exists  ready -formed 
in  the  volatile  oil  of  wintergreen  {Gcndthcria  jyrocmnbcns),  of  which  it  constitutes  about 
■jSj,  the  remainder  consisting  of  a  hydrocarbon  isomeric  with  oil  of  turpentine  (ii.  825). 
On  rectifying  the  commercial  oil,  the  hydrocarbon  passes  over  first  at  about  200°,and 
the  boiling-point  then  quickly  rises  to  222°,  at  which  temperature  pure  methylsalicylic 
acid  passes  over. 

Methylsalicylic  acid  is  likewise  obtained,  unmixed  with  any  hydrocarbon,  by  distil- 
ling with  water  the  liark  of  the  sweet  birch  {Bcttda  lento) ;  and  it  may  be  produced 
artificially  by  distilling  a  mixture  of  2  pts.  salicylic  acid,  2  pts.  anliydrous  methylic 
alcohol,  and  1  pt.  of  sidphuric  acid  speelflc  gravity  1'66  ;  or  by  treating  anhydrous 
methylic  alcohol  with  salicylic  chlorohydrafe. 

Pure  methylsalicylic  acid  is  a  colourless  oil,  having  a  very  penetrating  Init  agreeable 
odour,  and  a  sweet,  cooling,  aromatic  taste.  Specific  gravity  =  ri8  at  10°.  Boiling 
point  222°.  Vapour-density,  obs.  =  5-42;  calc.  =  5-719.  It  is  slightly  soluble  in 
water,  and  mixes  in  all  proportions  with  alcohol  and  ether.  Its  aqueous  solution  is 
coloured  violet  by  ferric  salts.  It  dissolves  iodine  without  decomposing,  and  forms  a 
brown  solution. 

Decompositio7is. — 1.  When  methylsalicylic  acid  is  mixed  with  strong  nitric  acid, 
violent  spirting  takes  place,  if  themixture  is  not  cooled ;  but  when  it  is  kept  cool,  methyl- 
nitrosalicylic  acid  is  produced  (Cahours).     By  fuming  nitric  acid,  it  is  converted 
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into  methyl-nitrosalieylic  acid ;  hy  a  mixture  of  fuming  nitric  acid  and  oil  of  vitriol 
into  methyl-dinitrosalieylie  acid,  or  bylonger  action  into  metliyl-trinitrosalicylic  acid 
(Caliours). — 2.  Bromine  added  by  drops  to  methylsalicylic  acid  causes  considerable 
rise  of  temperature  and  evolution  of  hydrobromic  acid  ;  the  mass,  which  solidifies  on 
cooling,  contains  methyl-broraosalicylic  and  methyl-dibromosalicylic  acids,  the  proportions 
varying  according  to  the  quantity  of  bromine  used.  Chlorine  forms  similar  products, 
the  quantity  of  hydrogen  replaced  never  exceeding  2  at.,  even  in  sunshine  (Procter, 
Cahours). —  3.  Pentcicfiloride  of  phosphorics  acts  violewily  on  the  acid,  forming  sali- 
cylic chlorohydrate,  methylic  chloride,  and  phosphoric  oxychloride ; 

001X^)0'  +  POP    =    C'H^O^Cl  +  CH^Cl  +  POCP. 

For  the  results  obtained  by  Couper  and  by  Kekule,  see  p.  154. 
4.  With  the  chlorides  of  benzoyl,  ciimyl,  and  succinyl,  methylsalicylic  acid  forms 
benzoic,  cumylic,  or  succinic  methylsalicylate,  together  with  hydrochloric  acid,  e.g. : 

Cm\CW)0^    +    C'H^OCl     =     C'HXCH»)(C'H*0)0'    +  HCl. 

Methylsalicylic  Benzoic  Benzoic  methyl- 

acid,  chloride.  salicylate. 

6.  By  potash-ley  methylsalicylic  acid  is  I'esolved,  after  a  few  hours  at  ordinary  tempe- 
ratures, immediately  when  heated,  into  salicylic  acid  and  methylic  alcohol  (Procter, 
Cahours). — 6.  Heated  with  anhydrous  baryta,  it  yields  carbonate  of  barium  and 
anisol. — 7.  With  ammonia,  either  gaseous  or  alcoholic,  it  forms  saKcylamic  acid  and 
methylic  alcohol : 

CH»    1 02  +  NH'    =    (C'H'0)"j-Q    +  jo. 

8.  When  pieces  of  potassium  are  dropped  into  methylsalicylic  acid  heated  to  between 
30°  and  60°,  the  temperature  rises,  gas  is  evolved,  and  after  the  addition  of  a  consider- 
able quantity  of  potassium,  the  mass  solidifies,  even  if  kept  at  105°.  Soon  afterwards 
it  takes  fire  and  leaves  a  black  residue.  In  one  experiment  salicylol  was  produced. 
(Cahours.) 

(C'HO)'-, 

Methylsalicylates,  C»H'MO^    =     CH^    10',  the  formulae  being  doubled  for 

M  j 

diatomic  metals. 

T:he potassium-salt,  C'H'KO'.is  obtained,  by  agitating  strong  potash-ley  with  excess  of 
methylsalicylic  acid,  in  pearly  scales,  which  may  be  purified  by  washing  with  the  smallest 
possible  quantity  of  cold  water,  pressure  between  bibulous  paper,  solution  in  absolute 
alcohol,  and  evaporation  in  vacuo.  It  then  forms  extremely  delicate  white  needles, 
having  a  strong  lustre  and  resembling  asbestos  (Cahours);  six-sidedplates(Procter). 
It  is  very  soluble  in  water,  alcoliol,  and  ether,  colours  ferric  salts  purple,  and,  when 
heated  in  the  moist  state,  gives  oflT methyl-alcohol,  and  leaves  salicylate  of  potassium. 
The  sodium-salt  resembles  the  potassium-salt,  but  is  less  soluble  in  water,  alcohol,  and 
ether. — The  barium-salt,  C"'H"Ba"0''.H^O,  separates  in  crystalline  scales  on  gradually 
adding  methylsalicylic  acid  to  hot  baryta-water,  and  leaving  the  liquid  to  cool.  By 
dry  distillation  it  is  resolved  into  anisol,  carbonate  of  barium,  and  carbonic  anhydride: 

C'«H"Ba"0=  +  H=0    =    2C-H«0  +  Ba'CO'  +  CO^. 

The  potassium-salt  forms  precipitates  with  the  salts  of  lead,  copper,  silver,  and 
mercury. 

Neutral  methyl  salicylic  ethers, — i.e.,  compounds  in  which  the  basic  hydrogen  of  methyl- 
salicylic acid  is  replaced  by  methyl,  ethyl,  amyl,  &c., — are  obtained  hy  heating  methyl- 
salicylate of  potassium  with  iodide  of  methyl,  ethyl,  or  amyl,  in  sealed  tubes.  The 
methyl-compound,  C'H^(CH')'0^  boils  at  248°,  the  ethyl-compound,  C"HXCff)(C2H*)0', 
at  262°,  and  the  arayl-compound  above  300°  (Cahours,  Compt.  rend,  xxxix.  256). 
According  to  Cahours,  these  ethers  are  resolved  by  boiling  with  potash  into  salicylic 
acid  and  alcohols ;  but  accordingto  Grabe  (Ann.  Ch.  Pharm.  cxxxvi.  124),  themethyl- 
compouad  thus  treated  is  converted  into  m ethoxysalylic  acid,  C'H*(CH')02,  and 
the  ethyl- compound  into  ethoxysalylic  acid.    (See  Salylic  acid.) 

(C'H'Oy'i 

Benzoic  methylsalicylate,  C'^H'"0'     =      CIP    i-O',  is  obtained  by  heating  equal 

C'ffO  j 

parts  of  methylsalicylic  acid  and  chloride  of  benzoyl,  as  long  as  hydrochloric  acid  con- 
tinues to  escape,  washing  the  tenacious  gradually  crystallising  product  with  potash-ley, 
and  crystallising  from  alcohol  or  ether. — It  crystallises  in  oblique  rhombic  prisms 
having  a  splendid  lustre.  They  remain  unaltered  in  w;irm  water.  When  heated  with 
caustic  potash,  they  are  strongly  attacked,  and  give  off  an  aromatic  odoux ;  and  on 
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treating  tlie  aqueous  solution  of  the  residue  with  hydrochloric  acid,  a  precipitate  of 
salicylic  acid  is  obtained.  The  compound  is  insoluble  in  water,  but  dissolves  readily 
in  alcohol  and  ether,  (Gerhardt.) 

(C'H'O)") 

Cumylic  mcthylsalicylate,  C'®II"0'      =     CH'    VO-,  is  obtained  in  like  manner 

C'"H"OJ 

■with  chloride  of  cumyl,  but  requires  for  its  production  a  rather  higher  temperature. 
The  product  is  a  thick  oil,  which  remains  liquid  for  a  long  time,  liut,  if  mixed  with  a 
little  ether,  solidifies  on  evaporation  to  a  radiated  mass.  It  is  insoluble  in  water, 
slightly  soluble  in  cold,  more  soluble  in  boiling  alcohol,  whence  it  crystallises  in  highly 
lustrous  rhombic  scales  ;  very  soluble  in  ether,  and  separates  therefrom  by  spontaneous 
evaporation  in  oblique  rhomboidal  prisms,  sometimes  of  considerable  size. 

Succinic  mcthijhalicijlatf,  C^^H'^O*  =     (CH^)^  >0-'. — Prepared  by  gently  heating 

(C^H'O'')") 

succinic  chloride  with  about  2  pts.  of  methylsalicylie  acid  as  long  as  hydrochloric 
acid  continues  to  escape,  digesting  the  resulting  brown  mass  with  potash-ley,  and  crys- 
tallising it  from  boiling  alcohol.  The  solution  on  cooling  deposits  large  rectangular 
laminae  composed  of  easily  separated  fibres.  The  compound  is  sparingly  soluble 
in  ether.  (Gerhardt.) 

METHYi-BBOMOSALicyLic  ACID,  C'H'BrO'  =       CIl^      ^^0^.  (Cahours, 

H  ) 

Ann.  Ch.  Phys.  [3]  x.  339.) — When  bromine  is  slowly  dropped  into  methylsalicylie 
acid  kept  as  cold  as  possible,  and  the  mass  which  solidifies  on  cooling  is  freed  from 
hydrobromic  acid  by  washing  with  weak  alcohol  and  dissolved  in  boiling  alcohol  of 
36°,  the  liquid,  as  it  cools,  deposits  shining  crystalline  laminse  of  methyl-dibromo- 
salicylic  acid,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquor 
on  cooling  after  evaporation  to  one-half.  The  remaining  mother-liquor,  however,  yields 
by  further  evaporation  crystals  of  metliyl-bromosalicylic  acid,  which  may  be  purified 
by  three  crystallisations  from  alcohol  or  by  sublimation. 

Methyl-bromosalicyho  acid  forms  silky  needles,  having  a  peculiar  odour,  melting 
at  55°  and  subliming  without  decomposition.  It  is  nearly  insoluble  in  water,  but 
dissolves  readUy  in  alcohol  and  ether.  It  dissolves  in  cold  concentrated  pntash-ley, 
apparently  forming  the  salt  C'H^KBr(CII')0^ ;  on  heating  the  liquid,  methylic  alcohol 
is  given  off,  and  bromosalicylate  of  potassium  remains.  A  strong  solution  of  ammonia 
gradually  converts  it  into  bromosalicylamic  acid;  distilled  with  cyanide  of  mercury  it 
forms  methyl-eyanosalicylic  acid. 

(C'K'Br^O)") 

Methyl-dibromosalicylic  acid,  C'ffBr'O'  =        CH'       VO^.  (Ca- 

H  j 

hours,  loc.cit.) — This  acid  is  prepared,  as  above  described,  by  the  action  of  bromine  on 
methylsalicylie  acid,  or  by  treating  the  monobrominated  acid  with  excess  of  bromine. 
It  crystallises  from  alcohol  in  rather  large  prisms,  melting  at  145°,  and  volatilising  at 
a  higher  temperature.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether, 
especially  when  warm.  With  cyanide  of  mercury  it  behaves  like  the  monobrominated 
compound.  It  dissolves  in  fotash  and  in  soda,  forming  crystallisable  salts,  from  which 
it  is  separated  by  acids  in  its  original  state. 

Methyl-dibromosalicylic  acid  is  not  attacked  by  excess  of  bromine,  even  ia  direct 
sunshine. 

Methyl-chlobosalicylic  acid,  CH'CIO',  is  formed  when  methylsalicylie 
acid  is  exposed  to  the  action  of  a  small  quiintityof  chlorine  ;  but  it  is  ditficult  to  purify. 
(Cahours.) 

Methyl-dichlorosalicylic  acid,  CH^Cl-'O'.  (Procter,  J.  Pharm.  [3] 
iii.  275. — Cahours,  Ann.  Ch.  Phys.  [3]  x.  3-13.) — AVhen  chlorine  gas  is  passed  into 
methylsalicylie  acid  till  the  .letion  ceases,  a  yellowisli  crystalline  mass  is  formed,  con- 
sisting of  methyl-dichlorosalicylic  acid  mixed  with  a  small  quantity  of  liquid  methyl- 
chlorosalicylic  acid.  By  crystallisation  from  boiling  alcohol,  the  dichlorinaled  acid 
is  obtained  in  colourless  rhombic  tables  (Procter);  in  needles  (Cahours).  Itniells 
at  104°  (Procter),  at  about  100°  (Cahours),  and  crystallises  on  cooling  ;  volatilises 
without  decomposition  at  a  stronger  heat  (Cahours),  and  sublimes  a  little  above  its 
melting  point  in  rhombic  crystals.  It  is  insoluble  in  water,  soluble  in  alcohol  and 
ilher ;  dissolves  in  cold  strong  caustic  fotash,  and  is  separated  thei-efrom  by  acids  in  its 
original  state.  It  dissolves  slowly  in  ammonia,  forming  a  chlorinated  amide.  AVhen 
distilled  with  cyanide  of  mercury,  it  yields  a  compound  in  which  the  chlorine  is 
replaced  by  cyanogen.    It  is  not  attacked  liy  chlorine  in  sunshine. 
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Methyl-niteosalicylic  acid,  C'H'NO^  = 


[C'H'(NO^)0]' 
H 


0'.  Indigoiafe 


of  Methylene.  (C  a  hours,  Ann.  Ch.  Phys.  [3]  x.  345.) — Produced  by  adding  fuming 
nitric  acid  to  methylsalicylio  acid,  cooled  so  that  no  spirting  may  take  place.  The 
liquid  then  quickly  sohdifies  in  a  crystalline  mass,  from  which  the  free  nitric  acid  may 
be  extracted  by  boiling  water ;  and  the  product,  pvirified  by  two  or  three  crystallisations 
from  alcohol,  forms  very  delicate  yellowish  needles,  which  melt  between  88°  and  90°,  and 
may  for  the  most  part  be  volatilised  without  decomposition.  It  is  very  slightly  soluble 
in  water,  easily  soluble  in  boiling  alcohol.  Potash  and  soda  likewise  dissolve  it  easily, 
forming  methyl-nitrosalicylates  ;  ammonia  ultimately  converts  it  into  nitrosalicylamic 
acid.    Boiling  potash  decomposes  it  into  methylic  alcohol  and  nitrosalicylic  acid. 

When  fuming  nitric  acid  in  slight  excess  is  gradually  added  to  methyl-nitrosalicylic 
acid,  a  brisk  action  takes  place,  and  a  dark-red  solution  is  formed.  If  the  mixture  be 
not  cooled,  but  gently  heated  at  the  last,  the  liquid  becomes  turbid,  and  deposits  drops 
of  oil,  which,  if  the  heat  be  discontinued  as  soon  as  they  cease  to  increase,  form  a 
yellow  resinous  mass ;  and  this  substance,  when  dissolved  in  hot  alcohol,  separates 
almost  completely  on  cooling,  in  pale-yellow  needles,  which  melt  at  95°,  and  form  on 
cooling  a  yellow  radiated  mass,  which,  if  carefully  raised  to  a  higher  temperature, 
sublimes  in  pale-yellow  slender  needles.  It  dissolves  sparingly  and  with  slight  colour 
in  cold  water,  and  more  abundantly  in  hot  water,  whence  it  separates  in  long,  slender, 
nearly  colourless  crystals ;  it  dissolves  also  in  alcohol  and  ether,  especially  when  hot. 
Neither  the  aqueous  solution  nor  the  acid  obtained  after  decomposition  with  potash 
reddens  ferric  salts.  The  crystals  contain  43'40  per  cent.  C,  9'57  N,  and  3-28  H,  and 
ai'e,  therefore,  a  mixture  of  methyl-nitrosalicylic  and  methyl-dinitrosalicylic  acids 
(Cahours).  Procter  obtained  a  similar  substance  by  boiling  wintergreen-oil  with 
nitric  acid  of  specific  gravity  1'14. 


gaultherique  hinitrique.  Salicylate  de  methylene  binitrique.  (Cahours,  Ann.  Ch.Phys. 
[3]  XXV.  6.)— When  methylsalicylic  acid  is  dropped  into  a  mixture  of  fuming  nitric 
acid  and  fuming  oil  of  vitriol  kept  cool  by  cold  water,  a  clear  dark-orange-coloured 
liquid  is  produced.  As  soon  as  the  drops  of  methylsalicylic  acid  cease  to  dissolve,  a 
small  quantity  more  of  nitrosulphuric  acid  is  added,  the  mixture  shaken  till  the  solution 
is  complete,  and  the  hquid,  after  some  minutes,  diluted  witli  eight  times  the  quantity  of 
water,  whereupon  the  methyl-dinitrosalicylic  acid  separates  out,  and  may  be  crystal- 
lised from  solution  in  boiling  alcohol.  The  aqueous  mother-liquor  contains  methyl- 
trinitrosalicylic  acid. 

Methyl-dinitrosalicylic  acid  forms  yellowish-white  crystalline  scales,  which  become 
nearly  colourless  after  two  crystallisations.  It  is  heavier  than  water ;  melts  between 
124°  and  125°,  forming  a  pale-yellowish  liquid,  which  solidifies  in  a  fibrous  mass  on 
cooling,  volatilises  completely  when  carefully  heated  in  a  retort,  and  sublimes  in  very 
delicate  shining  laminae.  When  suddenly  heated,  it  detonates,  and  decomposes,  giving 
off  a  thick  black  smoke,  and  leaving  a  carbonaceous  residue. 

The  acid  is  insoluble  in  water,  even  at  the  boiling  heat,  nearly  insoluble  in  cold 
alcohol,  but  easily  soluble  in  boiling  alcohol. 

It  dissolves  in  gently -heated  oil  of  vitriol,  and  is  precipitated  therefrom  by  water  in 
nearly  colourless  scales,  having  a  strong  lustre.  The  solution  in  oil  of  vitriol  gives  off 
carbonic  anhydride  between  75°  and  80°  :  if  it  be  gradually  heated,  and  too  great  a 
rise  of  temperature  prevented  by  frequent  immersion  in  cold  water,  a  colourless  liquid 
is  formed,  which  is  rendered  turbid  by  addition  of  a  large  quantity  of  water,  and  on 
cooling  yields  small  shining  needles,  which  dissolve  readily  in  boiling  water  or  alco- 
hol, and  crystallise  on  cooling. — If  the  solution  in  oil  of  vitriol  be  heated  somewhat 
more  quickly,  or  above  100°,  the  liquid  turns  red  and  ultimately  black,  giving  off 
carbonic  and  sulphurous  anhydrides,  and  deposits  brown  flakes  when  mixed  with 
water. 

Methy'-dinitrosalicylic  acid  dissolves  without  decomposition  in  fuming  nitric  acid,  at 
temperatures  between  30°  and  40°,  and  is  reprecipitated  by  water  in  its  original  state. 
The  solution  in  gently-heated  nitromuriatic  acid  deposits  on  cooling  needles  of  the 
unaltered  substance. 

By  continued  boiling,  either  with  fuming  or  with  commercial  nitric  acid,  it  is  com- 
pletely decomposed,  with  formation  of  picric  acid.  By  the  continued  action  of  a 
mixture  of  nitric  and  sulphuric  acids,  it  is  converted  into  methyl-trinitrosalicylic  acid. 
By  boiling  with  strong  potash-ley,  it  is  resolved  into  methylic  alcohol  and  dinitro- 
salicylic  acid. 

Methyl-dinitrosalicylic  acid  forms  salts  containing  C'H2M(NO^)2(CH')0^  It 


Methyl-diniteosalictlic  acid,  C^H^N-O'  = 


[C'H-(NO-)^0]"- 
H 
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dissolves  in  dilute  potash  and  soda,  forming  salts  which  crystallise  by  evaporation.  The 
ammonium-salt,  C'H-(NH^)(CIP)(NO-)-0^  obtained  by  dissolving  the  acid  in  a  slight 
excess  of  "warm  caustic  ammonia,  crystallises  in  yellow  transparent  needles,  sparingly 
soluble  in  cold,  very  soluble  in  boiling  water ;  the  solution,  mixed  with  an  acid, 
deposits  methyl-dinitrosalicylic  acid.  The  silver-salt,  C'H*Ag(CH'*)  (NO'j-O',  obtained 
by  adding  nitrate  of  silver  to  a  dilute  solution  of  the  ammonium-salt,  is  a  yellow 
powder  resembling  chromate  of  lead. 

[C'H(NO-)»0]"i 

Mbthyl-teiniteosalictlic  acid,  CH^N'O'  =  CII'        vO'.  (Ca- 

H  i 

hours,  Ann.  Ch.  Phys.  [3]  xxv.  20.) — Wlien  the  product  of  the  action  of  a  mixture 
of  strong  sulphuric  and  fuming  nitric  acid  on  methylsalicylie  acid  is'treated  with 
boiling  alcohol,  and  the  deposit  of  methyl-dinitrosalicylic  acid  is  separated,  the  mother- 
liquor  retains  methyl-trinitrosalicylic  acid,  which  crystallises  in  yellowish  transparent 
plates,  but  always  accompanied  by  picric  acid. 

(C'H'O)") 

Ethylsalicylic  acid,  C''H'«0'  =     C=H^    \0\    (Cahours,  Ann.  Ch.  Phys. 

H  S 

[3]  X.  369.— G.  Baly,  Chem.  Soc.  Qu.  J.  ii.  28.— Gerhardt,  Traite,  m.  Z2%.)— 
1.  AVhen  4  pts.  of  alcohol  are  distilled  with  3  pts.  of  crystallised  salicylic  acid  and 
2  pts.  of  oil  of  vitriol,  alcohol  alone  passes  over  first,  then  a  mixture  of  alcohol  and 
ethylsalicylic  acid,  and  lastly  a  small  quantity  of  alcohol  with  a  large  quantity  of 
ethylsalicylic  acid.  As  soon  as  sulphurous  anhydride  begins  to  escape,  the  distillation 
is  interrupted,  the  distillate  shaken  up  with  water  containing  a  little  ammonia,  then 
washed  with  water,  dried  over  chloride  of  calcium,  and  rectified  liy  two  distillations. 
(Cahours,  Baly). — 2.  When  absolute  alcohol  is  added  by  drops  to  salicylic  chloro- 
hydrate,  the  mixture  becomes  heated,  and  gives  olF  large  quantities  of  hydrochloric 
acid.  As  soon  as  the  action  ceases,  the  liquid  is  distilled,  and  the  portion  which 
goes  over  towards  225°  is  collected.  (Gerhardt.) 

Properties. — Ethylsalicylic  acid  is  a  colourless  oil,  heavier  than  water.  Specific 
gravity  1-097  (Baly);  1-18-13  at  10°  (Delffs).  Boils  at  225°  (Cahours)  ;  at  221° 
with  the  barometer  at  28"  1-3'"  (Delffs);  at  229-5°  (Baly).  It  has  an  agreeable 
odour,  resembling  that  of  methylsalicylie  acid.  It  dissolves  sparingly  in  water,  easily 
in  alcohol  and  ether. 

Decompositions. — 1.  Chlorine  and  bromine  act  strongly  on  ethylsalicylic  acid,  pro- 
ducing crystallised  substitution-products. — 2.  With  pientachloride  of  •phosphorus  and 
with  chloride  of  benzoyl,  it  reacts  like  the  corresponding  methyl-compound. — 3.  Ammonia 
dissolves  it  slowly,  converting  it  into  ethylic  alcohol  and  salieylamic  acid. — 4.  Fum- 
ing nitric  acid  converts  it  into  ethylic  nitrosalieylate ;  but  when  boiled  with  nitric 
acid,  it  yields  picric  acid. — 5.  When  boiled  with  potash  or  soda,  it  is  resolved  into 
alcohol  and  salicylic  acid.- — 6.  Anhydrous  baryta  attacks  it  strongly,  and  the  product, 
when  distilled,  yields  ethylic  phenate  or  phenetol  : 

C'H=(C'H^)0^    =    CO-  +  C'^H^(C=IP)0. 

Ethyls^Uicylic  I'liuiielol. 
acid. 

Ethylsalicylatcs. — The  acid  dissolves  in  cold  potash-  or  soda-ley,  forming 
crystallised  salts  soluble  in  water.  Heated  in  a  sealed  tube  with  methylic,  ethylic, 
or  amylic  iodide,  it  yields  the  ethylsalicylate  of  methyl,  ethyl,  or  amyl. 

Beyizoie  ethylsalicylate,  C'H'(C'H^O)(C^IP)0',  is  produced  by  heating  the  acid  with 
chloride  of  benzoyl  as  long  as  hydrochloric  acid  continues  to  escape.  It  is  a  crystalline 
mass,  soluble  in  alcohol  and  ether,  and  separates  from  its  ethereal  solution  by  spon- 
taneous evaporation  in  the  form  of  an  oil,  which  gradually  solidifies  in  nodular  groups  of 
small  prisms.  (Gerhardt.) 

Ethyl-bromosalicylic  acid,  C'H*Br(C'H'>)0',  is  produced  by  the  action  of 
bromine  on  salicylic  acid  in  excess.  It  dissolves  very  easily  in  alcohol,  and  crystallises 
therefrom  in  slender  needles,  very  much  like  metliyl-bromosalicylic  acid.  (Cahours, 
Ann.  Ch.  Phys.  [3]  x.  341.) 

Eth YL-DIBROMOS ALiCTLic  ACID,  C'H'Br-(C-H^)0',  is  produced  by  treating 
ethylsalicylic  acid  with  excess  of  bromine.  It  crystallises  in  broad  nacreous  scales, 
very  slightly  soluble  in  cold,  moderately  soluble  in  boiling  alcohol.  It  melts  at  a 
rather  low  temperature,  and  solidifies  on  cooling  in  a  mass  similar  to  crystallised 
bismuth;  by  fusing  about  10  or  15  grammes  of  it,  large  well-defined  cubes  may 
be  obtained.  When  slowly  heated,  it  volatilises  almost  without  residue.  It  dissolves 
in  strong  caustic  potash,  and  is  precipitated  therefrom  unaltered  by  acids.  Ammonia 
ultimately  dissolves  it,  forming  dibromosahcylamie  acid.  (Cahours,  Ann.  Ch.  Phys. 
[3]  X.  364.) 
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Ethyl-diohlorosalictlic  acid,  C'H'CP(CTI')0',  is  produced  by  passing 
chlorine  into  ethylsalicylic  acid  heated  over  a  water-bath.  The  solidified  mass 
obtained  at  the  end  of  the  reaction  is  purified  by  pressure  between  bibulous  paper,  and 
one  or  two  crystallisations  from  alcohol,  whence  it  is  deposited  on  cooling  in  small, 
colourless,  shining  plates.    (Cahours,  Ann.  Ch.  Phys  [3]  xxvii.  461.) 

Ethyl-niteosat.icylic  acid,  C»H»N0^  =  C'HXC'-H*)(N02jOl  (Cahours, 
Ann.  Ch.  Pliys.  [3]  x.  362.) — When  fuming  nitric  acid  is  gradually  added  to  ethyl- 
salicylic  acid,  which  is  kept  cool,  a  red  liquid  is  formed,  from  which  water  throws  down 
a  heavy  oil,  solidifying  after  a  while  in  a  crystalline  mass.  The  oil  sometimes 
remains  liquid  for  several  days,  but  immediately  solidifies  if  a  few  drops  of  ammonia 
are  added  to  saturate  the  free  acid.  When  the  solid  mass  is  repeatedly  washed  with 
cold  water  and  dissolved  in  hot  alcohol,  the  solution  yields  by  evaporation  yellow 
silky  crystals,  which  must  be  repeatedly  recrystallised. 

Ethyl-nitrosalicylic  acid  forms  yellowish  needles,  very  much  resembling  the  methyl- 
compound.  It  melts  in  boiling  water,  and  solidifies  again  on  cooling.  Heated  witli 
•potash  or  soda,  it  yields  nitrosalicylic  acid  and  alcohol.  It  is  not  immediately 
dissolved  by  ammonia,  but  when  left  in  contact  with  it  in  a  closed  vessel,  it  gradually 
dissolves,  forming  nitrosalicylamic  acid  and  alcohol. 

The  acid  dissolves  in  cold  fotash  or  soda,  forming  an  ethyl-nitrosalicylate  of  the 
alkali-metal. 

Ethyl-dinitrosalicylicacid,  C'HsN^O'  =  C'H\C-H'i)(NO^)=0'.  (Cahours, 
Ann.  Ch.  Phys.  [3]  xxv.  19  ;  xxvii.  462.) — When  dinitrosalicylic  acid  is  dissolved  in 
absolute  alcohol,  and  dry  hydrochloric  acid  gas  passed  into  the  boiling  solution,  the 
liquid  evaporated  to  one-half,  and  water  added,  a  heavy  oil  is  thrown  down  which 
soon  solidifies  ;  and  if  this  oil  be  washed  several  times  with  water,  and  then  dissolved 
in  boiling  alcohol,  the  solution  on  cooling  yields  crystals  of  ethyl-dinitrosalicylic 
acid.  The  same  product  is  obtained  by  treating  ethylsalicylic  acid  with  nitric  and 
sulphuric  acids,  in  the  same  manner  as  methylsalicylic  acid  is  treated  for  the  prepara- 
tion of  methyl-di nitrosalicylic  acid  (p.  164). 

Ethyl-dinitrosalicylic  acid  forms  beautiful  yellowish-white  scales  and  plates.  It 
melts  at  a  gentle  heat,  and  solidifies  again  in  the  crystalline  form  on  cooling.  After 
being  heated  for  some  time,  it  remains  liquid  for  a  considerable  time  on  cooling,  and 
then  solidifies  in  the  form  of  a  resin.  It  forms  soluble  crystallisable  salts  with  the 
alkalis.  When  boiled  with  potash,  it  is  resolved  into  alcohol  and  dinitrosalicylic 
acid. 

(C'H^O)') 

Etbylene-salicylic  acid,  C'^H^O^  =  (C^H^)"  }0*.    (L.  Gilmer,  Ann.  Ch. 

) 

Pharm.  cxxiii.  277.) — Produced  by  beating  bromide  of  ethylene  with  dry  salicylate  of 
silver.  After  purification,  it  forms  white  needles,  having  a  fatty  lustre,  melting  at  83°, 
insoluble  in  water  and  in  caustic  alkalis,  soluble  in  alcohol,  and  precipitated  therefrom 
by  ether  (G-ilmer).  According  to  A.  Mayer,  on  the  contrary  (Zeitschr.  Ch.  Pharm. 
1864,  p.  C42),  it  is  more  soluble  in  ether  than  in  alcohol.  The  laminae  resulting  from 
the  first  crystallisation  are  converted  by  recrystallisation  into  large  colourless  or 
yellowish  prisms  (Mayer).  The  compound  heated  with  'pentachloride  of  phosphorus 
gives  off  hydrochloric  acid,  phosphoric  oxyehloride,  and  chloride  of  ethylene,  and 
leaves  a  residue  exhibibiting  the  characters  of  salicylic  anhydride.  (Gilmer.) 

(C'H'O)") 

Amylsalicylic  acid,  C'^H'^O^  =  C^H  '     \0\    (Drion,  Ann.  Ch.  Pharm.  xcii. 

Hi 

613.) — Produced  by  the  action  of  salicylic  chlorohydrate  on  amylic  alcohol.  It  is 
necessary  to  operate  on  small  quantities  only :  otherwise  the  action  becomes  too 
violent,  and  a  large  quantity  of  phenol  is  produced. 

It  is  a  colourless  strongly  refracting  liquid,  heavier  than  water,  and  insoluble  there- 
in, boiling  at  270°,  and  having  an  agreeable  odour.  With  cold  potash-ley,  it  forms 
amylsalicylate  of  potassium.  (Drion.) 

When  boiled  with  potash,  it  yields  amylic  alcohol  and  salicylate  of  potassium. 

Heated  with  chloride  of  benzoyl,  it  gives  off  hydrochloric  acid,  and  yields  a  body 
which  crystallises  in  needles  (benzoic  amylsalicylate?  Gerhardt) ;  according  to 
Drion,  it  yields  a  viscid  mass,  which  does  not  readily  solidify. 

SAXflCVIiIDlE:,    C'H^O^. — The  anhydride  of  salicylic  acid  (p.  160). 

SA.I>IC-sr£.IIM:xi»B,     C'H'NO   =  ^'-''^''^^  j^.  (Limpricht,  Ann.  Ch.  Pharm. 

xcviii.  261.) — Produced  by  the  action  of  heat  on  salicylamic  acid  (p.  150).  The 
residue,  obtained  by  heating  the  acid  to  270°,  is  washed  with  cold  alcohol,  to  remove 
uudecoraposed  salicylamic  acid ;  it  then  forms  a  yellow  powder,  which  under  the 
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microscope  appears  to  consist  of  crystalline  needles.  Does  not  melt  at  200°.  It  is 
coloured  purple  by  ferric  chloride. 

Salicylimide  is  insoluble  in  water  and  in  aqueous  ammonia,  but  is  dissolved  by 
alcoholic  ammonia,  forming  a  yellow  solution,  which,  when  evaporated,  leaves  the 
compound  apparently  unaltered.  Acids  decolorise  the  solution  ;  acetate  of  lead  forms 
in  it  a  white,  nitrate  of  silver  a  yellowish,  and  sulphate  of  copiper  a  slight  greenish 
precipitate.    It  is  nearly  insoluble  in  boiling  alcohol  and  ether. 

SA1.ICY1.0I,,  CH-'O^  =  (C'lrOy'jgQ.  Salicyhus  Hydride.   Hydric  Salicylitc. 

Salicylous  acid.  Hydride  of  Salicosyl  (incorrectly  Hydride  of  Salicyl).  Volatile  Oil  (f 
Spircsa.  (Pageustecher,  Ann.  Cb.  Phj's.  [2]  Ixix.  331. — Lowig,  Pogg.  Ann.  xxxv. 
383. — Piria,  Ann.  Ch.  Pharm.  xxix.  300  ;  xxx.  153  ;  Ixxxi.  245. — Dumas,  ibid.  xxix. 
306. — Lowig  and  Weidmann,  Pogg.  Ann.  xlvi.  57. — Ettling,  Ann.  Ch.  Pharm. 
xxix.  309;  xxxv.  241;  liii.  77. — AVohler,  ibid,  xxxix.  121.— Mavchand,  J.  pr. 
Chem.  xxvi.  394.  — Bertagnini,  Ann.  Ch.  Pharm.  Ixxxv.  193.) — This  compound,  iuter- 

mediate  between  salicylic  acid,  (C'H^O)"j  jjq,  and  the  nnliuown  salicylic  aldehyde, 

(C'H^O)"  I -g-,  was  foi-merly  regarded  as  salicylous  hydride,  or  hydride  of  salicosyl, 

C'H''0-.II.  It  was  discovered  in  1835  by  Pageustecher,  who  obtained  it  by 
distilling  the  flowers  of  meadow-sweet  (Spircea  Ulmaria)  with  water.  It  appears, 
however,  not  to  exist  ready-formed  in  these  flowers,  as  it  cannot  be  extracted  therefrom 
by  alcohol  (Dumas).  It  is  obtained  also  from  the  green  parts  and  the  rootstock  of 
Spireea  Ulmaria ;  from  the  green  parts  of  Sp.  digitata,  Sp.  loba/a,  and  Sjj.  filipi  'iidida,  but 
not  from  the  shrubby  spirfeas  (Wicke,  Ann.  Ch.  Pharm.  xci.  374)  ;  also  from  the  warty 
secretion  of  the  larvae  of  Chrysomcla  fopidi  (Liebig,  Schweizer),  and,  according  to 
Enz  (.Jahresb.  1869,  p.  312),  from  the  beetles  themselves  by  distillation  with  water. 

Artificial  formation. — 1.  By  the  dry  distillation  of  quinic  acid  (Wohler). —  2.  By 
the  oxidation  of  saligenin,  either  in  the  free  state  or  as  contained  in  salicin  or 
populin  ;  therefore  by  the  action  of  potassic  chromate  and  sulphuric  acid  (Piria),  or 
of  aqueous  osmic  acid  (Buttlerow,  J.  pr.  Chem.  Ivi.  278)  on  saligenin,  salicin,  or 
populin,  or  by  the  action  of  bromine  or  iodine  on  salicin  in  water  containing  potash 
(Lefort).  From  saligenin,  CH^O^,  it  is  formed  by  direct  oxidation  ;  and  as  salicin 
is  a  glucoside  of  saligenin  (p.  147),  and  populin  has  the  composition  of  benzoylsalicin, 
its  formation  from  these  bodies  is  likewise  easily  intelligible. — 3.  By  the  fermentation 
of  salicin  (Kanke,  J.  pr.  Chem.  Ivi.  1).— 4.  In  the  decomposition  of  helicin  (iii.  139), 
by  fermentation,  by  acids,  or  by  heating  with  alkalis. 

Preparation. — 1.  From  the  flowers  of  Spiraa  Ulmaria.  These  flowers  distilled  with 
water  yield  an  essential  oil,  consisting  of  salicylol  mixed  with  a  hydrocarbon  having 
the  composition  of  tui'pentiue-oil,  and  a  camphor-like  substance  which  solidifies  at 
ordinary  temperatures.  On  neutralising  this  distilled  liquid  with  potash,  evaporating 
nearly  to  dryness  to  expel  the  hydrocarbon  (this  part  of  the  operation  being  performed 
in  a  retort  to  keep  out  the  air),  then  slightly  supersaturating  the  residue  with  plios- 
phoric  acid,  and  distilling,  salicylol  passes  over,  partly  as  aqueous  .solution,  partly  in  oil- 
drops.  It  may  be  further  purified  by  repeatedly  agitating  the  last  distillate  with 
ether,  shaking  up  the  decanted  ethereal  solution  with  potash,  supersaturating  the  potash 
solution  with  phosphoric  acid,  and  distilling.    (Lowig,  Lihrbiich,  ii.  747.) 

2.  From  salicin,  by  oxidation  with  chromic  acid.  The  best  proportions,  according 
to  Ettling,  are  3  pts.  salicin,  3  pts.  acid  chromate  of  potassium,  4j  pts.  strong  sul- 
phuric acid,  and  36  pts.  water.  The  potassic  chromate  is  intimately  mixed  witli  the 
sahein  ;  about  ^  of  the  water  is  poured  upon  the  mixture,  which  is  then  well  agitated 
in  the  retort ;  the  whole  of  the  sulphuric  acid,  diluted  witli  the  remainder  of  the  water, 
is  then  poured  in  at  once,  and  the  agitation  is  repeated.  A  slight  evolution  of  gas  then 
takes  place,  lasting  for  half  or  three-quarters  of  an  hour,  the  liquid  at  the  same  time 
becoming  heated  to  between  60°  and  70°,  and  assuming  an  emerald-green  colour.  As 
soon  as  this  reaction  has  ceased,  the  liquid  must  be  moderately  heated.  Salicylol 
then  passes  over,  and  condenses  in  the  receiver  in  the  form  of  a  heavv  oil,  its  formation 
being  accompanied  by  the  evolution  of  carbonic  anhydride  and  f^ormic  acid.  The 
distillation  is  continued  till  the  condensed  water  is  no  loncrer  milky.  The  salicylol 
dissolved  in  the  water  may  be  extracted  by  agitating  with  ether,  and  evaporating 
the  ethereal  solution.  The  residue  in  the  retort  is  a  solution  of  chrome-alum,  on  the 
surface  of  which  there  usually  floats  a  resinous  matter,  resulting  from  the  decomposition 
of  part  of  the  salicylol.  250  grms.  of  salicin  thus  treated  yield  about  60  grms.  of 
salicylol. 

The  aqueous  extract  of  willow-bark  may  also  be  used  instead  of  pure  salicin  for 
the  preparation  of  salicylol.    The  salicylol  thus  obtained  is  purified  by  combiuing 
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it  with  an  alkali,  concentrating  the  solution,  and  distilling  it  with  dilute  sulphuric 
acid. 

Properties. — Salicylol  is  a  colourless  or  reddish  oil,  having  a  pleasant  aromatic 
odour,  like  that  of  Ijitter-almond  oil,  and  an  acrid  burning  taste.  It  turns  red  on 
exposure  to  the  air,  but  may  be  rendered  colourless  again  by  a  single  distillation. 
Specific  gravity  =  1-173  at  13-3°.  Boiling  point,  196-0'^  (Piria),  182°  (Ettling). 
Vapour-density,  obs.  =  4-276  ;  calc.  =  4-225.  It  solidifies  at  —  20°,  is  inflammable, 
and  bums  with  a  bright  but  smoky  flame. 

Salicylol  dissolves  with  moderate  facility  in  water;  its  solution  has  no  action 
upon  litmus ;  it  is  coloured  deep  -violet  by  ferric  salts.  Alcohol  and  ether  dissolve 
it  in  all  proportions.    The  solutions  have  no  action  in  polarised  light. 

Salicylol  decomposes  alkaline  carbonates,  even  in  the  cold.    Caustic  alkalis  dissolve 
it,  with  formation  of  salicyhtes.    When  heated  -with  hydrate  of  potassium,  it  is  con- 
verted into  salicylate  of  potassium,  with  evolution  of  hydrogen  : 
C'H^O^  +  KHO    =         +  C'H'KO'. 

Ammonia  converts  it  into  hydroaalicylamide  (iii.  218)  : 

SCffO^  +  2NH»    =    C^^'H'^N^O^  +  SH^O. 

By  chlorine  it  is  converted  into  chlorosalicylol;  by  bromine  into  bromosalicylol. 
Iodine  dissolves  in  salicylol  without  alteration  ;  nitric  acid  converts  it  into  nitro- 
salicylol ;  by  prolonged  boiling  with  nitric  acid,  it  yields  picric  acid  and  carbonic 
anhydride.  Boiled  -srith  hydrochloric  acid  and  chlorate  oj  potassium,  it  yields 
perchloroquinone  and  carbonic  anhydride  (Hof  mann) : 

C'H«02  +  5C1-  +  02    =    C'CPO^  +  6HC1  +  CO^. 

By  boiling  -with  acid  chromate  of  potassium  and  dilute  sulphuric  acid,  it  is  partly  con- 
verted into  salicylic  acid  (Ettling).  It  is  likewise  oxidised  to  salicylic  acid  by 
boiling  -with  cwpric  oxide  in  alkaline  solution,  a  precipitate  of  cupric  oxide  being  formed 
at  the  same  time.  It  also  reduces  oxide  of  silver.  When  exposed  to  the  vapour  of 
sulphuric  anhydride,  it  is  converted  into  a  neutral  insoluble  body,  isomeric  with  sali- 
cylol, and  related  to  it  in  the  same  manner  as  benzoin  to  bitter-almond  oil. 

COMPOTINDS  AND  DeEIVATI-VBS  OF  SaUCYLOI.. 

Salicylol,  as  already  observed,  is  intermediate  in  composition  between  salicylic  acid  and 
salicylic  aldehyde  ;  and  accordingly  it  forms,  on  the  one  hand,  salts  called  salicylites, 

by  exchange  of  its  typic  hydrogen  for  metals,  e.g.  (C'H''0)''  j  jjq,  and,  on  the  other 

hand,  crystalline  compounds  -with  acid  sulphites  of  alkali-metals. 

These  latter  compounds  are  obtained  either  by  direct  combination,  or  by  the  action 
of  sulphurous  anhydride  on  the  salicylites  of  the  alkali-metals : — Ammoniv.m-salt. — An 
aqueous  solution  of  acid  sulphite  of  ammonium  easily  dissolves  salicylol,  forming  a 
yellow  oily  liquid,  which  after  some  hours  solidifies  to  a  crystalline  mass.  The  product 
dissolves  in  hot  water,  and  separates  on  cooling  in  shining  slightly  yellow  needles. 
When  exposed  to  the  air  for  some  days,  it  changes  to  a  brown  -viscous  mass,  having  a 
very  bitter  taste. 

Potassium-salt,  C'H^O^.KHSO'.  — Salicylol  shaken  up  -with  an  aqueous  solution 
of  acid  potassic  sulphite  of  28°  Bm.,  dissolves  without  colour  ;  and  the  saturated 
solution  solidifies  in  a  few  seconds,  forming  a  white  inodorous  crystalline  mass,  which 
may  be  recrystallised  from  alcohol.  When  dry  sulphurous  anhydride  is  passed  into  a 
cold  saturated  alcoholic  solution  of  potassic  salicylite  at  a  temperature  between  40° 
and  50°,  tiU  the  yellow  colour  disappears,  and  the  liquid  is  then  left  at  rest,  it  soon 
becomes  filled  with  slender  needles  arranged  in  spherical  groups.  The  compound  is 
white,  -with  a  pearly  lustre,  and  a  faint  odour  of  salicylol.  It  dissolves  abundantly 
in  cold  water,  easily  in  warm  alcohol,  less  easily  in  cold  alcohol.  When  heated,  it 
gives  off  sulphurous  anhydride  and  salicylol,  leaving  a  residue  of  potassic  sulphite, 
which  afterwards  changes  to  sulphate.  The  aqueous  solution,  when  heated,  soon 
becomes  turbid,  and  deposits  salicylol;  heated  with  acids,  or  mixed  (even  in  the 
cold)  -with  alkalis  or  alkahne  carbonates,  it  tiirns  yellow,  and  yields  a  salicylite.  The 
solution  takes  up  iodine,  at  first  without  coloration  ;  when  it  begins  to  show  colour,  tlie 
whole  of  the  sulphurous  acid  is  converted  into  sulphuric  acid,  and  the  salicylol 
is  set  free.  With  bromine  the  solution  forms  sulphuric  acid  and  bromosalicylol. 
(Bertagnini.) 

Sodium-salt. — A  solution  of  acid  sodio  sulphite,  agitated  with  a  large  quantity  of 
salicylol,  solidifies  to  a  white  crystalline  mass,  the  solution  of  wlich  in  hot 
water  deposits,  on  cooling,  shining  crystals,  having  a  sulphurous  taste  and  ciour,  solu- 
ble in  purewater;  also,  with  partial  decomposition,  in  boiling  alcohol  (Bertagnini.) 
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Metallicderivatives  of  SaMcylol.    Sallcylites,    C'ffMO^  =  C'H'O)" 

andC'*H'''M"0'  =  (C'H'O)^!*^?^*^".— These  compounds  are  obtaiued  by  the  action  of 

salicylol  on  metallic  oxides  and  hydrates.  The  salifylites  of  tlie  alkali-metals  are 
moderately  soluble  in  water  ;  most  of  the  others  are  insoluble.  They  are  yellow,  and 
contain  water  of  crystallisation.  The  solutions  colour  ferric  salts  violet.  In  the 
moist  state  they  quickly  decompose,  emitting  the  odour  of  roses,  and  turning  brown, 
and  ultimately  black. 

Salicylitcs  of  Ammo7iium. — The  neutral  salt,  C'H^(NH^)0^,  is  obtained  by 
agitating  salicylol  with  strong  aqueous  ammonia  at  a  gentle  heat,  and  crystallises 
on  cooling  in  yellow  needles.  It  is  slightly  soluble  in  cold  water,  still  less  in 
alcohol;  melts  at  115°,  and  volatilises  without  alteration  at  a  higher  temperature. 
When  kept  in  the  moist  state  in  a  closed  vessel,  it  gradually  decomposes  ;  blackens, 
becomes  semifluid,  gives  olf  ammonia,  and  acquires  a  very  penetrating  odour  of  roses. 
The  alcoholic  solution,  evaporated  with  excess  of  ammonia,  yields  golden-yellow 
needlesof  hydrosalicylamide  (Ettling,  iii.  219).  AVben  macerated  with  potash  or  soda, 
it  gives  off  ammonia  only  after  sometime,  or  when  heated.  Acids  decompose  it  imme- 
diately, separating  salicylol.  It  decomposes  the  metallic  salts  of  the  stronger  acids, 
yielding  the  ammonium-salt  of  the  acid,  and  a  salicylite  of  the  metal  (Lowig 
and  Weidmann).  An  acid  salici/Ute  of  ammonium  is  obtained  by  dissolving  the 
neutral  salt  in  warm  water,  and  adding  salicylol ;  it  crystallises,  on  cooling,  in  groups 
of  slender,  transparent,  yellow  needles.  (Berzelius,  Lehrb.iy.ZiiQ.) 

Salicylites  of  Potassium:  a.  Neutral,  C'H^KO'. — 1.  Potassium  dissolves  in 
aqueous  salicylol  with  evolution  of  hydrogen,  forming  salicylite  of  potassium  (Lowig). 
— 2.  Wlien  salicylol  is  mixed  with  potash-ley  of  about  45°  Bm.,  the  whole  solidifies 
to  a  yellow  crystalline  mass,  which  separates  from  the  excess  of  potash-ley;  it  must 
be  quickly  pressed  between  bibulous  paper,  and  dissolved  in  a  .small  quantity  of  hot 
absolute  alcohol,  whence  the  salt  crystallises  on  cooling  (Piria). — 3.  Salicylol  is 
dissolved  in  three  times  its  bulk  of  50  per  cent,  alcohol,  and  caustic  potash-solution  is 
added  till  the  mass  becomes  solid  ;  1  vol.  more  of  the  same  alcohol  is  then  added,  and 
the  whole  gently  warmed  till  the  solid  mass  is  dissolved.  The  crystals,  which  separate 
on  cooling,  are  washed  with  a  small  quantity  of  cold  strong  alcohol,  whereby  they  are 
rendered  lighter,  then  pressed  between  bibulous  paper,  and  immediately  dried  in  vacuo 
over  oil  of  vitriol  (Ettling). — The  salt  crj'stallises  in  small  straw-coloured  prisms 
(Lowig);  golden-yellow  square  tables,  with  a  pearly  lustre,  and  unctuous  to  the 
touch  (Piria,  Ettling).  It  is  slightly  soluble  in  water,  and  has  an  alkaline  reaction. 
According  to  Piria,  it  contains  water  of  crystallisation,  which  cannot  be  completely 
expelled.  At  100^  it  assumes  a  dark  straw-yellow  colour,  and  gives  off  10'72  per  cent, 
water  (calc.  10'17) ;  and  no  more  at  120°. 

It  is  permanent  at  ordinary  temperatures  wlien  dry,  but  decomposes  quickly  in  the 
moist  state,  yielding  acetic  and  melanic  aeids  (iii.  867).  When  heated,  it  decomposes 
with  appearance  of  fire,  but  without  separation  of  charcoal.  (Lowig.) 

;8.  Acid  salt,  C'H^KO^.C'H'^O^.— Salicylol  is  added  to  the  solution  of  a  in  hot 
alcohol,  till  a  sample  of  the  liquid  on  cooling  no  longer  yields  tables,  but  specular 
crystals;  it  is  then  left  to  cool  slowly,  and  the  resulting  crystals  are  washed  till  the 
yi'llow  colour  disappears.  White  needles  united  in  tufts,  somewhat  less  alterable  tlian 
the  neutral  salt  in  moist  air ;  decomposes  with  water  into  the  neutral  suit  and 
eahcylol.  (Ettling.) 

Salicylites  of  Sodium. — The  neutral  scdt  resembles  neutral  salicylite  of  potas- 
sium.—The  acid  salt,  2(C"II^NaO^C'H:«02).H=0,  prepared  like  the  corresponding 
potassium-salt,  crystallises  more  readily  in  slender  white  needles,  which  are  permanent 
in  the  air.  At  100°  it  gives  off  only  0'007  per  cent,  water;  at  135°,  in  vacuo,  4'036 
per  cent.,  and  at  140°  4-35  per  cent.  It  bears  a  temperature  of  150°  without  decom- 
position, but  decomposes  at  higher  temperatures,  giving  off  salicylol.  (Ettling.) 

Salicylite  of  Barium,  C'''H"'Ba"0''.2H-0,  separates  as  a  yellow  crystalline 
powder,  when  chloride  of  barium  is  poured  into  a  concentrated  solution  of  ]iotassic 
salicylite.  A  hot  solution  of  baryta  saturated  with  salicylol,  and  left  to  cool,  deposits 
the  same  salt  in  yellow  needles.  It  contains  8-6  per  cent,  water,  which  it  gives  up 
at  160°  in  a  current  of  dry  air. — The  strojUium-  and  calciian-salts  are  sparingly 
soluble. — The  magnesium-salt  is  obtained  by  agitating  aqueous  salicylol  with  hydrate 
of  magnesium,  as  a  light-yellow,  nenrly  insoluble  powder. 

Cupric  Salicylite,  C"II'°Cu"0',  is  easily  obtained  by  agitating  a  cold  solution 
of  salicylol  in  50  or  60  times  its  volume  of  alcohol,  with  aqueous  cupric  acetate.  The 
liquid  then  assumes  a  fine  green  colour,  and  becomes  filled,  after  some  time,  with 
iridescent  needles  of  the  same  colour.  These  crystals  are  very  slightly  soluble  in 
water  and  in  alcohol.    An  additional  quantity  of  them  may  be  obtained  by  saturating 
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the  acetic  acid  set  free  in  the  reaction  -with  an  alkali.  An  aqueous  solution  of 
Balicylol  shaken  up  with  recently  precipitated  cupric  hydrate,  yields  a  cupric.salicylite 
in  the  form  of  a  very  light  powder  of  a  green  colour.  Cupric  salicylite  heated  to 
1120°  gives  off  saHcylol,  benzosalicylol,  and  carbonic  anhydride,  leaving  a  residue  of 
cupric  salicylate. 

Salicylites  of  Iron. — The,  ferrous  salt  is  obtained,  as  a  dark-violet  precipitate,  on 
adding  ammonia  to  a  solution  of  ferrous  chloride  mixed  with  salicylol. — Ferric  salt. 
A  solution  of  ferric  chloride,  mixed  with  salicylol,  immediately  assumes  a  dark -violet 
colour.  The  mixture  loses  its  colour  on  expos;ire  to  the  air,  but  recovers  it  on  a  fresh 
addition  of  salicylol. 

Salicylites  of  Lead. — a.  Neutral.  Recently  precipitated  hydrate  of  lead  in 
contact  with  aqueous  salicylol  is  converted  into  a  light-yellow  powder  made  up  of 
small  shining  scales.— ,8.  A  basic  salt,  C'^H'°Pb"O^Pb"0,  is  precipitated  in  light- 
yellow  grains,  on  mixing  an  alcoholic  or  aqueous  solution  of  salicylol  with  basic 
acetate  of  lead,  or  with  the  neutral  acetate  and  ammonia.  With  an  alcoholic  solution 
of  salicylol,  the  precipitation  does  not  take  place  immediately.  The  salt  precipitated 
in  the  cold  is  flocculent  at  first,  but  gradually  becomes  crystalline.    It  is  anhydrous. 

Mercury-salt. — Mercuric  oxide  is  not  attacked  by  salicylol.  A  strong  solvation 
of  mercuric  chloride  poured  upon  salicylite  of  ammonium  forms  light  bulky  flocks. 

Silver-salt. — Obtained  by  double  decomposition,  as  a  yellow  precipitate,  which 
soon  blackens  and  decomposes.  With  very  dilute  solutions  no  precipitate  is  formed, 
but  the  sides  of  the  vessel  become  covered,  after  about  24  hours,  with  a  pellicle  of 
reduced  silver ;  in  a  hot  solution  this  reduction  takes  place  immediately.  Aqueous 
salicylol  reduces  oxide  of  silver. 

Zinc-salt. — Aqueous  salicylol  shaken  up  with  oxide  of  zinc,  forms  a  yellow 
solution,  which,  when  evaporated  in  a  vacuum,  leaves  a  yellow  pidverulent  residue. 

Org;anlc  derivatives  of  Salicylol. — These  compounds  are  formed  by  the 
action  of  salicylol  on  the  chlorides  of  acid  organic  radicles. 

Acetosalicylol,  C'H'O'  =  C'H=^(C-H='0)0^  Acetosalicyl.  (Cahours,  Ann.  Ch. 
Pharm.  civ.  109  ;  cviii.  312.) — When  equal  volumes  of  salicylol  and  acetic  chloride 
are  heated  together,  the  mixture  becomes  viscous,  and  evolves  large  quantities  of  hydro- 
chloric acid ;  and  if,  when  this  action  is  over,  the  liquid  be  heated  for  some  hours  to 
100°  in  a  sealed  tube,  it  yields,  on  slow  cooling,  brownish  prismatic  crystals  of  aceto- 
salicylol, which  may  be  purified  by  pressure  between  bibulous  paper,  and  repeated 
crystallisation  from  alcohol. 

Acetosalicylol  is  metameric  with  couraaric  acid,  C'H'O'.H.O,  and  acetobenzoic 
anhydride,  C^H''O.C'H^O.O.  It  is  insoluble  in  water,  slightly  soluble  in  ether  and  in 
cold  alcohol,  more  freely  in  boiling  alcohol,  from  which  it  separates  almost  completely 
in  slender  needles. 

Anisosalicylol,  C'^H'^O^  =  C'H^(C'H'0'^)0^  is  produced  by  treating  salicylol 
with  chloride  of  anisyl.  (Cahours.) 

Benzosalicylol,  C'^JVO^  =  C'H-'O^C'H=0.  Bcnzosalicyl,  Farasalicyl.  (Ett- 
ling,  Ann.  Ch.  Pharm.  liii.  77. — Cahours,  ibid.  Ixxviii.  228  ;  cviii.  312.) — This 
compound,  metameric  with  benzoic  anhydride,  (C'H*0)'^0,  and  oreoselone,  is  produced  : 
1.  By  the  dry  distillation  of  cupric  salicylite.  On  treating  the  oily  distillate,  from 
which  crystals  have  already  separated,  with  potash-ley,  the  benzosalicylol  remains 
undissolved,  and  may  be  crystallised  from  warm  alcohol  or  ether  (Ettling). — 2.  By 
the  action  of  benzoic  chloride  on  salicylol.  (Cahours.) 

Benzosalicylol  crystallises  in  obliquely  bevelled  triclinic  prisms  melting  at  127°,  and 
forming  a  pale-yellow  liquid,  which  solidifies  to  a  radiate  mass  at  98°.  At  180° 
it  sublimes  in  long  needles,  undecomposed,  and  without  previous  ebullition.  It  is 
insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether;  also,  without  decomposi- 
tion, in  gently-warmed  sulphuric  acid.  Hot  strong  nitric  acid  dissolves  it  with  evolution 
of  nitrous  vapours,  and  formation  of  picric  acid.  With  chlorine  or  bromine  in  sunshine 
it  forms  crystalline  products. 

Cumosalicylol,  C"H"*0'  =  C■H^(C•<'H"0)02.  Cimora&y.— Produced  by 
treating  salicylol  with  chloride  of  cumyl.  Crystallises  in  colourless  prisms,  resem- 
bling toluosalicylol.  (Cahours.) 

Succinosalicylol. — Salicylol  treated  with  chloride  of  succinyl  yields  a  compoimd 
which  crystallises  in  colourless  needles. 

Toluosalicylol,  CH'^O'  =  C'H=(C«H'0)02.  rofeo5«fey.— Prepared  by  heating 
together  equal  volumes  of  salicylol  and  toluylic  chloride,  pressing  the  resulting 
brownish  mass  between  bibulous  paper,  treating  it  with  hot  potash-ley  and  then 
with  water,  and  crystalhsing  from  strong  alcohol.    It  forms  shining,  colourless, 
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friable,  easily  fusiljlo  prisma,  inaolubk'  in  cold  watpr,  slightly  soluble  in  boiling  wator 
and  in  cold  alcohol,  more  easily  in  hot  alcoliol  and  in  ether.  It  is  not  decomposed  by 
distillation  with  hydrate  of  potassium.  Forms  crystallisable  substitution-j)roduets 
with  chlorine,  bromine,  and  fuming  nitric  acid.  (Cahours,  Ann.  Ch.  Pharm.  cviii. 
312.) 

Bromosalicylols.  Monobromosalicylol,  C'H^BrO^.  Bromosalicylous  Acid. 
(Liiwig,  Pogg.  Ann.  xxxvi.  383.— Piria,  Ann.  Ch.  Phys.  [3]  Lsix.  281.— Heerlein, 
J.  pr.  Chem.  xxxii.  65.) — Produced  by  adding  bromine-water,  not  in  excess,  to  an 
alcoholic  solution  of  salicylol,  and  separates,  on  addition  of  water  to  the  liquid,  in  small 
colourless  needles.  It  is  less  fusible  than  the  corresponding  chlorine-compound, 
sublimable,  and  distils  over  with  vapour  of  water.  It  dissolves  in  alkalis,  yielding 
metallic  bromosalicylites. 

Bromosalicylol  forms,  with  the  acid  sulphites  of  the  alkali-niciaJs,  crystalline 
compounds,  which  are  decomposed  by  prolonged  boiling,  or  by  heating  with  acids. 
The  potassium-salt  crystallises  in  small,  colourless,  shining  needles  ;  the  sodium-salt  in 
interlaced  needles. 

Dibromosalici/lol,  C'H*Br-0-. — Obtained  by  treating  salicylol  with  ^excess  of 
bromine-water.  It  forms  long  yellowish  needles,  insoluble  in  water,  soluble  in  alcohol 
and  in  ether.  With  pota.sh  it  yields  potassic  dibromosalicylite ;  sulphydric  acid 
converts  it  into  the  sulphydrate  of  sidphodibromosalicylol.  (Heerlein.) 

Chlorosalicylols.  Monochlorosalicylol,  C'H^CIO^.  Chlorosalicylous  Acid. 
(Lowig,  Piria,  loc.  cit.) — Salicylol  is  strongly  attacked  by  chlorine;  and  if,  after  the 
evolution  of  hydrochloric  acid  has  ceased,  a  ciu'rent  of  dry  air  be  passed  through  the 
liquid,  chlorosalicylol  remains  as  a  yellow  crystalline  body,  which  dissolves  in  boiling 
alcohol,  and  crystallises  on  cooling  in  colourless,  nacreous,  rectangular  plates.  It  has 
an  unpleasant  odour  and  burning  peppery  taste ;  melts  when  heated,  and  sublimes  in 
long  snow-white  needles  ;  it  is  inflammable,  and  burns  with  a  green  flame.  It  is 
insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  dissolves  in  strong  sidphuy-ic 
acid  with  yellow  colour,  and  is  precipitated  from  the  solution  by  water.  With 
ammonia  it  forms  hydrochlorosalicylaniide,  C-'H'^Ci'N^O^  =  3C"n='C10^  +  2NH^  - 
3H=0  (iii.  219). 

Chlorosalicylol  dissolves  easily  in  aljcalis,  formmg  metallic  ch lorosalicyli t e s. 
The  potassium-salt  crystallises  in  radiate  groups  of  red  scales.  Its  solution  treated 
with  chloride  of  barium,  yields  harytic  chloroscdicylite,  C"H^Ba"CFO''.II-0,  in  the  form 
of  a  yellow  crystalline  powder. 

Chlorosalicylol  dissolves  easily  also  in  the  acid  sulphites  of  the  alkali-metals, 
forming  crystalline  compounds. 

Vichlorosalicylol,  C'H'C1*0'?  is  produced,  according  to  Lowig,  by  the  pro- 
longed action  of  chlorine  on  salicylol.  On  removing  the  excess  of  chlorine  by  exact 
saturation  with  ammonia,  agitating  the  liquid  with  ether,  and  evaporating  the  ethereal 
solution,  a  soft  red  body  remains,  having  a  pungeut  odour,  melting  at  25°,  and  form- 
ing red  salts  with  the  alkalis  and  alkaline  earths.  It  gave  by  analysis  39'8  per  cent, 
carbon,  2'i  hydrogen,  and  37'1  chlorine,  whence  Lowig  siipposes  it  to  be  dichloro- 
salicylol,  the  formula  of  which  requires  per  Cfiil  oarbon,  21  hydrogen,  37"1 
chlorine,  and  20'7  oxygen;  but  it  evidently  requires  ■. urilier  examination. 

Cyanosalicylol,  CH^NO^  =  C'II^(CN)0^ — 'J'his  compound,  metameric  with 
isatin,  is  produced  by  the  action  of  bromide  of  cyanogen  dissolved  in  absolute  alcohol, 
on  salicylite  of  potassium.  Bromide  of  potassium  then  separates,  and  tlie  alcoholic 
solution  yields  by  evaporation  yellowish  crystalline  scales  of  cyanosalicylol,  which  is  a 
weak  base  capable  of  uniting  with  acids.    (Cahours,  Ann.  Ch.  Pharm.  cviii.  322.) 

Xodosalicylol,  C'H'IO-  ? — Iodine  dissolves  in  salicylol  without  alteration  ;  but 
by  distilling  a  njixture  of  potassic  iodide  and  chlorosalicylol,  cldoride  of  potassium 
is  obtained,  together  with  a  brown  sublimate  analogous  in  properties  to  chlorosalicylol. 
(Lowig.) 

Nitrosalicylol,  C'H^NO'  =  C'II^(NO-)0-.  Hitroscdicylous  Acid.  Spiroylic  Acid. 
(Lowig,  Inc.  cit.) — Prepared  by  treating  salicylol,  at  a  gentle  heat,  with  moderately 
strong  nitric  acid.  It  crystallises  in  transparent  yellow  prisms,  slightly  soluble  in 
water,  very  soluble  in  alcohol  and  in  ether;  its  solution  imparts  a  persistent  yidlow 
stain  to  the  skin.  It  melts  when  heated,  and  solidifies  to  a  crystalline  mass  on  cooling ; 
sublimes  partially  at  a  higher  temperature. 

Nitrosalicylol  dissolves  easily  in  alkalis,  forming  crystallisable  salts.  AVhen 
saturated  with  ammonia,  it  forms  a  blood-red  liquid,  leaving,  on  evaporation,  a  yellow 
residue,  from  which  potash  eliminates  ammonia,  even  in  the  cold.  The  solution 
of  the  sodium-salt  forms  a  yellow  precipitate  with  l(ad-s(dis,  a  green  precipitate  with 
oipric  salts,  and  imparts  to  ferric  chloride  a  deep  cherry  colour.  These  salts  explode 
when  heated. 
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Nitrosalicylol  unites  with  aeid  sulphites  of  alkali-metals.  The  ammonium-salt  does 
not  appear  to  crystallise.  The  potassium-salt  is  more  soluble  than  the  sodium-salt. — 
The  sodium-salt,  obtained  by  dissolving  nitrosalicylol  in  a  warm  solution  of  aeid 
sulphite  of  sodium,  crystallises  on  cooling  in  golden-yeUow  interlaced  needles, 
soluble  in  water,  insoluble  in  alcohol. 

Sulpbosalicylol,  C'H^OS.  Thiosalicol.  (C  ah  ours,  Compt.  rend.  xxv.  458.) 
— This  body,  which  has  the  composition  of  salicylol  in  which  half  the  oxygen 
is  replaced  by  sulphur,  is  produced  by  the  action  of  sulphydric  acid  on  hyc&o- 
salicylamide  in  alcoholic  solution.  It  is  a  pulverulent  substance,  which  forms  salts 
with  the  alkalis,  and  colours  ferric  salts  violet-red. 

Bromosulphosalicylol,  C'H^BrOS,  is  obtained  by  the  action  of  sulphydrate  of 
ammonium  on  bromosalicylol,  as  a  brown  resinous  substance,  soluble  in  potash. — 
When  sulphydric  acid  gas  is  passed  into  an  alcoholic  solution  of  dibromosalieylol, 
and  water  is  thus  added,  a  resinous  body  is  precipitated,  consisting  of  sulphydrate 
of  dibromosulphosalicylol,  C'HWSO.H^S. 

SA.IiICTXi-SUZ.PBVR:C  acid.  CH^SO'.  Syn.  with  SuxPHOSALiCYXic  Aero. 

W  \ 

SAX.XCVX.VRXC  ACID.    C'H«NO'=   (q^h^oI'MO^'    (^^rtagnini,  iZ  iV^MO- 

vo  Cimento,  i.  363.) — This  aeid,  related  to  salicylic  acid  in  the  same  manner  as  hip- 
puric  to  benzoic  acid  (iii.  156),  is  found  in  the  urine  after  salicylic  acid  has  been 
swallowed.  To  prepare  it,  the  acid  m-ine  voided  after  taking  sahcylic  acid  is  evapora- 
ted down  to  12°  Bm.,  acidulated  with  hydrochloric  acid,  shaken  up  with  ether,  and  the 
ether  is  distilled  from  tlie  ethereal  solution.  The  residue  yields,  by  spontaneous 
evaporation,  large  crystalline  nodules,  which,  when  freed  from  the  mother-liquor  by 
pressure,  dissolved  in  boiling  water,  and  treated  with  animal  charcoal,  yield  a  crystal- 
line mass,  consisting  for  the  most  part  of  slender  needles,  mixed  with  larger  needles  of 
salicylic  aeid.  On  heating  this  mixture  in  a  current  of  air  to  between  140°  and  150'-', 
the  salicylic  acid  volatilises  ;  and  the  residue,  crystallised  from  hot  water  containing 
animal  charcoal,  yields  pure  salicyluric  acid. 

This  body  crystallises  in  slender,  shining,  crystalline  needles,  which  when 
obtained  from  the  aqueous  solution  are  grouped  concentrically.  It  has  a  somewhat 
bitter  taste,  and  a  strong  acid  reaction  ;  melts  at  about  160°,  and  solidifies  in  the  crys- 
talline form.  It  dissolves  easily  in  boiling  water  and  in  alcohol,  less  easily  in  cold 
wat«r  and  in  ether.    The  solutions  colour  ferric  salts  violet,  like  salicylic  acid. 

Decompositions. — 1.  Between  160°  and  170°,  the  acid  tui-ns  brown,  and  begins  to 
decompose,  yielding  a  subhmate  of  salicylic  aeid.  At  a  stronger  heat,  it  swells  up  and 
gives  off  ammonia,  leaving  a  residue  of  charcoal. — 2.  When  boiled  with  excess  of 
baryta-water,  it  does  not  form  any  salicylate  of  barium ;  a  small  quantity  of  ammonia 
is,  however,  given  off. — 3.  Heated  for  a  short  time  with  fuming  hydrochloric  acid,  it 
dissolves,  and  crystalhses  out  again  unaltered  ;  but  if  the  boiling  be  continued  for  two 
or  three  hours,  the  acid  is  resolved  into  salicylic  aeid  and  glyeoeine : 

(C'H^O)iN    ,  _    (C'H^O)"/  ,  /r=H^oY'l^ 

4.  When  it  is  boiled  with  water  and  peroxide  of  lead,  the  latter  is  decolorised ;  and 
ou  boiling  the  solution,  smaU  shining  needles  separate  out. 

Salicylurates. — The  acid  decomposes  carbonates.    Its  salts  crystallise  easily. 

The  barium-salt  is  obtained  by  dissolving  carbonate  of  barium  in  the  warm  acid. 
As  the  solution  cools,  the  salt  crystallises  in  large  hard  prisms,  which  become  opaque 
and  give  off  water  when  heated,  then  melt  and  decompose,  giving  off  ammonia  and  an 
oil  which  smells  like  phenol,  and  leaving  a  residue  of  barytic  carbonate.  The  salt 
is  sparingly  soluble  in  cold  water. 

Calcium-salt. — a.  When  carbonate  of  calcium  is  dissolved  in  the  aqueous  acid,  the 
solution  ou  cooling  yields  aggregated  needles,  which  are  sparingly  soluble  in  cold  water, 
and  insoluble  in  alcohol. — h.  When  milk  of  lime  is  added  by  successive  small  portions 
to  the  warm  aqueous  acid,  a  solution  is  at  first  obtained,  which  suddenly  solidifies  to 
a  crystalline  mass,  insoluble  in  boiling  water. 

SAS.IGEWIW,  CH^O^,  probably    =    ^*^'^!^  jo^.— (Piria,  Ann.  Ch.  Pharm. 

Ivi.  53;  Ixxxi.  245.— Bei Is tei n  and  Seelheim,  ihid.  cxvii.  83. — Gm.  xii.  233.) — 
A  compound  produced  from  salicin  by  the  action  of  acids  and  of  emulsin  (Piria) : 
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Salicin.  Snligenin.  Glucose. 

Also  from  salicylol,  C'lI'^O^,  by  the  action  of  sodium-amalgam  in  presence  of  water, 
(lieinecke  and  Beilstein,  Ann.  Ch.  Pharm.  exxviii.  179.) 

rreparation. — 1.  An  aqueous  solution  of  salicin,  acidulated  with  sulphuric  or  hydro- 
chloric acid,  is  heated  till  it  just  boils  up  ;  the  liquid  is  then  saturated  with  chalk,  and 
the  filtrate  shaken  with  ether,  which  takes  up  the  saligenin.  A  considerable  quantity 
of  saliretin  is  always  formed  at  the  same  time. — 2.  When  60  pts.  of  finely  pulverised 
salicin  suspended  in  500  pts.  of  water  are  shaken  up  with  3  pts.  of  emulsin  (ii.  486), 
and  heated  in  lukewarm  water  to  a  temperature  not  exceeding  40°,  the  salicin  dis- 
solves, being  decomposed  in  the  course  of  24  hours  into  glucose  and  saligenin.  Wlien 
no  more  than  the  prescribed  quantity  of  water  'is  employed,  part  of  the  saligenin 
crystallises  out ;  and  if  the  liquid  be  then  twice  shaken  up  with  an  equal  bulk  of  ether, 
and  the  ethereal  liquid  evaporated  over  the  water-bath,  the  residue  solidifies  in  a  wliite 
mass  composed  of  pearly  lamiuas,  which  may  be  pressed  between  paper,  and  repeatedly 
crystallised  from  boiling  water  (Piria).  Beilstein  and  Seellieim  purify  it  by  recrys- 
tallisation  from  benzene. 

Properties. — Saligenin  crystallises  in  white  rhombic  tables  having  a  pearly  lustre, 
or  in  small  colourless  rhombohedrons.  By  spontaneous  evaporation  of  the  aqueous  so- 
lution, there  is  formed  a  wliite  opaque  mass,  composed  of  microscopic,  shining,  irides- 
cent laminw  (Piria).  Specific  gravity  =  1'1613  at  25°  (B  eils  tei  n  and  Seelheim). 
Saligenin  is  unctuous  to  the  touch.  In  vacuo  over  oil  of  vitriol,  it  does  not  give  off 
water,  but  partly  volatilises,  in  consequence  of  which  the  oil  of  vitriol  becomes  covered 
with  a  crimson  crust. — It  melts  when  heated,  forming  a  colourless  transparent  liquid, 
which  solidifies  to  a  crystalline  crust  at  82°.  When  heated  for  some  time  to  100°,  it 
yields  a  sublimate  of  delicate,  white,  shining,  iridescent  luminoe. — The  aqueous  solution 
imparts  a  bright  indigo  colour  to  ferric  salts.  (Piria.) 

Saligenin  dissolves  in  15  pts.  of  water  at  22°,  and  in  all  proportions  of  boiling  water; 
easily  also  in  alcohol  and  ether  (Piria).  One  part  of  saligenin  dissolves  in  52'5  pts. 
of  henzene  at  18°,  and  in  a  much  smaller  quantity  at  the  boiling  heat  (Beilstein 
and  Se  elheim).  The  solutions  do  not  act  on  polaiised  light.  It  dissolves  in  ammonia, 
and  appears  to  combine  with  potash.  Tlie  aqueous  solution  does  not  precipitate  the 
salts  of  barium,  calcium,  copper,  neutral  lead-acetate,  mercuric  chloride,  nitrate  of 
silver,  or  tartar-emel  ie.  With  basic  acetate  of  lead,  it  forms  a  scanty  precipitate,  of 
variable  composition.  It  imparts  to  ferric  salts  a  bright  indigo  colour,  which  is  quickly 
destroyed  by  heat,  or  by  the  action  of  chlorine  or  acids.  The  alcoholic  and  ethereal 
solutions  do  not  exhibit  this  colouring. 

Decompositions. — 1.  Saligenin  heated  above  100° gives  off  aqueous  vapour  ami  sali- 
cylol. Between  140°  and  150°,  it  becomes  very  viscid,  and  solidifies  on  cooling  to 
a  mass,  which  is  less  crystalline  the  more  strongly  it  has  been  heated;  and  at  length 
there  is  formed  an  amber-coloured  translucent  resin  having  the  properties  of  saliretin. 
— 2.  Exjiosed  to  the  air  in  contact  with  platinum-hhtcJc,  it  is  quickly  converted  into 
salicylol ;  at  higher  temperatures  the  same  conversion  is  produced  by  mere  contact 
with  the  air,  or  by  chromic  acid,  oxide  of  silver,  &c.,  without  the  formation  of  any  other 
organic  substance  or  of  carbonic  anhj'dride  : 

C'H'O^  +  O    =    C'lPO-  +  II-O. 

Mercuric  oxide  does  not  act  upon  saligenin. — When  saligenin  is  heated  with  sulphuric 
acid,  and  peroxide  of  manganese,  carbonic  anhydride  and  formic  acid  are  produced, 
without  a  trace  of  salicylol. — 3.  Cldorbie  gas  acts  violently  on  dry  saligenin,  giviug 
otf  hydrochloric  acid  and  forming  a  yellow  resin,  which  gradually  tui'ns  red,  and  ulti- 
mately solidifies  to  a  mass  composed  of  small  crystals,  which  melt  and  turn  red  when 
exposed  to  the  further  action  of  chlorine.  Bromine  acts  in  a  similar  manner. — Thj 
chief  product  formed  by  the  action  of  chlorine  gas  on  a  concentrated  aqueous  solution 
of  saligenin,  is  trichlorophenic  acid  (iv.  392). — 4.  With  iodine  a.w<i phosphorus  saligenin 
forms  a  brown  liquid,  which  appears  to  contain  C'H'O.IH,  but  is  very  unstable  (Li  m - 
prieht). — 6.  Saligenin  heated  with  dUute  acids,  is  resolved  into  saliretin  and  water: 
C"II"0-  =  CH^O  +  H'O. — G.  Strong  sulphuric  acid  colours  saligenin  deep  red, 
like  salicin. — 7.  Strong  nitric  acid  dissolves  it,  with  evolution  of  nitrous  vapours  and 
carbonic  anhydride,  and  formation  of  picric  acid.  Dilute  nitric  acid  converts  it  into 
salicylol,  partly  also  into  yellow  crystals  of  nitrosalieylol  (p.  172). — 8.  Saligenin  is  not 
perceptibly  altered  by  potash-ley  at  ordinary  temperatures,  but  appears  to  unite  with 
it.  When  heated  with  solid  potassic  hi/drate,  it  gives  off  hydrogen,  and  forms  salicylate 
of  potassium  : 

C'II'02  +  KIIO    =    C'lI'^KO'  +  2ir-. 
9.  Sodimnncts  upon  saligenin  dissolved  in  pure  ether,  with  evolution  of  hydrogen,  and 
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formation  of  a  precipitate,  consisting  of  the  sodium-compound  C'H'^NaO'.  A  solution 
of  saligenin  in  benzene  reacts  with  sodium  in  a  similar  manner,  excepting  that  the 
precipitate  formed  is  not  of  constant  composition  (Beilstein  and  Seelheim). — 
10.  PcntacMnride  of  phos-phorus  converts  saligenin  into  saliretin,  with  evolution  of 
hydrochloric  acid  and  phosphoric  oxychloride  (Beilstein  and  Seel  h  eim) : 

C'H»02  +  POP    =    2HC1  +  POCP  +  C'ffO. 

—1 1.  Saligenin  is  also  converted  into  saliretin  by  heating  to  100°  with  acetic  anhydride 
and  ether ;  also  when  hydrochloric  acid  gas  is  passed  into  a  solution  of  saligenin  in 
glacial  acetic  acid  (Beilstein  and  S  e  e  1  h  e  i  m). — 1 2.  Saligenin  is  attacked  by  chloride 
of  bcn::oyl,  with  evolution  of  hydrocliloric  acid,  and  formation  of  a  compound  containing 
C'II'(C'1P0)0-,  apparently  analogous  to  the  compound  ethers.  (Limpricht.) 

Chlorosalig'eiiiiis.  These  compounds  are  produced  by  the  action  of  emulsin  on 
the  corresponding  chlorosalicins  (p.  149).  They  are  all,  like  saligenin  itself,  converted 
into  resinous  matters  by  contact  with  acids. 

MonocMorosallgenin,  C'H'CIO^,  crystallises  from  hot  water  in  pure  colourless 
rhomboidal  plates,  exactly  like  saligenin.  It  dissolves  in  water,  alcohol,  and  ether, 
turns  ferric  salts  blue,  and  is  changed  into  a  resin  (?  chlorosalirctin),  under  the  influ- 
ence of  acids.  (Piria.) 

DicMorosaligenm,  C'H^CPO^,  and  PercJdorosaligenin,  C'H'Cl'O',  are  produced  in 
like  manner  from  di-  and  per-chlorosalicin,  but  only  in  very  small  quantities. 
(Piria.) 

SAIiXG-Iiircxc  ilCIS.    Syn.  with  SAx-icrLiiBic  Acid. 

SA2.I3l3aTIir.  C'lPO.  (Piria,  Ann.  Ch.  Pharm.  xxx.  178,189;  Ivi.  45.— 
Gerhardt,  Ann.  Ch.  Pliys.  [3]  vii.  215.) — This  body,  which  differs  from  saligenin 
by  the  elements  of  1  at.  water,  is  produced  by  the  action  of  dilute  acids  on  saligenin, 
or  on  salicin,  glucose  being  also  formed  in  the  latter  case.  The  transformation  is 
effected  by  the  greater  number  of  acids,  even  in  A^ery  dilute  solution,  provided  the 
liquid  be  heated  to  the  boiling-point.  The  saliretin  then  rises  to  the  surface  in  the 
form  of  a  resinous  body,  generally  yellowish,  sometimes  quite  white.  In  general,  the 
more  dilute  the  acid  (sulphuric  or  liydrocliloric)  employed,  the  purer  is  the  product 
obtained.  It  may  be  further  purified  by  solution  in  alcohol  and  precipitation  with 
water.  According  to  Piria,  100  pts.  saligenin  treated  with  dilute  hydrochloric  acid, 
and  heated  to  between  120°  and  130°,  lose  15  39  per  cent,  water  (calc.  14'52  per 
cent.). 

Saliretin  is  insoluble  in  water  and  ammonia,  but  soluble  in  alcohol,  ether,  and 
strong  acetic  acid,  and  is  precipitated  from  these  solutions  by  water.  Potash  and 
soda  likewise  dissolve  it,  and  the  solutions  are  not  precipitated  by  water  ;  but  acids 
(even  carbonic  acid)  separate  the  saliretin  in  the  form  of  a  white  gelatinous  pulpi. 
Sulphuric  acid  colours  saliretin  blood-red.  Strong  nitric  acid  converts  it  at  the  boiling 
hcaX  into  picric  acid,  without  formation  of  oxalic  acid.  By  dry  distillation  it  yields 
phenol,  water,  and  a  copious  residue  of  charcoal. 

SAX.ISI1US.IA.  The  fruit  of  Salisburia  adiantifolia  (or  GingJco  biloba)  contains, 
besides  gum,  sugar,  pectin,  citric  acid,  butyric  acid,  &c.,  9  per  cent,  of  a  fattj*  oil 
wliich  is  extracted  from  it  by  ether.  This  oil  is  yellow,  has  an  acid  reaction,  solidifies 
in  the  crystalline  state  at  0°,  contains  a  fatty  acid,  C-'H'^O',  melting  at  35°,  and 
called  by  Sehwarzenbach  (Jahresb.  1857,  P-  529),  gingkoic  acid. — The  fleshy 
part  of  the  fruit  contains  74  6  per  cent,  water,  24-3  dry  organic  matter,  and  I'l  ash. 

SiLIiXTE.    Syn.  with  Sahlitb. 

S.a.I>XTHOIi.    Syn.  with  Ethylic  Phenate  or  Phenetol  (iv.  391). 

SAZiZVA.  (Lehraann,  Lehrb.  ii.  9. — Gorup-Besanez,  Lehrb.  433. — 
Bidder  u.  Schmidt,  Verdauv.ngssafte,  p.  1. — Bernard,  Lemons  Pkt/s.  Exp.  1856, 
vol.  ii. — B.Eckhard,  Bcitrdge,  ii.  205. — Ordenstein,  ibid.  p.  101. — Oehl,  Saliva 
mnana,  1864. — Kiihne,  Lehrb.  Phgs.  Chctn.  p.  1.) 

Several  organs — viz.,  the  parotid,  submaxillary,  sublingual,  and  buccal  glands — pour 
into  the  mouth  their  respective  secretions,  which,  mixed  together,  form  what  is  called 
mixed  saliva,  or  briefly  saliva. 

Parotid  Saliva,  or  the  .secretion  of  the  parotid  gland,  may  readily  be  obtained  by 
canalization  of  the  Stensonian  duet.  The  quantity  secreted  by  one  gland,  in  man,  has 
been  estimated,  for  the  24  hours,  at  1'4  grm.  per  kilo  of  body-weight  (Oelil).  The 
first  drops,  obtained  after  introducing  the  tube,  arc  turbid  and  acid,  probably  from 
decomposing  epithelium ;  the  secretion  afterwards  flows  clear  and  alkaline.  On 
standing,  it  becomes  turbid,  with  deposition  of  carbonate  of  calcium,  probably  owing  to 
escape  of  carbonic  acid.    Oehl  states  that  the  fluid,  as  it  escapes  from  the  tube,  is 
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often  acid,  pspecially  whon  the  subject  is  fasting;  he  also  maintains,  that  transparency 
belongs  to  the  acid  secretion  only,  an  alkaline  or  a  neutral  saliva  beina;  always  turbid, 
even  as  it  flows  from  tlio  tube.  There  are  no  special  moi-photic  constituents.  Specific 
gravity  (man)  1-0031— 1-0043 ;  solid  residue,  -571— -616  per  cent.  Bidder  and 
Schmidt  found,  in  the  dog,  in  1000  pts.  water,  995-3,  solids  4-7,  of  which  organic 
matters  1-4,  salts  3-3  (potassic  and  sodic  chlorides  21,  calcic  carbonate  1-2).  Parotid 
saliva  is  free  from  mucin,  contains  a  very  small  Cjuantity  of  globulin,  and  a  larger  but 
still  small  amount  of  albumin.  lu  the  horse,  Bernard  found  amaterial  separable  by 
saturation  with  magnesian  sulphate  (  ?  globulin).  In  man,  sulphocyanate  of  potassium 
is  invariably  (?)  found  (to  the  extent  of  -03  per  cent.)  (Oehl).  Bromides  and  iodides 
pass  readily  from  the  blood  into  saliva,  apparently  being  substituted  for  the  chlorides, 
which  are  proportionately  lessened. 

SnhmaxiUarij  Saliva,  whicli  flows  into  the  mouth  through  the  Whartoiiian  duet,  is  a 
generally  transparent,  ljut  sometimes  turbid,  and  always  more  or  less  viscid  fluid,  of 
distinct  alkaline  reaction,  and  of  very  variable  specific  gravity.  Bidder  and 
Schmidt  found  in  the  dog,  in  1000  pts. — water,  991-45;  solids,  8-55:  of  which 
organic  matters  2-89,  salts  5-66  (potassic  and  sodic  chlorides  4-50,  calcic  and  magnesian 
carbonates  and  phosphates  1-16).  When  obtained  by  canalization,  it  is  limpid  as 
it  flows  from  the  tube,  but  almost  immediately  becomes  viscid.  Besides  mucin,  to 
which  constituent  the  viscidit,-  is  due,  it  contains  a  small  quantity  of  globulin  and  of 
albumin.  In  man,  according  to  Oehl,  it  gives  faintly  the  reactions  of  sulphocyanate 
of  piotassium. 

The  submaxillary  gland  is  subject  to  the  influence  of  different  systems  of  nerves, 
and  the  quality  of  the  secretion  depends  on  the  kind  and  degree  of  nervous  action  set 
going.  Excitation  of  the  cJiorda  tymfani,  and  excitation  of  the  sympathetic  nerve 
belonging  to  the  gland,  produce  two  distinct  kinds  of  saliva.  The  chorda-saliva  is 
transparent,  distinctly  alkaline,  free  from  morphotic  constituents,  moderately  viscid,  of 
specific  gravity  1-0039  — 1-0056,  and  yields  1-2 — 1-4  per  cent,  solid  residue.  The  sym- 
pathetic saliva  is  always  turbid  or  opaque,  extremely  viscid,  and  contains  peculiar 
gelatinous  microscopical  masses,  of  variable  size.  There  are  also  other  varieties  of 
submaxillary  saliva,  which  have  not  as  yet  been  closely  studied. 

Sublingual  Saliva  is  alkaline,  exceedingly  viscid,  with  a  solid  residue  of  9-98  per 
cent.,  and  contains  suljihocyanate  of  potassium. 

Bxiccal  Saliva,  or  Oral  Mucus,  obtained  by  ligaturing  the  ducts  of  all  the  other 
salivary  glands,  is  very  viscid,  and  abounds  in  morphotic  constituents — viz.  epithelium, 
-with  mucus,  and  the  so-called  salivary  corpuscles.  In  1000  pts.  Bidder  and 
Schmidt  found  9-98  solid  residue,  of  which  organic  matters  3  84,  inorganic  matters 
6-13. 

Mixed  Saliva  varies  in  its  qualities,  according  as  one  or  other  of  its  component  secre- 
tions preponderates.  It  is  generally  alkaline,  but  sometimes  acid,  probably  from 
acid  fermentation  of  saccharine  aliment  retained  in  the  cavities  and  folds  of  the 
mouth.  The  total  quantity  secreted  in  the  24  hours  varies  exceedingly  ;  Bidder  and 
Schmidt  calculate  it,  for  man,  at  1400  grms.  ;  Lehmann  at  473  grms. 

Uses  of  Saliva. — By  virtue  of  its  fluidity  and  viscidity,  saliva  is  of  great  assistance  in 
mastication  and  deglutition.  Animals,  when  the  diicts  of  the  salivary  glands  are 
ligatured,  chew  and  swallow  with  great  difliculty. 

Wlien  raw  starch  is  exposed  at  35°  to  human  saliva,  frequently  renewed,  the  stareh- 
granulose  is  after  a  while  dissolved,  and  finally  converted  into  dextrin  and  sugar. 
Boiled  starch  treated  in  the  same  way  is  almost  instantaneously  converted  into  dextrin 
and  sugar. 

In  man,  parotid  and  submaxillary  saliva,  or  infusions  of  the  respective  glands, 
possess  eqiially  with  mixed  saliva  this  power  over  starch.  In  the  dog,  the  sympathetic 
submaxillary  saliva  alone  acts  on  starch,  and  that  very  feebly  (Kuhne).  In  the  jjig, 
rabbit,  and  guinea-pig,  infusions  of  the  salivary  glands,  and  probably  also  thei r 
secretions,  are  as  energetic  as  in  man.  In  the  horse,  the  ox,  the  sheep,  and  the 
cat,  the  secretions  and  glandular  infusions  are  entirely  or  almost  entirely  inactive.  In 
man  the  change  effected  by  saliva  on  boiled  starch  is  sufficiently  rapid  to  allow  of  a 
considerable  production  of  sugar  during  the  act  of  mastication.  But  it  is  evident  that 
in  many  animals  the  saliva  can  have  no  such  function. 

Ptyalin. — This  action  of  saliva  on  starch  is  not  due  to  the  morphotic  elements,  to 
mucus,  to  the  globulin,  or  to  the  other  albuminoid  constituents,  but  seems  to  belong  to 
a  special  "active  principle"  or  "ferment,"  for  which  the  name  ptyalin  m-ay  be  profitably 
reserved.  If  saliva  be  treated,  first  with  dilute  phosphoric  acid,  and  then  with  lime- 
wator,  the  bulky  precipitate  of  phosphate  of  calcium  carries  down  with  it  the  greater 
part  of  the  ferment,  together  with  albumin.  If  the  separated  deposit  be  agitated  with 
distilled  water,  it  gives  up  the  ferment  but  not  the  albumin:  hence  by  filtration  a 
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clear  liquid  is  obtained,  acting  powerfully  on  starch,  but  free  from  albumin.  From  this 
the  ferment  may  be  precipitated  by  alcohol,  forming,  when  carefully  dried,  an  amor- 
phous powder  (mixed  with  phosphates),  containing  nitrogen,  but  not  exhibiting  the 
xanthoproteic  reaction.  (Cohnheim.) 

Ptyalin  is  most  active  in  a  neutral  or  faintly  alkaline  solution ;  the  addition  of  an 
acid,  or  an  alkali,  first  delays,  then  arrests,  and  finally  destroys  its  action.  It  is  most 
active  at  a  temperature  of  about  35°;  its  properties  are  wholly  destroyed  when  its 
solution  is  boiled.    The  presence  of  an  excess  of  glucose  hinders  its  action. 

M.F. 

SAI>IiOW-THORI7,  or  SEA-BUCKTHORN'.  Hippophae  rhamnoides  (iii. 
155). 

SAXiIWXAC    Syn.  with  Sai-ammoniac,  or  Chloride  of  Ammonium. 

SAIiKOITXC  ACID.  Salms'dnre.  Lachssiiure. — A  reddish  fatty  acid,  existing, 
according  to  Fremy  and  Valenciennes  (J.  Pharm.  [3]  xxviii.  401),  in  the  re  Idish 
muscles  of  various  species  of  salmon,  most  abundantly  in  Salmo  salmo  and  <S.  har- 
tiiatus. 

SAXiSAPABIXiIiXM',  or  SAIiSEFABXN'.    Syn.  with  Sabsaparlllix. 

SAXiSOXiA.  A  genus  of  chenopodiaceous  plants,  growing  on  the  seashore,  and 
generally  on  soils  rich  in  common  salt.  They  yield  a  large  quantity  of  ash,  chiefly 
consisting  of  sodic  carbonate,  on  which  account  several  species  {Salsola  Kali,  S. 
Soda,  &c.)  are  cultivated  for  the  preparation  of  natural  soda,  or  barilla.  Salsola  Suda 
is  cultivated  for  this  purpose  chiefly  in  Spain,  near  Alicante. 

The  ashes  of  several  species  of  salsola  from  the  Kirghis  Steppe,  have  been  analysed 
by  Gob  el  {Eeise  in  die  Stcppm  des  sudlichcn  Russlands,  Dorp.  1837  and  1838; 
Handiu.  d.  Chcm.  vii.  204).  The  young  plants  of  &?5o/a  Aracfo'ato,  air-dried,  yielded  30 
percent,  ash,  of  which  66'5  per  cent,  was  soluble  in  water;  older  plants  gave  only  18  per 
cent,  ash,  containing  63-5  per  cent,  of  soluble  salts.  Young  plants  of  8.  claviata  gave 
42  per  cent,  ash,  of  which  74  per  cent,  was  soluble;  young  plants  of  8.  lanata  gave 
19'0  per  cent.,  of  which  38  per  cent,  was  soluble  in  water.  Old  plants  of  8.  laricina 
gave  7'0  per  cent,  ash,  containing  44'5  per  cent,  of  soluble  salts  ;  old  plants  of  8.  ta- 
mariscina  9-3  per  cent,  ash,  containing  45  per  cent,  soluble  salts. 


Composition  of  the  Ash  of  various  Species  of  Salsola. 


s. 

Kali. 

5.  brachiaia. 

S,  clavifolia. 

S.  la- 
nate. 

S.  lari- 
cina. 

s. 

tamnr- 
isciria. 

young 

old 

young 

old 

Sulphate  of  Potassium 

6-6 

8-9 

8'6 

1-3 

0-7 

6-5 

9-4 

7-5 

Carbonate  „ 

1-0 

1-8 

Chloride  „ 

3-4 

12-4 

8-7 

8-9 

0-2 

Sulphate  of  Sodium  . 

4-5 

'2-7 

V-i 

Chloride         „        .       .  . 

14-8 

19-4 

5-0 

11-2 

12-3 

25-5 

Carbonate       „       .       .  . 

34  1 

26-2 

24-1 

43-8 

46-0 

4-2 

6-9 

8-1 

Free  Soda,  with  Sulphide  and 

Hyposulphite  of  Sodium 

5-1 

5-1 

3-8 

6-8 

4-1 

4-1 

2-7 

1-5 

49-2 

59-5 

58-6 

66-1 

64-6 

34-9 

38-4 

42-8 

SAXiT.  Sodic  chloride,  sea-salt,  or  common  salt,  the  substance  which  is  always 
denoted  when  the  word  "  salt "  (Gr.  aAr,  Lat.  sal,  Fr.  set.  Germ.  Salz)  is  used  without 
qualifieation  in  ordinary  language,  was  doubtless  tie  first  body  to  which  this  name  was 

given.    The  word  salt  itself,  in  its  Greek  form,  sufficiently  establishes  this  fact,  Saj 

in  the  feminine  being  used  for  the  sea,  and  aAs  in  the  masculine  for  the  solid  riroduct 
left  when  sea-water  evaporates.  In  endeavouring  to  trace  some  of  the  most  im- 
portant of  the  steps  by  which  this  word,  from  having  been  the  specific  name  of  a  par- 
ticular substance,  has  come  to  be  used  as  a  generic  term  of  wider  application  than  any 
other  in  the  whole  vocabulary  of  chemistry,  we  find  that  the  first  extension  of  its  meaning 
was  in  connection  with  the  leading  idea  which  the  etymology  of  the  word  shows  to  have 
been  attached  to  it  from  the  beginning.  This  idea  evidently  was  very  nearly  what 
would  have  been  expressed,  in  the  language  of  a  later  time,  by  saying  that  sea-salt  was 
the  essence,  or  essential  principle,  of  sea-water.  Accordingly,  when  it  was  observed 
that  other  watery  liquids  yielded,  uuderthe  same  conditions  as  sea-water,  a  solid  sub- 
stance, not  very  unlike  sea-salt  in  appearance,  the  name  salt  was  applied  to  these 
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substances  also.  Thus,  according  to  Kopp  ( Gcschichte  dcr  CJiemic,  iii.  2),  Aristotle 
calls  the  residue  deposited  on  cooling  by  the  evaporated  lixivium  of  vi^ood-ashes,  salt, 
and  Dioscorides  and  Pli  ny  enumerate  as  one  of  the  kinds  of  salt,  mild  fixed  alkali; 
some  other  allied  substances  also  bore  the  same  name.  But,  as  Kopp  vei-y  judiciously 
points  out,  this  extension  of  the  name  salt  to  other  bodies  than  that  to  which  it  was 
first  applied,  indicated  ignorance  of  the  real  diiferences  of  these  bodies,  rather  than  any 
clear  perception  of  analogies  among  substances  recognised  as  distinct.  The  use  of  the 
term  was,  however,  sucli  as  to  show,  clearly  enough,  that  the  notion  which  it  originally 
conveyed  was  that  of  a  soluble  solid  substance  produced  from  a  watery  liquid  by 
evaporation. 

This  original  idea  of  solubility,  as  the  most  characteristic  property  of  saline  or  salt- 
like substances,  retained  its  ground  down  to  the  times  of  the  alchemists  ;  but,  as  the 
different  bodies  to  which  the  common  name  of  salt  was  applied  came  to  be  more  accu- 
rately distinguished  from  each  other,  it  became  necessary  to  adopt  for  them  distinctive 
appellations;  and  thus  in  the  writings  of  Albertus  Magnus,  Eaymnnd  Lully,  and 
their  contemporaries  of  the  thirteenth  centuiy,  occur  such  specific  names  as  sal  mari- 
nutn,  sal  petra  or  sal  nitri,  sal  ammoniacum,  sal  vegctahile  (potashes),  &c.  All  the 
substances  denoted  by  these  names  have  been  ever  since  classed  as  salts:  but  that  the 
ideas  attached  to  the  word  salt,  at  the  pieriod  referred  to,  were  very  vagne  and  indefinite, 
is  shown  by  the  fact  that  all  the  then  known  metallic  salts,  a  class  of  compounds  which 
possess,  in  as  marked  a  degree  as  any,  the  characters  now  recognised  as  saline,  were 
denied  the  name  of  salts  by  Basil  Valentine  (in  the  latter  part  of  the  fifteenth 
century),  and  classed  together  as  vitriols.  There  can  be  no  doiibt,  however,  that  this 
arbitrary  distinction,  as  it  seems  to  us,  between  metallic  salts  and  other  salts,  was  in 
harmony  with  the  chemical  ideas  generally  prevailing  at  the  time,  for  the  alchemists, 
the  main  problem  presented  by  chemistry  was  the  study  ofthe  metals,  justasfor  Lavoisier 
and  his  school  it  was  combustion,  and  forBerzelius  it  was  the  quantitative  composition 
of  mineral  salts  as  illustrating  the  doctrine  of  definite  proportions.  Hence  it  is  not 
surprising  that  substances  either  pi'oduced  from  metals,  or  from  which  metals  could 
be  obtained,  should  have  been  regarded  by  the  alchemists  as  of  an  essentially  different 
nature,  and,  so  to  speak,  as  possessing  a  higlier  rank  tlian  the  substances  known  to 
them  as  salts.  Accordingly,  this  separation  was  generally  maintained  as  long  as  alche- 
my held  its  ground,  but  was  abandoned  as  wider  views  grew  up  in  the  science ;  and 
even  during  the  alchemical  period  it  was  not  recognised  by  those  chemists  who  were 
not  alchemists.  Thus  BernardPalissy,  in  a  tract,  "  Dcs  Sels  divers  ct  du  Scl  com- 
muH  "  published  in  1580,  classed  together  as  salts,  common  salt,  saltpetre,  the  vitriols, 
alum,  borax,  sugar,  corrosive  sublimate,  tartar,  and  sal-ammoniac.  (See  Life  of 
Bernard  Palissy  of  Saintes,  by  Henry  Morley,  London,  ISS.i,  pp.  96,  97.) 

The  most  important  modification  which  the  original  idea  of  a  salt  underwent, 
before  the  beginning  of  the  eighteenth  centm-y,  was  that  it  implied  a  substance  not 
only  possessed  of  solubility,  but  capable  of  affecting  the  sense  of  taste.  It  is  not  clear 
at  what  period  the  latter  property  began  to  be  generally  recognised  as  an  essential 
character  of  salts,  but  it  was  commonly  received  as  such  in  the  sixteenth  century.  In 
making  the  possession  of  taste  an  essential  quality  of  salts,  chemists  were  evidently  led 
by  the  analogy  of  chloride  of  sodium,  the  original  salt,  whose  remarkable  flavouring 
power  has  been  a  chief  cause  of  its  common  employment  from  the  earliest  ages. 
("Can  that  which  is  unsavoury  be  eaten  without  salt?'' — Job  vi.  6.)  During  all 
this  period,  therefore,  all  that  seems  to  have  been  implied,  when  this  or  that  particu- 
lar substance  was  called  a  salt,  was  that  some  undefined  degree  of  resemblance  in 
external  qualities,  especially  in  the  two  just  mentioned,  was  perceived  between  it  and 
common  salt;  audit  is  probable  that  the  notion  which  underlay  the  application  of  the 
same  name  to  tliese  various  compounils,  was  rather  that  of  their  being  modifications 
of  a  single  fundamental  substance  tlian  radically  distinct  though  analogous  bodies. 

But  during  the  latter  part  of  the  fifteenth,  the  whole  of  the  sixteenth,  and  a  great 
part  of  the  seventeenth  centuries,  the  term  salt  was  used  not  only  in  tlie  sense  that 
has  been  explained,  as  a  generic  name  for  certain  definite  preparable  substances, 
but  also  in  a  much  more  abstract  sense,  as  the  name  of  one  of  the  supposed  ultimate 
elements  of  all  material  things. 

Thus,  according  to  Basil  Valen  ti  n  e,  all  inorganic  substances  were  made  up  of 
salt,  sulphiu-,  and  mercury;  and  Paracelsus  (in  the  early  part  of  the  sixteenth  cen- 
tury) declared  that  the  same  three  substances  were  the  elements  of  all  bodies,  organic 
as  well  as  inorganic — a  doctrine  which  was  adopted  by  a  great  many  succeeding 
chemists.  And  until  the  rise  of  analytical  chemistry,  and  the  foundation  of  tlie 
modern  views  of  the  nature  of  the  chemical  elements  by  Boyle  in  the  latter  part  of 
the  seventeenth  century,  salt  was  almost  always  enumerated  as  one  of  the  elements, 
although  opinions  varied  considerably  as  to  the  others. 

In  order  to  understand  this  use  of  the  word  salt,  it  is  needful  to  remember  that  the 
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idea  of  an  "  element,"  at  the  period  we  are  referring  to,  was  very  di6ferent  from  that 
■which  is  expressed  by  the  same  word  now.  It  had  much  less  reference  to  compositkm, 
as  now  understood,  than  to  what  were  supposed  to  be  the  intrinsic  and  fundamental 
2)roperties  of  material  bodies.  The  principles  recognised  as  elementary  by  the  chemists 
of  that  age,  differed  both  in  name  and  in  attributes  from  the  elements  admitted  by  the 
Greeks  ;  nevertheless,  the  notion  of  an  element  was  still  essentially  of  the  same  quality 
as  that  acted  upon  by  Aristotle,  when  he  selected  as  elements  Fire,  Water,  Air,  and 
Earth,  on  the  gTound  that  they  appeared  to  him  the  most  distinct  embodiments  of  Heat 
and  Cold,  Dryness  and  Moisture,  which  he  regarded  as  the  fundamental  qualities  of 
matter.  Accordingly,  when  we  find  salt  spoken  of  as  one  of  the  elements,  and  as  a 
constituent  of  all  manner  of  substances — as  it  is,  for  instance,  by  Palissy  in  the 
treatise  already  referred  to :  ''1  tell  you  further,  that  there  is  nothing  in  this  world 
which  has  no  salt  in  it,  whether  it  be  in  man,  the  beast,  the  trees,  plants,  or  other  vegeta- 
tive  things,  or  even  in  the  very  metals,  &c." — we  are  not  to  understand  the  statement  as 
we  should  if  it  were  made  by  a  modern  chemist,  but  should  rather  take  it  as  implying 
that  saline  properties  (solubility  and  taste)  were  supposed  to  belong  in  some  degree  to 
all  substances.  In  particular,  the  notion  that  salt  was  a  constituent  of  the  metals  was 
clearly  nothing  more  than  the  theoretical  conception,  in  accordance  with  the  general 
modes  of  thought  prevailing  at  the  time,  which  corresponded  to  the  known  fact  that  by 
various  processes  tlio  metals  could  be  actually  transformed  into  salts  ;  for  the  conver- 
sion, say,  of  iron  into  green  vitriol,  was  not  then  regarded  as  a  process  of  combination 
of  iron  with  other  substances,  but  simply  as  a  process  in  which  iron  was  modified  in 
such  a  manner  as  to  allow  its  previously  latent  saline  qualities  to  be  manifested. 

The  name  salt  being  applied  to  all  substances  which  were  soluble  and  possessed  of 
taste,  included  some  which  diifered  greatly  in  other  properties.  Thus,  in  addition  to 
neutral  salts,  it  included  the  acids  and  alkalis.  As  the  properties  of  these  two  classes 
of  bodies  became  known,  it  was  gradually  recognised  that  they  were  in  many  respects 
antagonistic,  and  especially  that,  by  their  action  upon  each  other,  their  distinguishing 
characters  were  more  or  less  completely  obhterated,  new  and  comparatively  indifferent 
substances  being  generated.  These  observations  led  to  the  subdivision  of  salts  into 
three  classes,  variously  distinguished  by  ditFerent  chemists.  From  about  the  year 
1700,  the  names  by  which  the  three  classes  of  salts  were  generally  indicated  were 
salia  acida,  salia  alcalina,  and  salia  salsa,  salia  media,  or  salia  neutra. 

The  relation  which  had  thus  been  already  partially  perceived  between  acids,  alkalis, 
and  neutral  salts,  was  made  by  G.  F.  Kouelle,  in  1744,  the  basis  of  a  general  theory 
of  salts,  which  closely  approximated  to  that  very  generally  adopted  in  quite  recent  times. 
The  importance  of  the  step  made  by  Rou ell e  was  such  as  to  make  it  desirable  to 
state  his  views  in  his  own  words.  In  the  introduction  to  a  paper  on  Salts  in  the 
Memoirs  of  the  Academy  of  Sciences  of  Paris,  for  the  above-mentioned  year  {Mem. 
Acad.  Boy.  Sciences,  1744,  p.  353),  he  says:  "La  plupart  des  chymistes  ne  donneut  le 
nom  de  sel  neutre,  moyen  on  sale,  qu'a  un  trfes-petit  nombre  de  sels;  il  y  en  a  meme 
eu  qui  n'ont  donn^  ce  nom  qu'au  seul  tartre  vitriole,  demandant  pour  caractfere  de 
ces  sels  que  I'acide  et  Falcali  qui  les  ferment  soient  tellement  tmis  qu'ils  resistent  a 
toute  decomposition  ;  d'autres  ont  admis  avec  le  tartre  v-itriole  les  deux  sels  neutres 
formes  par  I'union  des  acides  du  sel  marin  et  du  nitre  a  des  bases  alcali  fixes,  tels 
sont  le  sel  marin  et  le  nitre;  d'autres  y  joignent  trois  autres  sels  formes  par  I'union 
des  trois  acides  a  un  alcali  volatil,  qui  sont  le  sel  ammoniacal  secret  de  Glauber  ou  le 
sel  ammoniacal  vitriolique,  le  sel  ammoniacal  ordinaire,  et  le  sel  ammoniacal  nitreux ; 
il  y  a  eu  d'autres  chymistes  qui  ont  joint  au  nombre  de  ces  sels  neutres  plusieurs  autres 
substances  salines.  Je  donne  a  la  famille  des  sels  neutres  toute  1' extension  qu'elle 
pent  avoir  ;  j'appelle  scl  neutre,  moyen  ou  sale,  tout  sel  form6  par  I'union  de  quelque 
aeide  que  ce  soit,  ou  mineral  ou  vi^getal,  avec  un  alcali  fixe,  un  alcali  volatil,  une  terre 
absorbante,  une  substance  mdtallique,  ou  une  huile."  And  again,  in  another  paper 
in  1754,  he  says,  referring  to  the  one  already  quoted:  "J'ai  &endu  le  nombre 
de  ces  sels  autant  qu'il  ^tait  possible,  en  d^finissant  generiquement  le  sel  neutre  un  sel 
forme  par  I'union  d'un  acide  avec  une  substance  quelconque,  qui  lui  sert  de  base  et  lui 
donne  r.ne  forme  concrete  ou  solide."  (Mem.  Acad.  Boy.  Sciences,  1754,  pp.  673, 
574:  see  also  Kopp,  GescMchte  der  Cheonic,  iii.  68,  69.)  Rouelle  was  not  the 
first  to  recognise  that  the  combination  of  acids  with  alkalis  gave  rise  to  neutral  salts ; 
but,  according  to  Kopp,  he  was  the  first  to  declare  formation  by  the  union  of  acid  and 
base  to  be  the  characteristic  mark  of  neutral  salts,  and  thus  rested  the  idea  of  a  neutral 
salt  upon  chemical  composition,  instead  of  upon  external  properties. 

As  a  consequence  of  the  alteration  which  Rouelle  introduced  in  the  definition  of 
salts,  some  substances  which  had  previouslj'  been  considered  as  belonging  to  it  (for 
instance  sugar)  were  excluded  from  it,  and  others — namely  insoluble  salts,  such  as 
horn-silver  and  calomel — which  had  previously  been  excluded,  were  now  included  in 
it;  and,  moreover,  an  essential  distinction  was  made  between  acids  and  alkalis  rn  the 
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one  hand,  and  neutral  salts  on  the  other.  These  views  did  not,  however,  immediately 
meet  with  universal  acceptance.  Solubility  w;is  still  regarded  by  most  chemists  as  an 
essential  quality  of  salts.  The  idea  which  commonly  prevailed  as  to  the  nature  of 
salts,  ninety  or  a  hundred  years  ago,  may  be  gathered  from  the  following  extracts.  In  the 
fourteenth  volume,  published  in  1766,  of  Diderot  and  D'Alembert's  "  Eneyclopedie," 
is  an  article  on  Salts,  commencing  thus  :  "  Sel  et  Sels. — On  comprend  sous  le  nom  de 
scl  trois  especes  de  substances  ;  les  acides,  les  alkalis,  et  les  sc/^  neutres ;  enreunissaut 
lea  proprietes  communes  a  ces  trois  classes,  on  trouve  que  les  sels  sont  des  corps 
solubles  dans  I'eau,  incombnstibles  par  eux-memes,  et  savoureux ;  il  faut  bien  se  de- 
fendre  d'appeler  sel  tout  ce  qui  se  crystallise,  sans  quoi  nous  confondrions  plusieui's 
corps  tres-differens  entre  eux."  In  a  Biciionnaire  de  Chymie  (Macquer' s),  published 
at  Paris  in  1766,  salts  are  defined  as  follows: — -"Les  proprietes  essentielles  de  toute 
matiere  qu'on  doit  regarder  comme  saline,  sont  d'affecter  le  sens  du  gout,  ou  d' avoir 
de  la  saveur,  d'etre  dissoluble  dans  I'eau,  et  d'avoir  toutes  les  autres  quaiites  princi- 
pales,  comme  la  pesanleur,  la  fixite,  moyennes  entre  eelles  de  I'eau,  etcelles  de  la  terro 
pure."  (0^.  cii!.  ii.  412).  A  few  years  Liter,  Bergman,  in  his  Sciagraphia  regni 
mincralis  (§xx.),  thus  states  the  distinguishing  marks  of  salts  ' — "  Sales  audiunt,  qui 
in  lingua  plus  minus  saporis  excitant,  et  probe  pulverati  aqua  ebullionte,  saltern 
miilies  ponderosiore,  solvi  possunt.  Igne  liquescunt  et  plerique  mutantur  vel 
destruuntur."  In  his  Thovghts  on  a  Natural  System  of  Fossils,  after  characterising 
salts  almost  in  the  same  words  (§  xlvii.),  he  points  out  (§§  xlviii.—  1.),  that  taste,  depend- 
ing on  the  varying  perceptions  of  individuals,  is  necessarily  a  very  uncertain  criterion  ; 
while  sohibility,  being  a  property  which  admits  of  an  infinite  number  of  degrees,  is 
hardly  less  so,  luiless  defined  by  arbitrarily-chosen  conditions.  Bergman  seems, 
however,  to  have  perceived  that  the  saline  character  was  fundamentally  a  matter  of 
composition,  even  to  the  extent  of  inferring  solubility  in  the  case  of  substances  which 
had  not  been  proved  experimentally  to  be  soluble:  thus,  in  §li.  of  the  work  last  quoted, 
he  says: — "Vitriolated  ponderous  earth,  commonly  called  spatum  ponderosum, 
aerated  lime,  fluorated  lime,  impregnated  with  the  acid  of  the  lapis  ponderosum,  are 
all  saline  earths  by  the  force  of  composition,  and  are  even  without  doubt  soluble, 
though  to  what  extent  experience  has  not  yet  determined." 

Such  then  were  the  prevalent  opinions  as  to  the  nature  of  salts,  when  Lavoisier, 
by  his  discovery  of  the  important  functions  of  oxygen,  changed  the  whole  aspect  oi 
chemical  science.  Lavoisier's  own  ideas  on  the  subject  of  salts  are  thus  expressed 
by  him: — "Les  substances  acidifiables,  en  se  combiuant  avec  I'oxygtoe,  et  en  se  con- 
vertissant  en  acides,  acquifercnt  uue  grande  tendance  a  la  combinaison;  elles  deviennent 
susceptibles  de  s'unir  avec  des  substances  terreuses  et  m^talliquee,  et  c'est  de  cetto 
reunion  que  rfeiiltent  les  sels  neutros.  Les  acides  peuvent  done  etre  regardes  comme 
de  veritables  principes  salifians,  et  les  substances  auxquelles  ils  s'unissent  pour  former 
des  sels  neutres,  comme  des  bases  salifiables.    .  . 

"  Cette  mani^re  d'envisager  les  acides  ne  me  piermet  pas  de  les  regarder  comme  des 
sels,  quoiqu'ils  aient  quelques-unes  de  leurs  propriety  principnles,  telle  que  la  solubi- 
lite  dans  I'eau,  etc.  Les  acides,  comme  jel'ai  deja  fait  observer,  resultent  d'un  pre- 
mier ordre  de  combinaisons  ;  ils  sont  formes  de  la  rexmion  de  deux  principes  simples, 
ou  an  moins  qui  se  comportent  a  la  maniere  des  principes  simpiles,  et  ils  sont  i^ar  con- 
sequent, pour  me  servir  de  I'exprcssion  de  Stahl,  dans  I'ordre  des  mixtes.  Les  sels 
neutres,  au  contraire,  sont  d'un  autre  ordre  de  combinaisons,  ils  sont  formes  de  la  re- 
union de  deux  mixtes.  et  ils  rentrent  dans  la  classe  des  composi^s.  Je  no  rangerai  pas 
non  plus,  par  la  menie  cause,  les  alkalis  ni  les  .substances  terreuses,  telles  que  la  chaux 
lamagnesie,  etc.,  dans  la  classe  des  sels,  et  je  ne  designerai  par  ce  nom  que  des  com- 
pos(?'S  formes  de  la  reunion  d'une  substance  simple  oxj'gen^e  avec  une  base  quelconque." 
{Traite  element  aire  dc  Chimie,  ed.  1789,  vol.i.  pp.l62-16i).  Although  these  Aiews  were 
in  the  main,  with  the  exception  of  what  related  to  the  constitution  of  the  acids,  only 
a  reiteration  of  those  expressed  forty  years  previously  by  Rouelle,  they  were  felt  by 
Lavoisier  to  be  so  little  in  harmony  with  contemporary  opinion,  that  he  thought  it 
needful  to  add  to  the  passage  w  e  have  quoted  the  following  apologetic  foot-note  : — 
"On  regardera  pent- etre  comme  un  defaiit  de  la  methode  que  j'ai  adoptee,  de  m'avoir 
contraint  a  rejeter  les  alkalis  de  la  classe  des  sels,  et  je  convien-s  que  c'est  un  reproche 
qu'on  pent  Ini  faire ;  mais  cet  inconvenient  se  trouve  compense  par  de  si  grands  avan- 
tages,  queje  n'ai  pas  cru  cpi'il  dut  m'arreter." 

In  accordance  with  these  views,  the  history  of  whose  spread  and  adoption  makes 
piart  of  that  of  the  antiphlogistic  .system  in  general,  a  salt  was  a  comljination  of  a 
highly-oxidised  substance  (an  acid)  with  a  base.  The  bases  of  the  metallic  salts  were 
already  known  to  be  oxides,  and  the  same  was  soon  demonstrated,  by  Davy,  to  be 
true  of  the  earths,  alkaline  earths,  and  fixed  alkalis.  Hence  salts  soon  came  to  be 
defined  as  compounds  of  electronegative  oxides  (acids),  with  electropositive  oxides 
(bases),  and  all  salts  were  consequently  regarded  as  containing  oxvgen.    Salts  were, 
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however,  known  in  which  the  presence  of  oxygen  could  not  be  directly  proved,  and 
amongst  them  was  common  salt  itself.  As  a  natural  consequence,  the  constitution  of 
such  bodies  gave  rise  to  much  discussion.  The  application  of  Lavoisier's  doctrine  to 
the  chlorides,  for  instance,  caused  them  to  be  regarded  as  compounds  of  metallic 
oxides  with  muriatic  acid,  supposed  to  contain  oxygen.  This  was  the  view  adopted  by 
Gay-Lussac  and  Thenard  {Memoires  d'Arcueil,  ii.  357,  358  [1809];  and 
Eecherches  pht/sico-chimiques,  ii.  155 — 176  [1811])  as  the  most  probable  conclusion 
that  could  be  drawn  from  their  investigations  into  the  nature  of  these  compounds,  and 
maintained  by  Berzelius  until  about  the  year  1820.  (See  his  Lekrbtcch  der  Chemic, 
[first  German  edition,  1820,  translated  from  the  second  Swedish  edition],  vol.  i.  especially, 
pp.  707—714  ;  also  Jahresberic/it,  i.  46,  [1821]  ;  ii.  60—62,  70  [1822] ;  iii.  98  [1823].) 
Davy,  on  the  other  hand,  who  never  adopted  very  fully  Lavoisier's  views,  regarded 
the  chlorides  as  compounds  of  the  metals  with  a  simple  body,  chlorine,  comparing  them 
to  the  simple  metallic  oxides,  and  represented  the  salts  known  to  contain  oxygen  as 
double  oxides.  Speaking  of  these  substances,  he  says :  "  They  are,  in  fact,  all  com- 
pounds of  oxygen  with  double  bases  ;  and  when  one  fixed  alkali,  or  earth,  or  oxide, 
separates  another,  it  may  be  supposed  that  the  basis  only  is  changed.  Thus,  where 
hydrat  of  potassa  separates  lime  from  its  nitric  solution,  it  may  be  conceived  that 
the  potassium  only  takes  the  place  of  the  calcium,  and  that  the  oxygen  and  water  of  the 
hydrat  of  potassa  unite  to  this  metal,  and  that  the  potassium  iinites  to  the  oxygene, 
nitrous  acid  and  water  of  the  solution."  (Elements  of  Chemical  Philosophj/  [1812], 
p.  495.) 

The  adoption  of  Davy's  views  of  the  constitution  of  the  chlorides  was  greatly  pro- 
moted by  the  discovery  of  iodine  in  1811,  and  the  investigation  of  it  by  himself  and 
by  Gay-Lussac  in  1813 — 14,  one  of  the  first  consequences  of  which  was  that  Gay- 
Lussac  himself  became  convinced  of  the  elementary  nature  of  both  iodine  and 
chlorine.  And  important  additional  e^-ideuce,  that  oxygen  was  not  essential  to  the 
constitution  of  salts  or  acids,  was  afforded  by  Gay-Lussac' s  discovery  of  cyanogen, 
and  analysis  of  anhydrous  prussic  acid,  in  1815.  In  consequence  of  these  discoveries, 
a  large  number  of  chemists,  if  they  did  not  adopt  Davy's  views  of  the  constitu- 
tion of  salts  in  general  (for  which  see  also  the  article  Acids,  i.  41,  42"),  at  least  ad- 
mitted that,  in  addition  to  ordinary  salts,  which  they  regarded  as  formed  by  the  union 
of  (anhydrous)  acids  with  metallic  oxides,  there  was  another  classof  salts — comprising 
the  chlorides,  iodides,  sulphides,  cyanides,  and  perhaps  the  fluorides — into  whose  com- 
position oxygen  did  not  enter.  Berzelius,  however,  held  fast  to  Lavoisier's 
definition  of  salts  ("  Unter  Salz  verstehen  wir  eine  Verbindung  einer  Siiuremit  einem 
Alkali  einer  Erdart,  oder  einem  MetaUoxide : "  Lchrbiceh,  ed.  1820,  i.  817),  and 
consistently  declared  in  consequence  that,  if  the  chlorides,  &e.  were  constituted  as 
represented  by  the  adherents  of  the  new  theory,  they  could  not  be  salts  at  all. 
("Daher  ist  das  salzsaure  Natron  oder  Kochsalz  [welches  durch  seine  Geschlechtsiihn- 
liohkeit  mit  anderen  Salzen  Anlass  gegeben  hat,  das  Wort  Salz  als  allgemeine 
Benennung  des  ganzen  Salzgeschlechts  zu  gebrauchen],  der  neuen  Theorie  gemass, 

kein  Salz  mehr  " —  Op.  cit. — "Die  salzsauren  Salze  sind  in  dieser  Theorie 

keine  Salze,  z.  B.  Kochsalz  ist  nicht  eine  Verbindung  von  Natron  mit  einer  Saure, 
sondern  eine  Verbindung  von  Natrium  mit  Chlor." — Ibid.)  Berzelius  perceived, 
what  most  chemists  of  that  time  do  not  seem  to  have  done,  that  the  chemical  history 
of  iodine  afforded  in  reality  no  new  argument  in  favour  of  Davy's  theory,  all  the 
combinations  of  iodine  admitting  of  precisely  the  same  kind  of  interpretation  as  the 
corresponding  compounds  of  chlorine,  on  the  supposition  that  both  were  oxidised  com- 
pounds of  unknoTvn  elements.  (For  his  views  of  the  chlorine-compounds,  see  i.  902.) 
The  sulphides  he  did  not  admit  into  the  category  of  salts  at  all;  the  cyanides,  however, 
especially  cyanide  of  mercury  and  prussiate  of  potash,  could  not  be  denied  the  pos- 
session of  distinctly  saline  properties.  But  even  these  substances  were  not  regarded  by 
him  as  affording  conclusive  evidence  that  true  salts  could  exist  without  containing 
oxygen;  for,  although  it  was  certain  that  they  contained,  in  addition  to  metal,  nothing 
but  carbon  and  nitrogen,  the  latter  element  was  at  this  time  regarded  by  Berzelius 
as  itself  a  compound  of  oxygen  with  an  unknown  radicle,  nitricuni.  Eepresenting 
one  combining  proportion  of  this  supposed  radicle  by  7?  (=  6),  and  one  combining  pro- 
portion of  oxygen  by  O  ( =  8),  his  view  of  the  constitution  of  nitrogen  and  its  oxides 
may  be  represented  by  the  following  formulae  : — 

Nitrogen  =    EO     Nitrous  acid  (anhydrous)       =  EO* 

Nitrous  oxide     =    7?0^    Nitric  peroxide  =  EO^ 

Nitric  oxide       =    EO^    Nitric  acid  (anhydrous)         =  EO' 

(For  the  reasons  urged  by  Berzelius  in  support  of  these  views,  which  were  mainly 
founded  on  the  phenomena  attending  the  formation  of  ammonium-amalgam,  see  his 
Lehrbuch  der  Chcmie,  ed.  1820,  i.  225,  226;  491,  492;  613  —619;  806;  810.) 
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The  circumstance  •which  chiefly  contributed  to  make  Berzelius  at  last  receive  the 
so-called  "  ehloristic  theory  "  was  Faraday' s  discovery,  in  1821,  of  the  sesquichloride, 
protochloride,  and  bichloride  of  carbon.  It  had  been,  from  the  first,  one  of  Davy'a 
strongest  arguments  against  the  existence  of  oxygen  in  chlorine,  and  consequently  iu 
the  chlorides,  that  cldorine  was  not  decomposed  l)y  carbon  even  at  the  highest  tem- 
peratures. The  opponents  of  his  views  declared  that  this  experiment  was  inconclusive, 
for  chlorine  could  not  be  decomposed,  under  these  circumstances,  without  the  formation 
of  carbonic  acid  or  oxide,  and  (hypothetically )  anhydrous  muriatic  acid,  to  the  formation 
of  which  there  would  be  no  tendency  unless  these  compounds  were  themselves  capable 
of  combining  together,  and  they  maintained  that  there  was  no  evidence  of  the  possibility 
of  such  a  combination.  The  chlorides  of  carbon  discovered  by  Faraday  were,  however, 
precisely  such  compounds  ;  and,  upon  the  old  view  of  the  constitution  of  chlorine,  could 
not  be  otherwise  repi-esented  than  as  combinations  of  (hypothetically)  anhydrous 
muriatic  acid,  with  anhydrous  oxalic  acid,  carbonic  oxide,  and  carbonic  acid  respec- 
tively. Such  an  interpretation  of  the  nature  of  these  substances  seemed  to  Berzelius 
so  little  in  harmony  with  their  properties,  as  to  be  even  less  probable  than  the  views 
as  to  the  elementary  character  of  chlorine  and  iodine,  which  he  had  hitherto  opposed. 
He  afterwards  saw  a  confirmation  of  these  views  iu  the  colour  of  red  prussiate  of 
potash,  discovered  in  1822  by  Leopold  Gmelin:  in  his  account  of  this  salt,  in  his 
Third  Annual  Report  (p.  98),  he  says  that  he  had  hitherto  regarded  the  reddish  colour 
of  the  sesquichloride  and  other  sesquisalts  of  iron  as  favouring  the  idea  that  they  con- 
tained as  a  proximate  constituent  the  red  sesquioxide  ;  but,  as  a  red  salt  was  now 
known  which  demonstrably  contained  no  oxygen,  he  considered  this  view  no  longer 
tenable. 

In  1825,  Berzelius  himself  discovered  the  sulphur-salts,  and  thus  afforded  a  fresh 
proof  that  substances  perfectly  devoid  of  oxygen  could  possess  all  the  characters  of 
salts.  In  consequence,  he  seems  to  have  entirely  changecl  his  opinions  as  to  what  were 
the  essential  marks  of  a  salt.  He  now  says  distinctly  that  it  is  not  a  question  of  com- 
position but  of  properties  :  "  When,  for  example,  sodium  combuies  with  chlorine,  the 
product  is  common  salt,  the  most  characteristic  of  all  salts  ;  but  when  sodium  combines 
with  oxygen,  it  does  not  produce  a  salt,  but  a  substance  which  acquires  properties 
analogous  to  those  of  common  salt  only  by  combination  with  an  acid.  The  idea 
which  is  to  be  connected  with  the  word  salt  cannot,  therefore,  be  deduced  from  com- 
position, for,  iu  the  first  place,  the  salt  is  composed  of  two  simple  bodies,  and  in  the  second 
of  two  oxides.  The  idea  of  what  a  salt  is  must,  consequently,  be  derived  from  that 
kind  of  electrochemical  indifference,  whicli  chemists  have  from  antiqiuty  very  fitly 
called  neutrality,  and  which  residts  from  the  combination  of  substances  without 
respect  to  the  elements  of  which  the  neutral  compound  is  formed."  {Jalmsb.  vi. 
185  [1826].)  Berzelius's  views  of  the  nature  of  salts  are  further  ilhistrated  by  the 
manner  in  which  he  classified  the  simple  bodies  in  relation  to  them.  At  the  place 
last  quoted  he  di\'ides  the  elements  as  follows : — 

A.  Electronegative  : 

1.  Those  which  produce  salts  by  direct  union  with  electropositive  elements. — 
Halogens  :  namely,  chlorine,  iodine,  and  probably  fluorine. 

2.  Those  which  produce  bases  by  union  with  electropositive  elements,  and  acids 
by  union  with  electronegative  elements  of  the  third  class. — Amphigens; 
namely,  oxygen,  sulphur,  selenium,  and  tellurium. 

3.  The  remaining  non-metallic  elements,  and  the  electronegative  metals:  by 
vmion  with  the  second  class  of  electronegative  elements  they  form  acids  (and 
sometimes  also  very  weak  bases).  This  class  contains  nitrogen,  carbon, 
arsenic,  &c. 

B.  Eeecteoposittve  : 

The  electropositive  elements  do  not  admit  of  subdivision:  by  combination  with 
electronegative  elements  of  the  first  class,  they  form  salts ;  with  those  of  the 
second  class,  bases  ;  with  those  of  the  third  class,  alloys. 
Salts  themselves  were  divided  into  two  cla.sses :  the  first  class,  called  haloid  salts, 
included  those  formed  (like  chloride  of  sodium)  by  the  union  of  an  electropositive 
metal  with  a  halogen  ;  the  second  class,  amphid  salts,  was  composed  of  those  formed 
(like  potassic  sulphate)  by  the  union  of  an  acid  and  a  base,  and  was  subdivided  into 
four  genera — namely  oxysalts,  sulphosalts,  seleniosalts,  and  telltirisalts— according  to 
the  nature  of  the  amphigen  contained  in  them.    (See  further  Berzelius,  Jahresb.  viii. 
137 — 143  [1828],  where  the  same  views  are  again  insisted  on.) 

These  views  were  accepted,  almost  without  question,  by  the  great  majority  of  chemists; 
and  they  will  be  recognised  by  every  reader  as  having  been  reproduced,  with  very  little 
variation,  in  nearly  every  textbook  of  chemistry  pnblislied  from  the  year  1830  till 
within  the  last  ten  years,  and  even  in  many  that  are  still  more  recent.    It  is  hardly 
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needful  to  say,  that  it  is  for  this  reason  that  we  have  discussed  Berzelius's  opinions  at 
so  great  a  length.  There  were,  however,  always  a  few  chemists  to  whom  the  division 
into  haloid  salts  and  ampiiid  salts  appeared  arbitrary  and  inadmissible.  Tlie  most 
important  of  tlie  earlier  attempts  to  reduce  all  salts  into  a  single  class  gave  rise  to  the 
so-called  "  binary  "  theory,  already  alluded  in  the  article  Acids  (i.  42  and  45,  foot- 
note). This  theory,  however,  never  exerted  a  very  important  influence  on  the  progress 
of  chemistrj',  and  it  is  therefore  not  needful  to  discuss  the  arguments  by  which  it  was 
supported  and  opposed. 

If  we  try  now  to  state  what  is  the  idea  which  is  attached  to  the  word  salt,  as  at 
present  used  in  chemical  science,  we  find  it  impossible  to  do  so  in  very  precise  terms. 
Probably  we  may  most  correctly  define  this  idea  by  saying  that  it  implies  the 
capability  of  readily  undergoing  double  decomposition.  ("  Nous  appelerons  sels,  ou 
corps  hinones,  tons  les  composes  chimiqnes  formes  par  deux  parties.  Tune  metallique 
et  I'autre  non-m6tallique,  pouvant  ainsi  s'^changer  par  double  decomposition." — 
Gerhardt,  Introduction  a  I'Hude  de  la  Chimie par  le  Systeme  Unitaire,  18i8,  p.  91.) 
In  its  most  restricted  signification,  the  word  salt  suggests  a  substance  which,  if  soluble 
in  water,  can  produce  rapid  double  decompositions  with  other  soluble  substances,  or, 
if  insoluble,  can  be  produced  as  a  precipitate,  as  the  result  of  a  rapid  double  decom- 
position taking  place  between  soluble  substances.  This  is  certainly  the  idea  suggested 
by  the  application  of  the  word  salt  to  chloride  of  sodium,  nitrate  of  potassium, 
sulphate  of  barium,  nitrate  of  silver,  hydrochlorate  of  aniline,  &c.  By  an  ine- 
vitable extension  of  meaning,  the  name  salt  is  also  sometimes  given  to  substances 
which,  like  chloride  of  ethyl,  give  rise  to  slow  processes  of  double  decomposition  with 
aqueous  solutions  of  the  salts  specially  so  called.  By  a  still  further  extension,  it  is 
sometimes  applied  to  such  bodies  as  acetate  of  ethyl,  or  stearin,  and  even  these 
compoimds  do  not  mark  the  limit  of  its  occasional  application.  The  fact  is,  that  as 
there  is  no  class  of  bodies  known — not  even  excepting  the  elements  themselves — • 
which  do  not,  under  certain  conditions,  give  rise  to  reactions  which  must  (or  may)  be 
represented  as  double  decompositions,  so  there  is  no  class  of  bodies  to  which  the 
name  salt,  as  implying  capability  of  double  decomposition,  is  completely  inapplicable. 
Tlie  name  is,  however,  most  commonly  and  most  appropriately'  applied  to  those  bodies 
of  which  reaction  by  double  decomposition  is  the  most  characteristic  property,  and 
which  exhibit  such  reactions  under  the  most  familiar  conditions.  G.  C.  F. 

SAZsT  SpASSSESSTS.  Marais  salins.  Shallow  ponds  or  ditches,  excavated  on  the 
seashore  and  puddled  with  clay,  for  concentrating  soa-water  by  spontaneous  evapora- 
tion, and  obtaining  common  salt.    (See  Soditjm,  CHLOEroE  of.) 

SA2<T  SiAItSS.  Salzseen.  Inland  seas  containing  considerable  quantities  of 
chloride  of  sodium,  and  other  constituents  of  sea- water  and  salt-springs,  carried  down 
by  the  various  streams  which  flow  into  them.  As  the  water  evaporates  during  the 
hotter  season  of  the  year,  chloride  of  sodium,  more  or  less  pure,  separates  out,  and 
the  remaining  water  approaches  in  composition  to  the  mother-liquor  of  ordinary  salt- 
springs,  containing  considerable  quantities  of  the  chlorides  of  magnesium  and  calcium, 
and  comparatively  little  chloride  of  sodium ;  also  bromides,  potassium-salts,  &c. 
The  proportions  of  these  several  constituents  vary  with  the  season  of  the  year,  ac- 
cording to  the  temperature,  and  the  quantity  of  fresh  water  brought  down  by  rivers. 

Salt-lakes  are  especially  numerous  in  the  great  basin  of  Northern  Asia,  the  lowest 
part  of  which  is  occupied  by  the  Caspian  Sea  and  Lake  Aral.  In  the  government  of 
Astrachan  there  are  129  of  these  lakes,  of  which  32  are  worked  for  the  production  of 
salt.  Near  Kistiar,  in  the  government  of  the  Caucasus,  there  are  21,  from  18  of  which 
salt  is  likewise  obtained.  One  of  the  most  considerable  of  these  salt-lakes  is  the  Elton 
Lake,  in  the  Steppe  of  Kirghis,  between  the  Eivers  Volga  and  Ural.  As  the  water  of 
this  lake  evaporates  in  summer,  the  chloride  of  sodium  separates  out  in  loose  masses, 
which  afterwards  become  denser.  It  is  veiy  impure,  containing  large  quantities  of 
magnesium-chloride,  which  gives  it  a  sharp  and  bitter  taste.  If,  however,  this  deposited 
saltremains  in  the  lake,  and  is  exposed  to  the  solvent  action  of  fresh  water  in  the  following 
spring,  the  chloride  of  magnesium  and  other  foreign  salts,  being  more  soluble  than  the 
chloride  of  sodium,  are  first  dissolved,  and  the  chloi'ide  of  sodium  remains  as  a  compact, 
stony,  bluish  mass,  having  a  pure  saline  taste.  A  black  miid  is  at  the  same  time 
deposited  upon  it,  and  forms  a  sharp  demarcation  between  the  deposits  of  successive 
years.    This  lake,  in  1832,  yielded,  40,000  tons  of  salt. 

The  following  tables  exhibit  the  percentage  composition  of  the  water  of  several  salt- 
lakes  : — 
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Water  of  the  Dead  Sea. 


C.  G.  Gme- 

Marchand. 

Booth  and 

Moldcn- 

Boussin- 

lin. 

Muckle. 

hauer. 

gault. 

Sp.  gr. 

Sp.  gr. 

Sp.  gr. 

Sp.  gr. 

1-185 

1'227 

1-lGO 

l-ia4 

(summer  of 

(spring  of 

1854). 

1855). 

Chloride  of  sodium 

7-1 

6-5 

7-8 

2-9 

6 -.5 

Chloride  of  rnagnesium 

11-8 

10-5 

14  6 

6-8 

10-7 

Chloride  of  calcium  . 

3-2 

2-9 

3-1 

1-5 

3-6 

Chloride  of  potassium 

1-7 

1-4 

0-6 

2-4 

1-6 

Chloride  of  manganese 

0'2 

Chloride  of  aluminium 

01 

0-0] 

trace 

Bromide  of  magnesium 

0-4 

0-2 

0-2 

0-5 

Bromide  of  potassium 

0.03 

Sulphate  of  calcium  . 

0-05 

0-08 

0.07 

006 

0-04 

Water  ..... 

74-5 

78-2 

73-6 

86-1 

77-2 

The  following  analyses  of  the  water  of  the  Dead  Sea,  in  different  parts  and  at 
different  depths,  have  lately  been  published  by  A.  Terreil  (Compt.  rend.  Lxii.  1329  ; 
Zeitschr.  f.  Chem.  [2]  ii.  415)  :— 

Dead  Sea. 


Depth  in  metres 

Specific  gravity  at  15° 

Solid  residue  in  100  pts.  water  . 

Bromine  

S03['?SOi]       .       .      .  . 
Magnesium  .... 

Calcium  

Sodium  ..... 
Potassium  

In  tlie  sea 
Dear  Ras 
Dale. 

LaRuno 
norlh  of 
Sodom. 

North 
fije  near 
tbe  island. 

Five  miles 
en  St  of 
Waily 

Mrabl3a. 

Near  Ras 
fliersed. 

Five  miles 
cast  of 
Ras 
Fescljkah. 

Tlie  same. 

Five  miles 
east  of 
Warty 
Wrabba. 

Surface 
1  O'Jli; 
2-7078 

Surface 

1-0375 

4-7683 

Su  rf.ice 
1  1G47 

20  5789 

20 
1-1877 
20-4311 

14-5543 
il-3240 
0  0362 
2  9881 
1-1472 
1-3II3 
0-3520 

42 
1-2151 

26  0994 

120 
1-225 
26-2648 

200 
l-.'30O 
27-1006 

300 
1  -2563 
27  8135 

1  7R28 
0  01G7 
0  0-202 
0-4197 
0-2150 
0-0SH5 
0  0474 

2-9826 
0-0835 
0-067G 
0-3470 
0-44X1 
0  7845 
0-0779 

4-7912 

12  G521 
0-4668 
0  0494 
2-55-29 
0-9094 
2-2400 
0-3547 

lG-5443 
0-4834 
0-0447 
4- 1004 
0  3693 
2  4786 
0-24-Jl 

1G-G340 
0-4870 
0  0451 
4-1306 
0-37(!4 
2-6071 
0-3990 

17-04-23 
0-4385 
0  04.59 
4  2006 
0-4')18 
2  5107 
0  4503 

17-4985 
0  7093 

0-  0523 
4-1428 

1-  7-209 
1-4300 
0-4386 

2-5703 

19-2163 

20-7131 

24-2G-28 

24-5732 

25-1101 

25-9984 

Traces  of  carbonic  acid,  ammonia,  ferric  oxide,  alumina,  and  organic  matter  were 
likewise  found  ;  no  iodine,  phosphoric  acid,  lithium,  caesium,  or  rubidium. 

The  table  shows  : — 1.  That  the  density  and  concentration  of  the  water  increases 
with  the  depth. — 2.  That  the  composition  varies  throughout  the  entire  breadth.  The 
■n-ater  to  the  north  of  Sodom  contains  a  larger  proportion  of  sodium-  than  of  magnesium- 
chloride  ;  and,  as  a  consequence  of  this,  small  fish  are  able  to  live  in  it. — 3.  That  the 
proportions  of  the  different  constituents  are  the  same  at  all  depths,  the  bromine  alone 
appearing  to  increase  in  a  greater  ratio  at  a  depth  of  300  metres. 

The  quantities  of  potassium-salt  and  of  bromine  in  the  water  are  remarkably  great. 
The  water  of  the  springs  and  rivers  in  the  neighbourhood  contains  chlorine,  sulphuric 
acid,  carbonic  acid,  lime,  magnesia,  potash,  and  soda,  but  no  appreciable  quantity  of 
bromine. 

Salt  Lakes  of  the  Northern  Asiatic  Betsin. — a.  Oroomiak  Lake,  in  the  north-west  of 
Persia;  specific  gravity  1-555  (Hitchcock). — i.  Elton  Lake,  in  spring  (Go bel). — 
c.  The  same  in  summer  (Erdmann). — d.  The  same  in  autumn  (G.  Eose).  In  the 
clay  soil  of  the  shore  of  this  lake.  Rose  found  small  crystals  of  gypsum  ;  small  groups 
of  crystals  of  magnesium-sulphate  were  also  found  floating  on  the  water. — e.  Bitter-salt 
Lake  of  Kigatsch,  one  of  the  arms  by  which  the  Volga  tiows  into  the  Caspian  Sea.  At 
the  bottom  of  this  lake  there  is  a  dejjosit  of  sodio-magnesie  sulphate,  a  foot  thick. — 
/.  Salt-lake  of  Tasly,  near  the  highroad  from  Sympheropol  to  Eupatoria. — g.  Lake  of 
Bogdo,  north-cast  of  the  Bogdoberg  in  the  Caspian  Steppe. — h.  Salt-lake  of  Tschak- 
rakskoi,  not  fttr  from  Kertsch,  separated  only  by  a  narrow  strijD  of  land  from  the  Sea 
of  Azof — i.  Stepanow  Lake. — k.  ludertsch  Lake. — I.  Putrid  lake  on  the  eastcoast  of  the 
Crimea,  separated  only  by  a  narrow  tongue  of  land  from  the  Sea  of  Az'jf.  The  water 
contains  a  small  quantity  of  calcic  sulpliate,  and  smells  of  sulphydric  and  hydrochloric 
acids.— «i.  Salt-lake  of  Arsargar,  the  largest  next  to  the  Bogdo  Lake,  between  the 
Eivers  Volga  and  Ural. 
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100  pts.  of  the  Lake-water  contain: — 


a. 

A. 

c. 

d. 

e. 

/• 

g- 

h. 

i. 

k. 

/. 

m. 

19'0 

13'1 

7'4 

3'8 

10'5 

18-1 

21-6 

28-9 

22'4 

23'9 

14-2 

17-8 

„  magnesium 

0-5 

10-5 

16-3 

19-7 

9-9 

5-7 

4-9 

4-2 

0-9 

1-7 

1-9 

0-2 

,,       calcium  . 

0-9 

,,  potassium 

0-2 

0-2 

0-6 

0-1 

Sulphate  of  potassium 

01 

0-04 

0-3 

01 

0-05 

0-04 

0-08 

„  magnesium 

0-8 

1-6 

2-2 

5-3 

8-2 

2-3 

1-0 

4-2 

0-.7 

0-3 

1-2 

0-04 

79-5 

74-4 

73-5 

70-8 

71-3 

72-9 

71-5^73-5 

75-9 

73-8 

82-6 

81-9 

99-9 

99-8 

99-44 

99-8 

99-7 

99-9 

100-0110-8 

99-95 

99-84 

99-9 

100-02 

The  analyses  c  to  m  are  hj  O- oh  el  (Eeise  in  die  Steppen  cles  sildlichen  Russlands): 
these  waters  were  examined  for  bromides  and  potassium-salts  only  in  a  few  cases ; 
but  it  is  probable  that  these  salts  exist  in  all  salt-lakes.    (Handw.  d.  Chem.  vii.  218.) 

SAXiTPSSTRE.  Nitrate  of  potassium  (see  Nitrates,  iv.  98).  Niti-ate  of  sodium 
is  often  called  Chili  Saltpetre. 

SAXiT-RADICIiS,  The  chlorous  or  electronegative  constituent  of  a  salt,  accord- 
ing to  the  binary  theory  :  e.g.,  CI  in  KCl,  SO*  in  K"SO*,  &c. 

SilXiTS,  ITOmiilTCZiATU'RZ:  OF.  See  Nomenciatuhe  (iv.  125). — The  fol- 
lowing salts  were  denoted  in  the  older  language  of  chemistry  by  particular  names, 
some  of  which  are  still  occasionally  used  : — 


Salt  of  Colcothae.    Sulphate  of  iron. 
Salt  of  Egea.    Sulphate  of  magne- 
sium. 

Salt  of  Lemons  (Essential).  Acid 
oxalate  of  potassium. 

Salt  of  Satuen.    Acetate  of  lead. 

Salt  of  Sedlitz.  Sulphate  of  magne- 
sium. 

Salt  of  Seignette.  Tartrate  of  potas- 
sium and  sodium. 

Salt  of  Soda.    Carbonate  of  sodium. 
Salt  of  Soeeel.    Acid  oxalate  of  po- 


Carbonate  of  potas- 
Purified  sulphate  of 
Ammonio-mercuric 


Salt  (Amhonlacal,  Fixed).  Chloride 
of  calcium. 

Salt  (Ammoniacal,  Sbceet)  of  Glau- 
ber.   Sulphate  of  ammonium. 

Salt  (Arsenical,  Neutral)  of  Mac- 
QUEB.    Acid  arsenate  of  potassium. 

Salt  (Bitter,  Cathaetic).  Sulphate  of 
magnesium. 

Salt  (Common).    Chloride  of  sodium. 

Salt  (Digesti-vb)  of  Sylvius.  Acetate 
of  potassium. 

Salt  (Diuretic).  Acetate  of  potassium. 

Salt  (Epsom).  Sulphate  of  magnesium. 

Salt  (Febrifuge)  of  Sylvius.  Chloride 
of  potassium. 

Salt  (Fusible).  Phosphate  of  am- 
monium. 

Salt  (Fusible)  of  Urine.  Phosphate 
of  sodium  and  ammonium. 

Salt  (Glaubee's).  Sidphate  of  sodium. 

Salt  (Geeen).  In  the  mines  of  Wie- 
liczka  the  workmen  give  this  name  to 
the  upper  stratum  of  native  salt,  which  is 
rendered  impure  by  a  mixture  of  clay. 

Salt  (Marine).    Chloride  of  sodium. 

Saj.t  (Marine,  Argillaceous).  Chlo- 
ride of  aluminium. 

Salt  (Miceocosmic).  Phosphate  of  so- 
dium and  ammonium. 

Salt  (Niteous  Ammoniacal).  Nitrate 
of  ammonium. 

Salt  of  Ambee.    Succinic  acid. 

Salt  of  Benzoin.    Benzoic  acid. 

Salt  of  Canal.  Sulphate  of  magne- 
sium. 

SAIiT  SPRIxarcs.  This  name  is  applied  to  waters  which  contain  large  quantities 
of  chloride  of  sodium  in  proportion  to  their  other  constituents,  and  are  therefore  used  for 
the  exbraetion  of  that  salt.  In  many  saltworks,  artificial  salt-springs  are  formed  by 
dissolving  rock-salt  or  bay-salt  in  sea-water,  or  in  a  weak  solution  of  sodium-chloride. 
(See  Sodium,  Chloride  of.) 


tassium. 

Salt  of  Taetae. 
slum. 

Salt  of  Vitriol. 
zinc. 

Salt  of  Wisdom. 
chloride,  2NH*Cl.Hg"CP.H20. 

Salt  (Perlate).  Disodic  orthophos- 
phate. 

Salt  (Polycheest)  of  Glasee.  Sul- 
phate of  potassium. 

Salt  (Sedati-vb).    Boracic  acid. 

Salt  (Spirit  of).  Hydrochloric  acid 
was  formerly  called  by  this  name,  which 
it  still  retains  in  commerce. 

Salt  (Sulphureous)  of  Stahl.  Sul- 
phite of  potassium. 

Salt  (Wonderful).  Sulphate  of  so- 
dium. 

Salt  (Wonderful,  Peelate).  Disodic 
orthophosphate. 


BALVIA— SALYLIC  ACID. 
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SAILVXA.  The  garden  sage,  Salvia  officinalis,  yields,  by  distillatiou  with  water, 
an  essential  oil,  which  is  light-yellow  or  nearly  colourless  when  fresh,  Imt  after  a  time 
becomes  darker  and  deposits  a  camphor.  It  has  an  aromatic  taste,  and  a  penetrating 
camplioraceous  odour,  like  that  of  the  plant.  It  floats  on  water,  its  specific  gravity  varying 
from  0-86  to  0-92  (Zeller).  It  boils  between  130'^  and  160°,  but  not  at  a  constant 
temperature.  According  to  Roclileder  (Ann.  Ch.  Pharm.  xliv.  4),  the  composition 
and  boiling-point  of  the  oil  vary  greatly  with  its  age,  and  when  rectified  over  solid 
potash,  it  yields  oils  differing  in  composition  and  boiling-point.  These  oils  may  be 
regarded  as  compounds  of  the  hydrocarbon  CH'",  with  varying  quantities  of  oxygen 
(from  3  to  11  per  cent.).  Sage-oil  treated  with  cold  concentrated  nitric  acid  becomes 
hot,  and  is  converted,  with  evolution  of  gas,  into  a  red  resinous  mass,  which  when 
distilled  with  water  gives  off  common  camphor,  C'°H"'0,  mixed  with  an  oil.  When 
sage-oil  is  dropped  into  fuming  nitric  acid  at  the  boiling  heat,  it  dissolves,  giving  off  a 
mixture  of  carbonic  anhydride  and  nitric  oxide.  If  the  liquid  be  then  distilled  with 
water,  pure  camphor  collects  in  the  condensing  tube.  In  the  formation  of  camphor 
from  sage-oil,  2  atoms  of  the  hydrocarbon,  CII'",  give  up  2  at.  C  and  4  at.  H,  which 
escape  as  carbonie  anhydride  and  water: 

2C''H'»  -h  0'    =    C'»H"=0  +  2C0-  +  2H-0. 

Another  camphor,  or  stearoptene,  is  deposited  from  sage-oil  when  kept  for  a  long 
time  in  a  badly-clcsed  vessel.  (Herberger,  Eepert.  Pharm.  xxxiv.  138. — Gm.  xiv. 
399.) 

Hlasiwetz  (J.  pr.  Chem.  li.  355),  by  boiling  volatile  oil  of  mustard  with  soda- 
lime,  once  obtained  an  oil  which  had  the  odour  of  sage-oil,  and  contained  80'0  per 
cent,  carbon,  11-1  hydrogen,  and  8'9  oxygen,  agreeing  nearly  with  the  formula  C'-H'"0 
(80-25  C,  10-91  H,  and  S'Sl  0).  Its  formation  may  perhaps  be  represented  by  the 
equation  : 

6(C^H^CyS)  +  3Na'0    =    C''-'H-°0  +  C^H^^NaO-  +  5NaCyS. 

Allylic  sul-  Sage-oil.  Sodic  pro-  Soiiic  sut- 

phocyanate.  pionate.  phocyanate. 

Eespecting  the  ferment-oil  of  Salvia  pratcnsis,  see  ii.  636. 

SAXiVIiIC  ACID.  This  name  was  given  by  Kolbe  and  Lautemann  to  a  supposed 
isomer  of  benzoic  acid.  Chiozza,  as  already  observed  (p.  154),  by  treating  the 
product  of  the  action  of  phosphoric  chloride  on  salicylic  acid  with  water,  obtained  an 
acid  having  the  composition  of  chlorobenzoic  acid,  C'H^CIO-'.  This  acid  was  after- 
wards examined  Ijy  Limpricht  and  v.  Uslar,  who  found  that  it  differed  in  crystalline 
form  and  melting-point  from  ordinary  chlorobenzoic  acid  (i.  655),  and  therefore 
regarded  it  as  isomeric  with  the  the  latter.  This  conclusion  was  corroborated  by 
the  experiments  of  Kolbe  and  Lautemann  (p.  154),  who  designated  the  cUorinated 
acid  obtained  from  salicylic  acid,  as  chl orosalylic  acid  ;  also  by  those  of  Kckule 
(Ann.  Ch.  Pharm.  cxvii.  145  ;  Jahresb.  1860,  p.  395).  Kolbe  and  Lautemann  also 
found  that  chlorosalylic  acid  differed  from  chlorobenzoic  acid  in  its  behaviijur  with 
sodium-amalgam,  the  hitter  being  scarcely  acted  upon  thereby,  whereas  the  former  is 
easily  deprived  of  the  whole  of  chlorine,  and  is  couverteil  into  salylic  acid,  CH^O^ 
isomeric  with  benzoic  acid 

Salylic  acid  precipitated  from  the  alkaline  solution  by  hydrochloric  acid,  and  purified 
by  recrystalUsation  from  water,  is  said  to  form  very  small  needles,  which  under  the 
microscope  never  exhibit  the  indented  form  of  benzoic  acid.  It  is  more  volatile  than 
the  latter,  melts  at  nearly  the  same  temperature,  "viz.  at  119°  (benzoic  acid  melting  at 
121°),  is  much  more  soluljle  than  benzoic  acid,  1  pt.  of  it  dissolving  at  0°  in  237  pts. 
water,  whereas  benzoic  acid  requires  607  pts.  iSome  of  the  salts  of  salylic  acid  differ 
also  in  form  and  solubility  from  the  corresponding  benzoates.  (Kolbe  and  Laute- 
mann.) 

Griess,  by  acting  on  diazobenzo-oxybenzamic  acid  (iv.  293)  with  nitrous  acid,  has 
also  obtained  an  acid  isomeric  with  benzoic  acid,  which  he  regards  as  identical  with 
Kolbe  and  Lautemann's  salylic  acid. 

On  the  other  hand,  according  to  E.  E  eiche  nbacb  and  Beils  tein  (Ann.  Ch.  Pharm. 
cxxxii.  309  ;  Bull.  Soc.  Chim.  1865,  ii.  63),  the  so-called  salylic  acid,  whether  prepared 
from  salicylic  or  from  diazobenzo-oxybenzamic  acid,  is  nothing  but  ordinary  benzoic 
acid,  more  or  less  contaminated  with  foreign  substances.  After  being  distilled  with 
water,  converted  into  a  sodium-salt,  precipitated  by  hydrochloric  acid,  and  once  recrys- 
tallisi;d,  it  exhibits  all  the  characters  of  pure  benzoic  acid ;  likewise  in  its  salts, 
and  in  the  nitro-acid  prepared  from  it. 

Griibe  (Ann.  Ch.  Pharm.  cxxxvi.  124;  Bull.  Soc.  Chim.  1866,  i.  432),  by  treating 
methylic  methylsalicylate,  C'H^(C'ff)-'0^  (p.  162),  -svith  potash,  has  obtained 
an  acid  containing  C*H*0^  which  he  regards  as  m  ethoxy  salylic  acid,  C'HXCH-')0', 
perhaps  methoxybenzoic  acid.   [Cahours  obtained  salicylic  acid  by  the  same  reaction]. 
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SAMADERA— SAMBUCUS. 


Tliis  acid  crystallises  in  large  tables,  slightly  soluble  in  cold  water,  easily  soluble  in 
boiling  water  and  in  ether.  Its  solution  is  strongly  acid,  and  does  not  give  with  ferric 
salts  the  reaction  characteristic  of  salicylic  acid.  It  melts  at  99°,  and  is  partly  resolved 
by  distillation  into  carbonic  anhydride  and  anisol. 

Ethylic  methylsalicylate  treated  with  potash  yields,  in  like  manner,  an  acid  contain- 
ing C»H'°0'  =  C'H\C-H^)0^  (Grabe.) 

SAESASSEKA  SJVBXCA  (Gartn.),  Vithmminia  eUiptka  (Vahl).  A  tree  of  the 
siraarubaceous  order  (class  Tcrcbinthacea;),  growing  in  Java,  and  called  by  the  Malays 
Galip  Pahit.  The  almond-shaped  fruits  (which  are  enclosed  in  leathery  capsules)  and 
the  bark  are  distinguished  by  a  peculiar  intensely  bitter  taste.  According  to  C.  L 
Blume  (Arch.  Pharm.  cxlvi.  265  ;  Handw.  vii.  222),  the  fruit  and  bark  contain,  in 
100  pts.  .•— 


Fruit. 

Bark. 

Matters  soluble  in 

ether 

.  34-2 

1-4 

alcohol 

.  8-4 

6-1 

))  )» 

water 

.  10-6 

1-2 

Cellulose 

potash 

.  0-1 

trace 

.  390 

70-6 

Water  . 

.  4-6 

11-8 

Ash-constituents 

.  2-7 

7-9 

Ether  extracts  from  the  fruit,  a  colourless  oil,  having  a  peculiar  odour,  and 
saponifiable  by  alkalis.  The  alcoholic  extract  of  the  fruit  consists  chiefly  of  a  brown, 
very  bitter  substance  (perhaps  a  resin),  which  is  somewhat  soluble  in  water,  absorbs 
moisture  from  the  air,  and  deliquesces. — The  aqueous  infusion  of  the  fruit  yields  a  deli- 
quescent, very  bitter  extract,  containing  tannic  acid  and  a  peculiar  bitter  principle 
called  s  am  aderin.  The  ash  of  the  fruit  contains  carbouate  of  calcium  and  the  chlo- 
rides of  calcium  and  potassium. 

Erom  the  bark,  other  extracts  a  light-yellow  fat  of  soft  resinous  consistence,  which 
is  only  partially  saponified  by  alkalis,  and  appears  to  be  a  mixture  of  resin  and  fat. 
The  alcoholic  and  aqueous  extracts  of  the  bark  have  the  same  constituents  and  pro- 
perties as  those  of  the  fruit. 

Samaderin,  the  chief  bitter  constituent  of  the  bark  and  fruit,  is  most  easily  pre- 
pared from  the  aqueous  infusion  by  evaporating  it  to  an  extract,  and  treating  the  extract 
repeatedly  with  small  quantities  of  alcohol;  it  may  be  purified  by  solution  in  water, 
and  treatment  witli  animal  charcoal.  It  is  dazzling  white,  witli  a  foliated  and  some- 
what feathery  crystalline  structure;  has  a  persistent  and  intensely  bitter  taste,  stronger 
perhaps  than  that  of  any  other  known  subsrance;  dissolves  in  water  more  easily  than 
in  alcohol,  and  to  a  slight  extent  also  in  common  ether.  Its  solutions  are  perfectly 
neutral.  When  heated,  it  melts  and  gives  off  vapours  having  a  sharp  bitter  taste. 
Hydrochloric  and  nitric  acids  colour  it  yellow.  Strong  sulphuric  acid  immediately 
produces  with  it  a  splendid  red-violet  colour,  which  disappears  after  a  while  ;  a  conside- 
rable quantity  of  feathery,  strongly  iridescent  crystals  is  formed  at  the  same  time. 
Samaderin  produces  no  particular  reaction  with  metallic  salts,  or  with  tincture  of 
iodine,  chromate  of  potassium,  or  ferrocyanide  of  potassium. 

SASSASISSKXTS.  Uranoniobate  of  yttrium  and  iron,  occurring  near  Minsk,  in 
She  Ihneu  Mountains  (iv.  55  ).* 

SAaSBITCtrS.  A  genus  of  plants  belonging  to  the  order  Caprifoliaccm.  The 
berries  of  the  dwarf  elder  or  danewort  {Sambiwus  Ebulus)  contain  malic  acid(Bracon- 
not),  and  a  very  gelatinous  soft  resin  which  may  be  used  as  birdlime. 

The  root-bark  of  the  common  elder  {Sambucus  niqra)  contains,  according  to  Simon, 
an  emetic  and  purgative  soft  resin,  which  may  be  obtained  by  treating  the  alcoholic 
extract  with  ether,  and  evaporating. — The  flowers  contain  a  volatile  oil,  which  is  very 
soluble  in  water,  and  is  therefore  not  easily  obtained  by  distillation  with  water.  The 
best  way  of  preparing  it,  according  to  Winokler,  is  to  concentrate  the  water  in  which 
fresh  elder-flowers  have  been  macerated,  saturate  it  with  common  salt,  shake  up  with 
ether,  and  evaporate  the  ether.  It  is  colourless,  lighter  than  water,  and  has  the  pene- 
trating odour  of  the  flowers,  which,  like  musk,  is  capable  of  filling  a  very  large 
space.  At  0°  it  solidifies  to  a  crystalhne  mass,  like  oil  of  roses.  It  has  a  very  high 
boiling-point.  When  exposed  to  the  air,  it  turns  brown,  thickens,  and  acquires  the 
odour  of  decayed  elder-flowers.  It  is  said  to  contain  sulphur.  Elder-berries  contain, 
according  to  Seheele,  malic  but  no  citric  acid;  also  sugar,  gum,  a  peculiar  sudorific 
substance  (which  likewise  exists  in  the  flowers),  and  a  red  colouring  matter,  which  is 
turned  blue  by  a  small  quantity  of  aUcali,  green  by  a  larger  quantity. 

*  It  istliere  called  "uranoniobite"  of  yttrium,  &c.;  but  the  acil  formerly  called  niobins,  or  hyponiobic 
aciii  13  now  known  to  be  the  only  oxygen-acid  of  niobium,  and  is  therefore  called  niobic  acid 
(iv.785). 


SAMECH— SANDEL-WOOD. 
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SilSVSECH  PARACSSiSX.    Au  obsolete  name  of  neutral  potassie  tartrate. 

SilMOlTE.  All  aluminous  silicate  allied  to  allophane,  occurring  in  stalaetitic 
forms  in  the  lava  of  Upolu,  an  island  of  the  Navigator  group.  Jt  has  a  lamellar 
structure,  whitish  colour,  and  slightly  nacreous  lustre  ;  Iiardness  =  4'0  to  -I'S  ;  specific 
gravity  =  1'7  to  1'9.  Contains,  according  to  B.  Sillinian,  jun.,  31 '25  per  cent, 
silica,  37'21  alumina,  and  30'4o  water,  together  with  4'06  magnesia,  O'Ol  calcic 
carbonate,  0'06  soda;  according  to  another  analysis,  however,  3.5'19  silica,  31'95 
alumina,  and  30-80  water ;  the  formula  is  therefore  doubtful. 

SABES'HAia'.    Syn.  with  Sapan. 

SAOTB,  Tliis  name  is  mostly  applied  to  quartz  occurring  in  a  granular  or 
pulverulent  form,  as  on  the  seashore,  in  the  beds  of  rivers,  and  covering  extensive 
tracts  on  many  parts  of  the  earth's  surface  ;  but  it  is  also  extended  to  other  minerals 
occurring  in  a  similar  condition  :  hence  the  terms  dolomitic  sand,  iron  sand,  titani- 
ferous  sand,  &c. 

SABTDAIi-WOOIS.  Sandel-wood,  Santal-wood,  Bed  Saunders-wood. — A  dye-wood 
furnished  by  the  Flerocarpus  Santalimis,  a  papilionaceous  tree  indigenous  in  the  tropical 
parts  of  Asia.  It  occurs  in  commerce,  sometimes  in  large  heavy  billets  of  a  fine  red 
colour  (caliatur-wood) — sometimes  as  a  red,  loose,  diisty  powder.  It  has  a  somewhat 
harsli  taste,  and  when  warmed  or  rubbed  gives  off  a  faint  agreeable  odour.  It  is 
used  in  India,  together  with  one-tenth  of  sapan-wood,  chiefly  for  dyeing  silk  and  cotton, 
to  which,  and  also  to  wool,  it  imparts  reds  of  various  shades,  according  to  the  Iiind  of 
mordant  used.    (See  Urcs  Dictionary  of  Arts,  &c.,  iii.  G31.) 

Sandal- wood  contains  a  peculiar  red  resinous  colouring-matter,  called  san  tal  i  n,  and, 
according  to  Meier  (Ann.  Ch.  Pharm.  Ixxii.  320),  five  other  amorphous  resinousliodieg 
which  he  designates  as  santalic  oxide,  santalide,  santaloide,  santalidide, 
and  santaloidide ;  the  last  four  being  extracted  from  tlie  wood  by  water — the  first, 
together  with  santalin,  by  alcohol.  These  five  bodies  have  not,  however,  been  obtained 
pure,  and  their  separate  existence  is  very  doubtful. 

Santalin,  or  santalic  acid,  C'^H"0^  (?),  is  prepared  by  treating  the  wood  with 
ether,  and  evaporating  the  resulting  solution  ;  dissolving  tlie  highly-coloured  crystals 
thus  obtained  in  alcohol,  after  having  exhausted  them  with  water ;  preciijitating  the 
alcoholic  solution  with  acetate  of  lead;  boiling  the  violet  precipitate  several  times 
with  alcohol,  then  suspending  it  in  that  liquid,  and  decomposing  it  with  dilute 
Kulphm-ic  acid.  (Meier.) 

Santalin  forms  small  crystals  of  a  fine  red  colour,  and  without  taste  or  smell. 
It  is  insoluble  in  water,  but  very  soluble  in  alcohol,  forming  a  blood-red  solution 
which  reddens  litmus.  It  melts  at  104°,  and  at  a  higher  temperature  becomes  resinous 
and  puffs  up.  It  contains,  according  to  Westermann  and  Haffely  (Ann.  Ch. 
Pharm.  Ixxiv.  226),  65-85  per  cent.  C  and  5-2  H,  the  formula  C'^H'^O^  requiring  65-7  C, 
5-1  H,  and  29-2  0.  _ 

The  alcoholic  solution  of  santalin  precipitates  lead-salts,  but  not  the  salts  of  barium, 
silver,  or  copper.  Santalin  dissolves  easily  in  ammonia  and  in  potash,  forming  violet 
solutions,  which  precipitate  the  alkaline  earths. 

The  harium-salt  is  a  violet  crystalline  precipitate,  which,  when  dried  at  100°,  gives 
by  analysis  63-2  to  53-7  per  cent.  C,  4-6  to  3-5  H,  and  22  9  BaO,  the  formula 
C™H'"'Ba"0"  requiring  52-7  C,  3-8  H,  and  22-4  BaO. 

The  lead-salt,  C™H"*Pb"0"'.Pb"H-0-,  gave  by  analysis  35-3  to  37  per  cent.  C,  2.8  II, 
and  44-6  to  44-9  lead-oxide,  the  formula  requiring  36'-2  C,  2-8  II,  and  44-5  PbO. 

SA.TSIiA.JtA.CJi..    Syn.  with  Ke.ai,gar  (i.  386). 

SAIfl-SARACH.  A  gum-resin  which  exudes  from  Thig'a  articidata,  a  small 
coniferous  tree  growing  in  Barbary.  It  occurs  in  pale-yellow  elongated  plates,  covered 
with  a  very  fine  dust,  and  having  a  vitreous  lustre  on  the  fractured  surface.  It  has  a 
faint  odour,  andcrumbles  between  the  teeth  without  softening.  According  to  Johnston 
(J.  pr.  Chora,  xvii.  157),  sandarach  is  a  mixture  of  three  acid  resins.  The  a-resiu 
forms  a  white  or  yellow  powder,  slightly  soluble  in  alcohol,  and  not  easily  fusible.  It 
forms  but  a  small  part  of  the  entire  resin,  and  contains  78-04  to  78-46  per  cent.  C,  and 
9-80  to  9-91  H,  whence  Johnston  deduces  the  formula  C-"WO-  (calc.  79-4"  C, 
9-93  H,  and  10-60  0).  The  ;S-resin,  which  forms  three-fourths  of  the  whole,  has  a  light- 
yellow  colour,  softens  at  100°,  and  dissolves  easily  in  cold  alcohol.  Contains  75-08  to 
76-60  C,  and  9-71  to  10-04  H,  whence  C-»H™03  (calc.  75-47  C,  9-41  H,  and  15-12  0). 
The  7-resin  is  a  light-yellow  powder,  soluble  in  boiling  alcohol,  melting  with  difficulty, 
and  decomposing  at  the  same  time.  Contains  75-53  to  75-59  C,  and  9-35  to  9-47  11, 
whence  the  formula  C^H-^O^. 

SASrD£Xi-WOOI>.    Syn.  with  Sa.\'DAl-wood. 
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SANGUINARIA— SANGUINARINE. 


SAXrCUXBTiiRIA  CAH-ASBSTSXS.  The  root  of  this  plant,  belonging  to  the 
papaveraceous  order,  contains  sanguinarine  or  chelery  thrine,  and,  according  to 
Gibb  (Phann.  J.  Trans.  [2]  i.  454),  two  other  alkaloids,  called  porphyroxine  and 
puccine;  but  the  two  latter  have  been  but  imperfectly  examined.    (Gm.  xvii.  162.) 

SAfrGUXM-ARXXrE.  Chderythrwe,Pyrrhopine.  C><'H"NO'.  (Dana,  Annals  of 
the  Lyceum  of  New  York,  ii.  245. — Probst,  Ann.  Ch.  Pharm.  xxix.  120  ;  xxxi.  350. 
— Polex,  N.  Br.  Arch.  xvi.  77.— J.  Schiel,  Ann.  Ch.  Pharm.  xliii.  233;  Sill.  Am.  J. 
[2]  X.  220. — G  m.  xvii.  166.) — An  alkaloid  discovered,  as  sa  n  gu  i  n  a  r  i  n  e,  by  Dana,  in  the 
roots  of  Scmguinaria  canadensis ;  aschelerythrine,  by  Probst,  andasporphyroxine 
by  Polex,  in  the  common  celandine  (Chelidonium  majus) :  the  identity  of  the  alkaloids 
from  these  two  sources  was  demonstrated  by  Probst  and  Schiel.  In  celandine  it  is 
found  chiefly  in  the  roots  and  unripe  fruit;  in  Sanguinaria  it  exists  also  in  the  leaves, 
and  most  probably  in  the  seed.  It  is  also  found  in  the  roots  of  the  yellow-homed 
poppy  ( Glaucium  luteum),  together  with  glaucopicrine,  but  not  in  the  green  parts  of  the 
plant,  which  contain  glaucine  (ii.  845,  846). 

Preparatio7i :  1.  From  the  roots  of  Sanguinaria  catiadensis. — The  dried  and  powdered 
root  is  exhausted  with  ether,  hydrochloric  acid  gas  is  passed  into  the  filti-ate,  and  the 
impure  hydrochlorate  o  fsangiiinarine  thereby  thrown  down,  is  collected  and  dried.  In 
the  ether  there  remains  a  brown  greasy  resin,  together  with  a  little  sanguinarine, 
which  is  recovered  by  evaporating,  exhausting  the  residue  with  water  containing 
sulphuric  acid,  and  precipitating  by  ammonia.  The  precipitated  hydrochlorate  is 
dissolved  in  water  ;  the  solution  is  precipitated  by  ammonia ;  the  precipitate  is  washed, 
dried,  and  dissolved  in  ether ;  and  the  solution  is  shaken  with  animal  charcoal  till  the 
supernatant  liqmd  appears  colourless.  The  precipitate,  again  thrown  down  from  the 
filtrate  by  hydrochloric  acid  gas,  is  decomposed  by  aqueous  ammonia,  and  afterwards 
washed  and  dried  (Probst;  Schiel).  Schiel  purifies  sanguinarine  extracted  by  other 
methods,  by  precipitating  its  ethereal  solution  with  hydrochloric  acid  gas  or  sulphuric  acid. 

2.  From  the  roots  of  Chelidonium  majus. — The  fresh  or  dried  root  is  exhausted 
with  water  containing  sulphuric  acid ;  the  liquid  is  precipitated  by  anlmouia ;  and  the 
precipitate  is  washed,  freed  from  water  as  far  as  possible  by  pressing,  and  dissolved, 
■while  still  moist,  in  alcohol  containing  sulphuric  acid.  The  alcoholic  solution,  diluted 
with  water,  is  submitted  to  distillation,  and  after  the  alcohol  is  driven  off,  precipitated 
by  ammonia.  The  precipitate  is  dried  between  bibulous  paper  as  quickly  as  possible, 
at  a  very  gentle  heat,  powdered,  and  treated  with  ether,  which  dissolves  chiefly  san- 
guinarine. On  expelling  the  ether,  there  remains  a  viscid  turpentine-like  mass,  to  be 
treated  with  as  small  a  quantity  as  possible  of  water  containing  hydrochloric  acid, 
which  leaves  resin  undissolved.  The  solution  is  evaporated  to  dryness,  and  the  resi- 
due washed  with  ether,  hydrochlorate  of  sanguinarine  then  remaining.  This  is  dissolved 
in  a  little  cold  water,  which  leaves  most  of  the  hydrochlorate  of  chelidonine  undissolved  ; 
the  solution  is  evaporated,  and  the  residue  again  treated  with  water  so  long  as  hydro- 
chlorate of  chelidonine  continues  to  separate.  From  the  last  aqueous  solution  the 
sanguinarine  is  thrown  down  by  ammonia,  and  is  purified  by  washing  and  diying,  and 
subsequently  dissolving  in  ether  and  evaporating.  (Probst.) 

3.  From  Glaucium  luteum. — The  dried  and  powdered  roots  of  plants  of  one  to  two 
years'  growth  are  exhausted  with  water  containing  acetic  acid ;  the  extract  is  precipi- 
tated by  excess  of  ammonia  ;  and  the  precipitate  is  washed,  dried,  and  exhausted 
with  ether,  which  leaves  nearly  pure  sanguinarine  on  evaporation.  The  product  is 
dissolved  in  the  smallest  possible  quantity  of  water  acidulated  with  hydrochloric  acid ; 
the  water  and  excess  of  acid  are  evaporated;  and  the  remaining  hydrocldorate  of 
sanguinarine  is  freed  from  chlorophyll  by  washing  with  ether,  after  which  it  is  dissolved 
in  a  little  water,  and  mixed  with  an  equal  volume  of  strong  hydrochloric  acid, 
which  precipitates  it  almost  completely,  the  supernatant  liquid  retaining  only  a  small 
quantity,  precipitable  by  ammonia.  The  precipitated  salt  may  be  obtained  in  the  crystal- 
line form,  by  dissolving  it  in  water  and  evaporating  the  solution.  By  decomposition 
with  ammonia  it  yields  sanguinarine,  which  is  crystallised  from  ether,  with  addition  of 
water.  (Probst.) 

Properties. — Sanguinarine  is  obtained  from  absolute  alcohol,  by  spontaneous  evapo- 
ration, in  groups  of  crystalline  nodules  (Probst) ;  in  white,  pearly,  fine  grains(Dana); 
in  star-shaped  groups  of  transparentneedles,  and  white  nodules  (Polex).  It  is  insoluble 
in  water,  but  soluble  in  alcohol  and  ether.  Tlie  ethereal  solution  leaves,  on  evapora- 
tion, a  turpentine-like  body,  which  gradually  hardens  to  a  shining  friable  mass 
(Probst).  The  crystals  become  opaque  and  brown  on  drying  (Polex).  It  is  taste- 
less (Schiel);  in  the  mouth  it  slowly  creates  a  very  faint  taste  (Dana);  in  alcohohc 
solution  it  has  a  burning  sharp  taste  (Probst);  very  bitter  (Schiel).  It  acts  as  a 
powerful  narcotic  poison.  The  dust  excites  violent  sneezing  (Probst).  According  to 
Dana  and  Schiel,  it  has  an  alkaline  reaction ;  but  according  to  Probst  and  Pclex,  it  is 
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neutral.  On  exposure  to  the  air  it  gradually  assumes  a  yello-wish-white  colour  (Dana), 
and  in  presence  of  small  quantities  of  acid  vapours  becomes  immediately  red  (Pol  ex  ; 
Schiel).  It  softens  at  65°  like  a  resin  (Probst),  melts  at  a  somewhat  high  tempera- 
ture, and  burns  completely,  giving  off  amraoniacal  vapours  (Polex).  It  is  decomposed 
by  nitric  acid.    Its  composition  (at  100° — 106°)  is  shown  in  the  following  table: — 

Schiel. 


Calculation. 

b. 

C"  228 

70-59 

69G6 

70-34 

H"  17 

5-26 

5-16 

6.21 

N  14 

4-33 

6-23 

6-07 

0'  64 

19-82 

19-95 

19-38 

C.i8H"N08  323 

100-00 

100-00 

100-00 

a  was  prepared  from  Sanguinaria,  b  from  Chelidonium. 

Sanguinarine  unites  with  acids,  which  it  colours  a  fine  orange-red,  forming  neutral 
salts,  partly  cry  stallisable,  having  a  burning  sharp  taste,  a  narcotic  action,  and  dissolving, 
for  the  most  part,  in  water.  Fi-om  the  solutions,  sanguinarine  is  separated  by  ammonia, 
the  fixed  alkaHs,  or  magnesia,  in  the  form  of  a  grey-white  curdy  precipitate  (Probst). 
Concentrated  acids  have  but  little  action  on  sanguinarine  in  the  cold  (Pole  x).  Acetate 
of  sanguinarine  forms  yellowish-wliite  precipitates  with  tartar-emetic,  ferric  chloride, 
mercurous  nitrate,  mercuric  chloride,  and  silver  nitrate:  iodine  precipitates  the  solution 
of  a  crimson,  chromate  of  potassium  of  a  yellow,  and  chloride  of  gold  of  a  dark-red- 
yellow  colour.  Basic  acetate  of  lead  and  tincture  of  galls  do  not  produce  precipitates. 
(Polex.) 

SATJG-UISOR3A  A  rosaceous  plant,  formerly  used  as  a  styptic. 

100  pts.  of  the  fresh  plant  contain  7rO  water,  10-3  matter  soluble  in  water,  9-2  soluble 
in  dilute  potash,  8-9  cellulose,  and  TO  ash  free  from  carbonic  acid.  The  ash  contains, 
in  100  pts.,  after  deduction  of  carbonic  acid,  13-7  potash,  7-7  soda,  27-0  lime,  3-9 
magnesia,  0-9  alumina  and  ferric  oxide,  33-9  silica,  4-1  sulphuric  anhydride,  7-6  phos- 
phoric anhydride,  and  1-2  chlorine. 

SA-UTDZm,    Glassy  felspar  (ii.  620). 

SAXTZSOPKirn.  A  name  given  to  trachytic  porphyry,  on  account  of  the 
crystals  of  sanidin  which  are  embedded  in  it. 

SANTAXiIC  ACID,  SAXTTAZiIDE,  SAM'TAZ.XT]-,  &C.  (See  SandAI,--VVO0D, 
p.  187.) 

SAM'TOBTZir.  Santonic  acid,  C'*H'*Ol — This  substance  was  discovered  in  1830 
by  Kahler  (Brandos.  Archiv.  xxxiv.  318,  xxxv.  216),  and  about  the  same  time  by 
Alms  {ibid,  xxxiv.  319,  xxix.  190),  in  wormseed,  Semen  contra,  Simen  cina,  or 
Semen  Santoniei,  the  undeveloped  flower-heads  of  Artemisia  Veihliana,  and  other  species 
of  the  same  genus.  It  has  been  investigated  chiefly  by  H.  Trommsdorff  (Ann. 
Ch.  Pharm.  xi.  90)  and  W.  Heldt  (ibid.  Ixiii.  10  and  40).    See  also  Gni.  xvi.  260. 

To  prepare  it,  a  mixture  of  wormseed  with  a  small  quantity  of  dry  slaked  lime  is 
exhausted  with  hot  alcohol,  the  alcohol  expelled  by  distillation,  and  the  remaining 
liquid  supersaturated  with  acetic  acid.  The  precipitate  thereby  formed  is  purified  by 
solution  in  alcohol,  and  treatment  with  animal  charcoal. 

Santonin  crystallises  in  flattened  hexagonal  prisms,  or  interlaced  tufts  of  cr3'stal8, 
which  are  colourless  at  first,  but  turn  yellow  on  exposure  to  light.  From  an  ethereal 
solution  it  is  deposited  in  rhombic  plates:  sp.  gr.  =  1-247.  Santonin  has  very  strong 
laevorotatory  power;  for  the  transition-tint  [a]  =  —  230'^  at  20°  in  alcoholic  solution, 
weaker  after  addition  of  alkalis,  but  not  diminished  by  acids  (Buignet,  J.  Pharm. 
[3]  xl.  262).  It  is  neutral  according  to  Kahler,  acid  according  to  Ettling;  inodorous; 
tastes  slightly  bitter  after  being  kept  for  some  time  in  the  mouth,  very  bitter  in 
alcoholic  solution.  It  exerts  an  anthelmintic  action,  but  is  sometimes  fatal  to  children 
when  given  in  quickly-repeated  doses  of  1  to  2  grains  or  more  (La  vat  or,  Pharm. 
Viertelj.  ii.  110).  Larger  doses  of  santonin  given  to  adults  produce  coloiu'-blindness, 
lasting  for  several  hours.  (Wells,  J.  Pharm.  [3]  xv.  111. — Martini ,  Compt.  rend, 
xlvii.  259  ;  1.  545.) 

Santonin  gives  by  analysis  72  40  to  72-6  per  cent,  carbon,  and  7'47  to  7  67  hydrogen, 
the  formula  C'^IPoO^  requiring  73-17  C,  7-32  H,  and  29-61  O. 

Santonin  is  nearly  insoluble  in  cold,  rather  more  soluble  in  hot  tveitcr ;  very 
soluble  in  boiling  alcohol,  less  in  ether.  According  to  Trommsdorff,  1  pt.  of  santonin 
requires  for  solution  43  pts.  alcohol  at  22-6°,  12  pts.  at  60^,  and  2-7  pts.  at  80°; 
of  ether,  6-75  pts.  at  17°,  42  pts.  at  40°;  of  water,  5000  pts.  at  17-6°  and  260  at 
100°.  Santonin  dissolves  in  4-3  pts.  of  chloroform  (Schlimpert,  N.  Br.  Arch, 
c.  161 ) ;  also  in  acetic  acid  and  volatile  oils. 

Santonin  melts  at  136°  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass 


190 


SANTONIN. 


on  cooling,  but  by  prolonged  fusion,  it  undergoes  a  molecular  change,  and  becomes 
amorphous :  the  same  character  is  exhibited  by  many  other  crystalline  resinous  bodies — 
heleuin  for  example.  Santonin  sublimes  without  decomposition  when  heated  in  small 
quantities  ;  but  when  larger  quantities  are  heated,  a  considerable  portion  decomposes, 
yielding  iin  oil,  which  solidifies  on  cooling  to  a  brown  resinous  substance.  By  prolonged 
exposure  to  light,  most  quickly  in  alcoholic  solution,  it  is  converted  into  photo- 
santonin,  C'H'^O^    (Sestini,  iv.  627.) 

Santonin,  suspended  in  water,  and  submitted  to  the  action  of  chlorine  gas,  is  converted 
into  mono-,  di-,  ortri-chlorosantonin,  according  to  the  circumstances  of  the  ex- 
periment (Sestini).  It  also  yields  a  crystallisable  substitution-product  with  bromine. 
(Heldt.)_ 

Santonin  dissolves  without  decomposition  in  strong  sulphuric  acid,  and  is  precipi- 
tated from  the  solution  by  water;  the  solution  turns  red  after  a  while,  and  yields  a 
resinous  substance.  According  to  Kossmann  (J.  Pharm.  [3]  xxxviii.  81),  santonin 
boiled  with  dilute  sulphuric  acid  is  resolved  into  glucose,  and  a  resinous  body  which  lie 
calls  santiretin.  According  to  0.  Schmidt,  however  (Zeitschr.  f  Chem.  [2]  i. 
212),  no  such  decomposition  takes  place,  even  when  the  ebullition  is  kept  up  for  a  con- 
siderable time.  If  the  water  be  not  renewed  as  it  evaporates,  the  acid,  as  it  becomes 
concentrated,  turns  the  santonin  brown,  and  converts  it  into  a  resinous  product 
— probably  dehydrated  santonin — which  when  treated  with  water  and  crystallised 
from  alcohol,  yields  the  santonin  in  its  original  state.  (Schmidt.) 

Fuming  nitric  acid  also  dissolves  santonin;  dilute  nitric  acid  converts  it,  by  prolonged 
ebullition,  into  a  bitter  non-ciystallisable  body,  very  sokible  in  water  and  in  alcohol, 
and  finally  into  a  crystallisable  acid,  also  very  soluble  in  water  and  alcohol,  probably 
succinic  acid.    Hydrocyanic  acid  is  also  formed,  together  with  other  volatile  products. 

Santonin  dissolves  in  caustic  fixed  alkalis,  forming  definite  compounds.  It  docs  not 
appear  to  combine  with  ammonia.  When  it  is  digested  with  alcohol  and  metallic 
oxides,  the  liquid  assumes  a  fine  crimson  colour,  which  disappears  after  some  time. 

The  santonates  are  decomposed  by  prolonged  ebullition,  santonin  being  set  free. 
The  potassium-salt,  obtained  like  the  sodium-salt,  forms  a  gummy  mass.  The  sodium- 
salt,  2C'=H"NaOl9H20,  or  2(C'='H»OlNaHO).7ir-'0,  is  obtained  by  digesting  an 
alcoholic  solution  of  santonin  with  sodic  carbonate,  till  the  mixture  is  decolorised;  then 
evaporating  to  dryness  at  30^,  exhausting  the  residue  with  absolute  alcohol  to  separate 
the  excess  of  sodic  carbonate,  and  leaving  the  filtrate  to  evaporate.  It  is  then  de- 
posited in  slender  interlaced  needles,  which  by  crystallisation  from  a  very  small 
quantitv  of  water,  are  converted  into  large  rhombic  prisms,  with  the  dominant  faces 
ooP,  afoo,  Poo.  Angle  ocP  :  P  =  about  141°;  too  :  foo  (brach.)  =  about  102°. 
The  crystals  lose  about  7  per.  cent,  water  at  100°.  (Heldt.) 

The  barium-salt,  2C'=H"03.Ba"H20-.H-0  (at  100°),  is  obtained,  by  digesting  hydrate 
of  barium  with  alcoholic  santonin  till  the  red  colour  disappears,  then  filtering,  evapo- 
rating to  dryness  at  37'o°,  exhausting  with  water,  and  again  evaporating,  as  a  white 
crust,  slightly  gelatinous,  and  drying  up  to  a  light  powder. 

The  calcium-salt,  2C'^Ii"'0^Ca"H-0^ (at  100°),  obtained  in  like  manner,  crystallises 
in  silky  needles. 

The  Itad-salt,  2C'^H"0'.Pb"0  (at  120°),  is  obtained  by  mixing  a  boiling  alcoholic 
solution  of  santonin  with  neutral  acetate  of  lead,  filtering,  and  exposing  the  mixture  for 
some  time  to  a  temperature  of  30°  to  40°,  avoiding  the  access  of  atmospheric  carbonic 
acid.  The  compound  is  then  deposited  in  mammellated  groups  of  small  nacreous  needles. 

Santonate  of  potassium  forms  a  pale-blue  precipitate  with  cupric  salts,  chamois- 
coloured  with  ferric  salts,  white  with  mercurous,  silver,  and  zinc  salts  ;  it  does  not 
precipitate  mercuric  salts. 

SromosantoniD.  When  bromine  is  dropped  gxadually  into  a  cooled  alcoholic 
solution  of  santonin,  and  the  liquid  is  left  to  evaporate,  a  brown  resin  is  gradually 
deposited,  together  with  white,  tasteless,  inodorous  crystals  of  a  brominated  santonin, 
which  is  very  unstable,  dissolves  with  diificulty  in  water,  more  easily  in  boiling  alcohol 
and  in  ether;  also  in  alcoholic  potash,  forming  a  cherry-red  liquid.  (Heldt.) 

Ctalorosantonins.  (Heldt,  Ann.  Ch.  Phann.  Ixiii.  34. — Sestini,  Bull.  Soc. 
Chim.  1806,  i.  202.) — These  compounds  are  formed  by  the  action  of  chlorine  or  of  hypo- 
chlorous  acid  on  santonin.  They  are  less  altered  by  light  in  proportion  as  they 
contain  more  chlorine. 

Monochlorosantonin,  C'^H"C10',  appears  to  be  produced  by  the  action  of 
chlorine-water  on  excess  of  santonin.  Sestini,  by  adding  half  a  litre  of  recently  pre- 
pared chlorine-water  to  an  equal  volume  of  water  holding  10  grms.  of  santonin  in 
suspension,  then  shaking  the  liquid  strongly  in  a  closed  vessel  till  the  odour  of  the 
chlorine  was  no  louger  perceptible,  and  crystallising  the  product  from  alcohol,  obtained 
first  crystals  of  santonin,  then  a  confusedly  crystalline  mass,  which  turned  yellow  on 
exposure  to  light,  but  less  quickly  than  santonin,  and  contained  1 1  '3  per  cent,  chlorine ; 
the  formula  of  monochlorosantonin  requires  12'7  per  cent. 
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Dichlorosantonin,  C'*H'"Cl-0^. — When  santonin  suspended  in  water  is  exposed 
to  the  action  of  a  slow  current  of  chlorine  for  10  or  11  hours,  a  product  is  obtained 
which  crystallises  from  alcohol  in  groups  of  small  laminae,  containing  22'4  per  cent,  clilo- 
rine  (Sestini).  Heldt,  by  dissolving  santonin  in  warm  hydrochloric  acid  containing 
a  little  alcohol,  and  adding  small  crystals  of  potassic  chlorate,  stirring  all  the  while,  and 
keeping  the  liquid  warm,  obtained  a  white  amorphous  mass,  which  when  dissolved  in 
hot  alcohol,  and  crystallised  by  spontaneous  evaporation,  yielded  delicate  white  shining 
needles,  which  gave  by  analysis  21-9  per  cent,  clolorine  (it  probably  contained  a  small 
portion  of  monochlorosantonin). 

Dichlorosantonin  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  dhn- 
(Heldt)  ;  less  easily  in  alcohol  than  trichlorosantonin,  easily  in  chloroform  (Sestini). 
According  to  Sestini,  it  slowly  acquires  a  slight  yellow  colour,  on  exposure  to  light ; 
according  to  Heldt,  it  is  not  altered  by  exposure  to  diffused  daylight,  but  when  exposed 
to  sunshine,  even  in  an  atmosphere  of  hydrogen,  it  turns  rusty-red,  and  afterwards  be- 
comes covered  with  a  brown  crust,  but  not  so  quickly  as  santonin.  Alcohol  removes  the 
brown  crust,  leaving  white  crystals  (tho  effect  was  perhaps  partly  due  to  the  mono- 
chlorosantonin in  Heldt's  product).  Dichloi'osantonin  is  inodorous  and  tasteless  in  the 
solid  state,  but  very  bitter  in  alcoholic  solution.  It  melts  when  heated,  and  solidifies 
again  on  cooling;  but  when  heated  above  its  melting-point,  it  decomposes,  with  evolution 
of  hydrochloric  acid.  It  dissoles  in  alcoholic  potash,  forming  an  orange-red  liquid. 
(Heldt.) 

Trichlorosantonin,  C'^H'^CPO^,  was  obtained  by  exposing  50  grms.  of  santonin 
suspended  in  2|  litres  of  water  to  a  slow  current  of  chlorine  continued  for  several  hours 
on  four  successive  days,  washing  the  product  with  tepid  water,  dissolving  it  in  boiling 
alcohol,  and  lea\'ing  the  solution  to  evaporate.  It  crystallises  in  transparent  monoclinio 
prisms,  which  are  not  coloured  even  by  prolonged  exposure  to  sunshine  (analysis  31-1 
per  cent,  chlorine  ;  cale.  30-5  per  cent.).  It  is  insoluble  or  nearly  so  in  water,  but  dis- 
solves with  moderate  facility  in  alcohol,  ether,  and  chloroform ;  from  the  last-mentioned 
liquid  it  crystallises  in  long  silky  needles.  It  does  not  lose  weight  by  prolonged  ex- 
posure to  air  dried  by  oil  of  vitriol,  or  when  heated  to  100 — 110°;  hence  the  crystals 
appear  to  be  anhydrous.  It  melts  at  213°,  assuming  a  faint  brown  colour.  Alcoholic 
potash  converts  it  into  colourless  or  slightly  coloured  oily  drops  ;  and  boiling  alcoholic 
solutions  of  caustic  alkalis  decompose  it,  converting  it  into  a  resinous  substance. 
(Sestini.) 

SiiSTTORZM.  An  argillaceous  mineral,  occurring  on  the  island  of  Santorin, 
which  j-ields  an  excellent  cement.  According  to  Eisner,  it  contains  68'5  per  cent, 
silica,  5-5  ferric  oxide,  13'3  alumina,  07  manganous  oxide,  2-3  lime,  3'1  potash,  47 
soda,  with  traces  of  common  salt,  sodic  sulphate,  and  organic  matter. 

SA03aiA.  The  seed  of  Macsa  picia,  a  primulaceous  plant,  used  iu  Abyssinia  as 
a  remedy  for  tapeworm.  According  to  Apoigor  (Jahresb.  1857,  p.  530),  it  contains 
a  waxy  substance,  a  soft  resin,  a  fatty  non-drying  oil,  an  acrid  substance,  extractive 
matter,  gum,  pectin,  albumin,  sugar,  an  iron-greening  tannin,  lactic  acid,  citric  acid, 
racemic  acid  (?),  a  volatile  acid  (?),  and  a  volatile  oil.  The  seed  dried  at  100°  yielded 
77  per  cent,  ash,  containing  27-84  per  cent.  K=0,  9-04  Na^O,  876  CaO,  7-47  MgO, 
0-98  APO^  1-69  FeO,  with  trace  of  manganous  oxide,  9-00  CI,  373  SO^  9-93  P^U^ 
6-09  SiO-,  15-17  CO-,  and  0-30  B^Ol 

SAE-AIJ-HEB. .  Braynin.  C^WO''.  (BoUey,  Ziirich.  MittheiJ.  1865,  p.  2; 
J.  pr.  Chem.  xciii.  451.) — The  colouring  matter  of  sapau-wood  ( Ccesaljnnia  ichinata  or 
C.  Sapan),  appears  from  Bollcy's  investigations  to  be  identical  with  ChevreuFs  brazilin'^ 
(i.  655),  obtained  from  brazil-wood  (Ccssalpinia  crista,  C.  hrasilicnsis,  &c.).  It  was  pre- 
pared from  a  crystalline  deposit,  which  had  collected  at  the  bottom  of  a  cask  filled 
with  extract  of  sapan-wood,  by  dissolving  the  deposit  in  absolute  alcohol,  and  leaving 
the  filtrate  to  crystallise  in  a  vessel  excluded  from  light  and  air.  It  is  not  easily 
obtained  in  the  pure  state  from  brazil-wood. 

Sapan-red,  or  brazilin,  crystallises  from  absolute  alcoliol  in  amber-yellow  or  brownish 
rhombohedrons,  or  in  short  monoclinic  prisms  containing  66'66  per  cent,  carbon  and 
6-04  hydi-ogen  (cale.  60-66  C,  5-04  H,  and  28-28  O) ;  from  hydrated  alcohol  or  from 
aldehyde,  in  small  straw-yellow  or  golden-yellow  monoclinic  needles,  containing 
2C--'H™0'.3H^O,  turning  brown  at  90",  and  giving  off  6  61  percent,  water;  no  more 
at  120°  (3  at.  H-0  =  6-39  per  cent.).  They  gave  by  analysis  62-78  per  cent.  C  and 
5-48  H  (ealc.  62-41  C,  5-43  H,  and  32-16  0). 

Brazilin  is  soluble  in  water,  alcohol,  and  ether.    The  reddish  aqueous  solution  is 

*  The  statements  respecting  brazilin,  given  (i.  fi5G)  on  the  .Tuthority  of  Prcisser,  are  not  to  he  de- 
pended upon. 
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colom-ed  deep  carmine-red  by  traces  of  ammonia,  tlie  fixed  alkalis,  or  baryta-water. 

The  alcoholic  solution,  slowly  evaporated  in  contact  with  air  containing  ammonia, 
yields  iridescent  spangles,  which  give  oiF  ammonia  when  treated  with  potash.  Braziliu 
dissolves  also  in  aqueous  acid  sulphite  of  sodium,  and  the  solution  deposits  colourless 
crystals  containing  sulphur. 

Brazilin  diifers  from  hsematozylin  (iii.  4)  by  containing  the  elements  of  phenol  in 
addition : 

C"H™0'    =    C"=H''0«  +  C^H^O. 

Brazilin.  Hcematoxylin.  Phenol. 

Accordingly,  brazilin  treated  with  nitric  acid  yields  picric  acid,  whereas  hsematoxylin 
thus  treated  yields  nothing  but  oxalic  acid. 

SAPHXRE.    Syn.  with  Sapphire. 

SAPOGEmn-.    The  name  given  by  Bolley  (Ann.  Ch.  Pharm.  xc.  211 ;  xci.  117), 

to  the  product  obtained  by  boiling  saponin  with  dilute  sulphuric  or  hydrochloric  acid. 
Fremy  (Ann.  Ch.  Pliys.  [2]  Iviii.  102),  who  first  obtained  this  substance,  designated 
it  as  sesculicacid  (i.  59).  See  also  Saponin  (p.  194),  and  Gmelin's  Handbook, 
XV.  63. 

SAFOSTARXSr.  A  bitter,  neutral,  crystallisable  substance,  occurring,  according  to 
Osborne  (Ann.  Phil.  xi.  302),  in  the  roots  of  Saponaria  officinalis,  before  flowering 
time,  but  not  afterwards.  It  dissolves  in  less  than  2  pts.  of  water,  is  soluble  also  in 
alcoliol  and  ether,  insoluble  in  oil  of  turpentine. 

SAPOXrXFXCATXON'.  This  term  was  originally  applied  to  the  conversion  of 
natural  fats  (glycerides)  into  soaps,  by  the  action  of  alkalis  or  other  metallic  hydrates, 
the  change  consisting  in  the  rearrangement  of  tlie  elements  of  the  acting  substances 
in  the  form  of  a  metallic  salt  of  the  fatty  acid,  and  glycerin.  It  is  now,  however,  used 
in  a  wider  sense,  being  extended  to  the  resolution  of  all  ethers,  and  neutral  substa.::ce3 
of  analogous  composition,  into  acids  and  alcohols  ;  sometimes  even  to  the  decomposition 
of  glucosides  under  the  influence  of  dilute  acids.  (See  Ethees,  U-lucosides, 
Gltcebides,  Soap.) 

SAPOSfXIf.  Struthiin.  Githagin.  Senegin.  Poh/galin.  Folygalic  acid. — This 
substance,  first  observed  by  Schrade  (Gehlen's  N.  Journ.  d.  Cliem.  viii.  548)  in  the 
common  soapwort  {Saponaria  officinalis),  and  some  time  afterwards  by  Bley  (Ann. 
Ch.  Pharm.  iv.  283)  and  Bxissy  (?6/(^.  vii.  168)  m  the  oriental  soapwort  {Gypsophila 
Struihium),  appears  to  be  very  widely  diffused  in  the  vegetable  kingdom.  It  has  been 
found  by  0.  Henry  and  Boutron-Charland  (J.  Pharm.  iv.  249)  in  quillaja-bark 
{Quillaja  smegmadcrmos),\)j  Yvemj  {Aim.  C\i.  Pharm.  xv.  187)  in  horse-chestnuts, 
in  which,  according  to  Malapert  (J.  Pharm.  [3]  x.  339),  it  e.tists  chiefly  in  tlie 
ovaries  during  flowering-time,  and  in  tlie  pericarp  of  the  fruit,  immediately  after  the 
petals  have  fallen  off.  Malapert  has  also  found  it  in  the  roots  of  pinks,  in  the  corn- 
cockle {Agrosteinma  Githago),  the  white  campion  {Lychnis  dioica),  the  scarlet  lychnis 
{L,  chalcedonica) ;  also  in  Lychnis  Flos  cuculi,  Silcne  injlata,  Silcne  nutans,  Anagallis 
arvensis,  and  A.  cmrulea. 

Saponin  is  said  also  to  be  contained  in  Arnica  montana.  Arum  maculatum,  Cafsella 
Bursa  Pasioris,  the  bark  of  Gymnoclodeis  canadensis,  the  root  of  Polypodium  vulgare, 
the  fruit  of  Sapnndiis  Saponaria,  S.  laurifolius,  and  S.  rigidus,  of  Pircunia  aln/ssinica, 
and  in  many  plants  of  the  sapindaceous  and  miraoseous  orders.  The  irritating  extrac- 
tive matter  in  the  root  of  the  cowslip  is,  perhaps,  identical  with  saponin. 

Senegin,  or  Polygalin,  discovered  by  Gehlen  in  the  root  of  Polygala  Senega,  which 
was  associated  with  saponin  by  Buoholz  and  Pfaff,  minutely  examined  by  Quevenne, 
who  named  it  acide  polygalique,  is,  according  to  Bolley,  probably  identical  with 
saponin. 

Preparation:  A.  From  the  root  of  Saponaria,  ov  Gypsophila  Slruthiu7n. — 1.  Tlie 
chopped  root  is  exhausted  with  boiling  alcohol  of  specific  gravity  0  824;  the  filtrate  is 
cooled  ;  and  the  deposit  of  saponin,  which  separates  after  24  hours,  is  collected,  washed 
with  ether  and  alcohol,  and  dried  at  100°  (Rochleder  and  Schwarz). — 2.  The 
coarsely-pounded  root  is  freed  by  ether  from  resin  and  fat,  then  boiled  with  alcohol, 
and  the  flocks  which  separate  on  cooling  and  concentration  are  collected.  (Bley  and 
Bussy.) 

Saponin  prepared  from  Gypsophila  is  sometimes  contaminated  with  foreign  sub- 
stances. It  is  purified  by  dissolving  it  in  the  smallest  possible  quantity  of  water,  and 
adding  baryta-water,  which  precipitates  saponin-baryta,  leaving  the  foreign  substances 
in  solution.  The  white  precipitate  is  washed  with  baryta-water,  and  dissolved  in 
water ;  on  passing  carbonic  acid  through  the  solution,  and  heating  it,  carbonate  of 
barium  separates  out;  and  after  its  removal,  the  saponin  maybe  precipitated  by  ether- 
alcohol.    (Rochleder  and  De  Payr.) 
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B.  Fro'/n  QtdUaja-harli. — This,  according  to  Le  Beuf,  is  the  best  material  for  pre- 
paring saponin  for  technical  purposes.  The  same  process  as  in  A  1  (LeBeiif);  or 
the  aqueous  extract  is  boiled  with  alcohol ;  the  liquid  is  filtered  at  the  boiling  heat ; 
and  the  white  flocks,  which  fall  down  on  cooling  and  concentration,  are  purified  by 
solution  in  alcohol,  with  aid  of  animal  charcoal.   (Henry  and  Boutron,  Bley.) 

C.  From  the  seeds  of  the  Corn-cockle  {Agrostemma  Crithago). — 1.  The  coarsely  pul- 
verised dry  seeds  are  freed  from  fixed  oil  liy  repeated  exhaustion  with  ether,  then  by 
once  exhausting  with  cold  alcohol  of  92°  Tralles  ;  the  residue  is  boiled  several  times 
with  alcohol  of  84°  Tr. ;  the  liquid  is  filtered  at  the  boiling  heat ;  and  the  saponin 
which  separates  on  cooling  is  collected,  an  additional  quantity  being  obtained  by 
mixing  the  mother-liquor  with  absolute  alcohol.  The  whole  of  the  saponin  thus 
obtained  is  dissolved  in  water ;  the  solution  is  filtered  to  separate  vegetable  gelatin, 
then  precipitated  with  neutral  acetate  of  lead;  the  precipitate  removed;  the  filtrate 
precipitated  with  basic  acetate  of  lead  ;  the  latter  precipitate,  after  thorough  washing, 
decomposed  under  water  by  sulphydric  acid ;  and  the  limpid  filtrate  evajwrated  to 
dryness,  or  precipitated  with  absolute  alcohol  (Scharling). — 2.  The  aqueous  extract 
of  the  seed  is  precipitated  with  sulphate  of  cojoper ;  sulphydric  acid  is  passed  through 
the  filtrate;  the  liquid  again  filtered,  then  digested  with  carbonate  of  barium;  the 
resulting  barium-salts  precipitated  by  alcohol  and  separated  by  filtration  ;  and  the 
filtrate  either  strongly  concentrated  (in  which  case  the  saponin  is  to  be  precipitated 
by  absolute  alcohol),  or  evaporated  to  dryness,  and  the  residue  boiled  with  alcohol  of 
93°  Tr.  Saponin  thus  prepared  contains  a  small  quantity  of  baryta  (Scharling). — 
3.  Crawfurd  digests  the  pidverised  seeds  with  warm  aque(jus  alcohol,  evaporates  the 
liquid  to  a  syi'up,  mixes  it  with  wood-charcoal,  and  dries  it  completely.  The  saponin 
is  extracted  from  the  residue  by  boiling  with  alcohol. 

D.  From  Horse-chestnuts. — The  pulverised  seeds  are  exhausted  with  cold  alcohol, 
and  the  alcohol  is  distilled  from  the  tinctures.  The  yellowish  jelly  wliich  remains 
consists,  for  the  most  part,  of  saponin,  mixed  with  fat,  a  bitter  crj-stalli sable  substance, 
and  yellow-colouring  matter;  the  fat  may  be  removed  by  exhaustion  with  ether. 
(Frtsmy.) 

E.  From  Scncga-root :  Senegin,  Polygalic  acid. — 1.  The  root  is  exhausted 
with  cold  water  ;  the  extract  concentrated,  and  filtered  from  the  separated  flocks  con- 
taining senegin  and  earthy  salts;  the  filtrate  precipitated  with  neutral  acetate  of  lead  ; 
the  liquid  again  filtered,  freed  from  lead  by  sulphydric  acid,  and  evaporated  to  an 
extract ;  this  extract  exhausted  with  alcohol  of  36° ;  the  tincture  evaporated  ;  the 
residue  freed  by  ether  from  yellow-colouring  matter  and  fat,  then  dissolved  in  water  ; 
the  solution  precipitated  with  basic  acetate  of  lead ;  and  the  precipitate  washed  and 
decomposed  hy  sulphydric  acid.  Part  of  the  senegin  then  remains  with  the  sulphide 
of  lead,  while  another  portion  dissolves,  so  that : — a.  Tlie  sulphide  of  lead  is  collected 
and  boiled  with  alcohol ;  b.  Tlie  liquid  filtered  from  the  sulphide  of  lead  is  evaporated 
to  dryness,  and  the  residue  is  boiled  with  alcohol.  The  hot-filtered  tinctures  cooled 
and  loft  to  evaporate,  deposit  senegin,  which  may  be  purified,  if  necessary',  by  re-solu- 
tion in  alcohol  and  treatment  with  animal  charcoal  (Quevenne).  St'nega-root 
exhausted  with  water  still  yields  senegin  when  boiled  with  alcohol,  the  tincture  depo- 
siting the  senegin  when  cooled  or  concentrated.  It  is  purified  from  fat  by  ether,  then 
with  basic  acetate  of  lead,  as  above  (Quevenne). — 2.  Bolley  precipitates  the  aqueous 
solution  of  officinal  extract  of  senega  with  neutral  acetate  of  lead  ;  collects  and  washes 
the  precipitate ;  decomposes  it  with  sulphydric  acid  ;  evaporates  the  filtrate  to  dryness; 
boils  the  residue  with  alcohol ;  evaporates  the  tincture  ;  treats  the  residue  with  ether  ; 
dissolves  the  portion  not  taken  up  by  the  ether  in  water  ;  precipitates  the  solution  with 
basic  acetate  of  lead  ;  decomposes  tlie  thoroughly-washed  precipitate  under  water  with 
sulphydric  acid  ;  evaporates  the  filtrate ;  and  purifies  the  senegin  which  remains  by 
repeated  solution  in  boiling  alcohol  and  cooling. 

Properties. — Saponin  is  a  white  or  nearly  white,  noncrystalline,  friable  powder, 
having  a  peculiar  aromatic  odour  (Quevenne),  inodorous  when  dry,  but  having  a 
disagreeable  odour  when  dissolved  in  water  (Scharling).  The  dust  excites  violent 
sneezing.  It  tastes  sweetish  at  fii-st,  then  burning  and  biting,  and  produces  a  persis- 
tent scratching  sensation  in  the  throat.  A  drop  of  tlie  aqueous  solution  introduced 
into  the  eye  produces  violent  Inirning  pain,  and  dilatation  of  the  pupil.  Saponin  is 
generally  said  to  be  neutral  to  vegetable  colours  ;  but  senegin,  according  to  Quevenne, 
is  acid.    It  acts  poisonously  on  the  smaller  animals. 

The  following  are  analyses  of  saponin  : — 
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Carbon 
Hydrogen 
Oxygen 


Tlochleder 

Over  beck 

Bolley. 

Crawford 

Roch- 

Payr. 

3i)(I  Schw3rz 

jnran 

mean. 

?nean 

mean 

at  100°. 

at  100°. 

at  100°. 

at  100° 

in  vacuo. 

60-0 

52o4 

46-81 

49-10 

50-72 

52-64 

53-17 

7-4 

7-26 

7-51 

6-88 

7-44 

7-37 

7-57 

42-6 

40-20 

45-68 

44-02 

41-84 

39-99 

39-26 

100-0 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Que-  Bolley. 
venne. 
Senegin,  Senegin, 


100-00  100-00 


From  these  discordant  results,  it  is  impossible  to  deduce  a  formula  ■^^dth  certainty  ; 
and  sajjonin  does  not  form  any  definite  compounds  by  the  composition  of  -which  the 
analyses  might  be  checked.  Eoehleder  and  Schwarz  propose  for  saponin  the  formula 
C''^H-°0',  which  requires  52-17  C,  7-24  H,  and  40  59  0;  Kochleder  and  v.  Payr  give 
for  saponin,  dried  at  100°  C"H'»'^0^«,  requiring  52-97  C,  7-31  H,  and  39-72  O.  The 
analyses  of  senegin  agree  more  nearly  with  CH'-'O',  requiring  54  C,  6  H,  and  40  0  ; 
but  as  neither  this  substance  nor  saponin  from  other  sources  has  been  obtained  in  a 
perfectly  definite  state,  and  as  their  properties  and  products  of  decomposition  are 
essentially  the  same,  it  is  most  probable  that  senegin  is  identical  with  saponin. 

Saponin  dissolves  in  water,  forming  a  frothy  solution,  more  easily  in  dilute  than  in 
strong  alcohol,  and  is  insoluble  in  absolute  alcohol,  in  ether,  and  in  volatile  oils  :  the 
alcoholic  solution  does  not  froth.  It  is  not  altered  by  cold  dilute  acids,  and  does  not 
unite  with  them.  It  dissolves  slightly  in  cold  ammonia  iind  potash,  more  easily  in  the 
same  liquids  when  warm.  A  solution  of  saponin  in  4  pts.  of  water  forms  with  haryta- 
watcr  a  white  precipitate,  soluble  in  excess  of  saponin  or  of  baryt.a-water  (Bussy); 
insoluble  or  nearly  so  in  baryta-v/ater,  but  easily  soluble  in  pure  water  (Eoehleder 
and  Schwarz).  With  neutral  acetate  of  lead,  saponin  forms  a  gelatinous  precipitate; 
and  on  boiling  the  filtrate,  a  further  precipitate  of  pulverulent  character  is  obtained, 
■B'hich  swells  up  during  washing.    It  likewise  precipitates  basic  acetate  of  lead. 

Decompositions. — 1.  Saponin  submitted  to  di-y  distillation  swells  up,  blackens,  and 
yields  a  large  quantity  of  acid  empyreumatic  oil. — 2.  Boiling  nitric  acid  attacks  it, 
forming  a  yellow  resin,  mucic  acid,  and  oxalic  acid. 

Saponin  is  decomposed  by  dilute  mineral  acids,  slowly  in  the  cold,  more  quickly 
when  heated,  into  a  carbohydrate  and  a  white  precipitate,  called  sapogenin  by  Bolley, 
resculic  acid  by  Fr^my,  and  regarded  by  Eoehleder  and  Schwarz  as  identical  with 
quinovin  (p.  32).  The  composition  of  this  substance  has  not  been  precisely  ascer- 
tained, as  its  analyses  give  results  varying  from  56-9  to  63-2  per  cent,  carbon,  and  8-5 
to  8-9  hydrogen  ;  and  accordingly  various  equations  have  been  proposed  to  explain  its 
foriTiation  from  saponin.    According  to  Eoehleder  and  Schw<arz,  the  reaction  is: — 

Saponin.  Quinovin.  Carbohydrate, 

according  to  Overbeck : — ■ 

Saponin.  Saporctin.  Carbohydrate. 

according'to  Bolley : — 

2C'sff<0'»  +  bWO    =    C'=H'80=  +  4C«H'«0*. 

Saponin.  Sapogenin.  Carbohydrate. 

According  to  Eoehleder  and  v.  Payr  (Wien.  Akad.  Ber.  xlv.  7),  saponin,  when 
decomposed  by  acids,  is  capable  of  yielding  various  products  of  decomposition, 
according  as,  of  the  6  at.  carbohydrate  which  it  maybe  supposed  to  contain,  two,  more 
than  two,  or  the  whole  are  separated.  The  products  resulting  from  partial  separation 
are  obtained  by  the  action  of  aqueous  acids,  but  complete  decomposition  is  produced 
only  by  the  action  of  alcoholic  hydrochloric  acid  (Eoehleder  and  v.  Payr).  Ac- 
cording to  this,  only  the  crystals  described  under  d  are  the  true  sapogenin. 

a.  The  product  obtained  from  saponin,  C**H""^0^'',  by  elimination  of  2  at.  carbohydrate 
(C'll'-O"),  is  perhaps  Fr^my's  sesculie  acid  (i.  59),  as  it  agrees  in  amount  of  carbon 
with  the  formtila  C^-Hx^O^-i  (calc.  57-25  per  cent.  C  and  7-52  S).  (Eoehleder.) 

h.  Saponin  purified  with  baryta-water  yields,  when  heated  with  aqueous  hydrochloric 
acid,  53-1  per  cent,  sugar,  and  gelatinous  flocks,  which,  when  dried  at  100°,  contain, 
on  the  average,  65  per  cent.  C  and  8-64  H,  agreeing  nearly  with  the  formula  C'°H°^0^* 
(ealc.  6-2-66  per  cent.  C  and  8-09  H).  In  this  case  the  decomposition  takes  place 
chiefly  in  the  manner  shown  by  the  equation : 

C0IH106O3G  +  2H^0    =    C"H«=0'<  +  4C«H'208 
(calc.  49-62  per  cent.  C''-H'=0'=). 

c.  By  prolonged  boiling  with  aqueous  hydrochloric  acid,  62-66  per  cent,  sugar  and  a 
jelly,  C^'H"0',  are  obtained  (calc.  67-55  per  cent.  C  and  8-61  H): 


SAPONITE— SAPUCAIA.  195 

(ealc.  59-8  per  cent.  C'^Hi'-'O'^). 

127       ^r'''  ''P'^?*";-  T  '^r^^S  '-''P""'"  ^^t"^  hydrochloric 

acid,  are  dissolved  in  anhydiwis  alcohol  and  hydrochloric  acid  gas  is  passed  for  several 
hours  hrough  the  boiling  solution,  white  crystals,  C-H^'-'O',  are  deposited,  produced 
by  complete  resolution  ot  the  saponin  (Eochl  eder  and  v.  Pa  y  r)  ■ 

These  crystals  after  rccrystallisation  from  alcohol  and  di-yi'ng  at  100°  contain  on 
p'o^T^"''  75-78  per  cent.  C,  976  H,  and  14-46  0  (calc.  for  C%-0'  70-0  °  per  c'ent 
C  9-50  H  and  14-48  0)  They  are  insoluble  in  water,  dissolve  spar  ngty  fn  cold 
easily  ni  ho  alcohol,  and  are  nearly  insoluble  in  aqueous  potash.  From  die  oasi  v- 
produced  solution  in  alcoholic  potash,  aqueous  potash  throis  down  almost  he  wSe 
?Eot llXit.  P^;^"""^  ^'^'^  ^^--g  washing. 

ninrp.r'f°''^'^''*t-P'°''"'f '"'J''  ^ipogfnin,  is  insoluble  in  alcohol  at  the 
r  r.fw''^-r  and  IS  converted  into  dextroglucose  only  by  the  prolonged 
action  of  hot  acids.    (Eochl  eder  and  v.  Payr  )  ^  ""faeu 

When  s.-ipouin  from  horse- chestnuts  is  treated  with  ^50^«.s7^7../,  a  compound  of  potash 
with  a  yellow-colouring  matter  contained  in  the  saponin  is  first  formed  ;  afterwards 
sapogenui-potash  (x^sculate  of  potassium),  from  the  solution  of  which  the  apogenh  is 
iotTld  "  ^  ae.ds  (Fremy).  Saponin  from  soapwort  treated  in  like  manne  does 
uo  yield  sapogenin  (Fremy).  Aqueous  saponin  boiled  with  potash-ley,  then  mixed 
with  hydrochloric  acid,  y^elds  a  white,  tolerably  abundant,  non-gelatinous  i  recipita  e  of 
sapogenin  (Quevenne).  Saponin  mixed  with  potash-ley  andiaporated\urns b  Iwn 
and  the  residue  forms,  with  water,  a  brown  solution,  from  which  acids  do  not  precipitate 
R  mysa.sculicacid(EochlederandSchwarz).  By  the  action  of  potash  upon^St^ 
re  ol  vP^l  i^T''^^     n    -  amorphous  substance  are  obtained,  the  latter  being 

resolved  by  hydroch  one  acid  into  two  products.  (Eochleder  and  v.  Payr  Wien 
Akaa.  Uer.  XXIV.  42.)  "j*'  i">— i. 

Saponin  boiled  with  an  alkaline  solution  ot  cupric  oxide,  thi-ows  down  a  small  quan- 
?nd  potTr?  1  r  ^^°"^y>.,  According  to  Scharling,  it  forms,  with  cnpric  sulpi'e 
and  potasli,  a  blue-green  precipitate,  without  reducing  the  cupric  oxide. 

SAPOSa-XTE.    Syn,  with  Soapstone. 

,,,^^:^**^.f^=^-  ,  C;H';03?  The  substance  produced,  according  to  Overbeck 
together  with  sugar,  by  boiling  saponin  with  dilute  acids  (p.  194).  ' 

SAPPAE.3S,  SAPPARITS.    Syn.  with  Kyanite  (iii.  449). 

SAPPHISE.    See  Cohundum  (ii.  86).    Doville  and  Caron  have  produced  sap- 
phuvs  artificially  by  exposmg  a  fluoride  of  alumiuium  mixed  with  I  little  fluoride  of 
chronmma  to  a  white  heat,  m  a  crucible  made  of  alumina  and  enclosing  a  small  plat" 
num  d,sh  contanung  bor.c  anhydride.    (Compt.  rend.  xlvi.  764  ;  Jahresb,  1858  p^  2  J 

SAPPHEBS-^ltTAKTZ.  Quartz  from  GSlling,  in  the  Sakburg  terriiorv  in 
Upper  Austria,  coloured  blue  by  admixed  crocidolitc.  ^  tcuitoiy  m 

SAPPHSSm.    A  hard  blue  mineral  occurring,  w-ith  mica  and  anthophvUite  -it 

S^f^yy  Tr  i,.        ,  It  IS  translucent,  and  exhibits  colours  bv 

po.arised  light:  probably  trimetric.-^.«^y.«..  «.  by  Str;meyer  (G  ib  C  Ixiif 
374);  b.  by  Damonr  (Bull.  Geolog.  de  Fr.  [2],  vi.  315):—  ^ 
Si05.        Al'^O'.         MgO.         F.O.         M„0.       CaO.        W  by 
1  I  -,  i^'nition. 
14-01       6.3  10        16-85       .3-92       0-53       0-38       0-49    -  Qn-7S 
U-86       63-25        19-28        1-99  Z  gg-sj 

These  results  agree  approxim.ately  with  the  formula  (2Al-Ol3Si(32) .  6(MgO.AP03) 

«o!.t^b^°f''??f  ^'  ^"P'''''y"»"'itrom  <ra.p6s  putrid,  xP^i^^a  colour. 

Hvavo  blue).    A  blue  or  red  colouring  matter,  produced  by  the  putrefaction  of  certain 
O^cdlatoTK,.    (N  e  e s  y.  E s  e n  b e c k,  Ann.  Ch.  Pharm.  xvii.  76 ,  Handw.  vii  244.) 

^'"'yi^i'  urmgcva.—K  Brazilian  tree  of  the  myrtaceous  order 
l  oM  h??  '  bottle-shaped  fruit.  Tliejuice  (.avucaia-wine),  whicli  flows  from  inci  £ 
3  9  it    1  '  1000  Pf«-  ■■  »l-2  Pts.  free  acetic  acid,  27-4  unerystallisable  sugar 

3  9  iron-bluemg  annin,  40-0  gum  and  extractive  matter,  with  traces  of  gallic  acid  9-0 
potassic  and  ealcc  acetates.  The  shell  of  the  fruit  contains  a  tannin  (lecythif^nnic 
V  S'Z  f  T''^''  ''^''"^      1"«rcitannic  acid,  and  in  the  older  Hs  is  con' 

veited  into  a  brown  substance  {^opiu  aia-hnmu),  soluble  in  hot  water  and  in  alcohol 

()  2 
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The  fatty  oil  of  sapucaia-nuts,  amounting  to  about  39  per  cent.,  is  non-drying,  and 
resembles  oil  of  almonds.    (Peckolt,  J.  Pharm.  [-1]  i.  319.) 

SARA-CENXA.  The  root  and  leaves  of  Saracenia  purpurea  (a  plant  of  frequent 
occurrence  in  Canada  and  the  northern  states  of  the  American  Union,  and  recommended 
as  a  remedy  against  smallpox)  contain,  besides  the  usual  plant-constituents,  a  volatile 
acid  (acrylic  acid)  and  0'18  per  cent,  of  a  base  (not  yet  examined)  "which  smells  like 
conine,  and  is  volatile  at  ordinary  temperatures.  (Bjorklund  and  Dragendorff, 
Euss.  Zeitschr.  Pharm.  ii.  317,  344,  369.) 

SAHCZNE.    C^H'N'O.    (Strecker,  Ann.  Ch.  Pharm.  cii.  294;  cviii.  129.) — 

A  weak  organic  base,  existing  in  the  juice  of  muscular  flesh.  It  is  isomeric  with  Sche- 
rer's  hypoxanthine,  and  Schorer  is  of  opinion  that  the  two  are  identical.  According  to 
Strecker,  however,  sarcine  is  distinguished  from  hj'poxanthine  by  its  crystalline  cha- 
racter, its  greater  solubility  in  water  and  in  cold  hydrochloric  acid,  and  by  not  being 
decomposed  when  dissolved  in  nitric  acid.  Probably  hypoxanthine  is  impure  sarcine, 
or  a  mixture  of  that  substance  with  xanthine  {q.  v.). 

Sarcine  is  found  in  the  mother-liquor  of  the  preparation  of  creatine.  It  has  hitherto 
been  obtained  only  from  the  flesh  of  oxen  and  horses  ;  100,000  pts.  of  beef  yield  22  pts. 
of  sarcine.  Human  urine  sometimes  contains  a  body  which  is  perhaps  sarcine,  and 
perhaps  also  guanine,  C^H'N^O  ( =  sarcine  +  NH). 

Preparation. — Sarcine  is  separated  from  the  hot  dilute  mother-liquors  obtained  in  the 
preparation  of  creatine,  by  precipitation  with  cupric  acetate  (or  better  with  silver-nitrate). 
The  precipitate,  wliich  contains  a  compound  of  sarcine  witli  the  metallic  oxide  or  salt, 
together  with  foreign  substances,  is  washed  on  a  filter  with  boiling  water  and  decom- 
posed by  sulphydric  acid  ;  the  filtrate  is  evaporated;  and  the  coloured  sarcine  which 
separates  is  purified  by  solution  in  hot  water,  with  addition  of  hydrate  of  lead,  precipi- 
tation of  the  filtrate  witli  sulphydric  acid,  and  evaporation. 

Properties. — Sarcine  sepai-ates  from  aqueous  solution  as  a  white  indistinctly  crys- 
talline powder,  which  does  not  melt  at  ISO-",  but  decomposes  at  higher  temperatures, 
giving  off  hydrocyanic  acid  and  a  white  sublimate  (cyanuric  acid?)  It  dissolves  in 
300  pts.  of  cold  and  78  pts.  of  boiling  water,  and  in  900  pts.  of  boiling  alcohol.  The 
solutions  do  not  redden  litmus.  In  hydrochloric  acid,  potash,  ammonia,  and  baryta- 
water,  it  dissolves  more  easily  than  in  water.  Strong  sulpliuric  acid  and  nitric  acid 
also  dissolve  it  easily,  witliout  colouring  or  evolution  of  pas  ;  but  when  evaporated  with 
excess  of  nitric  acid,  and  somewhat  strongly  heated,  it  yields  a  yellow  residue,  which  is 
turned  red  by  potash  :  this  reaction  is  likewise  exhibited  by  hypoxanthine,  guanine, 
and  xanthine. 

Sarcine  forms  definite  compounds,  both  with  acids  and  with  metallic  bases.  A  solu- 
tion of  sarcine  in  boiling  hydrochloric  acid  yields  colourless,  nacreous,  tabular  crystals 
of  the  hydrocMorate,  C^H'N'O.HCl.H'O.— The  chloroplatinate,2{C''WWO.B.C\)FtCA\ 
is  a  yellow  crystalline  precipitate. — The  nitrate  forms  transparent  crystals,  resembling 
acetate  of  sodium,  which  become  opaque  on  exposure  to  the  air,  and  are  turned  milk- 
white  and  decomposed  by  water.  The  sulphate  is  precipitated  by  alcohol  from  a  solu- 
tion of  sarcine  in  strong  sulphuric  acid,  in  needle-shaped  crystals,  likewise  decomposi- 
ble  by  water. —  Urate  of  Sarcine,  C^H^N*O.C^H*N^O^,  is  precipitated  by  urate  of  potas- 
sium from  the  solution  of  the  hydrochlorate.  It  is  distinguished  from  xanthine, 
C^H'N^O'-,  with  which  it  is  polymeric,  by  the  behaviour  of  its  nitric  acid  solution  with 
nitrate  of  silver,  forming  therewith  a  copious  white  precipitate,  which  dissolves  but 
slowly  at  the  boiling  heat,  whereas  the  solution  of  xanthine  in  nitric  acid  is  not  precipi- 
tated by  nitrate  of  silver. 

A  solution  of  sarcine  in  boiling  ian/te-wato- mixed  with  a  cold- saturated  solution  of 
baryta,  deposits  the  compoTind,  C*H'N^O.Ba"H^O-,  in  colourless  crystals.  From  solu- 
tion in  emsiic  potash,  sarcine  is  for  the  most  part  precipitated  by  carbonic  acid.  The 
compounds  of  sarcine  with  zinc-oxide,  cupric  oxide,  and  mercuric  oxide,  are  flocculrnt 
precipitates,  insoluble  in  water.  With  nitrate  of  silver,  sarcine  forms  a  white  flocculent 
precipitate,  insoluble  in  cold  nitric  acid,  and  crystallising  from  hot  nitric  acid  in  scales 
having  the  composition  C^ffN^O.AgNO^  An  ammoniacal  solution  of  nitrate  or  chlo- 
ride of  silver  forms  with  solution  of  sarcine,  a  gelatinous  precipitate  consisting  of 
C'H'N'O.Ag^O,  which  contracts  strongly  in  drying,  andis  insoluble  in  ammonia.  These 
silver-precipitates  may  be  used  for  the  pxirification  and  quantitative  estimation  of 
sarcine. 

SARCOCOXiXA.  A  gum-resin  collected  in  Ethiopia  and  at  the  Cape  of  Good  Hope, 
probably  from  Penacea  tnucronata,  P.  Sarcocolla,  and  P.  squamosa.  It  forms  yellow 
irregular  grains  of  various  size,  and  more  or  less  aggregated ;  is  inodorous ;  has  a 
sharp  and  sweetish-bitter  taste  ;  swells  up  strongly  when  heated,  without  completely 
melting  ;  and  burns  with  an  odour  like  that  of  caramel.    It  consists  chiefly  of  resin, 
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gum,  and  sarcocollin,  a  body  rcsombliug  glycyi'rhizin,  which  may  be  separated 
by  extracting  the  resiii  witli  ether  and  treating  the  residue  witli  alcohol,  which 
dissolves  the  sarcocollin  and  leaves  the  gum. 

Sarcocollin  remains,  on  evaporating  the  alcoholic  solution,  as  a  brownish,  aemitrans- 
parent,  amorphous  mass,  which  has  a  sweetish  and  afterwards  bitter  taste,  softens 
without  melting  when  heated,  and  finally  burns  away,  almost  without  residue,  emitting 
an  odour  of  biirnt  sugar.  It  dissolves  in  -10  pts.  of  cold  and  25  pts.  of  boiling  water. 
Its  solution,  saturated  when  hot,  deposits  a  syrup}' liquid  no  longer  soluble  in  water  (a 
property  which  seems  to  indicate  that  sarcocollin  is  a  mixture).  Alcohol  dissolves  it 
in  almost  all  proportions,  forming  a  solution  which  is  clouded  but  not  precipitated  by 
water.  Sarcocollin  contains,  according  to  Pelletier  (Ann.  Ch.  Pharm.  vi.  32),  57"13 
percent,  carbon,  8'3-i  hydrogen,  and  31'31  oxygen.  According  to  Johnston,  it  is 
a  mixture  of  several  resins,  which  may  be  separated  by  bases.  Acetate  of  lead  throws 
down  front  the  alcoholic  solution,  a  lead-salt  containing  the  compound  C-"H^°0' ;  and 
the  filtrate  yields  with  ammonia  a  further  precipitate,  which  has  not  been  analysed. 

SARCOCOZiliIsr.    Seo  the  last  article. 

Sii.RCOI.ITE.  A  mineral  from  Vesuvius,  occurring  in  small  flesh-coloured  or 
reddish-white  cjuadratic  crystals,  exhibiting  the  combination  P.  iP.  3P.  coP.  Pco . 
ooPcc  .  ooP.  3P3.  P3,  the  last  occurring  hemihedrally,  as  a  pyramid  of  the  third  order. 
Angle  oP  :  P=128°46';  oP  :  Pco  =138°  27'  (Ramm  el  sb  erg,  Pogg.  Ann.  cix.  570). 
The  crystals  are  translucent,  and  have  a  vitreous  lustre.  Hardness  =  5'5  to  6'0. 
Specific  gravity  =  2-515  (Scacchi);  2'932  (Rammolsberg).  Melts  before  the 
blowpipe  to  a  white  enamel,  and  is  decomposed  by  acids,  with  separation  of  gelatinous 
silica. 

Analyses:  a.  by  Scacchi  (Mem.  min.  e  geol.,  Napoli,  1841 — 1813). — b.  by  Kam- 
melsborg  (Joe.  cit.): 

Si02  A1203  CaO  NaSQ  K^O 

a.    42-11  24-50  32-43  2-93  =  101-97 

6.    40-51  21-54  32-36  3-30  1-20      =  98-91 

Ilammelsberg's  analysis  maybe  represented  by  the  formula  3[2(Ca"0  ;Na'0  ;K'0).SiO^], 
(2Al-O^SiO^)  or  3(Ca";  Na^ ;  K-)'SiO<.ArSi^O'=,  included  under  the  general  for- 
mula of  garnet,  SM-'SiO^  Al^Si'O'-.  For  6  at.  SiO",  2  at.  Al'^O^  5-4  at.  Ca"0,  and  0-6 
at.  Na^O,  the  formula  requires  40-41  per  cent,  silica,  22-45  alumina,  33-05  lime,  and 
4-09  .soda. 

The  name  sarcolite  was  also  applied  by  Vauquelin  to  gmelinite. 
SARCOSXIfB.  C'H'NO=  =  Methijl-glycocim,  C-'H'(CH')NO-  =  (C=iPO)"l^. 

cii^    S  ^ 

(Liebig,  Ann.  Ch.  Pharm.  Ixii.  310. — Dessaignes,  Compt.  rend.  xli.  1258. — 
Volhard,  Ann.  Ch.  Pharm.  cxxiii.  261.) — A  weak  organic  base,  metameric  with 
alanine,  lactamic  acid,  and  urcthanc  or  ethylic  carbamate.  It  is  produced :  1.  Together 
with  lu'sa  (carbamide),  by  the  action  of  baryta  on  creatine  : 

C'H"N^03    =    C'H'NO"-    -H  CH^N^O. 

Creatine.  Sarcosine.  Urea. 

The  urea  may  be  detected  in  the  liquid  diiring  the  progress  of  the  reaction,  but  is 
almost  immediately  resolved  into  carbonic  acid  and  ammonia  (Liebig). — 2.  By  the 
action  of  methylamine  on  mouochloracetic  acid,  just  as  glycocine  is  formed  by  treating 
that  acid  with  ammonia  (Volhard) : 

C-IPCIO^  -(-  CH^N    =    HCl  -h  C^H'NO^ 

Freparation, — 1.  Ten  parts  of  bai'yta-crystals  (free  from  potash,  soda,  lime,  chlorine, 
and  nitric  acid,  which  substances  are  difficult  to  separate  from  sarcosine)  are  added  to 
a  boUiug  satiu-ated  solution  of  1  pt.  of  creatine  in  water,  the  mixture  being  kept  boiling 
and  the  water  and  baryta  renewed,  as  long  as  ammonia  continues  to  escape,  and  a 
precipitate  of  barytic  carbonate  to  form;  the  liquid  is  filtered  from  this  precipitate; 
the  caustic  baryta  precipitated  by  a  stream  of  carbonic  acid  gas,  and  the  filtrate  eva- 
porated to  a  syrup  :  this  syrup,  when  set  aside,  solidifies  to  a  heap  of  transparent  and 
colourless  crystalline  laminse.  To  purify -the  product,  the  mass  is  dissolved  in  excess 
of  dilute  sulphuric  acid  ;  the  solution  evaporated  to  a  syrup  over  the  water-bath  ;  the 
syrup  mixed  with  alcohol  by  stirring  the  two  together  with  a  glass  rod,  till  the  mixture 
is  converted  into  a  wliite  cyrstallino  powder  of  sulphate  of  sarcosine;  the  po-^'der  is 
washed  with  cold  alcohol  (whicli  dissolves  out  a  substance  resembling  urethanc), 
dissolved  in  water,  and  heated  with  carbonate  of  bariiun  tiU  the  liquid  becomes  neutral, 
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and  the  filtrate  is  evaporated  over  tlie  water-batli  to  a  syrup,  which  crystallises  in  24. 
to  36  hours. 

2.  Ethylic  chloraeetate  is  heated  in  a  sealed  tube  to  120° — 130°,  with  excess  of  con- 
cenlraled  aqueous  methylamine,  whereby  the  chloracetic  acid  is  completely  decomposed, 
and  hydrochlorate  of  methylamine  is  produced,  together  with  sarcosine.  The  liquid  is 
then  boiled  with  baryta-water  till  the  whole  of  the  methylamine  is  distilled  off,  and 
the  remaining  solution  is  freed  from  baryta  by  sulphuric  acid,  and  evaporated  to  a 
syrup.  Hydrochlorate  of  sarcosine  then  separates  in  a  crystalline  mass,  which  must 
be  pressed  between  paper  and  dissolved  in  boiling  alcohol,  whence  it  separates  in 
shining  needles.  On  decomposing  this  salt  with  carbonate  of  silver,  treating  the  filtrate 
with  animal  charcoal,  and  evaporating,  sarcosine  separates  in  crystals  after  a 
few  days. 

Properties. — Sarcosine  forms  trimetric  ciystals,  ooP.  Poo ,  with  the  faces  P  and  oP, 
less  frequent  and  but  slightly  developed.  Angle  ooP  :  ooP  =  77°  (Kopp).  They 
are  rather  large,  coloiii'less,  and  perfectly  transparent,  very  soluble  in  water,  slightly 
soluble  in  alcohol,  insoluble  in  ether.  They  preserve  tlieir  appearance  unaltered  at 
100°,  but  melt  at  a  higher  temperature  and  volatilise  without  residue. 

Sarcosine  heated  with  soda-lime  gives  off  methylamine.  The  aqueous  solution  of 
the  sulphate  is  decomposed  by  peroxide  of  lead,  with  brisk  eifervescence,  yielding  an 
alkaline  solution,  which  contains  methylamine.  (Dessaignes.) 

The  aqueous  solution  of  sarcosine  is  neutral  to  vegetable  colours,  and  has  an  acrid, 
sweetish,  slightly  metallic  taste.  It  does  not  precipitate  a  solution  of  silver-nitrate  or 
mercuric  chloride;  but  a  crystal  of  sarcosine  introduced  into  a  cold  saturated  solution 
of  mercuric  chloride  dissolves  readily,  and  soon  forms  numerous  delicate  needles  of  a 
double  salt,  which  ultimately  converts  the  liqiiid  into  a  sohd  mass.  A  solution  of 
cuprio  acetate  is  coloured  dark-blue  by  sarcosine  in  the  same  manner  as  by  ammonia, 
and  the  liquid  yields  by  evaporation  thin  laminae  of  a  double  salt  having  the  same 
colour. 

H!/drocMorate  of  Sarcosine. — Sarcosine  evaporated  with  hydrochloric  acid  yields  a 
white  mass,  which  crystallises  from  alcohol  in  small  transparent  needles.  The  solution 
mixed  witli  excess  of  platinic  chloride,  yields,  by  spontaneous  evaporation,  large,  honey- 
yellow,  octahedral  segments  of  a.  platinum-salt,  which,  when  freed  from  excess  of  platinic 
chloride  by  washing  with  ether  and  alcohol,  contains  2(C^H'N02.HCl).PtC1^.2H=0 : 
it  gives  off  its  water  at  100°. 

The  sulphate,  2C3H'NO^H-SOS  prepared  as  above  (p.  198),  dissolves  in  10  to  12pts. 
of  boiling  alcohol,  and  separates  on  cooling  in  transparent,  colourless,  highly  lustrous, 
four-sided  plates,  resembling  chlorate  of  potassium.  It  gives  off  its  water  (6'8  per 
cent.)  at  100°,  dissolves  readily  in  water,  forming  an  acid  solution,  vei-y  slightly  in 
cold  alcohol.  From  the  aqueous  solution  it  crystallises  in  large  plumose  laminae. 
(Liebig.) 

SA'SLH.  A  deep  brownish  variety  of  chalcedony,  of  a  blood-red  colour  by  trans- 
mitted light. 

SARSACHA.TSS.  The  ancient  name  of  a  variety  of  agate,  containing  layers  of 
sand  or  cornelian. 

SB.ZJISOU'H'S.   Onyx  consisting  of  layers  of  sand  and  white  chalcedony. 

SARSii.Pii.R2S»S<ii.-SJOOT.  The  root  of  the  South  American  Smilax  Sarsa- 
^arilla,  S»i.  s>/philitica,  or  8m.  officinalis,  and  probably  of  other  species  of  the  same 
genus.  It  contains,  besides  gum,  starch,  &c.,  a  peculiar  substance,  variously  designated 
as  parallin,  pariglin,  parallic  acid,  salsaparin,  sarsaparillin,  and 
smilacin. 

SARSAPAUSSiEiIET.  This  substance,  first  extracted  from  sarsaparillaby  Pallota 
(Schw.  J.  xliv.  147),  and  further  studied  by  Poggiale  (Ann.  Ch.  Pharm.  xiii.  84), 
Thubeuf  (if/id.  xiv.  76),  and  Petersen  (ibid.  xv.  74  ;  xvii.  166),  is  deposited  in  the 
crystalline  form  from  the  concentrated  alcoholic  extract  of  the  root,  previously 
decolorised  by  animal  charcoal,  and  may  be  purified  by  reorystallisation.  It  forms 
colourless  inodorous  needles,  very  soluble  in  water  and  alcohol  at  the  boiling  heat,  less 
soluble  at  ordinary  temperatures,  soluble  also  in  ether  and  volatile  oils,  slightly  soluble 
in  fixed  oils.  Tlie  solutions  froth  when  agitated.  The  crystals  contain  8'56  per  cent, 
water,  which  they  give  off  at  100°.  The  dried  substance  gives  by  analysis  from  62-1 
to  63'6  per  cent,  carbon,  and  8'4  to  9  8  hydrogen.  Sarsaparillin  is  decomposed  by  nitric 
acid.  Strong  sulphuric  acid  dissolves  it  with  deep  red  colour,  clianging  to  violet,  and 
ultimately  to  yellow.  Water  precipitates  it  unaltered.  (See  Paeiglin,  Handw.  d. 
Chnn.  vi.  94.) 

SASSiLFSiiS-OIIi.    A  volatile  oil  obtained  from  the  bark  and  wood  of  the  root 
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of  Laiirus  Sassafras.  It  has  a  faint  yellow  colour,  a  peculiar  odoiu-  like  that  of  feimel, 
and  an  acrid  taste.  Specific  gravity  =  1-09.  Wheu  distilled,  it  begins  to  give  off 
vapour  at  115°,  but  the  boiling-point  quickly  rises  to  228°,  where  it  remains  stationary, 
and  a  slightly  brown-yellow  residue  remains  in  the  retort. 

Oil  of  sassafras  is  a  mixture  of  two  bodies.  When  exposed  to  a  freezing  mixture 
(composed  of  12  pts.  ice,  5  pts.  common  salt,  aud  5  pts.  nitrate  of  ammonium),  it 
becomes  filled  with  bulky  crystals  of  a  camphor  or  stearoptene,  containing  73-9  per 
cent,  carbon  and  6'4  hydrogen,  agreeing  nearly  with  the  formula  C'"li'"0-.  Vapoui-- 
density  of  the  crystals:  obs.  =  5'800 — 5-956 ;  calc.  =  5'67. 

Bromine  acts  strongly  on  oil  of  sassafras,  hydrobromic  acid  being  copiously  evolved, 
and  a  crystalline  mass  formed,  consisting  of  C'^H^Br-'O^  The  action  of  chlorine  is  less 
definite.  According  to  Faltin  (Ann.  Ch.  Pharm.  Ixxxvii.  376),  it  eliminates  a  lai'ge 
quantity  of  hydrochloric  acid,  and  forms  a  viscous  mass,  which,  when  neutralised  with 
milk  of  lime,  yields  a  small  quantity  of  common  cam^ihor  (perhaps  formed  from  the 
liquid  which,  together  with  the  crystalline  compound  above  mentioned,  constitutes  oil 
of  sassafras). 

Pcntachloride  of  phospliorus  attacks  oil  of  sassafras  strongly,  and  the  product 
distilled  in  an  oil-bath  yields  at  238°  an  oily  liquid,  holding  in  solution  phosphoric 
oxychloride,  from  which  it  may  be  freed  by  washing.  When  purified  by  rectification 
over  massicot  in  a  cui'rent  of  carbonic  anhydride,  it  contains  C'liCPO^.  (St.  Evre, 
Ann.  Ch.  Phys.  [3]  xii.  107.) 

Oil  of  sassafras  is  inflamed  by  fuming  nitric  acid ;  with  acid  of  ordinaiy  strength  it 
forms  a  yellow  resin ;  with  dilute  nitric  acid  it  yields  oxalic  acid. 

Sulphuric  anhydride,  or  strong  sulphuric  acid,  attacks  the  oil  violently,  often  setting- 
it  on  fire.  The  product  is  a  red  resin,  often  accompanied  by  deposited  carbon 
(see  Sassarubkin)  ;  on  diluting  with  water,  and  saturating  with  carbonate  of  barium, 
a  resinous  salt  is  obtained.  Tlie  oil  subjected  to  the  prolonged  action  of  a  curi-ent  of 
sulphurous  anhydride,  turns  yellow,  and  becomes  hot,  the  colour  afterwards  changing 
to  green,  and  finally  to  orange-yellow.  Sulphur  is  then  deposited,  and  the  liquid, 
when  left  at  rest,  separates  into  two  layers,  the  upper  consisting  of  undecomposed 
sassafras-oil,  and  the  lower  of  a  new  oil  distilling  at  235°,  and  consisting,  according  to 
St.  Evre,  of  C'lI^'Ol 

Wlien  oil  of  sassafras  is  passed  through  a  rod-hot  tube,  or  over  potash-lime,  naph- 
thalene is  produced,  together  with  phenol.  According  to  St.  Evre,  it  may  be  distilled 
without  alteration  over  phosphoric  anhydride,  chloride  of  zinc,  potassium,  or  a  mixture 
of  sulphm-ic  acid  aud  dichromate  of  potassium. 

SASSi!i.FRAS-300T.  The  root-bark  of  Lauriis  Sassafras,  a  North-American 
tree,  contains,  according  to  Eeinsch  (Kepert.  Pharm.  xxxix.  180),  in  100  pts., 6-6  pts. 
of  substances  extractable  by  ether  (light  and  lieavy  essential  oil,  camphoroidal  aud 
tallow-like  substance,  balsamic  resin  and  wax),  15-0  pts.  by  strong  alcohol  (consisting 
of  9-2  sassafrid  and  5-8  tannic  acid),  6-8  pts.  by  weaker  alcohol  (gum,  sassafrid,  and 
tannic  acid),  3-6  by  cold  water,  5-4  by  boiling  water,  28-9  by  potash-ley,  and  33-7  pts. 
vegetable  fibre.  The  wood  of  the  root  contains  similar  constituents,  but  in  much 
smaller  quantity. 

SASSiLPKEB,  A  constituent  of  the  root-bark  of  Laurus  Sassafras,  which  may 
be  extracted  by  alcohol,  after  the  bark  has  been  freed  by  ether  from  volatile  oil, 
wax,  &c.  The  sassafrid  is  separated  from  the  alcoholic  solution  by  water,  and  when 
recrystallised  from  alcohol,  forms  yellow-bro-wn  crystalline  grains,  which  easily  make 
marks  like  chalk,  and  have  neither  taste  nor  smell.  When  heated  in  the  air  it 
swells  up,  emitting  a  pungent  odour ;  by  distillation  it  gives  off  white  vapours,  con- 
densing to  a  white  powder,  which  forms  a  blue-green  precipitate  with  ferric  salts.  Cold 
water  has  but  little  action  on  sassafrid  ;  hot  water  forms  a  red-bro-mi  solution,  which 
becomes  ttu-bid  on  cooling.  In  ether  sassafrid  dissolves  slowly,  with  wine-yellow 
colour;  nitric  acid  converts  it  into  oxalic  acid  and  au  oily  body.  The  concentrated 
solution  of  sassafrid  is  pirecipitated  by  lime-water,  baryta-water,  and  various  metallic 
salts;  dilute  sulphuric  and  nitric  acids  render  its  colour  lighter  ;  tinctui-e  of  galls  and 
fcrrocyanide  of  potassium  have  no  effect  upon  it. 

SASSiLPJasrj-.    See  Sassaeubein. 

SASSA-SrUErZ,  Tscudo-tragacardh.  A  gum  obtained  from  higa  Sassa,  an 
Abyssinian  plant.  It  swells  up  in  water,  like  gum-tragacanth,  but  does  not  form  so 
thick  a  nmcilage.  It  is  also  mixed  with  a  much  greater  proportion  of  starch-granules, 
so  that  it  is  coloured  dark-blue  by  iodine. 

SA.SSAPAH,I2.I,A.    Syn.  with  Saesapaehla. 

SASSii.li-u-B2J.lir.    A  resin  produced,  according  to  Hare  (Sill.  Am.  J.  xsxiii. 
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285),  by  thft  action  of  sulpluiric  acid  on  sassafras-oil.  When  equal  volumes  of  alcohol, 
Biilphuric  acid,  and  sassafras-oil  are  heated  together,  a  red  tumefied  mass  is  formed, 
consisting  of  a  compound  of  sassarubrin  and  sulphuric  acid ;  and  on  treating  this  resin 
■with  ammonia,  and  washing,  sassarubrin  remains  as  a  tasteless  mass,  which  is  soluble 
in  alcohol  and  in  ether,  and  colours  sulphuric  acid  red,  even  in  small  quantity. 
Precisely  similar  actions  are  exhibited  by  the  oils  of  cloves  and  cinnamon. 

When  the  oily  mixture  of  sidphuric  acid,  alcohol,  and  sassafras-oil  is  heated,  there 
is  evolved  at  first  a  yellowish  liquid,  designated  by  Hare  as  sassafrin,  which,  when 
freed  from  sulphurous  acid  by  ammonia,  and  from  admixed  ether  by  heat,  is  neutral, 
and  has  an  odour  diiFerent  from  that  of  sassafras-oil. 

SASSOXiIBT,  or  SilSSO£iZT£.  Native  boric  acid,  BH^O',  occurring  more  or 
less  pure  in  irregular  six-sided  laminae  belonging  to  the  triclinic  system,  or  as  a  crust, 
or  in  stalactitic  forms  composed  of  small  scales.  It  is  white,  or  yellowish  (when 
tinged  by  sulphiu-),  has  a  nacreous  lustre,  a  specific  gravity  of  1'48,  and  is  easily 
friable.  It  occurs,  as  a  deposit  from  hot  springs  or  ponds,  in  the  lagunes  of  Tuscany, 
abundantly  also  in  the  crater  of  Vulcano,  one  of  the  Lipari  Isles,  forming  a  layer  on 
the  sulphur ;  it  was  first  found  near  Sasso,  whence  its  name. 

SATSSiSBBUSJSTE.  This  name  has  been  given  to  native  arsenide  of  iron, 
FeAs'-,  from  Fossum  in  Norway. 

SA.TWSl&.'S/ZON,  A  liquid  is  said  to  be  saturated  with  a  solid  or  a  gas  when  it 
has  taken  up  tlie  maximum  quantity  of  that  solid  or  gas  which  it  is  capable  of  dissolving 
under  the  existing  circtimstances.  The  quantity  of  a  salt,  or  other  solid,  which  a  given 
liquid  is  capable  of  dissolving,  depends  upon  its  temperature,  and,  for  the  most 
part,  increases  with  the  temperatm'o,  so  that  a  solution  sattirated  at  a  given  tem- 
perature is  no  longer  saturated  at  a  higher  temperature,  and,  on  the  other  hand, 
deposits  a  portion  of  the  dissolved  solid  when  the  temperature  falls. 

The  quantity  of  a  gas  which  a  liquid  can  dissolve  depends  upon  both  temperatm'e  and 
pressure,  increasing  for  the  most  part  directly  with  the  pressure,  and  diminishing  as 
the  temperature  rises,  so  that  a  solution  saturated  at  a  given  pressure  and  temperature 
gives  off  a  portion  of  the  gas  when  the  pressure  is  diminished,  or  the  temperature  rises. 
(See  Gases,  Absorption  of,  ii.  790.) 

With  reference  to  the  composition  of  salts,  the  word  saturation  is  equivalent  to 
neutralisation,  an  acid  being  said  to  be  saturated  with  a  base,  when  it  unites  with  the 
quantity  of  that  base  required  to  form  a  neutral  or  normal  salt. 

SATITJaaTSOTT,  CAPACITY  OP.  A  term  employed  by  Berzelius  to  denote  the 
quantity  of  oxygen  wliich  must  be  contained  in  a  base  in  order  to  form  a  neutral  salt 
with  100  pts.  by  weight  of  an  anhydrous  oxygen-acid  or  anhydride.  Thus,  as  in  the 
neutral  sulphates,  the  oxygen  of  the  anhydrous  acid  is  to  that  of  the  base  as  3  :  1,  in 
the  neutral  nitrates  as  5  :  1,  in  the  neutral  carbonates  as  2  :  1,  in  the  acetates  as 
3  :  1,  &c. ;  and  as,  moreover,  100  pts.  of  sulphuric  anhydride  contain  60  pts.  oxygen, 
100  pts.  nitric  anhydride  74'07  oxygen,  100  pts.  carbonic  anhydride  72-72  oxygen, 
100  pts.  acetic  anhydride  47"06  oxygen,  &c.,  it  follows  that  the  saturating  capacity  of 

60  •      •    74*07  72'72 

sulphuric  acid  is  • —  =20;  of  nitric  acid — - —  =14'81;  of  carbonic  acid  — — —  = 

3  47.00  0  2 

36-36;  of  acetic  acid      — =  15-69. 

SAT'EJRlW'Ei'S.  By  this  name  the  alchemists  originally  distinguished  lead  and 
its  compounds,  Acctum  Saturni,  Sacchanim  Saturni,  Cinis  Satarni,  &c.,  probably 
because  lead  easily  fuses  with  other  metals,  and  devours  them,  as  it  were,  as  Saturn  is 
said  to  have  devoured  his  children. 

SAVAXiPlTS.    Syn.  with  ZoisiTE. 

SAlTSnBAEEaSAS^,  or  Dhara  Dammar,  is  the  name  of  a  resin  collected  in  the 
northern  parts  of  Hindostan  from  the  saul-tree,  Shorea  robusta. 

S AtTSSURITS.  Lemantite.  Felsite.  Jade  tenaee.  Feldspatk  tenace.  Alhite  com- 
factc.  Bittcrstew . — A  mineral  allied  to  labradorite,  occurring  in  crystallo-granular  or 
compact  masses,  sometimes  with  labradorite,  sometimes  in  place  of  it,  as  a  constituent 
of  euphotide,  hypersthenite,  diabase,  gabbro,  and  other  similar  rocks.  It  exhibits 
indistinct  cleavage  in  two  directions,  parallel  to  the  faces  of  a  rhombic  prism  of  24° 
nearly.  Hardness  =  6-o  to  6-0.  Specific  gravity  =  3  2  to  3-4.  Colour  grey,  greenish, 
reddish,  or  bluish.  Dull,  or  with  a  faint  lustre.  Subtransluceut.  Fracture  splintery 
to  uneven.  Extremely  tough.  Before  the  blowpipe  it  melts  with  great  difficulty  to  a 
greenish-grey  glass.    It  is  not  acted  upon  by  acids. 
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Analyses. — a.  From  the  Lake  of  Geneva  (M.  de  Saussure,  Journ.  dcs  Mines,  six. 
205). — 6.  From  the  same  (Klaproth,  Bdtrdge,  iv.  271). — <?.  From  Mont  Genevre . 
greenish-white;  specific  gravity  =  2'65  (Boulanger,  Ann.  Miu.  [3]  viii.  159). — 

d.  From  the  Orezza  valley,  Corsica:  easily  fusible  before  the  blowpipe  (Boulanger). 

e.  From  Switzerland:  bluish-white;  specific  gravity  =  3'365  (Hunt,  Sill.  Am.  J. 
[2]  xxvii.  336). — -/.  From  the  euphotide  of  the  Lake  of  Geneva :  finely  granulo-crys- 
talliue;  greyish  to  bluish-white;  specific  gravity  =  3'227  (Fikeuscher,  Jahresb. 


1863,  p.  811): 

Loss  by 

SiO- 

Al-03 

Fe203 

CaO 

MgO 

Na=0 

ignition 

a.  44-00 

30-00 

12-50 

0-05 

400 

6-00 

0-25 

96-80 

b.  49-00 

24-00 

6-50 

10-50 

3-75 

5-50 

99-25 

c.  44-6 

30-4 

15-5 

2-5 

7-5 

100-5 

d.  43-6 

320 

21-0 

2-4 

1-6 

100-6 

e.  43-59 

27-72 

2-61 

19-71 

2-98 

3-08 

0-35  = 

100  04 

/.  45-34 

30-28 

1-37 

13-87 

3-38 

4-73 

0-71  = 

99-68 

These  analyses  may  be  represented  by  the  general  formula  3(M';M*)SiO''.2M*Si^O''-^, 
similar  to  that  of  mejouile,  ■^\-hich  however  contains  no  alkali. 

The  name  Savssiirite  has  been  extended  to  other  constituents  of  the  above-mentioned 
rocks,  of  similar  character,  but  containing  a  larger  proportion  of  silica  (48  to  54 
per  cent.)  (See  Eammehbcrg  s  M'mcralchcmie,  p.  605 ;  and  Jahresb.  1861,  p. 
997.) 

SAVIITE,  OSSi  OS°.  S'ddehaumol,  Sevenhaumol. — A  volatile  oil  obtained  by 
distilTing  with  -water  the  berries  and  the  herb  of  the  savine  {Juniperus  Sabhia).  Ac- 
cording to  Dumas,  it  is  polymeric  with  oil  of  turpentine,  C'"]!'".  It  is  a  nearly  colour- 
less mobile  oil,  which  partly  resinises  on  exposure  to  the  air,  becoming  yellow  and 
somewhat  viscid.  It  has  a  pungent  disagreeable  odour,  and  a  sharp,  aromatic,  camphor- 
like  taste.  Specific  gravity  =  0  91  to  0-94.  Absolute  alcohol  dissolves  it  in  all 
proportions ;  with  2  pts.  of  highly  rectified  spirit  it  forms  a  clear  solution  ;  with  3  pts. 
or  more,  an  opalescent  solution.  It  detonates  with  iodine,  and  is  converted  by  nitric 
acid  into  a  reddish-yellow  balsam.  When  mixed  with  an  equal  quantity  of  strong 
sulphuric  acid,  it  yields,  according  to  Winekler  (Eepert.  Pharm.  [2]  xlii.  330),  a 
fourth  of  its  weight  of  an  oil,  whicli  after  distillation  over  potash,  is  vei-y  much  like  oil 
of  thyme.  According  to  Zeller  (N.  Jahresb.  f.  Pbarm.  xii.  1),  the  fresh  herb  of 
savine  yields  1|  per  cent,  of  the  oil;  the  dry  herb  2  per  cent. ;  the  fresh  berries  10 
per  cent. 

SAVITB.  A  mineral  occurring  in  the  gabbro  of  Tuscany,  forming  thin  dimetric 
prisms  [trimetric,  according  to  Breithaupt,  Berg-  u.  hiittcnm.  Zeit.  1855,  p.  223]  of 
91°  41',  colourless,  transparent,  having  a  hardness  =  3-3,  and  specific  gravity  = 
2-450.  Melts  with  great  difReulty  before  the  blowpipe.  According  to  Beehi  (Sill. 
Am.  J.  [2]  xiv.  64),  it  contains  49-17  per  cent,  silica,  19-66  alumina,  13-50  magnesia, 
10-52  soda,  1-23  potash,  and  6-57  water  (=  100  65),  agreeing  approximately  with  the 

formula  (Mg^Na-)Si'0'.Al-Si0^2H^O.  According  to  a  new  examination  of  the 
crystals  by  Quintino  Sella  {N.  Cimcnto,  March  1858),  the  formula  agrees  exactly 
with  that  of  natrolite. 

SA-jriiriTS.    Syn.  with  Bismuth-nickel  (i.  596). 

SCABSOSA.  A  genus  of  dipsoceous  plants,  thi'ee  species  of  which  have  been 
chemically  examined  by  Sprengel  (J.  f.  techn.  Chem.  -viii.  311,  373;  ix.  1),  with  the 
following  results  :— 

In  100  parts:  Scahiosa  succisa.       Scabiosa  arvetisis*  Scabiosa  columbaria. 


Water   83-0  80-0  70-0 

Substances  soluble  in  water )  ^2.5  ;[3-0  ly.g 

and  in  caustic  potash  \ 

Ash   1-6  1-1  1-6 


Composition  of  the  Ash  in  100_p«r!;5. 


Sc.  succisa 
Sc.  arvensis  . 
Sc.  coluriibaria 


38-1 
40-7 
38-7 


NaSO 

4-9 
1-0 
1-3 


CaO 
31-2 
29-4 
38-1 


WgO 

4-7 
7-0 
6-6 


AI--03 
0-2 
10 
0-6 


Fe-'03 


0-9 


Si02 
3-1 

13-2 
6-0 


S03 

6-4 

1-  9 

2-  9 


P205 

10-4 
1-2 
4-0 


CI 

1-  8 
3-5 

2-  6 


SCASiES  OF  FISHES  ilMPHIBlii.     The  chemical 


composition 
larger  pro- 
portion of  organic  matter.    The  organic  coustituent  has,  according  to  Fremy,  the 


of  the  scales  of  fislie 


s  IS  sun 


ilar  to  that  of  bone,  but  they  contain 
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same  composition  as  ossein,  and  is  likewise  converted  into  gelatin  by  boiling  with 
water.  The  following  table  exhibits  the  composition  of  fish-scales  as  determined  by 
Chevreul : — 


Lepisostea, 

Perca  labyax. 

Chetodon, 

Animal  matter . 

41-16 

66-00 

61-42 

Basic  calcic  phosphate 

46-20 

37-80 

42-00 

Calcic  carbonate 

10-00 

3-06 

3-68 

Magnesic  phosphate 

2-20 

0-90 

0-90 

Fat  

0-40 

0-40 

1-00 

Sodic  carbonate 

0-10 

0-90 

1-00 

1-94 

The  ash  of  fish-scales  has  been  analysed  by  Fremy  with  the  following  results  : — 

Ash         Basic  calcic   Magnesic  Calcic 
per  cf-nt.       phosphate,  phosphate,  carbonate. 

Scales  of  Lepisostea       .       .       69-3  61-8  7-6  4-0 

Umber-fish       .       .       41-9  36-4  0-7  2-0 

„       Pike.       .       .       .       43-4  42-5        trace  1-3 

Carp        .       .       .       34-2  33  7         .    .  I'l 

Brummerstadt  found  in  the  scales  of  the  carp,  60-352  per  cent,  cartilaginous  substance 
(chondrin),  and  39-468  inorganic  matter,  consisting  of  34-074  calcic  phosphate,  3-777 
calcic  carbonate,  r060  magnesic  carbonate,  and  0-557  magnesic  phosphate. 

The  colours  of  fish-scales  appear  to  be  duo  to  interference.  The  silvery  coating  of  the 
scales  of  the  bleak  {Ci/prinus  alhurnus)  is  used  for  making  artificial  pearls.  It  is 
separated  by  agitating  tlie  fishes  with  -water,  then  drenched  with  ammonia,  and  the 
liquid  is  preserved  in  a  tightly-corked  bottle.  Part  of  the  silvery  substance  dissolves 
in  the  ammonia,  while  the  rest  remains  suspended.  The  liquid  thus  obtained,  called 
Essence  d'  Orient,  is  poured  into  small  glass  beads,  and  then  poured  out  again,  leaving  the 
inner  surface  covered  with  a  thin  film,  which,  as  the  ammonia  evaporates,  forms  a 
shining  pearly  coating  on  the  glass.  The  bead  is  then  filled  up  with  white  wax. 

The  scales  of  amphibia  are  histologically  similar  to  epithelial  structures,  and  chemi- 
cally to  horny  substance.  The  shell  of  the  tortoise  and  other  chelonians  is  of  similar 
nature.  Tlie  scales  of  serpents  were  found  by  Fremy  to  yield  a  small  quantity  of 
alkaline  ash,  and  to  consist  of  a  substance  resembling  epidermis.  {Handw.  d.  Chem. 
vii.  381.) 

SCilBSOTOiric;  iiCIS.    See  Jaxapic  acid  (iii.  436). 
SCAmBEOK"!^.    See  Jalapin  (iii.  438). 

SCAmEEOOTOSsSC  ACEB.    See  Jalapinolic  acid  (iii.  440). 

SCi&.IISWEOE3"ir.  Scammonium. — A  purgative  gum-resin,  produced,  according  to 
Guibourt,  by  two  species  of  Convolvulus,  y\z.  C.  Scammonia  (L.)  and  C.  hirsutus  (Stev.), 
growing  in  Syria  and  Asia  Minor.  There  are  two  sorts  of  it,  known  in  commerce  as 
Aleppo  and  Smyrna  scammony.  According  to  other  authorities  (Handw.  d.  Chem. 
vii.  275),  Aleppo  scammony  is  obtained  from  Convolvulus  Scammonia,  and  perhaps 
from  other  species  of  the  same  genus,  and  Smyrna  scammony  frem  Pcriploca  Sccainone, 
a  plant  belonging  to  the  apoeyanaceous  order.* 

Aleppo  scammony  is  the  most  esteemed.  When  of  superior  quality  it  forms  flat 
masses,  rather  light,  and  somewhat  hollow  within,  dull  and  blackish-grey  on  the  frac- 
tured surfaces  ;  thin  fragments  appear  transparent  when  examined  by  a  magnifying 
glass.  It  is  friable,  has  a  powerful  odour,  and  is  often  covered  with  a  grey  powder  re- 
sulting from  the  friction  of  the  lumps.  Inferior  sorts  have  the  form  of  flat  orbicular 
lumps,  compact,  heavy,  and  without  internal  cavities.  The  fracture  is  then  black  and 
vitreous,  and  thin  fragments  are  very  transparent.  This  kind  of  scammony  is  also 
friable,  and  has  an  odour  like  that  of  the  better  sort,  but  fainter. 

Smyrna  scammony  is  dull-brown,  heavy,  not  friable,  and  has  a  dull  vitreous  fracture. 
Its  odour  is  faint  but  disagreeable. 

The  composition  of  commercial  scammony  is  subject  to  considerable  variations.  In 
three  specimens  of  genuine  Aleppo  scammony.  Mar  quart  (Arch.  Pharm.  vii.  236 ; 
X.  124)  found  81-25,  78-5,  and  77  per  cent,  resin  soluble  in  alcohol  (which  is  the  active 
principle),  the  remainder  being  made  up  of  wax,  extractive  matters,  gvrni,  starch,  albu- 
min, fibrin,  and  inorganic  salts.  In  one  specimen,  evidently  adulterated,  the  proportion 
of  resin  was  as  low  as  S'o  per  cent.,  the  remainder  being  chiefly  made  up  of  starch, 
gum,  gluten,  and  salts.    Another  specimen,  in  which  the  proportion  of  resin  was  32  -5 

*  There  is  also  a  false  or  spurious  scatrmony,  known  as  French  or  Montpplier  scammon}', 
which  is  prepared  in  the  South  of  France  from  the  expressed  juice  of  .in  asclepiadaccons  plant, 
Cynanchvm.  mjnspeliacutn,  and  mixed  with  various  resins  and  other  purgative  drugs  ;  but  it  is  a 
dangerous  purgative,  and  should  never  be  used. 
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per  cent.,  was  found  to  contain  52  per  cent,  of  g}';[5sum.  In  four  specimens  of  Smyrna 
seammony,  Marquart  found  25,  6,  6,  and  7  per  cent,  resin  soluble  in  alcohol  (about  | 
of  it  being  also  soluble  in  ether),  the  rest  being  made  up  of  extractive  mutter,  gum, 
starch,  woody  fibre,  and  inorganic  salts. 

The  chemical  constitution  of  seammony  has  been  further  investigated  by  Keller 
and  by  Spirgatis,  who  agree  very  nearly  in  their  analytical  results,  but  differ  in  the 
formulae  by  which  they  represent  them.  Spirgatis  regards  the  resin  of  seammony  as 
identical  with  that  of  spurious  or  fusiform  jalap,  which  is  also  derived  from  the  root 
of  a  convolvidaceous  plant,  Convolvulus  ori:ahensis.  Keller  regards  the  two  resins  as 
very  closely  allied,  but  not  as  absolutely  identical.  (See  Jalapic  acid,  Jalapin,  &c., 
iii.  436—4-12.) 

ECAPOIsETE.  Werneritc :  inckiding  Parantldnc,  Ehihergitc,  Nuttalitc,  Tdradositc, 
Gkiucolitc,  Atlieriastitc,  Tereiiite,  Porcdain-spa?;  Stroganoivite. — A  silicate  of  aluminiujn 
and  calcium  (the  calcium  being,  however,  more  or  less  replaced  by  sodium,  potassium, 
and  magnesium),  occurring  in  dimetrie  crystals  of  the  same  form  as  mejonite  (iii.  %5). 
Observed  faces,  oP,  ooPoo  ,  coP,  P,  Pco  ,  cdP2,  coP3.  Length  of  principal  axis  =  0-4398. 
Angle  oP  :  Pco  =  156°  14|-'.  Cleavage  parallel  to  ooPod  and  odP  rather  distinct  but 
interrupted.  The  minerals  occur  also  massive,  granular,  or  with  a  faint  fibrous 
appearance,  sometimes  columnar,  but  most  frequently  in  distinct  crystals,  occasionally 
of  large  size. 

Hardness  =  5  to  5'5  ;  in  a  subtranslucent  variety  from  Gouvemeur,  New  York,  it 
is  neai'ly  6.  Specific  gravity  =  2'612  to  2749.  Lustre  vitreous  to  pearly,  externally 
inclining  to  resinous;  on  the  cleavage  and  cross-fraetm-e,  vitreous.  Colour  v,-hite, 
grey,  blue,  green,  and  red,  usually  light ;  streak  uncoloiu'ed.  Transparent  to  faintly 
subtranslucent.  Fractru-e  subconchoi'dal.  Brittle.  Before  the  blowpipe  it  turns 
white,  and  melts  with  tumefaction  to  a  blistered  glass.  It  colours  the  Hame  yellow, 
and  when  heated  in  an  open  tube  gives  a  faint  reaction  of  fluorine.  It  is  completely 
decomposed  by  hydrochloric  acid  without  gelatinising. 

The  numerous  analyses  which  have  been  made  of  scapolite  exliibit  considerable 
diversities  of  composition.  The  silica  varies  from  42  to  above  60  per  cent. ;  the  greater 
number  of  the  analyses,  however,  give  45,  50,  or  60  per  cent.  The  lime  varies  from  20 
to  about  3  per  cent.,  tliose  scapolites  which  are  poorest  in  silica  being  richest  in  lime. 
These  latter  contain  either  no  other  strong  base,  or  only  small  quantities  of  alkali, 
chiefly  soda;  but  as  the  amount  of  lime  diminishes,  that  of  soda  (also  of  potash) 
increases  for  the  most  part ;  in  that  case  also  magnesia  is  almost  always  present,  though 
in  small  quantity.  Lastly,  nearly  all  scapolites  contain  water,  generally  less  than  1 
per  cent.,  but  sometimes  more  than  2  per  cent.  (For  the  individual  analyses,  see 
liammdsherg' s  Mineralckcmic,  pp.  717 — 720).  The  oxygen-ratio  of  the  protoxides, 
sesquioxides,  and  silica  in  scapolite,  varies: 

RO  R203  SiO-  RO  R-03  .SiO^ 

from    1     :     1-68     :     3-16     to     1     :     4-47     :  8-83 

Most  scapolites  exhibit  signs  of  decomposition,  indicated  by  differences  of  s^^ecific 
gravity,  transparency,  and  hardness,  and  by  the  presence  of  water.  The  least  altered 
are  those  which  contain  the  largest  proportion  of  lime.    Such  are  those  having  nearly 

the  composition  of  mejonite,  3(2Ca"O.SiO-).2(2Ar-0'.3SiO-),  which  in  fact  is  regarded 
by  Kammelsberg,  Bischof,  and  G.  Eose  as  tlie  origi n  al  scapolite.  Among  the  least 
altered  scapolites  are  nnttalito  from  Bolton,  Massachusetts,  a  specimen  of  which, 
analysed  by  v.  Bath,  gave  44-40  per  cent.  SiO-,  25-52  APO^  3-79  Fe-0^  20-18  CaO, 
1-Ol'MgO,  2-99  Na^O,  0-51  K^O,  and  1-24  water  (=98-74),  and  certain  scapolites  from 
Arendal  in  Korway,  and  from  Malsjo  in  Wermland,  Sweden. 

The  name  scapolite  (or  werneritc)  includes  the  common  greyish  and  white'rarieties  of 
the  mineral.  Nuttalite  is  bluish,  greyish,  and  dark-greenish.  Parantliine  includes 
certain  compact  varieties  and  crj'stals  of  white  and  pale-blue  colour.  Ekchergitc  (con- 
taining 51-02  per  cent,  silica,  26-87  alumina,  2-73  fen-ic  oxide,  13-29  lime,  and  4-64 
soda,  besides  small  quantities  of  manganous  oxide,  magnesia,  and  potash)  is  massive 
and  subfibrous.  The  distinctions  between  these  varieties  are,  however,  not  very  well 
defined.  Porcelain-spar,  from  Passau,  is  sometimes  referred  to  labradorite  :  but  its 
analyses  give  essentially  the  same  oxygen-ratio  as  scapolite  (49-20 — 50-29  SiO^,  27"30 
—27-90  Al-0',  13-63—15-48  CaO,  4-63—5-92  Na-O,  with  small  quantities  of  potash 
and  water).  GlaucoUtc,  which  has  a  lavender-blue  or  gi'cenish  coloru-,  and  specific 
gravity  =  2-72 — 2-9,  and  has  nearly  the  composition  of  labradorite  (iii.  450),  is 
refen'ed  to  scapolite  by  G.  Eose,  as  its  cleavages  are  those  of  the  latter  and  not  of 
labradorite.  and  its  oxygen-ratio  is  included  within  the  limits  of  scapolite. 

The  alterations  of  scapolite  appear  tobe  chiefly  due  to  the  action  of  carbonated  waters, 
the  carbonic  acid  taking  up  the  lime.    Strogaiiowite.  from  near  the  Sludiinka  river,  iu 
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Dauria,  affords  an  example  of  this  alteration,  containing  40-58  per  cent.  SiO^  28-57 
A1^0^  11-05  CaO,  3-50  Na'O,  0-89  FeO,  and  MnO,  and  14-55  CaCO''.  Sometimes  the 
action  of  the  carbonic  acid  goes  so  far  as  to  carry  off  nearly  all  the  stronger  bases,  and 
reduce  the  mineral  to  a  kaolin.  Acid  carbonate  of  magnesium  in  solution  converts 
Bcapolite  into  soapstone.  By  alkaline  carbonates  in  solution,  alkalis  maybe  introduced 
and  lime  removed,  thus  forming  mica,  algerite  (i.  113),  and  perhaps  also  zeolites.  By 
means  of  fen-ous  carbonate  dissolved  in  carbonic  acid,  an  oxide  of  iron  may  be  intro- 
duced; and  the  iron  being  oxidised  to  ferric  oxide  during  the  process,  epidote  in  the 
form  of  scapolite  is  produced.  Atheriastite,  a  highly  hydrated  scapolite  from  Arendal 
(i.  430),  is,  according  to  Hausmann,  the  original  wernerite  of  Haiiy. 

Scapolite  is  usually  found  in  crystalline  rocks  and  in  granular  limestones,  most 
commonly  near  its  junction  with  granite,  also  in  beds  of  magnetic  iron  accompanying 
this  rock.  In  the  latter  situation  it  occurs  at  Arendal  in  Norway  and  Wermland  in 
Sweden  ;  also  in  fine  crystallisations  in  Pargas  in  Finland,  &c.  Paranthine  occurs  in 
the  limestone  quarries  at  Marlsjo  in  Wermland ;  porcelain-spar  in  gi-anular  limestone 
at  Obernzell,  in  Bavaria ;  glaucolite  near  Lake  Baikal  in  Siberia,  in  veins  in  granite. 
(Dana,  ii.  202).    The  localities  of  other  varieties  have  already  been  mentioned. 

SCikRBROXTX:.  An  argillaceous  mineral  from  Scarborough,  containing,  accord- 
ing to  Vernon  (Berz.  Jahresb.  x.  169),  10-5  per  cent,  silica,  42-5  alumina,  0-25  ferric 
oxide,  and  46-75  water. 

SCHABASETB.    Syn,  with  CiiabAzite  (i.  843). 

SCHAPBACESETE.    Syn.  with  Bismuth-silver  (i.  597). 

SCHBJGSiB'S  ©RESIff.    Arsenite  of  copper  (i.  376). 

SC!!:ssSiS:T£3I'B,    Native  tungstate  of  lead.  (See  Tungstates.) 

SdSEES.ITBo    Native  tungstate  of  calcium.   (See  Tungstates.) 

SCHEBKBItlTE.  This  name  has  been  applied  to  two  fossil  resins  occurring 
at  Uznach,  near  St.  Gallen,  in  Switzerland  :  1.  A  crystalline  resin  polymeric  with 
marsh-gas,  of  specific  gravity  0-65,  and  melting  at  44°. — 2.  A  hydrocarbon,  poly- 
meric with  benzene,  already  described  as  retene  (p.  97). 

SCHSPE'E^ITE.  A  mineral  formerly  regarded  as  a  garnet,  occurring  in  the 
iron  mine  of  Langbanshyttan  in  Sweden.  It  has  a  red-brown  colour ;  hardness  = 
5-6  ;  specific  gravity  =3-39  ;  is  slightly  attacked  by  hydrochloric  acid,  with  evolution 
of  chlorine.  Contains,  according  to  Miohaelson  (Jaliresb.  1863,  p.  804),  52-31  per 
cent,  silica,  19-09  lime,  10  86  magnesia,  10-46  manganous  oxide,  1-63  ferrous  oxide, 
and  3-97  ferric  oxide  (loss  by  ignition  0-60).  The  oxygen-ratio  of  the  protoxides  and 
silica  is  1  :  2  ;  hence  Michaelson  regards  the  mineral  as  an  augite. 

SCHSaERETlITSTB.  A  fossil  resin  from  the  coal-mines  ofWigan,  in  Lancashire. 
It  forms  black  drops  and  granules,  sometimes  as  big  as  nuts,  brittle,  and  of  conchoidal 
fracture.  Specific  gravity  =  1-136.  Combustible.  By  dry  distillation  it  yields 
water  and  a  large  quantity  of  empyreumatic  oil,  and  leaves  a  residue  of  charcoal.  It 
is  insoluble  in  water,  alcohol,  ether,  and  alkalis,  and  is  slowly  decomposed  by 
strong  nitric  acid.  When  it  is  reduced  to  fine  powder  and  boiled  with  water,  alcohol, 
and  ether  in  succession,  traces  of  oil  are  dissolved,  after  which  it  contains  at  120°,  on 
the  average,  3-68  per  cent,  of  ash,  76-95  per  cent.  C,  8-95  H,  and  10-42  0,  correspond- 
ing to  the  formula  C-»ff»0-  (Mallet,  PhiL  Mag.  [4]  iv.  261).— This  body  was 
erroneously  regarded  by  Dana  and  Mallet  as  identical  with  Eochleder's  pjToretin. 
(Kenngott.) 

SCBN-BXSERITB.  A  zeolite  from  the  gabbro  of  Tuscany,  having  a  confusedly 
lamino-radiato  structure  ;  hardness  =  3  ;  white  and  opaque.  Contains,  according  to 
Beohi  (SilL  Am.  J.  [2]  xiv.  64),  47-79  per  cent,  silica,  19-38  alumina,  16-76  lime, 
11-04  magnesia,  1-62  alkali,  and  3-41  water.  Breithaupt  regards  it  as  a  decomposed 
laiimontite. 

SCnOS£XiAIVXZTB,  or  SCHOBIiOBEITB.  A  calcio-ferric  silico-titanate  occurring 
on  the  Ozark  Mountains,  Magnet  Cove,  Arkansas,  together  with  elasolite,  brookite,  and 
garnet ;  also  embedded  in  phenolite  at  Oberschaffhausen,  on  the  Kaiserstuhl. 
Hardness  =  7-75.  Specific  gravity  =  3-783 — 3-862.  It  is  massive  without  cleavage, 
black  and  opaque,  with  semivitreous  lustre.  Before  the  blo-wpipe  it  melts  with  diffi- 
culty on  the  edges  to  a  black  vitreous  mass,  and  exhibits  with  borax  and  phosphorus- 
salt  the  reactions  of  titanium.  Acids  decompose  it  imperfectly,  with  separation  of 
gelatinous  silica.  (Shepherd,  SilL  Am.  J.  [2]  ii.  251. — Whitney,  Journ.  Best. 
Nat.  Hist.  Soc.  1849,  vi.  46.) 

Analyses. — a.  From  Arkansas  (Eammelsberg,  il/wzcra^cAmic,  p.  886). — b.  From 
the  Kaisersthul :  specific  gravity  =  3-745  (A.  Claus,  Ann.  Ch.  Phai-m.  cxxix.  213) : 
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S10»          T102        Fe'O'         FeO         CaO           MgO  K^O  Na^O 

a.  26-24       21-34       20-11        1-57       29-38       1-36  .    .     =  100 

b.  29-65       21-18       18-08       .    .        25-13       1-22  4-22    =  99-38 


Eammolsberg  doducos  from  his  analysis,  -whicli  agrees  very  nearly  -with  those  of 
mitnoy  and  Crossley,  the  formula  3(2Ca"O.SiO^).(2Fe20'.3SiO'').(2Ca"0.3TiO=). 

SCKOS^XiITE.    Syn.  with  Topaz. 

SCHOStZ>Om£TE,    Syn.  with  Schohlaiiute. 

SCHREEBESSXTB.  A  phosphide  of  iron  and  nickel,  occurring  in  meteoric  iron, 
and  forming  tlio  priufipal  part  of  the  residue  left  on  dissolving  the  iron  in  hydrochloric 
acid  (Meteorites,  iii.  978).  Under  the  microscope  it  often  appears  in  sharply-defined 
crystals.  Its  colour  is  sometimes  steel-grey,  sometimes  yellowish  or  broTvnish.  It  is 
strongly  magnetic,  dissolves  with  difficulty  in  acids,  and  is  often  mixed  with  graphite 
and  silica.  Hardness  =  about  6-5.  Specific  gravity  ----- 101 — 7-22.  It  varies  greatly 
in  composition,  as  the  following  analyses  will  show  {Rammdsherg' s  Mineralchemie, 
p.  947) :- 

Elbogcn.  BohnmilUz.  Brannau.  SccVdsgen,  Sc/iwctz.  Aiva. 


Berzelius.            DiiHos.      Rammelsberg.  Patera.  Berge- 

Fischer.  inann. 

Phosphorus     .    .    14-17       14-76      12-72       7-37     36-00  7-26  6-14 

Iron                        68-11        69-45      60-13      62  63      22  34  87  20  78-36 

Nickel    ....    17-72*      15-79     27-15     29-18     36-66  4-24  15-47 

100.00      100.00    100.00   CaO-82       5-00  98To  99-97 
100-00  iWWo 

Krasnojarsk.                Zacatecas.               Ocolitlan.      Misteca.  Coslue's  Kjwiville. 

Berzelius.    Bergemann.  H.  Miiller.                       Bergemann.  Creek.  Smith. 

Phosphorus  18-47          24           10-23            3  54       11-61  3-31  14-39 

Iron.    .    .  48-67  (        ~„           75-02          86-32       68-36  87-77  66-60 

Nickel  .    .  18-33  (       _^          14  52           10-14       29-95  8  92  26-76 

Magnesium    9-66         100           99-77         100-00       99.92  100-00  Co  0-34 

95-13  '  98  09 


Faye  (Compt.  rend.  Ivii.  801),  by  exposing  a  mixture  of  8  gims.  ferric  oxido, 
3-7  grms.  nickel-oxide,  10-1  sodic  phosphate,  6  grms.  silica,  and  2  grms.  charcoal,  to  a 
white  heat  in  a  graphite  crucible,  olitained  a  black  slag,  a  metallic  regulus  of  nickel 
and  ii'on,  and  between  the  two  a  crust  of  yellowish  metallic  shining  laminae,  exhibiting 
the  characters  of  sclireibcrsite. 

SCHROTTERITE.  An  amoi"phous  mineral,  resembling  allnphanc,  from  the 
Dollingcr  mountain,  near  Frankenstein  in  Styria,  where  it  occiu's  in  nests  between 
clay-slate  and  granidar  limestone.  Hardness  =  3 — 3-5;  specific  gravity  =  1-95 — 2-05. 
Colour  greenish,  yellowish,  or  sometimes  spotted  with  brown.  Contains,  according 
to  Schrotter  ( J.  pr.  Chem.  xi.  380),  11-94  percent,  silica,  46-29  alumina,  2-80  ferric 
oxide,  1-16  lime,  0-25  cupric  oxido,  0-63  sulphuric  acid,  and  35-85  water,  which  may 
be  represented  by  the  formula  5Al''O^.2SiO-.20H^O.  It  is  probably  a  mixture  contain- 
ing hydrate  of  aluminium. 

SCHtlliZITS.    Syn.  with  Ccelestin  (i.  1069). 

SCIZiZiiL  MAHITimA.  Squill.  A  liliaceous  plant,  growing  wild  on  the  shores 
of  the  Mediterranean.  The  fleshy  bulbs,  which  are  used  in  medicine,  have  been  investi- 
gated by  several  chemists,  but  with  somewhat  discordant  results.  They  contain  a 
volatile  oil,  an  acrid  substance,  a  bitter  principle,  gum,  sugar,  and,  according  to 
Landerer,  starch  and  fat,  together  with  phosphate,  citrate,  and  perhaps  also  tartrate  of 
calcium. 

The  volatile  oil,  obtaiqcd  by  distilling  the  bulbs  with  water,  is  mobile,  slightly 
coloured,  has  a  pungent  disagreeable  odoiu-  (like  that  of  garlic  or  mustard  oil),  and 
blisters  the  skin  ;  so  likewise  does  its  alcoholic  solution. 

The  investigations  on  scillitin,  the  active  ingredient  of  the  bulbs,  have  not 
determined  whether  it  is  to  bo  classed  with  the  resins,  the  alkaloids,  or  the  bitter 
principles.  Mandet  (Compt.  rend.  li.  87)  distinguishes  two  peculiar  bodies,  the 
poisonous  and  irritating  sculeVn,  and  the  non-poisonous  scilli  t i n, but  adds  nothing 
fiu-thcr  concerning  them.  Schroff  ^N.  Repert.  xiv.  241)  also  distinguishes  a  narcotic 
principle  {scillitin)  and  an  acrid  non-volatile  principle.  Righini  (Repert.  Ixiii.  87) 
regards  scillitin  as  impure  veratrin. 

a.  According  to  Tilloy  (J.  Pharm.  xii.  635;  il//cl.  [3]  xxiii.  406),  squill  contains 

•  With  Magnesium. 
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no  volatile  acrid  principle,  but  crystals  of  calcic  citrate  [oxalate  (Schroff)]  which 
irritate  and  inflame  the  skin  when  rubbed  upon  it.  The  active  constituents  are  an  acrid 
resin  and  a  bitter  substance. 

Dried  squill-powder  gives  up  to  ether  an  agreeably-smelling  yellow  fat  (or  fatty 
acid  ?)  which  may  be  freed  from  adhering  bitter  substance  by  means  of  hot  water. 
When  the  powder  which  has  been  exhausted  with  ether  is  digested  with  alcohol,  a  very 
acrid  and  bitter  tincture  is  obtained,  leaving  on  evaporation  an  acrid  resin,  which  is 
freed  from  adhering  fat  by  ether,  and  from  sugar  by  water.  This  resin  is  very 
poisonous;  it  softens  in  hot  water,  dissolves  in  alkalis  and  alcohol,  and  is  not 
altered  by  acids. — The  bitter  substance  is  extracted  by  hot  water  from  squiU  previously 
treated  with  ether  and  alcohol:  it  is  precipitated  from  the  liquid  by  charcoal,  which  gives 
it  up  again  to  boiling  alcohol  (Tilloy). 

b.  Vogel  (Schw.  J.  vi.  101)  and  Lebourdais  (Ann.  Ch.  Phys.  [3]  xxiv.  62) 
prepare  the  bitter  substance  as  follows  : — 

1.  A^'ogel  exhausts  the  concentrated  juice  with  alcohol,  evaporates  the  tincture,  dis- 
solves the  residue  in  water,  precipitates  tannic  acid  by  neutral  acetate  of  lead,  removes 
excess  of  lead  by  means  of  sulphydric  acid,  again  filters,  and  evaporates.  There  then 
remains  seillitin,  together  with  sugar  and  salts,  in  the  form  of  a  coloiu-less  friable 
mass,  which  has  a  very  bitter,  afterwards  sweetish  taste,  and  causes  vomiting  and 
purging.  This  mass  softens  quickly  in  the  air,  and  dissolves  easily  in  water  and 
absolute  alcohol,  and  in  vinegar. — 2.  Lebom'dais  precipitates  the  highly  colom-ed  and 
very  viscid  decoction  of  squill  with  neutral  acetate  of  lead,  and  agitates  the  cold  filtrate 
with  pm'ified  animal  charcoal  till  it  loses  its  colour-  and  bitterness.  The  charcoal  is 
then  washed  and  dried,  and  boiled  with  alcohol,  which  takes  up  the  seillitin,  and  leaves 
it  behind  on  evaporation. — Seillitin  thus  obtained  is  an  amorphous,  neutral,  non-hygro- 
scopic mass,  which  decomposes  easily  when  heated,  dissolves  with  purple  colour  in  oil 
of  vitriol,  afterwards  blackening,  and  is  decomposed  by  nitric  acid. — A  portion  placed 
upon  the  tongue  produces  the  sensation  of  a  caustic. — Bley  (N.  Br.  Arch.  Ixi.  141) 
operated  in  the  same  way  as  Leboiu'dais,  avoiding  too  great  heat,  and  obtained  by 
spontaneous  evaporation,  long,  colourless,  flexible  needles,  having  a  very  bitter  taste, 
becoming  amorphous  when  gently  warmed,  and  not  afterwards  susceptible  of  crystal- 
lisation.— According  to  Wittstein  (Eepert.  [3],  iv.  200),  the  bitter  of  squill  is  not  pre- 
cipitated by  basic  acetate  of  lead,  nor  by  hydrated  oxide  of  lead,  which  latter,  however, 
precipitates  the  acrid  constituent. 

c.  Marais  (J.  Pharm.  [3]  xxx.  130)  and  Landerer  (Eepert.  xlvii.  442)  believed 
they  had  obtained  an  alkaloicl,  which  Tilloy  was  not  able  to  isolate. 

1.  Marais  exhausts  either  the  dried  squill  with  alcohol  of  56  per  cent.,  or  the  fresh 
bulbs  with  alcohol  of  90  per  cent.,  mixes  the  tincture  with  milk  of  lime,  agitates  with 
ether,  separates  the  supernatant  layer  of  liquid,  and  evaporates,  whereupon  seillitin 
and  fat  remain,  the  latter  of  which  is  removed  by  again  dissolving  the  residue  in 
alcohol. — The  product  is  an  amorphous,  hygroscopic,  pale-yellow  mass,  having  a  pun- 
gent bitter  taste  and  an  alkaline  reaction. — It  dissolves  in  oil  of  vitriol,  forming  a 
violet  solution,  from  which  water  precipitates  green  flocks,  and  in  nitric  acid  with  red 
colom-,  which  qiiickly  disappears ;  it  is  insoluble  in  hydrochloric  acid,  but  soluble  in 
ammonia  and  caustic  alkalis,  becoming  decomposed  and  losing  its  bitter  taste.  When 
heated  with  hydrate  of  potassiimi,  it  evolves  ammonia.  It  does  not  dissolve  in  water; 
produces  with  ferric  chloride  an  orange-yellow,  and  with  platinic  chloride  a  yellow 
precipitate,  and  combines  with  acetic  acid.  It  dissolves  in  alcohol  and  ether.  Taken 
internally,  it  acts  as  an  emetic  and  violent  purgative,  and  afterwards  as  a  narcotic. 
(Marais.) 

2.  Landerer  digests  the  crushed  inner  portions  of  squill  with  very  dilute  sulphuric 
acid,  boils  down  the  filtrate  to  one-half,  saturates  it  with  lime,  and  sets  it  aside  for 
tln-ee  days  ;  then  collects  and  dries  the  residue.  When  this  residue  is  boiled  with 
alcohol,  the  filtrate  deposits  on  evaporation  a  very  small  q\iantity  of  extremely  bitter 
needles,  which  are  insoluble  in  water,  and  sparingly  soluble  in  alcohol.  The  needles 
have  an  alkaline  reaction  and  neutralise  acids,  forming  therewith  ciystalli sable  salts, 
which  melt  when  heated  (evolving  vapom-s  which  excite  coiighing)  and  carbonise,  but  do 
not  leave  a  trace  of  lime.    This  body  does  not  appear  to  be  obtained  from  dried  squill. 

SCILSiITlBr.    See  the  last  article. 

SCJIRPUS.  The  ash  of  the  bulrush  (Scirpvs  kicusfris)  has  been  analysed  by 
rieitmann  (Ann.  Ch.  Pharm,  Iviii.  391)  andby  Schulz-Fleeth  (Pogg.  Ann.  Lxxxiv. 
80),  with  the  following  results  (deducting  the  charcoal) : 

K20    Na^O    C:iO  MrO  Fe-O^    SO'    Si02    00=     P=0'   NaCl  KCI 

15-3    .  .    7-3  2-6    1-17    4  8    28-1     .  .    9-5    27-3    3-9  =  99-37  (Fleitmann). 
9-7    5-0    7-0  2-3    0-24    5-5    46-5    7-9    4-8    10-1    .  .  =  99-04  (Schulz-Pleeth). 
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Sd£ROGE37.  A  term  applied  to  the  inerusting  matter  deposited  within  the 
cells  of  woody  fibre,  also  called  Ugnin.  This  substance  is  said  by  Payen  to  be  dis- 
tinguished from  cellulose  by  assiuning  an  orange  coloiu'  when  treated  with  potash  and 
iodine,  whereas  pim'o  cellulose  turns  blue  imder  the  same  circumstances.  Sehleiden, 
on  the  other  hand,  denies  its  existence  as  a  distinct  compound.  (See  Gi/iclin's  Hand- 
hook,  ST.  121.) 

SCOIiECITE.  Lime  Mesotijpc,  Ncedlestone,  Poonalditc,  Fdjrous  Zeolite:  including 
Mesolite  ov  Lime  and  Soda  Mcsotypc. — A  hydrated  calcio-aluminic  silicate,  in  which  the 
calciimi  is  sometimes  partly  replaced  by  sodiimi.  It  forms  monoelinic  crystals,  in 
which  the  ratio  of  the  axes  a:  b  :  c  =  1'0282  :  1  :  0'6791.  Angle  of  inclined  axes 
h,c  ----  89°6'.  The  crystals  are  prismatic  or  acicular,  consisting  of  a  prism  of  91  °3 5', 
acuminated  by  four  faces  of  a  monoelinic  pyramid  composed  of  the  hemipyramid  P  of 
l'li°  40'  and  the  hemipyramid  — P  of  144'-20';  they  boar  a  strong  general  resemblance 
to  the  crystals  of  natrolite,  which  consists  of  the  orthorhombic  prism  ooP  =  91°,  acu- 
minated by  foiu"  faces  of  the  pja-amid  P  inclined  to  the  lateral  edges  at  angles  of 
l-t3'^20'  and  142^40'.  Twins  also  occiu-  parallel  to  the  ortliodiagonal.  Cleavage  nearly 
perfect,  parallel  to  ooP.  The  minei'al  likewise  occurs  fibrous,  massive,  and  radiated. 
Hardness  =  5 — 0'5.  Specific  gravity  =  2'2 — 2'7.  Lustre  vitreous,  or  silky  when 
fibrous.  Transparent  to  siibtransluccnt.  Pyrolectric.  Before  the  blowpipe  it  curls 
up  like  a  worm  (hence  tlie  name,  from  (rxii\-q^,  a  worm),  and  finally  melts  to  a  bulky 
shining  slag,  which  in  the  inner  flame  becomes  a  vesicular  slightly  shining  bead. 

A.  Scolecite  or  Lime  Mesotype. — Analyses:  a.  From  the  Berufiord,  Iceland 
(Gibbs,  Pogg.  Ann.lxxi.  565). — b.  Faroe  Islands  (Steplian,  Bammelsbe)-<fs  Mineral- 
chemic,  p.  795). — c.  Staffa :  fibrous  (Fuchs  and  Gehlen,  Schw.  J.  viii.  353; 
xviii.  1). — d.  Isle  of  Mull :  radiate,  accompanied  by  epidote  (Scott,  Edin.  N.  Phil.  J. 
Oct.1852). — e.  Auvergne  (Gxiillemin,  Ann.Min.xii.8). — f.  Niederkirchen,inEhenish 
Bavaria  (Riegel,  Jahrb.  pr.  Pharm.  xiii.  1). — g.  East  Indies:  spherical  aggregates 
having  a  radiate structm'e  (Taylor,  J.  pr.  Chem.  Ixiii.  467). — h.  Cachapual  Valley,  in 
Chili;  in  porphyry  (Domeyko,  Ann.  Min.  [4],  ix.  3); — 


a.  h.  c.  d.  e.          f.            g.  h. 

Silica    ....    46-72  45-82  46-75  46  21  49-0  48-08  46-87  46-3 

Alumina    .    .    .    25-90  26  28  24-82  27-00  26-5  23-93  25-32  26-9 

Lime    ....    13-71  13-59  14-20  13-45  15-3  14-22  13-80  13-4 

Soda   1-10  0-39  .    .  .    .      0-32  0-45 

Potash  0-13 

"Water  ....    13-67  13-60  13-64  13-78  9  0  13-55  13-46  14-0 


100-00  100-39    99-80  100-44    99-8  100-10  100-03  100-G 

These  analyses  lead  to  the  formida  (Ca"O.SiO^).(Al-Ol2SiO=).3H20. 

B.  Mesolite  or  Lime  and  Soda  Mesotype. — a.  Portrush,  Ireland(also  called 
Harringtonite),  Thomson  {Outlines  of  Mincralogi/,  i.  428).— i.  Kilmore  in  the  He- 
brides (Heddle,  Phil.  Mag.  [3]  xi.  273).— f.  Berufiord,  Iceland:  spherical  radiate 
(Waltershausen,  Vidk.  Gesfeinc, -p.  267). ~d.  Ireland  :  Afiirimolite  {Reddle,  loc. 
cit.).~e.  Faroe  Islands  (Be rz el i us,  Jahresberieht,  iii.  147).—/.  Tyrol:  massive  and 
fibrous  (Fuchs  and  Gehlen,  Schw.  J.  viii.  353  ;  xviii.  l).—g'.  Iceland:  excenfrically 
fibrous  (Breidenstein,  Eammelshcrg's  Mincralchcmie,  p.  798).—,^.  Talisker  in  Skyc 
(Heddle) : — • 


a. 

b. 

c. 

d. 

e. 

/• 

g- 

Silica    .  . 

44-84 

46-26 

46-41 

47-07 

46-80 

46-04 

45-78 

46-71 

Alumina 

.    28  48 

26-48 

26-24 

26-23 

26-50 

27-00 

27-53 

26-62 

Lime 

.  10-68 

10-00 

9-68 

9-88 

9-87 

9-61 

9-00 

9-08 

Soda 

.  5-56 

4-98 

4-87 

4-88 

5-40 

5-20 

5-34 

5-39 

Water  .  , 

.  10-28 

13-04 

13-75 

12-24 

12-30 

12-36 

12-38 

12-83 

roo-76 

100-95 

100-30 

100-87 

100-21 

100-03 

100-63 

Eammelsberg  represents  the  analyses  h,  c,  d  by  the  formula: 

3[(Na--^O.SiO-).(Ar0^2SiO-).2H-0]  -i-  7[(Ca"O.SiO=).(AP0^2SiO=).3H-0] 
and  the  rest  by  the  formula : 

[(Na'O.SiO=).(AP03.2SiO=).2H=0]  +  2[(Ca"O.SiO=).(APOl3SiO^).3H=0]. 
These  two  formulae,  however,  give  very  nearly  the  same  percentage  composition  the 
first  requiring  46-92  SiO^  26-05  APO'^  9-95  CaO,  4-75  Na-'O,  and  12-33  H-0-'  the 
second,  46-96  SiO-,  26-09  Al-0^  9-48  CaO,  5-28  Na=0,  and  12-19  H=0. 

Scolecite  occurs  also  in  Greenland,  at  Pargas  in  Finland,  in  Auvcrtrne,  and  in  veins 
in  the  Kilpatrick  Hills. 
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Poonalditc,  a  variety  from  Poonah  in  Hindostan,  has  the  angle  ooP  :  ooP  =  91°  49' 
(Keungott).  Gmelin  (Pogg.  Ann.  xlix.  428)  found  it  to  contain  45-12  per  cent, 
silica,  30-44  alumina,  10-20  lime,  0-66  soda  (-ndth  a  trace  of  potash),  and  13-89  water 
(=  99-81). 

Antrimolite  occurs  in  -white  fibrous  stalactites  at  Antrim,  four  miles  east  of  the 
Giant's  Cause-way.  Angle  of  prism  =  92°  13';  outer  edges  bevelled  by  a  prism  of 
150°  30'.    Hardness  =  3-75.    Specific  gravity  =  2-096. 

SCOXiSXSHOSS,  A  mineral  from  Pargas  in  Finland,  regarded  by  Nordenskiold 
as  a  variety  of  labradorite  (iii.  451),  by  others  as  a  scapolite. 

SCOPARIIJ.  C^'H-'O"'.  (Stenhouse,  Phil.  Trans.  1851,  p.  422;  Ann.  Ch. 
Pharm.  Isxviii.  15.) — A  substance  contained  in  Spartium  Scoparium,  and  apparently 
constituting  the  diuretic  principle  of  that  plant. 

Preparation. — The  decoction  obtained  by  boiling  the  plant  for  six  or  eight  hours 
■with  -water,  -when  evaporated  to  one-tenth  of  its  bulk,  and  left  at  rest  for  24  hom-s,  solidi- 
fies to  a  jelly,  containing  scoparin  together  -with  cMorophyll  and  a  small  quantity  of  spar- 
teine. The  jelly  is  washed  with  a  little  cold  water,  dissolved  in  boiling  water  containing 
afewdrops  of  liych'oehloric  acid,  filtered,  and  set  aside  till  it  solidifies;  and  the  jelly  again 
formed  is  purified  by  washing,  pressing,  drying  over  the  water-bath,  and  dissolving 
in  boiling  water,  which  now  leaves  most  of  the  chlorophyll  undissolved.  The  chloro- 
phyll may  also  be  precipitated  from  the  aqueous  solution  by  long-continued  boiling;  it 
is  deposited  from  a  moderately  concentrated  solution  before  the  scoparin,  and  may  be 
separated  by  filtration  at  the  proper  point. 

Scoparin  thus  obtained  forms,  after  drying  in  a  vacuum,  a  pale-yellow,  brittle, 
amorphous  mass,  tasteless,  inodorous,  and  neutral.  By  precipitating  its  cold  ammo- 
niacal  solution  -with  hydrochloric  acid,  dissolving  the  somewhat  more  solid  jelly  in 
boiling  water,  and  cooling  slowly,  a  small  quantity  of  pale-yellow  crystalline  stars  is 
obtained,  together  with  gelatinous  scoparin.  The  solution  in  hot  alcohol  likewise 
yields  a  jelly  on  partial  evaporation,  and  crystals  in  the  cold.  "When  an  attempt  is 
made  to  recrystallise  the  latter  from  hot  alcohol,  there  remains  a  residue  which  dis- 
solves with  difiiculty  in  water  and  alcohol,  and  is  obtained  as  a  jelly  having  the  origi- 
nal degree  of  solubility  only  by  dissolving  it  in  ammonia-water,,  and  precipitating 
with  hydrochloric  acid.    The  crystals  and  the  jelly  have  the  same  composition  when 

Scoparin  puffs  up  when  heated,  carbonises  without  subliming,  and  bums  with  bright 
flame.  A  solution  va.  potash  or  in  acids  is  decomposed  by  boiling,  with  formation  of  a 
greenish-brown  resin. — Scoparin  assumes  ablue-green  coloiu'witli  bromine,  axidi  a  dark- 
green  with  solution  of  chloride  of  lime. — With  nitric  acid  it  forms  picric  acid. 

Scoparin  is  sparingly  soluble  in  cold,  more  freelj'  soluble  in  hot  water,  forming  pale- 
yellow  solutions.  It  dissolves  also  in  cold  alcohol,  more  freely  in  boiling  alcohol.  It 
dissolves  slightly  in  strong  acids  ;  very  easily,  with  deep  yellowish-green  colour,  in 
cazistic  amvionia, the  fixed  alkalis,  and  alkcdine  carlj07tatcs,less  easily  in  lime-  and  baryta- 
water.  The  ammoniacal  solution  leaves,  on  spontaneous  evaporation,  a  green  jelly, 
nearly  free  from  ammonia. 

Scoparin  tlu'ows  down  greenish-yellow  flocks  from  neutral  ajid  basic  acetate  of  lead. 
It  does  not  precipitate  mercuric  chloride  or  nitrate  of  silver. 

SCOiai>EIIT.  A  yellow  aromatic  substance  obtained  from  Tcucrium  Scordium. 
(Winckler,  Eepert.  Pharm. xxviii.  352.) 

SCOSZXsIlTE.  A  mineral  from  Juan  del  Kio  Cara  del  Calvaxio,  in  Mexico,  con- 
taining, according  to  E.  Thomson  (J.  pr.  Chem.  viii.  606),  58-0  per  cent,  silica,  16-8 
alumina,  13-3  ferroiis  oxide,  8-6  lime,  and  2-0  water.  It  occiu's  in  brown  slag-like 
masses,  with  numerous  cavities.  Streak  white.  Hardness  =  2-0.  Specific  gravity 
=  1-70.  Before  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  fuse.  With 
fluxes  it  gives  the  iron  reaction. 

SCOROEITE.  Neoctesc.  Cupreous  Arsenate  of  Iron. — A  hydrated  ferric_arsenate 
ocem-riug  in  ti'imetric  crystals,  which  exliibits  the  combination  ooPoo  .  ooPoo  .  P  . 
00  sometimes  with  ooP  and  |P.  Axes  a  :  h  :  c  =  1  :  1-1511  :  1-0977.  _  Angle 
ooP  :  cdP  =  98°  2'.  Cleavage  parallel  to  ocf'2  imperfect,  parallel  to  coPoo  and 
oofco  in  traces.  The  crystals  are  sometimes  single,  sometimes  implanted  in 
groups  or  gro"wn  together  in  granular  aggregates.  The  mineral  also  occurs  in  botryoi- 
dal,  kidney-shaped,  tubular,  and  other  forms,  also  as  an  incrustation  (arsenical  sinter). 
Hardness  =  3-5 — 4.  Specific  gravity  =  3-1 — 3-3.  Lustre  vitreous,  subadamantine, 
and  subresinous.  Coloiu'  pale  leek-green  or  liver-brown.  Streak  white.  Subtrans- 
parent  to  translucent.  Fracture  uneven.  Before  the  blo-wpipe  on  cliarcoal  it  emits  an 
alliaceous  odour  (hence  the  name,  from  <TK6poZov,  garlic),  and  fuses  to  a  reddish-brown  or 
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black  scoria,  magnetic  after  all  the  arsenio  is  expelled.  The  mineral  is  not  acted  upon 
by  nitric  acid,  but  dissolves  easily  in  hydrochloric  acid. 

Analyses: — a.  Granl,  near  Sehwarzenberg  in  Saxony  (Damour,  Ann.  Ch.  Phys. 
[3]  X.  412). — 6.  Vaiibry,  Dept.  Haute-Vienne :  crystallised;  specific  gravity  =  3'11 
(Damour).— c.  Cornwall  (Damour). — d.  Antonio  Pereira  in  Brazil :  specific  gra-saty 
=  3-18  (Berzelius,  Jahresbericht,  v.  205). — e.  Prom  the  same  (Damour). — 
/.  Loaysa,  near  Marmato,  New  Granada  (Boussingault) : 


Arsenic  anhydride 
Phosphoric  ,, 
Ferric  oxide 
Water  . 


a. 

c. 

2-16 

50-95 

51-06 

33-00 

31-89 

32-74 

15-68 

15-61: 

15-68 

100-7i 

98-48 

99-48 

e". 

/• 

60-78 

50-96 

49-6 

0-G7 

34-85 

33-20 

34-3 

16-55 

15-70 

16-9 

101-85 

99-86 

100-8 

These  analyses  lead  to  the  formulaPe=0'.As=0-'.4H-0,  or  ^^1 1  0\2W0,  requiring  49-84 

As=0^  34-60  Pe^O^  and  15-56  water. 

An  iron  sinter  from  Nertschinsk  in  Siberia,  containing,  according  to  He  rm  ann  (J. 
pr.  Chem.  xxxiii.  95),  48-05  As■0^  36-41  Fe'^0',  and  15-54  water,  is  an  amorphous 
scorodito. 

Seorodite  occurs  altered  to  limonite. 

SCORZA.    A  variety  of  epidote. 

SCORZOBTESeA,  The  roots  of  Scorzonera  hisiMnica,  a  plant  belonging  to  the 
ciehoracoous  tribe  of  Composite,  contain  starch.  According  to  Witting  (Arch.  Pharm. 
[2]  cv.  280),  the  expressed  juice  of  the  plant  contains  mannite. 

SCSiOFHIJ-jCiilRE/l.  Two  species  of  this  genus  of  plant,?  have  been  examined 
chemically  by  Walz  (Jahrb.  pr.  Pharm.  xxvi.  296  ;  xxvii.  12).  <S.  nodosa  contains  a 
bitter  substance  called  by  Walz  o- sc roph  u  larin,  which  dissolves  very  slowly  iu 
water,  and  is  precipitated  in  white  flocks  by  tannin ;  also  a  resin  insoluble  in  water, 
soluble  in  alcohol  and  ether. 

8c.  aqiiatica  contains  a  bitter  substance,  /8-scrophiilarin,  differing  in  taste  and 
solubility  fi-om  a-scrophul,irin  ;  an  irritating  resinous  substance,  sc  rophula  cri  n, 
soluble  in  alcohol  and  ether;  and  a  resinous  substance,  scrophularesin,  soluble  in 
alcohol,  insoluble  in  water  and  in  ether. 

100  pts.  of  He.  aquatica  yielded  7'8  pts.,  and  100  pts.  of  Sc.  nodosa  7 '5  p)ts.  of  ash, 
composed  as  follows: — 

Ch.ircnal 

K=0    Na^O    CaO     MgO   Fe^C   N;iCl   S03     P=0^      CO=    SiO^  and  sand 
Sc.  aquatica  2-3    .     .    15-2      5-8    1-3    24-3    4-1    26-3      8-0    7-0    7-0  =  100-3 
Sc.  nodosa    4-4    13-1    25-5    131    PO      6-2    3  1    13  0    15-2    4-5    0-8  =  99-9 

SCU'RVg--GBii.SS.    See  Cochlearia  (i.  1062). 

SCCTTEXiStABIM".  A  bitter  substance  contained  in  Scutellaria  latciifolia, 
(Cidct  do  Gassicourt,  J.  Pharm.  v.  432.) 

SCYXiXaZTS.  A  neutral  substance  occurring  in  cariilaginous  fishes,  chiefly  in  tlio 
kidneys  of  the  sharks  and  rays,  in  the  milt  and  liver  of  the  former,  and  in  the  liver 
and  gills  of  the  latter.  It  does  not  contain  either  nitrogen  or  sulphm-,  and  is  pro- 
bably isomeric  -with  inosite  ;  but  its  composition  has  not  been  exactly  determined. 

To  prepare  it,  the  organs  just  mentioned  are  triturated  with  pounded  glass,  then 
stirred  up  repeatedly  -with  alcohol,  and  pressed ;  the  filtered  extracts  are  evaporated  ; 
the  residue  is  exhausted  with  water;  and  the  filtrate  is  again  evaporated.  The  syrupy 
residue  is  then  treated  with  absolute  alcohol ;  the  portion  insoluble  therein  is  dis- 
solved in  water;  and  the  solution  is  left  to  evap)orate,  whereupon  it  deposits  crystals 
of  taurine  and  scyllite.  These  crystals  are  separated  from  the  mother-liquor  by  filtra- 
tion, then  dissolved  ;  and  the  somewhat  concentrated  solution  is  treated  with  basic 
acetate  of  lead,  whereby  a  lead-compound  of  scyllite  is  precipitated,  from  which  the 
lead  may  be  separated  by  sulphydric  acid. 

Scyllite  crystallises  in  anhydi-ous  monoclinic  prisms  having  a  vitreous^  lustre,  less 
soluble  in  water  than  inosite,  insoluble  in  absolute  alcohol.  It  has  a  faint  .sweetish 
taste,  and  is  precipitated  by  basic  acetate  of  lead,  from  its  perfectly  neutral  aqueous 
solution,  in  a  pasty  form,  like  inosite.  It  does  not,  however,  exhibit  t)ie  reactions  of 
inosite  with  nitric  acid,  ammonia,  or  chloride  of  calcium.  Nitric  acid,  of  specific 
gravity  1-3,  dissolves  it  only  .at  the  boiling  heat,  and  even  then  but  slowly,  and  without 
evolution  of  gas.  The  solution  contains  unaltered  scyllite,  which  may  be  separated  by 
alcohol.    Scyllite  is  dissolved  by  strong  sulphuric  acid  also,  only  at  high  temperatures; 
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it  is  not  coloured  by  boiling  -with  strong  soda-ley,  and  does  not  reduce  an  alkaline 
cupric  solution.    (Frerichs  and  Stadeler,  J.  pr.  Chem.  Ixxiii.  48.) 

SEA-SAIiT.  Chloride  of  sodium  more  or  less  mixed  with  other  salts,  obtained 
by  evaporation  of  sea-water.    (See  Sodium,  Chjloride  of.) 

SSA-WATSIZ.    See  Water. 

SSAWSEDS.  Tliese  plants,  \yliich  occur  abundantly  in  the  open  sea,  and  are 
often  heaped  up  in  vast  quantities  on  the  shore,  are  used  for  various  purposes — viz.,  as 
food  and  medicine,  in  certain  manufactures,  but  more  extensively  as  manure,  and  for 
the  sake  of  their  ash  (called  kelp  or  vare  c),  which  is  valuable  as  a  source  of  potas- 
sium-salts, and  as  tlie  principal  source  of  iodine. 

1.  Seaweed  as  Food  and  Medicine. — Many  seaweeds  contain  large  proportions  of 
gelatinous  or  mucilaginous  matter,  and  afford  demulcent  and  nutritive  jellies  ;  the  pro- 
jjortion  of  nitrogen  in  them  is  also  very  considerable.  The  following  table  exhibits  the 
proportions  of  dry  matter  and  nitrogen  contained  in  some  of  the  species  most  used, 
as  food  for  men  or  as  fodder  for  cattle,  in  the  British  Islands  and  the  North  of  Europe, 
according  to  the  determinations  of  J.  Davy  and  Apjohn : — 


Percentage  of  Dry  matter  and  Nitrogen  in  Seaweed: 


Dry 
matter. 

Nitrogen 

Plants, 

Water. 

per  cent, 
in  dry 

matter. 

Chondrus  critfpKs  (Carragheen or  Irish  moss),  bleached 

17-92 

82-08 

1-534 

„                  „                „  unbleached. 
Gigartina  mammillosa  ...... 

21-47 

78-53 

2-142 

21-,')5 

78-45 

2-198 

Laminaria  digitata,  or  dulse  tangle  .... 

21-38 

78-62 

1-588 

„               black  tangle  .... 

31-05 

68-95 

1-396 

Ehodomenia  folmata,  or  dylisk  .... 

16-56 

83-44 

3-465 

Porfhyra  laciniata,  or  laver  ..... 

17-41 

82-59 

4-650 

19-61 

80-39 

3-088 

Alaria  cscidcnta,  or  murlins  ..... 

17-91 

82-09 

2-424 

The  proportion  of  nitrogen  in  tliose  plants  appears,  from  these  analyses,  to  be  larger 
than  in  most  other  vegetable  esculents :  the  best  wheat-flour  (dried  at  100°)  containing, 
according  to  Apjohn,  1-817  per  cent,  nitrogen,  potatoes  0-541,  beetroot  1-848,  mangolds 
1-781,  and  Swedish  tm-nips  1  -843.  This  large  proportion  of  nitrogen  has  been  supposed 
to  account  for  the  high  nutritive  value  attributed  to  many  kinds  of  seaweed ;  but  the 
mere  percentage  of  nitrogen  existing  in  a  substance  cannot  be  taken  as  a  certain 
Indication  of  its  nutritive  value,  as  the  form  in  which  the  nitrogen  exists  is  like-wise 
of  great  importance  in  determining  whether  the  nitrogenous  constituent  of  the  plant 
is  capable  of  ready  assimilation  in  the  body  of  an  animal :  moreover,  the  nutritive 
power  of  a  substance  cannot  be  determined  without  taking  account  also  of  its  non-nitro- 
genous constituents. 

The  use  of  seaweed  as  food  is  most  extensive  in  China  and  Japan.  Laminaria  sac- 
charina,  sweet  tangle  or  sea-tape,  highly  esteemed  in  these  countries,  has  been  foxmd 
by  Stenhouse  to  contain  large  quantities  of  mannite. 

Plocaria  Candida  (called  Agar-Agar  by  the  Malays,  and  Buhing  in  Java)  is  imported 
into  this  country  as  commercial  Ceylon  Moss.  It  is  a  small  delicate  white  fucus,  con- 
taining about  70  per  cent,  of  starch  and  vegetable  jelly.  The  edible  birds'-nests, 
esteemed  as  a  delicacy  in  China,  are  probably  constructed  from  this  plant  by  a  species 
of  swallow,  the  Hit-undo  csculetita. —  Gelidimn  corneum  is  the  algiie  de  Java,  which  is 
made  into  an  iced  jelly,  and  sold  in  Ningpo  under  tlie  name  of  Niii-mau  (ox-hair  vege- 
table). Payen  has  extracted  from  it  27  per  cent,  of  a  peculiar  vegetable  substance, 
called  gelose,  which  he  finds  to  possess  ten  times  the  gelatinising  power  of  the  best 
isinglass.  The  same  substance  is  obtained  from  Plocaria  lichenoides,  a  seaweed  from 
the  Mauritiiis,  and  in  small  quantity  from  several  Eui'opean  seaweeds  ;  it  is  said  also 
to  be  obtained  from  certain  lichens  growing  on  trees  in  the  South  of  China,  and  in 
the  southern  islands  of  the  Philippine  Archipelago  (ii.  829). — Fucus  saccharintts,  the 
Kamho'/i  of  the  Japanese  and  the  Sca-ccd>hage  of  the  Russians,  which  is  found  in  great 
abundance  on  the  islands  and  shores  of  Eastern  Asia,  is  used  as  an  ingredient  of  soap, 
and  eaten  with  fish,  or  boiled  and  eaten  merely  with  salt.  Laminaria  potatorum 
furnishes  the  natives  of  Australia  with  food,  and  serves  also  as  a  material  for  their 
tools  and  vessels  ;  other  species  of  the  same  genus  constitute  an  important  rcsoirrce  to 
the  poor  on  the  west  coast  of  South  America,  to  the  Fuegians,  and  the  inhabitants  of 
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the  country  near  the  Straits  of  Magellan.  Under  the  name  of  hull-Jcdp,  it  is  largely 
citen  in  New  Zealand  and  Tasmania. — Durvillia  ittilis  is  used  as  food  in  Valparaiso, 
and  by  the  poorer  inhabitants  of  the  west  coast  of  South  America. — Euchcuma  spcciosian 
and  Gigartina  spcciosa  are  eaten  in  Australia. 

The  use  of  seaweed  as  medicine  depends  partly  on  the  gelatinous  matter,  jjartly 
on  the  iodine  contained  in  it.  Carragheen  moss  has  been  found  useful  in  pulmonary 
complaints. — Funis  vcsiculosus,  bladder-wraik  or  lady-wrack,  is  used  externally  as  a 
friction  in  glandular  enlargements,  and  the  juice  has  been  given  internally  with 
advantage  for  the  same  purpose. — Sargasstnn  haccifcrum  is  the  celebrated  gulf-weed 
of  the  Atlantic,  the  stems  of  which  are  said  to  constitute  the  goitrcsticks  chewed  in 
South  America,  where  that  disease  is  prevalent,  but  they  more  probably  come  from  the 
stems  of  the  Laminaria  digitata. — Vhcaria  helminthocortos  (also  called  Gracilaria 
lichcnu'idcs  or  Spharococcus,  Gigartina  lichenoides,  and  Corsicau  moss)  has  long  been 
used  by  the  Corsicans  as  an  anthelmintic. 

'2.  Use  in  Manvfacturcs. — A  process  has  been  recommended  by  Dr.  Stenhouse  for  the 
manufacture  of  acetic  acid  from  seaweeds  by  fermentation.  His  experiments  were 
conducted  with  some  of  the  fuel  ;  these  were  mixed  with  lime,  and  kepit  moist  at  a 
temperature  of  90°  F.  He  obtained  by  distillation  with  sulphuric  acid,  an  average  of 
1'5  per  cent,  of  anhydrous  acetic  acid,  contaminated  with  butyric  acid.  This  might, 
however,  be  separated  and  turned  to  account  in  the  manufacture  of  butyric  ether  or 
essence  of  pine-apple.  The  best  method  would  be  to  fennent  the  plants  in  pits  with 
lime  or  chalk,  at  the  ordinary  temperature  in  the  summer,  leaving  each  portion  in  for 
two  or  three  months,  and  supplying  its  pilace  by  a  fresh  load  until  the  lime  was 
saturated  ;  the  liquid  would  then  be  pumped  out,  evaporated  to  diyness,  the  residue 
sold  as  crude  acetate  of  calcium,  and  the  weed  carried  to  the  manure-heap.  Tlio 
whole  process  might  be  roughly  and  economically  carried  on  by  an  agriculturist  near 
the  sea. 

Seaweeds  are  used  as  substitutes  for  born,  shell,  whalebone,  indurated 
1  eath er,  &c.,  in  the  manufacture  of  various  articles.  One  process  consists  in  im- 
mersing the  weed,  from  which  all  extraneous  matters  have  previously  been  removed,  in 
a  lye  of  caustic  lime  for  three  hours,  then  steeping  it  in  very  dilute  sulphuric  acid, 
and  afterwards  in  a  solution  of  common  salt,  after  which  it  may  be  moulded  into  any 
desired  form.  Or  the  dry  material  is  ground  to  powder  and  mixed  with  glue,  to  which 
some  alum  and  powdered  resin  are  added,  or  with  coal-tar  or  bitumen,  and  baked,  then 
rolled  out,  or  pressed  in  moulds.  The  stems  of  Laminaria  digitata  (tangle  or  sea-girdle) 
make  excellent  handles  for  knives,  files,  &c.  If  the  blade  is  inserted  when  the  stem 
is  fresh  cut,  and  the  weed  then  allowed  to  dry,  it  contracts,  holding  the  blade  firmly, 
and  presenting  a  brown  wrinkled  appearance,  somewhat  like  buck-horn. 

A  kind  of  soap  may  be  made  by  treating  some  of  the  common  seaweeds  with 
alkalis. 

Attempts  have  been  made  to  use  seaweeds  in  the  manufacture  of  paper,  and  fur 
the  production  of  textile  fabrics  ;  but  the  true  algse  are  not  adapted  for  this  purpose, 
as  they  are  destitute  of  fibrous  structure.    The  seawraek,  Zosttra  which  is  not 

an  alga,  but  contains  fibre  resembling  that  of  the  grasses,  promises  better  results 
when  used  for  such  purposes. 

Many  seaweeds  exhibit  very  brilliant  colours,  but  it  docs  not  appear  that  any 
attempts  have  hitherto  been  made  to  utilise  them.  Several  varieties  of  Griffithsia 
yield  to  pure  water  a  brilliant  crimson  colour,  which  is  precipitated  by  soluble  chlorides, 
and  appears  to  combine  with  alumina  and  other  metallic  oxides. 

3.  Seaweed  as  Manure. — The  value  of  seaweed  as  manure  is  most  appreciated  in 
the  Channel  Islands;  the  "varec"  or  "  vraic,"  as  the  weed  is  there  called,  is  con- 
sidered so  valuable  that  special  laws  are  enforced  for  its  regular  collection  and  fair 
distribution  amongst  the  agriculturists,  many  of  whom  use  no  other  manure.  "Point 
de  vraic,  point  de  hangard "  has  passed  into  a  local  proverb.  The  weed  is  either 
thickly  spread  on  the  land,  and  ploughed  in  fresh  with  a  deep  plough,  or  dried  on  the 
beach,  and  bm-nt  on  the  cottagers'  hearths  as  fuel ;  the  charred  ash  thus  produced 
sells  at  6c?.  per  bushel  for  manure.  "Driftweed"  is  also  lai'gely  used  in  Ireland,  as 
the  only  manure  for  the  potato  crop;  this  is  interesting,  because  the  potato  requires  a 
eoiisideralilo  supply  of  potash.  This  alkali  can  hardly,  however,  be  required  in  the 
Channel  Islands,  as  the  granitic  subsoil  would,  in  disintegration,  fiu-nish  it  in  abun"- 
dance;  it  is  probably  the  earthy  phosphates  that  render  the  weed  so  fertilising  therf. 
This  is  borne  out  by  the  fact  that  the  lixiviated  seaweed  ash,  from  which  the 
alkalis  have  been  removed,  meets  with  a  ready  sale  in  Guernsey,  and  is  esteemed  indeed 
richer,  no  doubt  on  account  of  the  increased  percentage  of  phosphates.  The  residual 
seaweed  ash  from  the  iodine  factories  in  France  is  highly  ■\-alued  as  a  manure,  and 
carried  for  that  purpose  a  distance  of  thirty  miles  from  the  factory. 
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Seaweed  is  also  mueli  used  as  manure  in  the  Hebrides,  the  Isle  of  Thanet,  Cornwall, 
and  the  Isle  of  Man. 

100  pts.  of  decomposed  and  dried  seaweed  contain,  according  to  Way,  65'62  per  cent, 
organic  matter,  13'65  soda,  16-00  soluble  salts,  and  3'23  nitrogen  (  =  4  of  ammonia). 

4.  For  the  froduction  of  'Kelp  or  Varec,  as  sources  of  Iodine  and  Potassium-salts. — 
This  part  of  the  subjact  has  already  been  treated  under  the  head  of  "  Potassitdi-salts, 
Manufactuee  of"  (iv.  714).  We  here  give  a  table  of  the  composition  of  the  ash  of 
several  kinds  of  seaweed,  as  determined  by  Schwitzer,  Forchhammer,  and  Godecheiis : — 


Ash  of  Seaweed. 


CoDGtitucnts  of  the  Ash. 

North  Sea. 

I  a 
p 

Furcettaria  fastigiata, 
Cattegat. 

o  to 

Jridxa  edulis, 
Cattegat. 

i  i 

bu 

4 

a  Eo 

a 

a  £3 

a 

Fjtciis  scrratus, 
from  the  mouths,  of  the 
Cljde. 

Soda  

Lime  ..... 

Magnesia  .... 
Chloride  of  sodium  . 

potassium 
Iodide  of  sodium 
Pllo^pl^ate  of  calcium 
„  iron 

Sulphuric  acid  . 

Silica  .... 

184 

6- so 
8- 13 
33-72 

4-70 
8-41 
0-75 

10  CO 
0-68 

1C-C2 

6-  01 

7-  OS 
7-B9 

38-72 

0-27 
4-95 
0-64 

18-35 
0-40 

16-91 

8-28 
6-80 
26-92 
10  18 

12-80 

12- 63 
069 

21-36 
24-77 
6-02 
11  04 

3-96 

0-22 
32-63 

18  00 
19-47 
7-11 
11  80 

0-76 

42-86 

23-'l2 
16-06 
10-23 

i-66 
23-23 

25- 19 

21-23 
5-06 
2-92 

20-56 

l:i-85 
2-99 

28-66 
2-83 

13-72 
21-34 

2-  30 
5-94 

3-  90 

40-42 
12-3S 

22-40 
8-29 
8-79 
7-44 

28-39 

3-62 
5-63 

0-62 

13-26 
■  1-56 

1007 
15-80 
10-!iS 
10-93 
20  16 

0-  5) 
3-31 

0  29 

26-69 

1-  20 

4-51 
21-15 
11  09 
11-66 
18-76 

1-33 
9- 67 

0-34 

21  on 

0-43 

100-00 

100-00 

95-21 

100-00 

1 00  00 

99-79 

98-10 

100-00 

100-00 

100-00 

100-00 

Percentage  of  ash  in  weed 
dried  at  100°  . 

1  97-8 

25-83 

13G2 

1892 

20-61 

9-86 

1710 

1317 

20-40 

16-19 

15-63 
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Forchhammer. 

Godecheus. 

The  high  temperature  to  which  the  seaweed  is  exposed  in  the  ordinary  process  of 
incineration  gives  rise  to  the  loss  by  volatilisation  of  at  least  half  of  the  iodine,  and  of 
a  certain  portion  of  the  potassium-salts,  and  likewise  enables  the  carlion  to  reduce  the 
sulphates  to  sulphites,  hyposulphites,  aud  sulphites,  which  accumulate  in  the  mother- 
liquors,  and  necessitate  the  consumption  of  a  lar^e  quantity  of  sulphuric  acid  to  re- 
convert them  into  sulphates. 

To  obviate  these  and  other  disadvantages  attending  the  ordinary  process,  and 
further  to  economise  the  products,  Mr.  E.  C.  Stanford  proposes  to  subject  the  sea- 
weed, previously  dried,  to  destructive  distillation  in  iron  retorts,  whereby  they  yield 
the  usual  products  of  the  dry  distillation  of  organic  bodies — such  as  hydrocarbons, 
naphtha,  ammonia,  acetic  acid,  and  illuminating  gas.  The  residual  charcoal  then 
yields,  on  lixiviation,  a  colourless  solution,  which  is  nearly  free  from  sulphides,  and 
leaves  on  evaporation  a  crop  of  pure  salts  and  a  nearly  colourless  mother-liqnor,  con- 
taining all  the  iodine  and  bromine  of  the  seaweed.  (For  details,  see  a  paper  re-id 
before  the  Society  of  Arts,  February  14,  1862  ;  also  Pharm.  J.  Trans.  [2]  iii.  495  ;  also 
Richardson  and  Watts's  Chemical  Technology,  i.  [3]  529.) 

SSBACIC  ACIX>.    C'°H"0<    -      g2     [0^-     Fyroleic    acid,  Sebacylsaure, 

Fittsdure.  (Thenard,  Ann.  Chim.  xxxix.  193. — Dumas  and  Peligot,  Ann.  Ch. 
Phys.  Ivii.  332. — Redtenbacher,  Ann.  Ch.  Pharm.  xxxv.  188. — Bonis,  ibid.  Ixxx. 
303;  xcvii.  34. — W.Mayer,  ibid.  Ixxxiii.  143;  xcv.  160. — Rowney,  iJiVZ.  Ixxxii. 
103. — Carlet,  J.  Pharm.  [3]  xxiv.  176. — Arppe.  Ann.  Ch.  Pharm.  cxxiv.  98; 
Jahresb.  1862,  p.  283;  1864,  p.  377.— Gm.  xiv.  494.)— This  acid,  the  highest  known  terra 
of  the  oxalic  series,  C"!!""""-©'  (i.  52),  is  produced  : — 1.  By  the  dry  distillation  of  oleic 
acid,  and  of  hog's-lard  and  other  fats  containing  oleic  acid  or  olein  (Thinard,  Ber- 
zelins,  Redtenbacher). — 2.  Together  with  other  acids  of  the  oxalic  series,  by  the 
oxidising  action  of  nitric  acid  on  fats.  Spermaceti  thus  treated  yields  sebacic  and 
azelaic  acids. — 3.  Together  with  heptylic  or  octylic  alcohol,  and  other  products,  by 
distilling  castor-oil  or  ricinolelc  acid  with  excess  of  caustic  alkali.  (Bonis  and  others, 
1-98;  iii.  144;  v.  110.) 
Preparation. — Sebacic  acid  is  best  prepared  from  castor-oil  by  distillation  with 
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fused  potash.  Delfs  (Jahresb.  1862,  p.  320)  allows  2  pts.  of  castor-oil  to  flow  into 
1  pt.  of  caustic  potash,  fused  aud  mixed  with  a  small  quantity  of  water,  continuing  the 
heat  till  the  mass  assumes  a  faint  yellowish  colour.  Ou  dissolving  the  residue  in 
boiling  water,  and  mixing  it  at  the  boiling  heat  with  hydrochloric  acid,  the  filtrate,  as 
it  cools,  yields  sebaeic  acid  in  bulky  needles. 

The  residue  left  in  the  retort  in  the  preparation  of  heptylic  or  octylic  alcohol  from 
castor-oil,  may  also  be  made  available  for  the  preparation  of  sebaeic  acid.  This 
residue  is  decomposed  by  hych'oehloric  acid,  and  the  sebaeic  acid  is  extracted  by  boiling 
water  from  the  mixtiu-o  of  insoluble  acids  thereby  separated  (Bonis).  Peterson 
(Ann.  Ch.  Pharm.  ciii.  18-1)  boils  the  residue  with  water ;  strains  the  liquid  ;  precipitates 
the  other  fatty  acids  by  adding  a  small  quantity  of  hydrocliloric  acid ;  then,  after 
separating  these  by  filtration,  precipitates  the  sebaeic  acid  by  excess  of  hydrochloric 
acid,  and  purifies  it  by  recrj'stallisation  from  hot  water,  with  aid  of  animal  charcoal. 

The  quantity  of  sebacie  acid  obtained  from  fats  by  dry  distillation  or  by  oxidation  of 
nitric  acid  is  very  small,  and  it  is  difficult  to  separate  the  sebaeic  acid  from  the  other 
solid  acids  produced  at  the  same  time.  According  to  Arppe,  spermacetic  aud  stearic 
acids  yield  sebaeic  acid  in  larger  quantity  tlian  other  fats. 

Properties. — Sebaeic  acid  crj'stallises  in  white,  nacreous,  very  light  needles  or  lamin;B 
resembling  benzoic  acid.  It  has  an  acid  taste,  reddens  litmus  strongly,  does  nut 
lose  weight  at  100°,  melts  at  127"",  solidifies  to  a  crystalline  mass  on  cooling,  and 
sublimes  at  a  higher  temperature.  The  melted  acid  has  a  specific  gravity  of  i'317. 
Its  vapour  irritates  the  palate,  and  has  the  odour  common  to  all  fatty  bodies.  It  is 
slightly  soluble  in  cold,  very  soluble  in  hot  water,  dissolves  very  easily  also  in  alcohol, 
ether,  and  fat  oils. 

Decompositions. — 1.  Sebaeic  acid  heated  with  strong  nitric  acid  dissolves  slowly, 
and  is  converted  into  pyrotartaric  acid  (Schli  eper,  Ann.  Ch.  Pharm.  Ixx.  121) ;  succinic 
acid  (Carlet);  succinic,  pimelic,  aud  perhaps  also  adipic  acid  (Wirz,  Ann.  Ch.  Pharm. 
civ.  280) ;  succinic  and  oxypyrolic  acids  (Arppe,  Ann.  Ch.  Pharm.  xcv.  212) ;  accord- 
ing to  later  experiments,  also  adipic  acid  (Jahresb.  1862,  p.  377). — 2.  Sebaeic  acid  is 
attacked  by  fentachloride  of  i^hosphorus,  with  formation  of  hydrochloric  acid  gas, 
phosphoric  oxychloride,  and  sebaeic  anhydride  (Gerhardt  and  Chiozza,  Compt. 
rend.  xxx.  1050). — 3.  Chlorine  acts  on  sebaeic  acid  only  in  sunshine,  forming  two 
yellow  substitution-products,  C'^H'^CIO'  aud  C"'H"'CP6'',  which  are  pasty  at  mean 
temperature  (Carlet). — 4.  The  calcium-salt  of  sebaeic  acid,  subjected  to  dri/ dist/lla- 
r^ion,  gives  oif  hydrogen  gas,  and  yields  an  oil  boiling  between  80°  and  200°. — Ou 
rectifying  tliis  oil,  a  liquid  passes  over  between  85°  aud  90°,  which  has  a  pleasant 
ethereal  odour,  and  appears  to  be  propionic  aldehyde, — then,  between  156°  and  200°, 
oonanthol  (xii.  446)  distils  over  (Calvi).  When  sebate  of  calcium  is  distilled  with 
excess  of  lime,  sebacin  (p.  214)  is  obtained,  together  with  an  oil  boiling  between  80° 
and  280°.  The  latter,  when  rectified,  first  yields  a  product  which,  when  treated  with 
nitric  acid,  forms  nitrobenzene,  and  is  therefore  probably  benzene — then,  between  90® 
and  100°,  propionic  aldehyde — and  at  1 60°  oenauthol,  inasmuch  as  the  portions  which 
distil  at  these  temperatiu'es  form,  with  nitric  acid,  propionic  and  ananthylic  acids 
(Petersen,  Ann.  Ch.  Pharm.  ciii.  184).  By  distillation  with  excess  of  hart/ta, 
sebaeic  acid  yields  carbonate  of  barium  and  a  hydrocarbon,  C'"H'^,  boiling  between 
125°  aud  130°,  chiefly  at  127°  (A.  Riche,  Eep.  Chim.  pure,  ii.  127).— 5.  When  alco- 
holic sebaeic  acid  is  treated  with  hydrochloric  acid  gas,  an  oil  is  produced,  which  when 
treated  with  ammonia  forms  sebamide  and  sebaeic  acid,  and  is  therefore  probably 
a  mixture  of  neutral  and  acid  ethyl-sebacic  ether.  (Rowney.) 

Sc  bates. — Sebaeic  acid  is  dibasic,  forming  acid  and  neutral  salts.  The  sebates  of 
the  alkali-metals  and  alkaline  earth-metals  are  soluble  in  water;  the  rest  are  obtained 
by  double  decomposition.  All  the  acid  sebates,  excepting  the  ammonium-salt,  decom- 
pose with  great  facility. 

The  neutral  ami)wnium-salt  is  very  soluble  in  water,  crystallises  confusedly,  and  gives 
off'ammonia  in  drying.  By  dry  distillation  it  yields  sebamic  acid  (Kraut)  — Theacid  S(dt 
forms  plumose  crystals,  slightly  soluble  in  alcohol. — The  2>otassium-salf,  C'"II"*K-0'', 
crystallises  from  concentrated  solution  in  small  nodules,  very  soluble  in  water,  non- 
deliquescent,  slightly  soluble  in  absolute  alcohol. — The  sndium-scdt  is  similar,  but  less 
soluble  in  water.— The  ceilcium-scdt,  C"'II"'Ca"0'  (at  100°)  is  but  slightly  soluble  in 
water,  and  is  obtained  by  precipitation.  From  a  dilute  solution  it  crystallises  by  spon- 
taneous evaporation,  in  white,  shining,  very  thin  scales. — -The  c02jper-salt  is  a  greenish- 
blue  precipitate.  The  mother-liquor,  when  left  to  evaporate,  yields,  on  the  siu-face  a 
green  crust  of  crystalline  grains.  The  salt,  when  heated,  melts  before  decomposing. — 
The  ferric  scdt  is  a  flesh-coloured  precipitate,  which  is  decomposed  by  carbonate  of 
ammonium,  part  dissolving  with  red  colour,  while  the  rest  is  changed  into  an  insoluble 
basic  salt.  The  neutral  salt  melts  when  heated,  and  then  decomposes  with  intumes- 
cence.—The  lead-salt  is  a  white  precipitate,  converted  by  ammonia  into  a  basic  salt.— 
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The  mercurous  salt  is  obtained,  as  ii  precipitate,  by  treating  mercurous  nitrate  either  'witll 
sebacic  acid  or  an  alkaline  sebate. — The  silver-salt,  C'H'^Ag^O'',  is  a  ■white,  curdy, 
nearly  insoluble  precipitate,  obtained  with  nitrate  of  silver  and  an  alkaline  sebate.  When 
heated  in  a  tube  it  yields  metalhc  silver  and  a  white  crystalline  sublimate. 

Spomffiic  acid.  An  acid,  isomeric  with  sebacic  acid,  produced  by  the  action  of 
moderately  strong  nitric  acid  on  convolviilic  acid,  convolviilinolic  acid,  jalapin,  jalapic 
acid,  or  jalapiuolic  acid.  It  resembles  sebacic  acid  in  most  of  its  properties  and 
reactions,  but  melts  at  a  lower  temperature,  viz.  at  104°.  The  acid  and  its  salts 
become  electric  by  friction.  The  precipitate  formed  by  ipomaeate  of  ammonium 
with  chloride  of  calcium  is  amorphous  at  first,  and  becomes  crystalline  only  after 
standing  for  some  time,  whereas  the  corresponding  precipitate  formed  by  sebate  of 
ammonium,  is  crystalline  when  first  formed.  (W.  May  er,  Ann.  Ch.Pharm.  lxxxiii.143; 
xev.  160.) 

SSBACZC  STHI3KS.  Methylic  Sebate,  or  Methyl-sebacic  Ether, 
C'-H^-O^  =  C"'H'«(CH^)=0-',  is  obtained  by  gradually  adding  methylic  alcohol  to  a 
solution  of  sebacic  acid  in  strong  sulphuric  acid,  agitating  the  liquid,  and  cooling  the 
vessel  with  cold  water.  The  ether  is  then  precipitated  by  addition  of  water,  washed  first 
with,  alkaline,  then  with  pure  water,  and  crystallised  from  alcohol.  It  melts  at  25'5°, 
and  crystallises  in  fine  needles  on  cooling.  It  is  heavier  than  water  when  solid,  but 
lighter  in  the  melted  state.  It  has  a  very  faint  odom- ;  boils  without  alteration  at 
285  '•;  is  decomposed  by  potash  into  potassic  sebate  and  methylic  alcohol ;  and  is  con- 
verted by  ammonia  into  sebamide.    (Carlet,  Compit.  rend,  xxxvii.  130.) 

Ethylic  Sebate,  or  Ethyl-sebaeic  ether,  C^^WO*  =  C'»H"'(C^H^)=0',  is  easily 
prepared  by  dissolving  sebacic  acid  in  a  small  quantity  of  alcohol,  and  saturating  the 
solution  with  hydrochloric  acid  gas.  The  chloride  of  ethyl  formed  at  the  same  time  is 
expelled  by  a  moderate  heat ;  and  the  product  is  washed  with  water  containing  sodic  car- 
bonate, then  dried  over  chloride  of  calcium,  and  rectified.  It  is  liquid  above  — 9-",  lighter 
than  water,  has  an  agreeable  odour,  and  boils  at  308°.  It  is  insoluble  in  cold  water, 
but  dissolves  easily  in  alcohol.  Ammonia  converts  it  into  sebamide.  (Kedtenbacher, 
Ann.  Ch.  Pharm.xxxv.  193.) 

The  acid  sebates  of  ethyl  and  methyl  have  not  been  prepared ;  but  they  are  doubtless 
formed,  together  with  the  neutral  ethers,  by  the  action  of  hydrochloric  acid  gas  on  the 
alcoholic  solutions  of  sebacic  acid,  inasmiich  as  these  solutions,  when  treated  with 
ammonia,  yield  sebamic  acid  as  well  as  sebamide. 

Biglycerylic  Sebate  or  Sebin,C^<W(y  =  (C"'H"0770».  —  Produced  in 

H'  ) 

small  quantity  as  a  crystallisable  solid,  by  heating  sebacic  acid  with  glycerin  to  200°  : 

C'S'sQ'  +  2Cm^0^  =  C'E^'Os  +  2H=0; 
more  abundantly,  together  with  ehlorhydrin,  by  the  action  of  hydrochloric  acid  gas  (/lI 
a  mixture  of  sebacic  acid  and  glycerin  heated  to  100°.  As  thus  obtained,  it  is  liquid 
at  first,  but  after  drying  at  120°,  solidifies  partially  after  a  few  days,  and  completely 
at — 40°.  It  gives  off  acrolein  when  heated.  Oxide  of  lead  converts  it  into  sebacic  acid 
and  glycerin.  AVith  alcoholic  hydrochloric  acid,  it  yields  ethylic  sebate  and  glycerin. 
(Berthelot,  Ann.Ch.  Phys.  [3]  xli.  293.) 

SSBA.CZSr.  C'°II'^. — A  hydrocarbon  obtained,  together  with  propionic  aldehyde, 
couanthol,  and  a  small  quantity  of  benzene,  by  the  dry  distillation  of  calcic  sebate 
mixed  with  excess  of  lime.  It  partly  condenses,  as  a  solid  fatty  mass,  on  the  sides  of 
the  receiver  and  the  neck  of  the  retort,  and  partly  separates  from  the  liquid  product 
when  left  at  rest.  When  purified  by  solution  in  oil  of  vitriol,  precipitation  with  water, 
and  recrystallisation  from  alcohol,  it  forms  nearly  coloiu-less  iaminse,  which  easily  cake 
together.  It  is  tasteless  and  inodorous,  lighter  than  water,  melts  at  65°,  and  volatilises 
at  a  temperature  above  300°.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether,  dissolves  with  red  colour  in  oil  of  vitriol,  and  is  precipitated  in  its  original  state 
by  wafer.  It  is  scarcely  altered  by  nitric  acid  or  caustic  potash.  (Petersen,  Ann.  Ch. 
Pharm.  ciii.  187.) 

SSBAMIC  ACXS>.  C'S'^NO'  =  (C'"H"^02)" Iq.    (Eowncy,  Chom.  Soc.  Qu. 

iv.  334. — Kraut,  GmelirCs  Handbook,  xiv.  501.) — Produced:  1.  By  the  action  of 
ammonia  on  ethyl-sebacic  acid  (Eowney). — 2.  By  the  dry  distillation  of  neutral 
sebate  of  ammonium.  (Kraut.) 

Preparation. — 1.  The  oily  mixture  of  neutral  sebacic  ether  and  ethyl-sebacic  acid, 
obtained  by  the  action  of  liydrochloric  acid  gas  on  alcohoUc  sebacic  acid,  is  digested 
with  strong  aqueous  ammonia  for  several  weeks  in  a  dosed  vessel,  or  till  the  oil  is 
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converted  into  a  granular  mass,  the  sebamide  which  separates  from  the  liquid  contain- 
ing sebamic  acid  being  removed  by  filtration,  and  washed  to  free  it  from  mother- 
liquor.  The  several  portions  of  liqxiid  are  theu  united  and  concentrated  over  the  water- 
bath  ;  the  sebamic  acid  is  precipitated  by  hydrochloric  acid,  washed  with  cold  water, 
and  dissolved  in  dilute  aqueous  ammonia,  which  still  leaves  a  small  quantity  of  seba- 
mide undissolvd  ;  the  solution  filtered  therefrom  is  again  precipitated  by  hydrochloric 
acid  ;  and  the  resulting  precipitate,  after  being  washed,  is  purified  by  recrystallisatioa 
from  water  (Rowney). — 2.  Neutral  sebate  of  ammonium  yields  by  simple  distillation, 
first  a  colourless,  then  a  yellowish  empyroimiatic  distillate,  which  is  to  be  dissolved  in 
ammonia,  filtered  from  a  small  quantity  of  oil  which  separates,  and  precipitated  with 
hydrochloric  acid.  The  precipitate  is  washed  with  cold  water,  and  recrystallised  from 
boiling  water.  (Kraut.) 

Properties. — Sebamic  acid  forms  rounded  gi'anules  (Rowney);  a  white,  crystalline, 
pulverulent  mass  (Kraut).  Has  an  acid  reaction  (Rowney).  It  is  sparingly  soluble 
in  cold,  easily  in  warm  water,  alcohol,  and  ammonia.  When  boiled  with  calcic  carbo- 
nate, it  gives  oif  carbonic  acid,  and  forms  a  calcium-salt,  slightly  soluble  in  water 
(Kraut).  The  solution  of  sebamic  acid  in  ammonia  does  not  precipitate  the  alkaline 
earths;  it  precipitates  acetate  of  lead,  and  forms,  with  nitrate  of  silver,  a  precipitate 
soluble  in  ammonia  and  in  nitric  acid.  (Rowney.) 

Sebamic  acid  gives  off  ammonia  when  boiled  with  potash  (Rowney). — The 
sodium-salt  brought  in  contact  with  Moriele  of  hcnzoijl,  yields  chloride  of  sodjum  and 
an  oil,  which  may  be  dissolved  out  by  ether,  is  left  behind  when  the  ether  evaporates, 
gives  oif  ammonia  when  fused  with  hydrate  of  potassium,  is  insoluble  in  water  and 
ammonia,  and  when  washed  with  ammonia,  gives  up  to  it  only  a  small  quantity  of  free 
acid.  (Kraut.) 

C'^H^oNW    =  (Rowney,  Zoe.di.—Carlot, 

Compt.  rend,  xxxvii.  128.) — Produced  as  just  described  from  ethylic  sebate,  or  in  like 
manner  from  methylic  sebate,  and  purified  by  wo  reerystallisations  from  alcohol.  It 
is  neutral,  and  forms  hard  rounded  granules  composed  of  microscopic  needles,  insoluble 
in  cold,  moderately  soluble  in  boiling  water  ;  insoluble  in  ammonia,  slightly  soluble  in 
cold  alcohol,  very  soluble  in  boiling  alcohol.  By  water  it  is  gradually  converted  into 
sebate  of  ammoniiim.  It  is  not  attacked  by  potash  in  the  cold,  but  gives  off  ammonia 
when  boiled  therewith. 

SESIKT.    Diglj'cerylic  Sebate.    (See  Sebacic  Ethers,  p.  214.) 

SECi^l.2a  CS^SAtE,    Rye.    See  Ceeeai.s  (i.  823). 

SECASiS  CORUB'TO'Sa.  Ergot. — These  names  are  applied  to  several  fungi 
growing  on  the  ears  of  grasses.  They  diflfer  in  structure  and  in  chemical  composition 
according  to  the  plant  on  which  they  grow.  Ramdohr  (Arch.  Pharm.  cxxxi.  179)  has 
examined  the  ergots  from  rye,  from  barley,  and  from  Bromus  secalinus;  and  finds  that 
they  differ  in  the  proportions  of  organic  substance,  water,  and  ash  contained  in  them — 
also  in  the  composition  of  the  organic  substance  and  of  the  ash,  but  the  differences 
are  not  important.  (See  Hanclw.  d.  Chcm.  vii.  732).  Respecting  the  detection  of 
ergot  in  rye,  sec  Rye  (p.  141). 

SECOSrsSARir  AICOHOXS.  This  term,  with  its  correlatives,  primary  and  ter- 
tiary alcohols,  has  been  emjjloyed  by  Kolbe  to  express  certain  differences  in  the  man- 
jier  in  which  the  carbon  is  linked  together  in  the  alcohols.  These  three  terms  are 
borrowed  from  the  nomenclature  of  the  compound  ammonias  (Ann.  Ch.  Pharm.  [1864] 
Ivi.  102).    Thus  we  have:— 

fH  fR  (R  (R 

N^H  N^H  N|R  N^R 


ai  (H  (r 

Amnionia  Primary  Secondary  Tertiary 

(type).  amine.  amiue.  amine. 


H  /R  /R 

cJj?  C  5  C 


OH  OH  OH 


^R 
R 
R 

OH 


Methylic  Primary  Secondary  Tertiary 

alcoliol  (type).  alcohol.  alcohol.  alcohol. 

Just  as  in  ammonia  there  are  three  atoms  of  hydi'ogen  capable  of  replacement  by 
radicles,  so  in  methylic  alcohol  there  are  three  atoms  of  hydi-ogen  capable  of  replace- 
ment by  radicles.  Tliis  parallel  must  not,  however,  be  followed  too  far,  inasmuch  as 
whereas  NIP  takes  up  HCl  (equal  to  U"),  CW  can  only  take  up  CI  or  OH  (equal  to  II). 
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The  alcohols  obtained  by  fermentation,  the  so-called  normal  alcohols,  are  believed  to 
bo  of  the  primary  class.  The  alcohols  obtainedby  the  addition  of  hydrogen  to  the  ketones 
are  secondary.  A  tertiary  alcohol  appears  to  have  been  obtained  by  Buttlerow  and  by 
Wanklyn. 

The  following  formulae  exhibit  the  structural  differences  in  the  three  classes  of 
alcohols : — 

Primary  Alcohols. 


oil 

'oh 

Methylic 
alcohol, 
(type). 


rcw 
Ih 

I  OH 

Ethylic 
alcohol. 


I  OH 

Propylic 
alcohol. 


CH-CH^CH' 

H 

H 

OH 

Butylic 
alcohol. 


Secondary  Alcohols. 


fCH-CH^CH^CH' 
I  OH 


Amylic 
alcohol. 


^1h 

I  OH 

Type. 


alcohol. 


(oh 

Abnormal 
butylic 
alcohol. 

Tertiary  Alcohols. 


CH^CH' 
CH^CH' 
H 
OH 

Abnormt 
amylic 
alcohol. 


I  OH 

Type. 


(Off 
CH^ 
CH^ 
I  OH 

Abnormal 
butylic 
alcohol. 


CH-'Cff 
CW 
CH^ 
OH 

Abnormal 
amylic 
alcohol. 


fCH^CH' 
p,  JCH^Cff 

I  OH 

Abnormal 
hexylic 
alcohol. 


fCH-CH^ 
JCH-CH' 
'  jCH^CH' 

I  OH 

Abnormal 
heptylic 
alcoiiel. 


On  inspecting  these  formulse,  it  appears  that  there  cannot  be  a  secondary  ethylic  alco- 
hol, and  that  neitlier  ethylic  nor  propylic  alcohol  is  possible  in  the  tertiary  series. 

The  experimental  evidence  of  the  existence  of  these  different  kinds  of  structure  in 
different  alcohols  may  be  set  forth  as  follows : 

Genesis  of  the  Alcohols  of  the  Primary  Type. 

Starting  with  CH'Na  and  CO-  we  get — 

('C(NaO)O" 

C  5 


■wherein  the  sodium  which  saturates  one  quarter  of  the  one  atom  of  carbon  is  replaced 
by  an  equivalent  of  the  other  carbon,  whilst  the  sodium  goes  to  saturate  half  of  one 
of  the  atoms  of  oxygen  which  existed  in  combination  in  the  carbonic  anhydride.  On 
distUling  together  CH^C(NaO)0"  and  formate  of  sodium,  there  is  produced  aldehyde 
and  carbonate  of  sodium : 


(•C(NaO)0" 


'IH 
iH 


C 


(NaO) 

H 

0" 


CHO" 
H 
H 
H 


This  reaction  consists  in  interchange  between  (NaO)  and  H. 
(aldehyde),  we  add  nascent  hydrogen,  and  get : 

fCHO" 
H 
H 
IH 

Aldehyde. 


(NaO) 
(NaO) 
0' 

Arrived  at  CH'CHO" 


CHH(OH) 
H 
H 
H 

Alcohol. 


Prom  alcohol  we  get  iodide  of  ethyl ;  from  iodide  of  ethyl  we  get  zinc-ethyl,  and  then 
sodium-ethyl,  CH^CH^Na.  Acting  upon  sodium-ethyl  with  carbonic  anhydride  we 
get:— 


CH^Na 
H 
H 
H 


C 


1? 


c 


CH^C(NaO)0" 
H 
H 
II 
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Whence,  as  before,  by  means  of  formiate  : — 

rCH'CHO" 


Then  on  addition  of  hydrogen  : — 


CH^CHO"  fCH2CHH(0H) 

H  .        TT,  H 


H  IH 

The  compound  last  formulated  is  the  primary  propylic  alcohol.  Now,  if  the 
mechanism  of  these  reactions  be  studied,  it  will  be  apparent  that  the  last  atom  of 
carbon  wliich  is  joined  on  to  the  group  is  that  which  is  ultimately  combined  with  the 

peroxide  of  hydrogen.    We  add  CO^,  which  goes  through  the  stages,  CO(ONa)^' 

C0h9,  and  CH(0n)H5. 

If  the  formiilse  of  the  primary  alcobols  be  examined,  it  will  appear  that  one  of  the 
chief  characteristic  structural  features  of  these  alcohols  is  that  the  atom  of  carbon 
which  is  in  combination  with  the  peroxide  of  hydrogen  is  in  combination  with  onlij  one 
atom  of  carbon.  This  condition  is  satisfied  by  the  alcohol  resulting  from  the  series  of 
reactions  above  given.  It  is  supposed,  but  has  not  been  proved,  that  the  alcohols  result- 
ing from  the  fermentation  of  sugar  are  identical  with  those  given  by  the  synthetical 
method. 

Genesis  of  the  Alcohols  of  the  Secondary  Type. 

The  formula  of  a  secondary  alcohol  requires  that  the  same  atom  of  carbon  which  is 
in  combination  with  peroxide  of  hydrogen  shoidd  be  in  imion  mth  two  atoms  of  carbon. 
This  condition  is  satisfied  by  forming  an  alcohol  by  the  addition  of  hydrogen  to  a 

. 

ketone.  The  constitution  of  a  ketone  is  this — C<  R,  as  is  shown  by  the  general  history 

(O" 

of  the  ketones,  but  most  decisively  by  their  formation  from  carbonic  oxide  and  the 
compounds  of  the  alkali-metals  with  the  alcohol-rathcles  : 

CO  +  2NaR    =    Na2  -h  CORE. 

If  then  we  take  a  ketone  and  operate  upon  its  oxygen  with  nascent  hydrogen,  the 
resulting  alcohol  must  contain  an  atom  of  carbon  which  is  in  direct  union  with  peroxide 
of  hydrogen,  and  with  two  atoms  of  carbon :  e.g. — 

.0"  (OH  0"  fOH 

CJe     +    H2    =    C  5^  ;       CJCH'  +  =  Q,\%, 


The  known  examples  of  secondary  alcohols  are  a  pseudo-  or  abnormal  propylic 
alcoliol,  obtained  from  acetone  and  nascent  hj'drogen,  and  by  attacking  glycerin  with 
hydriodic  acid,  and  then  decomposing  tlie  resulting  abnormal  iodide  of  isopropyl  with 
appropriate  reagents — a  pseudo-butyric  alcohol,  a  pseudo-amylie,  and  a  pseudo-hexylic 
alcohol,  the  last-named  being  obtained  from  glycerin. 


Genesis  of  the  Alcohols  of  the  Tertiary  Type. 

Inspection  of  the  formula  of  a  tertiary  alcohol  will  reveal  the  fact  that  a  tertiary 
alcohol  must  contain  an  atom  of  carbon  which  is  in  union  with  one  atom  of  peroxide  of 
hydi'ogen,  and  three  of  carbon.  This  structural  peculiarity  has  been  realised  by 
Buttlerow,  who  made  chloride  of  acetyl  act  on  zinc-ethyl  as  follows  : — 


Chloride 
of  acetyl. 
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The  action  of  water  iipon  tlie  latter  compound  gives  hydrate  of  zinc  and  the  tertiary 
alcohol : — 


/(OH) 


CI    c4  +    H^O       =  +  ^HO. 


(CH^ 


In  the  reaction  between  carbonic  oxide  and  sodium-ethyl  there  appears  to  result  a 
certain  quantity  of  a  tertiary  alcohol,  as  follows : — 

rO" 

CO  +  2NaC=H5    =    Na^  +  C^C2H^ 


C(ONa) 


W  +  NaC^ff    =  C 
(OH) 


r 

■{  c^: 

l'(ONa) 
J  C^H^ 
)  C=H* 
I  C^H= 


C]  +   H=0    =     C    gg^     +  NaHO. 

i  C-H'  (  C'H^ 

The  characters  of  the  tertiary  alcohols  are  almost  unknown.  The  secondary  alcohols 
boil  at  lower  temperatures  than  the  corresponding  primary  alcohols,  and  oxidise  into 
ketones  instead  of  into  aldehydes.    They  are  apt  to  evolve  their  olefine. 

J.  A.  W. 

SSiCOMBARir  ABSIBES  and  Compounds  derived  from  a  single 

or  multiple  molecule  of  ammonia,  by  the  replacement  of  two-thirds  of  the  typic  hydro- 
gen by  acid  and  basylous  radicles  respectively  (i.  170,  174). 

SEIGBIETTS  SA.1iT.    Sodio-potassic  tartrate.    (See  Taktakic  Acid.) 

SES«ABOS3"2TS.    Syn.  with  Geeen  Earth  (ii.  944). 

SSSsBITE.  An  ash-grey  or  black  silver  ore  from  Wolfach  in  Baden  and  the 
Mexican  mines,  where  it  is  called  Plata  Azul.  It  is  said  to  consist  mainly  of  silver- 
carbonate,  but  is  probably  only  a  mixture. 

SSS.E23-ilI.Bma.  C''H'-'NSe-.  (Wohler  and  Liebig,  Ann.  Ch.  Pharm.  Ixi. 
14.) — A  base  analogous  tothialdine,  produced  by  the  action  of  selenhydric  acid  on  alde- 
liydate  of  ammonium.  To  prepare  it,  the  gas  is  passed  into  a  rather  concentrated 
aqueous  solution  of  the  aldehydate,  in  an  apparatus  from  which  the  air  has  been  expelled 
by  a  current  of  hydrogen ;  and  when  the  liquid  has  deposited  crystals  of  selenaldine,  the 
excess  of  selenhydric  acid  gas  is  likewise  expelled  by  a  current  of  hydrogen.  The  super- 
natant liquid  containing  selenhydrate  of  ammonium  is  then  displaced  by  a  stream  of 
cold  de-aerated  water,  and  the  crystals  are  collected  on  a  filter,  pressed,  and  dried  over 
oil  of  vitriol. 

Selenaldine  forms  small  colourless  crystals,  probably  isomorphous  with  thialdiue, 
having  a  faint  disagreeable  odour,  and  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  but  not  crystallisable  by  evaporation  in  a  vacuum.  It  is  easily  decom- 
posed by  heat,  giving  off  a  fetid  gas ;  when  boiled  with  water  it  also  gives  off  a  veiy 
fetid  substance,  and  deposits  a  yellow  powder.  Its  solution  in  water,  alcohol,  or  ether 
yields  aldehydate  of  ammonium  on  exposure  to  the  air,  and  deposits  an  orange- 
coloured  amorphous  powder,  which  is  insoluble  in  alcohol  and  ether,  melts  to  a  yellow- 
red  mass  in  boiling  water,  and  yields  by  distillation  a  very  fetid  oil  containing  selenium. 
Selenaldine  dissolves  in  dilute  hydrochloric  acid,  forming  a  liquid  which  is  precipitated 
by  ammonia  and  decomposes  quickly,  depositing  a  yellow  powder,  and  emitting  an 
offensive  odour. 

SEZiEM"i4.RSSIir.    Syn.  with  Selenide  of  Cacodtl  (i.  408). 

SElaEJSS'STH'S'Si.  (C-H*)-Se.  Already  described  as  Selenxde  of  Ethyl  (ii. 
644). 

SEEiBSlHYDSIC  ACIB.  H'Se.  Described  as  Selenide  or  Hydrogen  (iii. 
202).  It  may  also  be  jjrepared  by  heating  selenium  in  a  slow  stream  of  pure  dry  hydro- 
gen gas,  forming  easily  as  soon  as  the  selenium  assumes  the  form  of  vapour.  It  de- 
composes at  higher  temperatures;  remains  gaseous  at  — 16°.  (Uelsmann,  Ann.  Ch. 
Pharm.  cxvi.  122.) 

SEXiBirxc  ACXB.    See  Selenium,  Oxygen- acids  of. 
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SESiSSTEBES  and  SEX.S3!JrHYS»saAT3BS.  Selenium  unites  with  metals  and 
with  alcohol-radick-s,  forming  compounds  analogous  in  composition,  projjerties,  and 
mode  of  forniatiou  to  the  sulphides. 

Metallic  Selenides  are  ohtained  in  the  dry  state: — 1.  Bydirectlyfusingthe  metal 
with, selenium,  the  combination  being  often  attended  with  dovelojiment  of  light  and 
heat,  not  so  vivid,  however,  as  in  the  combination  of  sulphur  with  the  same  metals  ; 
also  by  heating  the  metal  in  vapour  of  selenium. — 2.  By  precipitating  most  of  the  heavy 
metallic  oxides  dissolved  in  acids,  by  means  of  selenhydric  acid,  or  of  a  disssolved 
selenide  of  an  alkali-metal,  or  by  heating  a  hydrated  metallic  seleuide. — 3.  By  heating 
selenium  with  metallic  oxides  or  their  carbonates,  whereby  part  of  the  selenium  is 
converted  into  seleuious  oxide :  thus,  the  alkalis  fused  with  selenium  produce  an 
alkaline  selenite  and  a  metallic  selenide  (Berzelius). — 4.  By  igniting  selenites  or 
selenates  with  hydrogen  or  charcoal. 

The  selenides  of  the  alkali-metals  have  a  red  or,  if  they  contain  excess  of  selenium, 
a  dark  red-brown  colour,  and  the  hepatic  taste  and  smell  of  the  corresponding  sulphides. 
Their  aqueous  solutions,  which  may  be  obtained  by  passing  selenhydric  acid  gas  into 
solutions  of  the  caustic  alkalis,  are  colourless  when  pm-e,  but  are  gradually  coloured 
red  by  free  selenium  held  in  solution.  On  exposure  to  the  air,  they  decompose,  vnth 
deposition  of  crybtalliue  selenium.  When  selenhydric  acid  gas  is  passed  to  saturation 
into  a  solution  of  caustic  alkali,  a  selenhydrate  of  the  alkali-metal,  e.ff.  KHSe,  is 
produced. 

The  selenides  of  the  alkaline  earth-metals  are  flesh-coloured,  insoluble  in  pure  water, 
but  soluble  in  aqueous  selenhydric  acid ;  in  their  other  characters  they  resemble  the 
selenides  of  the  alkali-metals.  The  selenides  of  the  earth-metals  and  of  manganese 
and  zinc  are  also  flesh-coloured  and  insoluble  in  water.  The  other  metaUic  selenides 
are  mostly  dark-coloured,  and  exhibit  the  metallic  lustre  :  they  are  generally  more 
ftisible  than  the  metals  which  they  contain.  When  they  are  heated  to  redness  in  the 
air,  the  selenium  bm-ns  slowly  with  a  reddish-blue  flame,  and  an  odour  of  horseradish. 
Selenium  is,  however,  more  difficult  to  drive  off  by  roasting  than  sulphui*.  The  sele- 
nides are  less  easily  soluble  in  nitric  acid  than  the  pure  metals  ;  selenide  of  merem-y, 
almost  insoluble.  Chlorine,  with  the  aid  of  heat,  converts  them  into  chloride  of  sele- 
nium and  metallic  chloride.  Heated  in  hydrochloric  acid  gas,  they  yield  metallic 
chloride  and  selenhydric  acid. 

Some  metallic  selenides  occur  in  natirre  as  rare  minerals,  or  as  impurities  in  sul- 
phides. Selenide  of  copper  occurs  as  berzeliauite  at  Skrikerum  in  Sweden,  and  near 
Lehrbach  in  the  Hartz  ;  selenide  of  lead,  and  selenid:-  of  lead  and  copper,  as  claustha- 
lite,  at  Clausthal,  Tilkerode,  Lehrbach,  and  other  localities  in  the  Hartz ;  seleuide  of 
lead  and  mercury  as  lelirbachite  at  Lehrbach ;  selenide  of  silver  as  uaimiannite  at 
Tilkerode  ;  selenide  of  silver  and  copper,  as  eueairite,  at  Skrikerum. 

The  selenides  and  selenhydrates  (selenium-mercaptans)  of  the  alcoh ol -r adi cle s 
are  volatile  fetid  liquids  resembling  the  corresponding  sulphiu'-compounds.  The  eth^-l- 
and  methyl-compounds  are  the  only  ones  yet  obtained  (ii.  5ii  ;  iii.  990). 

SSX.ESTSOC'S-a.rJil.TSiS.  CNMSe  =  CyMSe  and  C-N^M"Se-  =  Cy-M"Se-. — 
These  compounds,  tlie  analogues  of  the  sulphocyanates,were discovered  in  1820  by  Ber- 
zelius (Schw.  J.  xxxi.  60),  and  have  been  more  fully  examined  by  Crookes (Chem. 
Soc.  Qu.  J.  iv.  12).  The  potassium-salt  is  obtained  by  fusing  ferrocyanide  of  potas- 
sium with  selenium.  The  solution  of  this  salt  mixed  with  acetate  of  lead  yields  ii  pre- 
cipitate of  seleniocyanate  of  lead,  which  when  decomposed  by  sulphydrie  acid,  yields 
a  solution  of  hydric  seleniocyanate,  or  seleniocyanic  acid  ;  and  the  other  selenioeyanates 
are  obtained  by  neutralising  the  acid  with  bases,  or  by  precipitation,  according  as  they 
are  soluble  or  insoluble. 

Seleniocyanate  of  Ammonium  is  a  soluble  very  deliquescent  salt,  crystallising  in 
minute  needles  like  the  potassium-salt. 

The  barium-salt  is  obtained,  but  not  in  definite  crystalline  form,  by  dissolving  car- 
bonate of  barium  in  the  aqueous  acid,  and  evaporating  in  a  vacuum. — The  calciuia-salt 
crystallises  in  groups  of  stellate  needles  ;  the  strontium-salt  in  fine  prisms. 

Cupric  Seleniocyanate. — Seleniocyanate  of  potassium  added  to  cupric  sulphate  throws 
down  a  brownish  precipitate,  which  is  probably  cupric  seleniocyanate.  It  is  rapidly 
decomposed,  even  at  ordinary  temperatures,  yielding  black  selenide  of  copper,  with 
separation  of  selenhydric  acid.  (Crookes.) 

Hydric  Seleniocyanate,  or  Seleniocyanic  Acid,  CNHSe  =  CyHSe,  is  prepared  by 
passing  a  rapid  stream  of  sulphydrie  acid  gas  through  a  warm  aqueous  solution  of 
seleniocyanate  of  lead  in  which  the  same  salt  is  suspended  in  a  state  of  fine  division  ; 
heating  the  filtrate  nearly  to  boiling  to  expel  the  excess  of  sulphydrie  acid;  and  again 
filtering,  to  separate  a  small  quantity  of  precipitated  selenium.  The  solution  thus 
obtained  is  strongly  acid,  and  easily  decomposed  by  boiling  or  by  exposure  to  tlie  air. 
It  cannot  be  concentrated  without  decomposition  even  in  a  vacuum  over  oil  of  vitriol. 
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The  addition  of  almost  any  acid  causes  an  immediate  precipitation  of  selenium,  hydro- 
cyanic acid  remaining  in  solution.  It  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen, and  decomposes  carLonates. 

Ferric  Sdeniocyanatc. — The  rapid  decomposition  which  seleniocyanic  acid  undergoes 
in  contact  with  stronger  acids,  prevents  the  formation  of  any  red  colour  with  ferric 
salts  by  double  decomposition.  Neither,  according  to  Crookes,  is  a  ferric  selenio- 
cyanate  obtained  by  treating  ferric  oxide  with  seleniocyanic  acid,  selenium  being 
immediately  precipitated.  On  one  occasion,  however,  in  preparing  seleniocyanate  of 
potassium  by  the  process  described  below,  the  fused  mass  having  been  treated  with 
absolute  alcohol  in  a  well-closed  flask,  a  deep  blood-red  filtrate  was  obtained,  the 
colour  of  which  soon  disappeared  on  exposure  to  the  air,  with  deposition  of 
selenium.  On  other  occasions  no  colour  was  obtained,  the  iron  always  remaining  as  a 
black  powder,  chiefly  consisting  of  carbide  of  iron. 

Seleniocyavate  of  Lead,  C^N^Pb"S-  =  Cy-Pb"S-. — Seleniocyanate  of  potassium  forms, 
with  acetate  of  lead,  a  lemon-yellow  precipitate,  which  dissolves,  with  slight  decompo- 
sition, in  boiling  water.  The  filtered  solution,  which  is  neutral  to  test-paper,  deposits, 
on  cooling,  beautiful  lemon-coloured  needles,  which  are  insoluble  in  alcohol.  The  salt 
may  be  heated  to  100°  without  decomposition,  but  assumes,  when  moist,  a  slight  pink 
tint.    The  crystals  are  extremely  light.  (Crookes.) 

Seleniocyanate  of  Magnesium  is  soluble,  and  dries  up  to  a  gummy  mass  apparently 
destitute  of  crystalline  structure. 

Mercuric  Seleniocyanate  with  Mercuric  Chloride,  C-N-Hg"S^.Hg"CP.— Obtained  by 
adding  an  excess  of  mercuric  chloride  to  seleniocyanate  of  potassium.  When  strong 
solutions  are  used,  the  whole  immediately  solidifies  into  a  felt-like  mass  of  yellowish 
crystals ;  these,  after  washing  with  water,  are  pui-ified  by  reerystallisation  from 
alcohol.  The  crystals  are  but  sparingly  soluble  in  cold  water,  but  dissolve  more 
readily  in  hot  water,  still  more  in  alcohol  and  in  dilute  hydroclilorie  acid ;  the  latter, 
however,  separates  selenium  after  a  while.  Nitric  acid  and  aqua-regia  dissolve  the 
double  salt  entirely,  the  liberated  selenium  being  immediately  oxidised.  The  crystals 
are  anhydrous,  and  maybe  heated  to  100°  without  decomposition;  above  that  tempera- 
ture they  are  decomposed,  intumescing  in  a  remarkable  manner  (Crookes).  All 
attempts  to  produce  the  simple  seleniocyanate  of  mercury  failed,  the  double  salt  just 
described  being  always  produced 

Seleniocyanate  of  Potassium,  CNKSe  =  CyKSe. — Prepared  by  fusuig  1  pt.  of  selenium 
with  3  pts.  of  dry  ferrocyanide  of  potassium  in  a  small  retort ;  digesting  the  resulting 
greenish-black  mass  with  absolute  alcohol ;  and  passing  carbonic  anhydride  through  the 
solution  to  decompose  cyanide  and  cyauate  of  potassium,  and  j'recipitate  the  potassium 
in  the  form  of  acid  carbonate  (a  salt  which  is  quite  insoluble  in  absolute  alcohol).  The 
alcohol  is  then  distilled  off,  together  with  the  hydrocyanic  and  cyanic  acids ;  and 
the  watery  extract  of  the  residue  is  left  to  crystallise  in  vacuo  over  oil  of  vitriol.  The 
formation  of  the  salt  is  expressed  by  the  following  equation : 

C^N'K^Fe"  +  Se*    =    4CNKSe  +  FeC-  +  N^ 

The  residue  in  the  retort  consists  chiefly  of  carbide  of  iron,  together  with  undecomposed 
yellow  prussiate,  and  traces  of  selenium  (Crookes).  The  salt  may  also  be  prepared 
by  dissolving  selenium  in  aqueous  cyanide  of  potassium.    (Wiggers.  AA''6hler.) 

Seleniocyanate  of  potassium  crystallises  in  needles,  having  the  same  form  and  taste 
as  the  suljjhocyanate.  It  is  very  deliquescent,  and  even  more  soluble  than  the  sulpho- 
cyanate.  Its  solution  is  decomposed  even  by  weak  acids,  depositing  selenium  and 
giving  off  hydrocyanic  acid.  The  crystals  are  strongly  alkaline  to  test-paper,  and 
produce  great  reduction  of  temperature  when  dissolved  in  water.  They  may  be  heated 
without  decomposition  in  close  vessels ;  but  if  the  air  has  access  to  them,  they  alter 
when  heated  a  little  above  100°. 

The  sodium-salt,  obtained  by  neutralisation,  is  very  soluble,  and  when  evaporated  in 
a  vacuum,  erystalhses  in  small  foliated  crystals. 

Seleniocyanate  of  Silver,  CNAgSe. — The  potassium-salt  forms  with  nitrate  of  silver 
a  cm-dy  precipitate  resembling  chloride  of  silver ;  but  if  the  silver-solution  be  pre- 
viously mixed  with  ammonia,  the  seleniocyanate  of  silver  is  precipitated  in  beautiful, 
minute,  satiny  crystals.  This  salt  blackens  readily  on  exposure  to  light ;  is  insoluble  in 
water,  and  very  sparingly  soluble  in  cold  dilute  acids.  It  is  instantly  decomposed  by 
boiling  with  strong  acids ;  and  unless  oxidising  acids  are  used,  selenium  is  precipitated. 
(Crookes.) 

Seleniocyanate  of  Zinc,  obtained  by  dissolving  either  the  metal  or  its  oxide  in  sele- 
niocyanic acid,  forms  groups  of  prismatic  needles,  which  are  not  deliquescent. 

SEZiEl^ZOCSTi&sa'ZC  Syn.  -with  Hydeic  Seleniocyanate  (p.  219). 

SEI.EisriOCirii.iaiC  AX7HY!)^X3>S.    C-N'-Se    =        [  Se.— Produced  by  the 


SELENIOCYANIC  ETHERS— SELENIUM. 


221 


action  of  iodide  of  cyanogen  on  seloniocyanatc  of  silver.  It  is  a  Tolatilo  crystalline 
Lody,  closely  analogous  in  all  its  properties  and  reactions  to  snlphoeyanic  anhydride 
{q.v-).    (Linnemanu,  Ann.  Ch.  Pharm.  cxx.  36.) 

SEIiEWIOCYAOTIC  ETHERS.  The  only  one  known  is  the  allylic  ether, 
CN(C'H'')Se,  analagous  to  volatile  oil  of  mustard,  which  is  obtained,  though  not  quite 
pure,  by  cohobating  1  at.  seleniocyanate  of  potassium  in  alcoholic  solution  with  1  at. 
allylic  iodide  for  twelve  hours,  then  distilling,  and  mixing  the  distillate  with  water. 
Allylic  seleniocyanate  then  separates  as  a  heavy  yellow  oil,  which  may  be  obtained 
colourless  by  treatment  with  chloride  of  calcium  and  rectification,  but  does  not  exhibit 
a  constant  boiling-point  (150° — 184°).  The  portion  boiling  at  150°  gave  by  analysis 
38-5  per  cent,  carbon  and  42  per  cent,  selenium,  whereas  the  formula  requires  32-6 
and  54'4.  The  compound  has  an  extremely  offensive  alliaceous  odour,  and  when  exposed 
to  the  air,  gradually  turns  red  from  separation  of  selenium.  It  differs  from  the  sulplio- 
cyanate  in  not  inflaming  the  skin,  and  not  forming  a  crystalline  compound  with 
ammonia.    (Wohler,  Ann.  Ch.  Pharm.  cix.  125). 

SEXiEn'XOTrS  ACXB.    See  Selenium,  Oxygen-acids  of  (p.  226). 

SaSoBBTSTE.    Crystallised  native  sulphate  of  calcium.    (See  Gypsxtm,  ii.  962.) 

EEIiBIJETBS.    See  Selenium,  Oxygen-acids  of  (p.  226). 

SEXiEXJZUnX.  Atomic  weight,  79'5.  Symbo!,  Se. — An  elementary  substance  belong- 
ing to  the  oxygen-group,  and  occupying  the  intermediate  place  between  sulphur  and 
tellurium.  It  is  closely  allied  in  its  properties  to  sulphur,  and  often  associated  with 
that  element  in  the  mineral  kingdom.  It  was  discovered  by  Berzolius  in  1817,  in  the 
refuse  of  a  sulphuric  acid  manufactory  at  Gripsholm  near  Fahlun,  in  Sweden.  Though 
not  an  abundant  element,  it  enters  into  the  composition  of  many  minerals.  It  occurs 
ill  the  free  state  at  Culebras  in  Mexico,  in  crystals,  which,  according  to  Mitseherlicli, 
are  monoclinic,  and  in  greyish  or  brownish-black  incrustations  having  a  submetallic 
lustre.*  Selenites  of  cadmium,  copper,  iron,  cobalt,  nickel,  lead,  silver,  and  mercury, 
are  also  found  native  (p.  219).  Selenium  frequently  occurs  as  an  impurity  in  native 
sulphur,  as  at  Vuleano,  one  of  the  Lipari  Islands,  and  in  metallic  sulphides.  It  occurs 
to  a  greater  or  less  extent  in  the  iron  pyrites  of  certain  localities,  particularly  at 
Fahlun  in  Sweden,  and  at  Kraslitz  and  Luckawitz  in  Bohemia  ;  also  in  some  forms  of 
copper  pyrites,  those  from  Rammelsberg  and  Anglesea,  for  instance  ;  and  occasionally 
in  small  quantities  associated  with  the  sulphides  of  lead  and  molybdenum ;  also  in 
tellurium-ores,  and  in  pitchbende  from  Johangeorgenstadt  and  Schneeberg.  The 
principal  sources  of  selenium  are  the  double  selenide  of  lead  and  copjjer  found  at 
Clausthal  and  other  places  in  the  Hartz,  and  the  deposit  which  occurs  in  the  leaden 
chambers  of  certain  vitriol  works,  where  seleniforous  sulphur  or  pyrites  is  burned. 

Preparation. — 1.  From  the  cuproplumbic  selenides  of  the  Hartz.  The  pulverised 
ore  is  treated  with  hydrochloric  acid,  to  dissolve  the  earthy  carbonates,  and  the  washed 
and  dried  residue  is  ignited  for  some  time  with  an  equal  quantity  of  black  flux.  The 
selenium  is  thereby  converted  into  seleniile  of  potassium,  which  by  treatment  with 
boiling  water  is  dissolved  away  from  the  oxides  formed  at  the  same  time.  This  solu- 
tion, when  exposed  to  the  air,  absorbs  oxygen,  and  yields  the  selenimn  as  a  grey 
deposit,  which  is  washed,  dried,  and  distilled. 

2.  The  seleniferous  deposit  from  certain  -vitriol  works,  as  those  near  Fahlun,  is 
mixed  with  nitrate  and  carbonate  of  potassium,  and  deflagrated  in  a  red-hot  crucible. 
The  residue,  containing  selenate  of  potassium,  is  treated  with  hydrochloric  acid,  and  the 
whole  is  evaporated  down  to  a  small  bulk,  whereby  a  reducing  action  is  set  up,  and 
selenious  acid  is  liberated ;  and  on  saturating  the  liquid  with  sulphurous  acid,  and 
heating  it  to  the  boiling-point  selenium  is  deposited  in  red  amorpho^js  flakes.  For 
further  details  respecting  both  these  processes,  see  Gnieliits  Handbook,  ii.  232. 

Another  method  of  obtaining  selenium  from  the  deposit  of  the  sulphm-ic  acid 
chambers,  recommended  by  Liebe  (Arch.  Pharm.  ci.  25),  is  to  treat  the  deposit  with 
nitromuriatio  acid  ;  expel  the  excess  of  this  acid  liy  heat,  after  addition  of  sulphuric 
acid ;  wash  the  residue  when  cold  with  water ;  neutralise  the  solution  with  sodic  carbonate ; 
evaporate  to  dryness;  roast  the  residue  at  a  gentle  heat  with  an  equal  weight  of 
sal-ammoniac,  till  it  becomes  red-brown  (nitrogen  and  sal-ammoniac  being  then  given 
oif,  but  no  appreciable  quantity  of  selenium);  and  treat  the  red-brown  mass  with  water, 
which  leaves  the  selenium  undissolved. 

3.  Bottger  has  shown  that  tiie  flue-dust  of  the  roasting  furnaces  in  the  desilverlsing 
works  at  Mausfeld,  in  Saxony,  contains  uncombined  selenium  in  quantity  sufficient 
for  profitable  extraction  (9  per  cent,  according  to  Kemper,  Arch.  Pharm.  [2]  ci.  25). 

*  This  native  selenium  is  sometimes  called  Uiolitc.  from  Del  liio,  who  discovered  it ;  but  that  name  is 
also  applied  to  selenide  of  silver,  found  by  the  same  mineralogist  at  Tasco  in  ^le.xico  (p.  1U)._ 
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To  separate  tlie  selenium,  Bottger  levigates  the  flue-deposit;  washes  out  the  heaTier 
parts  with  water  containing  hydrochloric  acid,  and  with  pure  water ;  then  fuses  it  with 
crude  sodic  or  potassic  carbonate  ;  pulverises  the  fused  mass,  lixiviates  it,  and  leaves  the 
brown-red  liquid  exposed  to  the  air  ;  then  separates  the  deposited  selenium  by  filtration, 
and  distils  it.    (J.  pr.  Chem.  Ixxi.  512.) 

Froperdcs.—SelQmnm,  like  sulphur,  occurs  in  different  allotropic  states,  both  amor- 
phous and  crystalline.  These  modifications  have  been  especially  studied  by  Hittorf 
(Pogg.  Ann.  Ixxxiv.  214  ;  Jahresb.  1851,  p.  318),  Mitscherlich  (J.  pr.  Chem.  Ixvi. 
301  ;  Jahresb.  1855,  p.  314),  and  Eegnault  (Ami.  Ch.  Phys.  [3]  xlvi.  257;  Jahresb. 
1856,  p.  44.) 

1 .  Amorphous. — Selenium,  precipitated  from  a  solution  of  selenhydric  acid  by  exposure 
to  the  air,  or  by  electrolysis  (electronegative  selenium),  is  amorphous,  and  soluble  in 
sulphide  of  carbon ;  that  which  is  deposited  from  aqueous  selenious  acid,  either  by 
electrolysis  or  by  the  reducing  action  of  sulphurous  acid  (electropositive  selenium),  is 
likewise  amorphous,  but  insoluble  in  sulphide  of  carbon. 

Amorphous  selenium  softens  when  heated,  becomes  semifluid  at  100°,  and  perfectly 
fluid  at  a  somewhat  higher  temperature  (Berzelius,  Traite  de  Chimie  [1846],  ii.  190). 
On  cooling,  the  selenium  remains  soft  for  a  long  time,  and  may  be  drawn  out,  like 
sealing-wax,  into  long  thin  flexible  threads,  which  when  flattened  are  transparent,  and 
of  a  deep  ruby  colour  by  transmitted  light.  When  quickly  cooled  from  fusion,  it  forms 
a  brittle  solid,  having  a  glassy  fracture,  almost  metallic  lustre,  and  deep  brown  colour. 
This  vitreous  selenium  has  a  specific  gravity  of  4'3,  is  nearly  insoluble  in  sulphide  of 
carbon,  does  not  conduct  electricity,  but  becomes  slightly  electrical  by  friction  in  a  dry 
atmosphere. 

2.  Crystalline. — a.  Selenium,  when  very  slowly  cooled  from  the  fused  state,  forms  a 
lead-grey  mass  having  an  irregular  granular  surface  and  fine-grained  fracture  (B  e  r  - 
zelius).  Vitreous  selenium  remains  unaltered  at  ordinary  temperatures,  but 
at  temperatures  between  80'-'  and  217°,  most  quickly  between  125°  and  180°,  it 
becomes  crystalline,  the  change  being  attended  with  considerable  rise  of  temperature 
(Hittorf).  According  to  Eegnault,  vitreous  selenium  remains  unaltered,  even 
when  heated  to  90°  for  several  hours  ;  but  at  96°  or  97°  it  passes  quickly,  and  with 
great  evolution  of  heat,  into  the  crystalline  state,  acquiring  a  bluish-grey  colour, 
metallic  lustre,  and  granular  fracture.  According  to  Mitscherlich,  the  change  from  the 
vitreous  to  the  crystalline  state  is  most  easily  effected  by  melting  the  selenium  in  a 
fla.sk,  heating  it  above  217°,  then  quickly  cooling  it  to  180° — 190°,  and  keeping  it  for 
some  time  at  this  temperature.  This  crystallo-granular  selenium  is  quite  insoluble  in 
sulphide  of  carbon.  According  to  Hittorf  it  melts  at  217°  without  previous  softening; 
but  according  to  Eegnault,  it  gradually  softens  when  heated,  and  does  not  become 
completely  fluid  till  heated  above  250°. 

(3.  Selenium  deposited  fi-om  a  solution  of  seleuide  of  ammonium,  potassium,  or 
sodium,  on  exposure  to  the  air,  is  likewise  crystalline,  and  has  a  specific  gravity  of  4'808 
at  15°  (Hittorf) ;  4-760— 4-788  at  1.5°  (Mitscherlich).  It  is  likewise  insoluble  in 
sulphide  of  carbon,  and,  according  to  Mitscherlich,  is  identical  in  every  respect  with  the 
crystallo-granular  variety  obtained  by  the  transformation  of  vitreous  selenium.  Crys- 
talline selenium  conducts  electricity  better  than  the  vitreous  modification,  and  the  more 
easily  as  its  temperature  is  higlier. 

y.  Selenium  is  deposited  from  solution  in  sulphide  of  carbon  in  small  but  distinct 
crystals,  which,  according  to  Mitscherlich,  are  monoclinie,  exhibiting  the  dominant  faces, 
oP,  O-t-P,  — P,  together  with  numerous  secondary  faces.  Axes  a:h:c  =  0-6170: 
1  :  -9622.     Angle  b  :  c  =  75°  34' ;  oP  :  -l-P  =  112°  36' ;  oP  :  -P  =  124°  48'  : 

ooPoo:  +P  =  111°  48';  ooPoo  :  -  P  =  123°  63'.  These  cry.stals  dissolve  easilj', 
•though  sparingly,  in  sulphide  of  carbon,  100  pts.  of  that  liquid  dissolving  1  pt.  of 
selenium  at  the  boiling  heat,  and  0-016  pt.  at  0°.  They  retain  their  solubility  after 
being  heated  to  100°,  but  if  heated  to  150°,  becomes  nearly  black  and  quite  insoluble 
in  sulphide  of  carbon ;  the  selenium  thus  modified  regains  its  solubility  by  melting 

and  rapid  cooling.  The  crystals  before  being  heated  have  a  specific  gravity  of  4'46  to 
4-509  at  15°;  after  heating,  it  increases  to  4-7°,  being  then  nearly  equal  to  that  of  the 
variety  deposited  from  solutions  of  alkaline  seleuides.  Crystalline  selenium  appears 
indeed  to  be  dimorphous,  the  two  varieties  being  probably  related  to  one  another  in 
the  same  manner  in  monoclinie  and  rhombic  sulphur  (ii.  332).  Native  selenium 
(p.  221)  appears  to  be  monoclinie  (Mitscherlich) ;  its  speeifi.c  gravity  is  4-3 — 4-2, 
and  hardness  2-0. 

Amorphous  and  crystalline  selenium  exhibit,  according  to  Eegnault,  a  considerable 
dilTerence  of  specific  heat  at  comparatively  high  temperatures.  He  found  the  specific 
heat  of  crystalline  selenium  between  98°  and  20°  to  be  =  0-0762  ;  that  of  amorphous 
selenium  considerably  greater — viz.,  0-1036  between  87°  and  19°,  and  0-1026  between 
77°  and  18°.    At  lo\^er  temperatures,  however,  as  between  — 20°  and  7°,  the  specific 
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heats  of  the  two  modifications  aro  spusibly  eqwal.  The  change  from  the  amorphoiia 
to  the  crystalline  state  is  attended  with  the  evohition  of  a  quantity  of  heat  sufficient, 
according  to  Eegnault,  to  raise  the  temperature  of  the  selenium  200  degrees. 
Mitschcrlich,  however,  found  the  rise  of  temperatiu-e  to  he  much  smaller,  viz.  20° ; 
and  according  to  Hittorf,  it  is  only  5°  (the  thermometer  rising  from  210°  to  '21.5°). 

Selenium  heated  in  close  vessels  boils  below  a  red  heat,  and  is  converted  into  a  deep 
yellow  vapour,  which  condenses  in  scarlet  flowers  or  black  lustrous  drops,  according  to 
the  size  of  the  condenser.  At  temperatures  not  much  above  its  boiling-point,  the 
density  of  its  vapour,  like  that  of  sulphur  umler  similar  circumstances,  is  anomalous; 
but  at  higher  temperatm'es  it  diminishes,  and  ultimately  the  vapour  occupies  a  bulk 
nearly  equal  to  that  of  an  equivalent  quantity  of  oxygen.  According  to  Deville 
and  Troost  (Ann.  Ch.  Pharm.  cxxvii.  271),  the  vapour-density  of  selenium  is  7'07  at 
860°,  6-37  at  1010°,  and  5-68  at  1420°,  the  calculated  density  for  a  two-volume  con- 
densation being  5'54. 

Selenium  is  quite  insoluble  in  water,  whether  cold  or  hot.  It  dissolves  to  a  slight 
amount  in  oil  of  vitriol,  but  is  precipitated  on  dilution.  Its  relations  to  sulphide  of 
carbon  have  already  been  mentioned.  Monoclinic  selenium  and  the  amorphous  variety 
deposited  from  selenhydric  acid  are  soluble  in  that  liquid ;  the  vitreous  modificatiun 
is  very  slightly  soluble ;  and  the  crystallo-granular  variety,  the  crystalline  selenium 
deposited  from  alkaline  selenides,  and  the  amorphous  variety  deposited  from  selenious 
acid,  are  quite  insoluble. 

Selenium  does  not  take  fire  very  readily,  but  when  thoroughly  heated  in  contact  with 
air,  it  burns  with  a  blue  flame,  forming  selenious  anhydride,  giving  off  yellowish-red 
vapoiirs  of  unoxidised  selenium,  and  emitting  an  odour  like  thatof  decayed  horseradish, 
pirobably  due  to  a  protoxide  of  seleuium  formed  at  the  same  time.  When 
heated  iii  a  current  of  oxygen  gas,  it  is  wliolly  converted  into  selenious  anliydride.  It 
unites  directly  with  bromine  and  chlorine,  and,  when  heated,  also  with  iodine,  sidphur, 
phosphorus,  and  metals.  It  is  oxidised  and  dissolved  by  nitric  and  nitromuriatic  acid, 
yielding  selenious  acid. 

SEIiBNIiiT/i:,  OS".   When  pulverised  selenium  is  dropped  by  small 

quantities  into  bromine,  combination  takes  place,  attended  with  loud  hissing  and  con- 
siderable evolution  of  heat ;  and  the  compound  instantly  solidifies  to  a  brown-red  or 
orange-red  mass,  which  fumes  in  the  air  and  smells  like  chloride  of  sulphur. 
It  volatilises  when  heated,  part  being  resolved  into  selenium  and  bromine,  while 
the  rest  sublimes  as  a  yellow  mass.  Water  dissolves  and  decomposes  it,  forming 
hydrobromic  and  selenious  acids.  (Serullas.) 

SEIiEKTIUUff,  CISSiOBXSES  OS".  There  are  two  chlorides  of  selenium,  both 
formed  by  direct  combination.  The  di chloride,  Se-CV,  or  persclenide  of  chlo- 
rine, analogous  to  persulphide  of  chlorine,  S-Cl",  and  persulphide  of  hydrogen,  H-S-, 
was  discovered  by  Berzelius,  who  obtained  it  by  heating  the  tetrachloride  with 
selenium.  According  to  Sacc  (Ann.  Ch.  Phys.  [3]  xxiii.  124),  it  may  be  obtained  by 
passing  a  slow  stream  of  dry  chlorine  through  an  inclined  glass  tube  filled  with 
fragments  of  fused  selenium.  The  heat  evolved  by  the  reaction  volatilises  the 
chloride  of  selenium,  which  condenses  in  the  colder  parts  of  the  tube,  and  flows  in 
thick  dropis  througli  the  open  end  into  a  perfectly  dry  receiver. 

Diohloride  of  selenium  is  a  dark-yellow  oily  liqiiid,  having  a  pungent  odoiu-,  not  very 
volatile  according  to  Berzelius,  extremely  volatile  according  to  Sacc.  It  is  slowly 
decomposed  by  cold,  quickly  by  hot  water,  into  hydi-ochloric  acid,  selenious  acid,  and 
free  selenium ;  but  the  decomposition  is  seldom  complete,  because  a  portion  of  the  dichlo- 
ride  generally  becomes  mechanically  encloseil  in  the  solid  selenium. 

Tetrachloride  of  Selenium,  SeCl'',  is  j^roduced  bypassing  chlorine  gas  over 
fused  selenium,  contained  in  a  bulb-tube.  The  liquid  dichloride  is  at  first  produced, 
and  is  afterwards  converted  into  a  white  solid  mass  of  the  tetrachloride,  which  when 
further  heated,  volatilises  as  a  yellow  vapoxu',  and  sublimes  on  the  colder  parts  of  the 
apparatus  in  small  thin  crystals.  By  prolonged  heating,  tlie  crystals  aggregate  into 
a  white  semi-fused  mass,  which  becomes  fissured  on  cooling.  Tetrachloride  of  sele- 
nium dissolves  in  water  with  rise  of  temperature  and  slight  efiervescence,  forming  a 
solution  of  hydrochloric  and  selenious  acids :  SeCP  +  3H-0  =  4HC1  -I-  H-SeO^ 
(Berzelius,  Ann.  Ch.  Phys.  [2]  ix.  225).  When  decomposed  by  a  small  quantity 
of  water,  or  by  exposure  to  moist  air,  it  yields  oxychloride  of  selenium,  SeCPO  or 
SeCl'.SeO^  (p.  224). 

When  a  selenate  is  heated  with  common  salt  and  sulphuric  acid,  tetrachloride  of 
selenium  mixed  witli  free  chlorine  passes  over  first,  and  then  green  vapours,  which  con- 
dense to  an  oily  mixture  of  selenious  and  sulphuric  acids.  (H.  Rose,  Pogg.  Ann. 
xxvii.  575.) 

Tetrachloride  of  selenium  gradually  absorbs  vapour  of  .sulphuric  anhydride,  especiallv 
when  the  two  substances  are  enclosed  in  a  clusely-corked  vessel  and  placed  in  a  warm 
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room;  they  then  unite, -without  disengagement  either  of  sulphurous  anhydride  or  of 
chlorine,  and  form  a  very  dense  greenish-yellow  syrup,  the  excess  of  sulphuric  anhy- 
dride remaining  in  the  crystalline  form.  On  distilling  the  syrup  at  a  gentle  heat,  the 
excess  of  sulphuric  anhydride  passes  over  first,  and  the  residue  in  the  retort  solidifies 
on  cooling  to  a  white  crystalline  mass.  This,  when  more  strongly  heated,  melts  to  a 
light-brown  liquid,  and  evolves  (with  disengagement  of  chlorine,  but  not  of  sulphurous 
anhydride)  a  reddish-yellow  vapour  resembling  nitric  peroxide,  which  condenses  to  a 
colourless  syrup,  and  finally  to  a  white  mass  resembling  wax.  The  latter  substance  is 
freed  from  adhering  chlorine  by  a  second  distillation.  After  this  treatment,  it  boils 
constantly  at  187°,  and  may  be  redistilled  without  leaving  any  residue  or  undergoing 
further  decomposition.  It  contains,  on  the  average,  12'895per  cent,  of  selenium  and 
36'885  of  chlorine;  and,  according  to  H.  Eose,  may  be  regarded  as  2(SeCP.5SO')  + 
5(SeCl^.SeO^).  Berzelius,  on  the  other  hand,  regards  it  as  consisting  mainly  of  the 
compound  SeOl^SO',  analogous  to  the  compounds  of  sulpliuric  anhydride  with  other 
chlorides.  It  deliquesces  rapidly  in  the  air,  exhaling  the  odour  of  hydrochloric  acid ; 
and  dissolves  readily  in  water,  without  first  sinking  to  the  bottom  in  oily  drops ;  the 
solution,  which  is  generally  coloured  red,  from  the  presence  of  a  small  quantity  of  free 
selenium,  contains  hydrochloric,  sulphiu?ic,  and  selenious  acids  (no  selenic  acid). 
(H.  Eose,  Ppgg.  Ann.  xliv.  315.) 

SESiEKTIUItiK,  ClTASflBSS  Or.  Syn.  with  Seieniocyanic  Anhydride  (p.  220). 

SEIiEDTZUM,  BETECTXOSr  &.NJ»  XiSTXaf  ArrXOBT  OF.  1.  B  low  pipe - 
reactions. — Metallic  selenides  heated  in  the  outer  flame,  and  selenites  or  selenates 
heated  in  the  inner  flame,  on  charcoal,  give  off  a  characteristic  odour,  like  that  of  decayed 
horseradish.  When  a  metallic  selenide  is  heated  in  the  outer  flame  on  charcoal,  the 
charcoal  generally  becomes  covered,  at  some  distance  from  the  bead,  with  a  steel-grey, 
slightly  metallic  deposit  of  selenium,  which  may  be  easily  driven  by  the  oxidising 
flame  from  one  part  to  another.  Selenium-compounds  heated  on  charcoal  with  carbo- 
nate of  sodium  yield  a  residue  of  selenide  of  sodium,  which  when  placed  on  a  clean 
silver  surface  and  moistened  with  a  drop  of  water,  produces  a  black  stain.  When  a 
metallic  selenide  is  heated  in  an  inclined  glass  tube  open  at  both  ends,  part  of  the 
selenium  is  volatilised  in  the  free  state,  and  forms  a  red  sublimate  on  the  upper  part  of 
the  tube,  the  metal  being  at  the  same  time  oxidised.  Sometimes  also  selenious  oxide 
is  formed,  and  deposited  on  the  colder  part  of  the  tube  in  a  network  of  crystals. 

2.  Beactions  in  Solution. — Selenhydric  acid  and  solutions  of  alkaline  selenides 
deposit  selenium  on  exposure  to  the  air,  the  former  yielding  it  in  red  amorphous  flakes, 
the  latter  as  a  grey  crystalline  film  (p.  222).  Selenides  heated  with  acids,  give  off 
selenhydric  acid  gas,  which  is  inflammable,  has  a  peculiar  fetid  odour,  and  forms  dark- 
coloured  precipitates  with  most  metallic  solutions  (iii.  202). 

Soluble  selenites  give  with  sulfhurous  acid  and  other  reducing  agents,  ared  pre- 
cipitate of  free  selenium,  and  with  sidphydric  acid,  a  lemon-yellow  precipitate  of  sul- 
phide of  selenium.  Soluble  selenates  give  with  chloride  of  barium,  a  precipitate  ot 
bai-ytic  selenate,  which  is  insoluble  in  cold  dilute  acids ;  but  when  heated  with  hydro- 
chloric acid,  gives  off  chlorine  and  is  reduced  to  selenite  of  barium,  which  dissolves. 

3.  Estimation  and  Separation. — The  methods  adopted  for  the  quantitative 
estimation  of  selenium  vary  according  to  the  nature  of  the  compound  to  be  analysed. 
When  the  selenium  is  contained  in  a  solution  in  the  form  of  selenious  acid  or  a 
selenite,  the  solution  is  acidulated  with  hydrochloric  acid,  and  mixed  with  an 
sulphite.  The  selenium  is  thereby  reduced  and  precipitated  as  a  red  powder,  which,  on 
heating  the  liquid,  cakes  together  and  turns  black.  The  treatment  with  alkaline  sul- 
phite must  be  repeated  tiU  no  more  red  coloration  is  produced.  The  precipitate  is 
then  to  be  collected  on  a  weighed  filter,  washed,  dried  at  a  gentle  heat,  and  weighed. 
If  the  solution  likewise  contains  nitric  acid,  this  acid  must  be  decomposed  by  boiling 
with  hydrochloric  acid  before  adding  the  alkaline  sulphite. 

When  selenium  is  present  in  solution  as  seleni  c  aci d,  the  liquid  must  be  boiled 
with  hydrochloric  acid  to  convert  the  selenic  into  selenious  acid,  from  which  the  sele- 
nium may  then  be  precipitated  by  an  alkahne  sulphite  as  above.  The  precipitation  of 
selenic  acid  as  a  barium-salt  does  not  give  very  exact  results,  because  selenate  of  barium 
is  not  quite  insoluble  in  dilute  acids,  and,  moreover,  has  even  a  greater  tendency  than 
the  sulphate  to  carry  down  other  salts,  which  cannot  be  separated  from  it  by  washing 
with  hot  water.  Insoluble  selenates,  like  selenate  of  barium,  which  are  but  slowly 
reduced  to  selenites  by  boiling  with  hydrocliloric  acid,  must  first  be  decomposed  by 
digestion  with  a  solution  of  alkaline  carbonate.  If,  however,  the  selenate  of  barium  be 
mixed  with  sulphate,  the  decomposition  of  the  former  by  aqueous  alkaline  carbonates 
is  never  complete  ;  hence  sulphate  and  selenate  of  barium  cannot  be  separated  by  this 
method  (H.  Eose,  Pogg.  Ann.  cxiii.  472,  621  ;  Jahresb.  1861,  p.  828).  The  quantities 
of  these  two  salts  in  a  mixture  may,  however,  be  ascertained  by  an  indirect  method. 
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A  weighed  quantity  of  the  mixed  Larium-salts  is  fused  with  a  mixture  of  potassic  and 
sodic  carbonates  in  equivalent  proportions;  the  soluble  salts  are  washed  out;  and  the 
residual  barium-carbonate  is  weighed.  If  now  the  weight  of  barium-sulphate  equiva- 
lent to  this  weight  of  carbonate  be  subtracted  from  the  weiglit  of  the  mixture  of  sul- 
phate and  selenate,  and  the  difference  be  multiplied  by ,  , .  _ — ,  ^  „  .■  =  —  (since 
'  1         J  140-5 — 116  0        2i  ^ 

BaSO'  =  140-5  and  BaSO'  =  1 16-5),  the  product  will  give  the  quantity  of  barium- 
se.lenate  in  the  mixture.    (Wohlwill,  Hanchv.  d.  Chcui.  vii.  800.) 

Selenites  and  selenates  may  also  be  analysed  by  fusing  them  with  7  or  8  pts.  of 
potassium-cyanide  in  an  atmosphere  of  hydrogen.  Tlie  whole  of  the  selenium  is 
thereby  converted  into  seleniocyanate  of  potassium,  the  aqueous  solution  of  which 
when  boiled  for  some  sime  (to  convert  any  selenide  of  potassium  that  may  be  present 
into  seleniocyanate),  and  supersaturated  when  cold  with  hydrochloric  acid,  deposits  the 
whole  of  the  selenium  in  the  course  of  12  to  24  hours.  The  selenium  may  then  be 
dried  at  100°  and  weighed.  .Free  seleuious  or  seleuic  acid  in  solution  may  be  neutra- 
lised with  an  alkaline  carbonate,  the  solution  evaporated  to  dryness,  and  the  residue 
treated  as  just  described.  (Oppenheim,  J.  pr.  Chem.  Ixx.  266;  II.  Rose,  loc. 
cit.) 

Selenium  may  also  be  separated  from  sulphur  and  tellurium  by  fusing  the  mix- 
ture, in  which  the  selenium  and  tellurium  may  both  exist  as  oxygen-acids,  with  10  pts. 
of  cyanide  of  potassium  in  a  long-necked  flask  through  which  aistream  of  hydrogen  is 
passed.  The  selenium  and  sulphur  are  thereby  converted  into  seleniocyanate  and  sul- 
phocyanate,  and  the  tellurium  into  telluride  of  potassium  ;  and  on  passing  a  stream 
of  air  through  the  aqueous  solution  of  the  product,  the  whole  ,  of  the  tellurium  is  pre- 
cipitated'in  the  free  state,  and  the  filtrate,  treated  with  hydrochloric  acid  as  above, 
deposits  the  selenium,  while  the  sulphur  remains  in  solution.  From  a  finely-pulverised 
mixture  of  sulphur  and  selenium,  the  whole  of  the  selenium  may  be  dissolved  out  by 
digestion  with  a  warm  solution  of  potassium-cyanide,  which  also  takes  up  part  of  the 
sulphur.  The  iindissolved  sulphur  is  then  Cullccted  and  weighed,  the  selenium  pi-ecipi- 
tated  from  the  filtrateby  hydrochloric  acid,  the  dissolved  sulphur  oxidised  by  chlorine  to 
sulphuric  acid,  and  precipitated  by  a  barium-salt  (H.  Rose).  Small  quantities  of  selenium 
may  be  detected  in  sulphur  by  boiling  with  aqueous  potassium-cyanide,  the  solution,  if 
selenium  is  present,  exhibiting  a  reddish  turbidity  when  treated  with  hydrochloric 
acid. 

Metallic  Selenides  are  best  analysed  by  heating  them  in  a  stream  of  c/i/oriHC, 
the  selenium  then  volatilising  as  di-  and  tetrachloride,  while  the  metallic  chloride  in 
most  cases  remains  behind.  The  chlorides  of  selenium  are  collected  in  water,  whereby 
a  solution  of  selenious  and  selenic  acids  is  formed.  This  is  heated  with  hydrochloric 
acid,  to  reduce  the  selenic  to  selenious  acid,  and  the  selenium  is  precipitated  therefrom 
by  an  alkaline  sulphite  as  above.  In  applying  this  method  to  the  selenides  of  lead  and 
zinc,  care  must  be  taken  not  to  apply  too  strong  a  heat,  as  the  chlorides  of  these  metals 
are  somewhat  volatile.  The  chlorides  of  mercury,  arsenic,  and  antimony  pass  over 
into  the  receiver,  and  are  dissolved  together  with  the  chlorides  of  selenium.  Tlie 
presence  of  arsenic  or  antimony  does  not  interfere  with  the  precipitation  of  the  selenium 
by  sulphurous  acid  ;  but  mercury  would  be  precipitated  at  the  same  time,  in  the  form 
of  calomel.  In  this  case,  therefore,  the  whole  of  the  selenioi;s  acid  must  be  converted 
into  selenic  acid  by  saturating  the  liquid  with  chlorine  ;  the  selenic  acid  precipitated 
by  a  barium-salt,  the  excess  of  barium  removed  by  sulphuric  acid,  and  ttie  mercury 
precipitated  as  calomel  by  an  alkaline  formate. 

4.  Atomic  Wciff  ht  of  Selenium. — Numerous  attempts  have  been  made  to  de- 
termine the  atomic  weight  of  selenium  by  the  analysis  of  selenites  and  selenates,  but 
the  results  are  by  no  means  accordant  {Handw.  d.  Chcm.  2'"  Auflage,  ii.  [2]  500). 
Berzelius  found  that  100  parts  of  selenium  heated  in  a  current  of  chlorine  yielded 

279  pts.  of  tetrachloride,  SeCl' :  whence  Se  =.    ^'^'l^.T^^"-  =  79-32.   Dumas  (Ann 

Ch.  Pharm.  cxiii.  31),  by  a  similar  method,  taking  care  to  condense  the  chloride  of 
selenium  completely  by  passing  the  excess  of  chlorine  through  a  tube  cooled  to  —20°, 
and  then  through  another  filled  with  asbestos,  obtained,  as  a  mean  of  seven  experiments, 
Se  =  79-46. 

SEaESOTEUM,  rE.UOR13>E  02".  Obtained,  according  to  Knox,  by  heating 
fluoride  of  lead  in  selenium-vapour,  selenide  of  lead  then  remaining,  while  the  fluoride 
of  selenium  sublimes  in  crystals.  It  volatilises  undecomposed  at  higher  temperatures, 
dissolves  in  strong  hydrofluoric  acid,  but  is  immediately  decomposed  by  water  into 
hydrofluoric  and  seleuious  acid;:. 


SEXiSKZUIVZ,  IODISES  OF.  Not  known  with  certainty.  Equivalent  quantities 
Vol.  V.  (J 
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of  iodine  and  selenium  melt  together  when  heated,  to  a  blaekish-grey  mass,  from  which 
the  whole  of  the  iodine  is  extracted  by  absolute  alcohol.    (Tromms  dorff.) 

SEIiEETIUai,  03CIDSS  AWE  OXVQSIff-ACXSS  OF.  The  only  oxide  of 
selenium  whose  composition  is  exactly  known  is  the  dioxide  or  selenious  anhy- 
dride, SeO-,  the  hydrate  of  which  is  selenious  acid,  ffSeO'.  A  lower  oxide  is 
prodiieed  by  the  imperfect  combustion  of  selenium  in  air  or  oxygen,  but  its  composition 
has  not  been  ascertained.  It  is  a  colourless  gas,  which  is  the  source  of  the  peculiar  horse- 
radish odour  evolved  in  the  combustion  of  selenium  ;  it  is  sparingly  soluble  in  water, 
but  has  no  acid  reaction.  The  trioside,  or  anhydride  of  selenic  acid,  H'-O.SeO',  has 
not  been  isolated. 

SiGXide  of  Selenium,  Selenious  Oside  or  Antaydride,  SeO^. — This  compound, 
the  analogue  of  sulphurous  oxide,  SO-,  is  produced  by  burning  selenium  in  a  stream  of 
oxygen  ;  or  by  evaporating  the  solution  of  selenious  acid  to  dryness.  In  the  latter 
case  it  is  obtained  as  a  white  mass  which  does  not  melt,  but,  at  a  heat  somewhat  below 
redness,  volatilises  in  the  form  of  a  yellow  vapour,  which  condenses  in  white  four-sided 
needles.    It  absorbs  water  rajiidly,  produ.cing  selenious  acid. 

Selenious  Acid,  H-SeO'  =  ''^^2''  1 0'- — This  acid  is  produced  by  the  hydration 

of  selenious  oxide,  or  by  the  action  of  nitric  or  nitromuriatic  acid  on  selenium.  From 
its  hot  aqueous  solution,  it  is  deposited,  on  slow  cooling,  in  prismatic  crystals  like  those 
of  saltpetre,  which  readily  absorb  water,  but  effloresce  in  dry  air.  AVhen  heated  it 
splits  up  into  water  and  the  anhydride,  which  sublimes  at  a  higher  temperature.  Its 
solution  has  an  acid  taste,  and  is  reduced,  especially  at  the  boiling  heat,  by  sulphurous 
acid  or  a  sulphite,  with'  deposition  of  red  amorphous  selenium  ;  also  by  stannous 
ehloHde,  and  by  all  metals,  except  gold,  palladium,  and  platinum,  but  not  by  ferrous 
sulphate.  Sid'phydric  acid  throws  down  from  its  sohition  a  yellow  precipitate,  usually 
regai'ded  as  disulphide  of  selenium,  but  consisting,  according  to  H.  Eose  (Pogg.  Ann. 
cvii.  186),  merely  of  a  mixture  of  selenium  and  sulphur: 

H^SeO'  +  2H^S    =    ZWO  +  He  +  S- 

Selenious  acid  is  not  decomposed  by  boiling  with  hydrochloric  acid.  It  is  oxidised  to 
selenic  acid  by  chlorine  in  presence  of  water,  by  potassic  chromate,  peroxide  of  manga- 
nese, smA.  pieroxide  of  lead,  and  by  fusion  with  saltpetre. 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sulphuric  acid  in  the  energy 
of  its  reactions.  It  reddens  litmus,  neutralises  alkalis  completely,  effervesces  with 
carbonates,  and  being  non -volatile,  decomposes  chlorides  and  nitrates  with  aid  of  heat. 
Its  aqueous  solution  precipitates  the  neutral  salts  of  lead  and  silver. 

Selenites. 

Selenious  acid  is  dibasic,  forming  neutral  salts,  M^SeO'  and  M"SeO^,  and  acid  salts, 
H.MSeO^  and  H-M"Se-0''.  The  acid  selenites  of  the  alkali-metals  also  form  double 
or  hyperacid  salts,  with  an  additional  quantity  of  selenious  acid  :  e.g.  HKSeOlH-SeO^. 
The  neutral  selenites  have  a  purely  saline  taste.  They  are  decomposed  by  heating 
with  charcocd,  yielding  selenides,  or  metallic  oxide  and  selenium.  "When  heated 
with  carbonate  of  sodium  in  the  inner  blowpipe-flame,  they  emit  the  characteristic 
horseradish  odour.  The  fused  mass  moistened  with  water  produces  a  brown  stain 
on  silver.  Heated  with  chloride  of  ammonium,  out  of  contact  with  the  air,  they  yield 
a  sublimate  of  metaUic  selenium.  The  selenites  of  the  alkali-metals  are  soluble  in 
water,  and  their  solutions,  acidulated  with  hydrochloric  acid,  behave  like  the  free 
acid  with  sulphurous  acid,  sulphydric  acid,  &c.  The  other  selenites  are  insoluble  in 
water,  but  soluble  in  nitric  acid ;  the  lead-  and  silver-salts,  however,  dissolve  but 
slowly.  The  selenites  have  been  examined  chiefly  by  Berzelius  and  by  Muspratt. 
(Chem.  Soe.  Qu.  J.  ii.  52.) 

Selenites  of  Aluminium.— The  neutrcd  scdt,  Al-0'.3SeO^    =    |^j"'^2''  |  0^ 

obtained  by  precipitating  an  aluminium-salt  with  neutral  selenite  of  potassium,  is  a 
white  powder  insoluble  in  water,  and  decomposing  when  strongly  heated,  giving  oif 
first  water  and  then  the  whole  of  its  acid  (Berzelius). — An  acid  scdt  is  formed 
by  dissolving  the  neutral  salt  or  aluminium-hydrate  in  selenious  acid,  and  is  obtained 
by  evaporation  as  a  coloxu'less,  gummy,  transparent  mass,  having  a  harsh  taste  and 
easily  soluble  in  vniter.  (Berzelius.) 

Selenites  of  Ammonium. — The  neutrcd  scdt,  (NH'')'SeO^  is  obtained  in  shin- 
ing deliquescent  crystals,  by  saturating  alcoholic  selenious  acid  with  ammonia-gas 
(Muspratt) ;  also  by  leaving  a  solution  of  tlie  acid  in  excess  of  aqueous  ammonia  to 
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evaporate  in  a  warm  place.  Wlien  heated  it  gives  oS  vrater  and  ammonia,  and  after- 
wards water  and  nitrogen,  together  with  a  small  quantity  of  the  hyperacid  salt,  and 
leaves  a  residue  of  fused  selenium  : 

3(NH')-SeO'    =    9H--0  +  2NH3  +  2W  +  Se^ 

The  acid  salt,  produced,  with  evolution  of  ammonia,  hy  leaving  an  aqueous  solution  of 
the  neutral  salt  to  evaporate,  forms  needles  permanent  in  the  air  (Berzclius). — The 
hi/2)cracid  soft,  obtained  by  evaporating  a  solntion  of  the  preceding,  with  aid  of  heat,  or 
with  addilion  of  selenious  acid,  is  deliquescent  and  imcrystallisable.  (Berzelius.) 

Selenites  of  Barium. — The  neutral  salt,  Ba"SeO^  separates  from  a  mixture  of 
barium-chloride  and  neutral  potii,=isium-selenite,  as  a  white  precipitate,  insoluble  in 
water,  easily  soluble  in  acids.  It  does  not  fuse  even  at  the  melting-point  of  glass 
(Berzelius).  According  to  Muspratt,  it  separates  from  a  mixture  of  barium-nitrate 
and  potassiiim-selenite,  in  delicate,  shining,  featheiy  ci-ystals. — The  acid  salt  is  obtained 
hj  dissolving  barium-carbonate  in  selenious  acid,  and  leaving  the  solution  to  evaporate, 
in  crj-stalline  granules,  sparingly  soluble  in  water.  Ammonia  added  to  the  solution 
throws  down  the  neutral  salt  (Berzelius).  When  strongly  heated  it  gives  off  white 
fumes  of  selenious  oxide.  (Muspratt.) 

Selenite  of  Cadmium,  Cd"SeO^,  is  a  white  precipitate,  which  becomes  orange- 
yellow  on  exjwsure  to  the  air,  and  yields  a  yellowish  sublimate  when  heated  in  a  glass 
tube.    It  is  anhydrous,  and  soluble  in  selenious  acid.  (Muspratt.) 

Selenites  of  Calcium. — The  neutral  salt,  Ca"SeO',  separates  as  a  soft  crystalline 
powder  from  a  solution  of  calcium-carbonate  in  selenious  acid.  It  is  sparingly  soluble 
in  water,  and  melts  at  a  bright  red  heat  (Berzelius). — An  acid  salt  crystallises  fronr 
a  solution  of  tlie  neutral  salt  in  excess  of  selenious  acid,  in  very  small  prisms,  which 
are  permanent  in  the  air  at  ordinary  temperatures,  but  give  off  half  their  acid  when 
heated,  or  in  contact  with  ammonia.  (Berzelius.) 

Selenites  op  Cerium. — The  neutral  ccrous  salt  is  a  white  powder,  insoluble  in 
water,  soluble  in  selenious  acid. — The  neutrcd  eerie  salt  is  a  lemon-yellow  powder, 
which  when  heated  gives  off  its  acid  and  leaves  eerie  [?  ceroso-ceric]  oxide.  It 
dissolves  in  selenious  acid,  forming  an  acid  scdf,  which  dries  up  on  evaporation  to  a 
yellow  varnish,  and  when  heated  gives  oflf  water,  becoming  ojsaque  and  crystalline. 
(Berzelius.) 

Cheomic  Selenite,  Cr-0'.3SeO-  =    Iq^'^^s"*  |  0",  is  obtained  by  precipitating 

chromic  chloride  with  selenite  of  ammonium,  as  a  green  amorphous  powder,  the  solu- 
tion of  which  in  selenious  acid  leaves  a  green  varnish  on  evajioration.  (Muspratt.) 

Selenite  of  Cobalt. — The  neutral  salt,  Co"SeO',  is  a  pale-red  powder,  in- 
soluble in  water. — The  acid  salt  is  soluble,  and  remains  on  evaporation  as  a  purple-red 
varnish.  (Berzelius.) 

Selenites  of  Copper. — The  neutral  cupric  salt,  Cu"SeO^,  is  precipitated  on 
adding  the  acid  ammoniiim-salt  to  a  warm  solution  of  cupric  sulphate,  in  bulky,  curdy, 
yellowish  flocks,  quickly  converted  by  heat  into  .small,  silky,  greenish-blue  crystals, 
which  at  a  higher  temperature  give  off  water  and  tmm  liver-brown,  then  melt,  and 
ultimately  give  off  all  their  acid.  The  salt  is  insoluble  in  water  and  in  selenious 
acid  (Berzelius).  According  to  Muspratt,  it  turns  blue  over  oil  of  vitriol,  and  lias 
the  composition  3Cu"SeO^.II-0. — A  basic  ciqn-ie  selenite  is  precipitated  on  mixing 
cupric  sulphate  with  ammonium-selenite  containing  excess  of  ammonia,  as  a  pis- 
tachio-brown powder,  insoluble  in  water  but  soluble  in  ammonia.  When  heated  it 
fii'st  loses  water,  then  froths  up,  and  gives  oflf  all  its  acid.  (Berzelius.) 

Cuprous  Selenite  is  a  white  insoluble  powder,  olitained  by  digesting  cuprous 
hydrate  with  selenious  acid.    (B  e rz  e  1  i  u s.) 

Selenites  of  Glucinum. — The  neutral  scdt  is  a  white  insoluble  powder, 
which  leaves  glucina  when  ignited.  The  acid  salt  is  gummy  and  soluble  in  water. 
(Berzelius.) 

Selenites  of  Iron. — neutral  firric  salt, 'Fe"0"'.Z&oO''  =  ^"pg"'^? 1 0*'  '^'l'- 

tained  by  double  decomposition,  is  a  white  insoluble  powder,  which  becomes  somewhat 
yellowish  on  drying,  gives  ofll  water  at  a  higher  temper.ature,  then  turns  red,  and  gives 
oflf  all  its  acid  (Berzelius). — Au  acid,  ferric  selenite  crystallises  on  cooling  from  a 
solution  of  iron  in  an  excess  of  mixed  selenious  and  nitric  acids,  in  pistachio-green 
laminae.  When  heated  it  gives  otf  water,  gradually  blackens  and  gives  off  its  acid,  and 
ultimately  leaves  a  residue  of  ferric  oxide.  It  is  insoluble  in  water,  but  dissolves  with 
orange-yellow  colour  in  hydrochloric  acid  (Berzelius). — A  basic  ferric  selenite,  in- 
soluble in  water,  is  obtained  by  treating  either  of  the  preceding  salts  with  ammonia. 
(Berzelius.) 
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Neutral  ferrous  Selenite,  Fe"SeO',  is  a  white  precipitate,  gradually  turning  grey,  and 
ultimately  yellow^  on  exposure  to  the  air.  Its  solution  in  selenious  acid  yields  an  axrid 
salt,  Fe"SeO^.SeO-,  slightly  soluble  in  water;  the  solution,  when  heated, yields  a  brown 
precipitate,  consisting  of  selenium  and  ferric  selenite.  (Berzelius.) 

Selenites  of  Lead. — The  neutral  salt,  Pb"SeO^  obtained  by  precipitating 
aqtieons  chloride  of  lead  with  excess  of  ammoniuni-selenite,  is  a  white  heavy  powder, 
nearly  insoluble  in  water,  slightly  soluble  in  nitric  acid,  and  melting,  almost  as  easily  as 
chloride  of  lead,  to  a  yellowish  transparent  liquid,  which  solidifies  to  a  white  opaque 
mass  having  a  crystalline  fracture.  By  exposure  to  a  strong  red  heat,  or  by  treatment 
with  ammonia,  it  is  converted  into  a  basic  salt,  which  forms  a  translucent,  friable, 
fusible  mass,  also  having  a  crystalline  fracture. — According  to  Kersten  (Pogg.  Ann. 
xlvi.  277),  neutral  selenite  of  lead  occurs  native;  but,  according  to  H.  Eose,  the 
mineral  thus  characterised  is  a  selenate  (p.  232). 

Selenites  of  Magnesium. — The  neutral  salt,  Mg"SeO'.3H^O  (Muspratt), 
remains,  on  treating  carbonate  of  magnesium  with  selenious  acid,  as  a  granular  powder, 
insoluble  in  cold,  slightly  soluble  in  hot  water,  and  separating  therefrom,  on  evaporation 
and  cooling,  in  small  four-sided  prisms  or  tables.  At  a  higher  temperature  it  gives  off 
its  water,  and  acquires  a  fused  appearance,  but  without  actually  melting  or  giving  off 
acid,  and  attacks  the  glass  strongly  (Berzelius). — The  acid  salt  is  precipitated  by 
alcohol  from  a  solution  of  the  neutral  salt  in  selenious  acid,  as  a  crystallisable,  past}', 
deliquescent  mass.  (Berzelius.) 

Selenites  of  Manganese. — The  neutral  salt  is,  according  to  Berzelius,  a  soft, 
white,  easily  fusible  powdei-,  which  melts  and  decomposes  when  heated,  and,  in  the 
fused  state,  attacks  glass  strongly.  It  is  insoluble  in  water.  Muspratt,  by  dissolving 
carbonate  of  manganese  in  selenious  acid,  obtained  a  white  sandy  powder  having  the 
composition  Mn"SeO'.2H-0,  which  formed  a  colourless  solution  with  cold,  and  a  pale- 
red  solution  with  hydrochloric  acid. — The  acid  salt  is  crystallisable,  very  soluble  in 
water,  and  gives  off  half  its  acid  when  heated  out  of  contact  with  the  air. 

Selenites  of  Mercury. — The  neutral  mercuric  salt,  Hg"SeO^,  obtained  by 
double  decomposition,  or  by  bringing  mercuric  oxide  in  contact  with  aqueous  selenious 
acid,  is  a  white  powder,  insoluble  or  very  slightly  soluble  in  water. — The  acid  mercu- 
ric salt,  formed  by  adding  mercuric  oxide  to  aqueous  selenious  acid  till  the  neutral 
salt  begins  to  separate  out,  then  filtering  and  evaporating,  crystallises  in  large  prisms, 
longitudinally  striated,  ha^'ing  the  taste  of  corrosive  sublimate,  and  containing  a  large 
quantity  of  water.  The  crystallised  salt  melts  in  its  water  of  crystallisation  when 
heated,  then  solidifies,  and  finally  sublimes  unaltered.  It  dissolves  easily  in  water, 
very  slightly  in  alcohol ;  the  aqueous  solution  is  not  precipitated  by  ammonia,  and  very 
slowly  by  alkaline  carbonates  ;  potash  also  throws  downi  only  part  of  the  oxide.  Sul- 
phurous acid  precipitates  white  mercurous  selenite,  which  soon  acquires  a  scarlet  colour, 
from  the  presence  of  reduced  selenium  (Berzelius). — A  basic  scdt,  3Hg"0.4Hg"SeO', 
is  obtained,  according  to  Kohler,  by  boiling  precipitated  mercuric  oxide  with  selenious 
acid.    It  is  pale-yellow  and  insoluble  in  water. 

Neutral  mercurous  Selenite,  Hg'SeO^,  obtained  by  precipitating  mercurous  nitrate 
with  selenite  of  sodium,  is  a  white  powder,  melting  when  heated  to  a  dark-bi-own  sub- 
stance, which  becomes  lemon-yellow  on  cooling  ;  at  a  stronger  heat,  it  boils,  and  passes 
over  in  brown  drops,  which  become  amber-yellow  and  mostly  transparent  on  cooling. 
Hydrochloric  acid  converts  it  into  mercuric  chloride,  the  selenious  acid  being  partly 
reduced  to  the  state  of  free  selenium,  and  partly  remaining  dissolved  in  the  liquid. 
The  salt  gives  up  all  its  acid  to  caustic  potash.  It  is  not  soluble  either  in  water  or  in 
aqueous  selenious  acid  (Berzelius). — A  inercurous  anhydro-salt,  SHg^SeO^SeO^,  is 
obtained,  according  to  Kohler,  as  a  dark,  brick-red,  opaque,  crystalline  mass,  by  melting 
the  neutral  salt  at  180°,  and  raising  the  temperature  a  little  higher. 

Selenite  of  Nickel. — The  »ie!(^ra/ obtained  by  precipitation,  is  insoluble 
in  water,  white  when  moist,  but  becomes  apple-green  on  drying  (Berzelius).  Accord- 
ing to  Muspratt,  on  the  contrary,  it  is  precipitated,  on  adding  selenite  of  potassium  to 
sulphate  of  nickel,  as  a  gi-eenish  powder,  containing  Ni"SeO'.II''^0,  which  becomes 
white  when  diy. — The  acid  salt  is  a  green  gummy  mass,  soluble  in  water.  (Ber- 
zelius.) 

Selenites  of  Potassium. — Selenious  acid  and  potash  form  three  different 
salts,  which  are  obtained  by  mixing  the  acid  with  potash  or  potassium-carbonate  in  the 
required  proportions. — The  neutral  salt,  K-SeO',  obtained  by  saturating  carbonate  of 
potassium  with  selenious  acid,  separates  on  evaporation,  but  not  on  cooling,  in  crystal- 
line grains.  It  melts,  when  heated,  to  a  yellow  mass,  which  again  becomes  white  on 
cooling ;  it  attracts  moisture  from  the  air,  and  dissolves  in  nearly  all  proportions  in  water, 
but  is  insoluble  in  alcohol.  It  has  a  disagreeable  taste,  and  strong  alkaline  action 
to  test-paper. — The  acid  salt,  KHSeO',  crystallises  with  difficulty  on  cooling  from  a 
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solution  evaporated  to  the  consistence  of  syrup,  or  from  a  slightly  acid  solution  by  evapo- 
ration over  oil  of  vitriol,  in  feathery  crystals  (having  a  satiny  lustre  according  to  Mus- 
pratt),  which  unite  at  last  to  a  compact  mass.  It  slowly  parts  with  the  half  of  its  acid 
when  ignited.  It  is  deliquescent,  slightly  soluble  in  alcohol. — The  hyperacid  salt, 
KHSeO^.H^SeO^  is  uncrystallisable  and  highly  deliquescent.  (Berzelius.) 

Selbnite  of  Silver,  Ag^SeO^. — Selenious  acid  added  to  nitrate  of  silver,  throws 
down  this  salt  in  the  form  of  a  wljito  powder.  The  same  salt  crystallises  in  needles, 
from  a  nitric  acid  solution  diluted  with  hot  water.  It  is  not  blackened  by  light. 
Melts  almost  as  easily  as  horn-silver,  forming  a  clear  liquid,  which,  on  cooling,  solidifies 
in  a  white  opaque  mass,  frialjlo,  and  having  a  crystalline  fracture.  When  more 
strongly  ignited,  it  gives  off  seleuioiis  oxide  and  oxygen  gas,  and  becomes  covered  with 
metallic  silver.  Dissolves  very  sparingly  in  cold  water,  somewhat  more  freely  in  hot 
water,  and  easily  in  nitric  acid,  from  which  it  may  be  precipitated  by  cold  water 
(Berzelius.) 

Selenites  of  Sodium. — The  neutral  salt,  Na-SeO',  does  not  crystallise  on 
cooling,  but  only  by  evaporation  of  an  aqueous  solution  rn  vacuo ;  it  then  forms  small 
grains,  which  are  permanent  in  the  air,  taste  like  borax,  and  dissolve  very  easily  in 
water,  but  not  in  alcohol.  According  to  Muspratt,  it  forms  radiated  crystals,  which 
fuse  without  decomposition. — The  acid  salt,  EiiHSe0^.2H-'0  (Muspratt),  crystallises 
during  the  slow  cooling  of  a  syrupy  solution,  in  needles  united  together  in  tufts,  which 
do  not  effloresce  iu  the  air,  Imt  melt  when  heated,  with  loss  of  their  water  of  crystalli- 
sation, to  a  liquid  which  is  yellow  while  hot,  and  solidifies,  on  cooling,  to  a  white  mas.s 
of  a  fibrous  texture.  At  a  red  heat,  the  salt  loses  half  its  acid. — The  hyperacid  scdt, 
2NaH»Se20«.H-0  or  Na'-SeOlSmSeOMPO  (Muspratt),  first  obtained  by  Berze- 
lius, is  prepared  by  dissolving  the  acid  salt  in  selenious  acid,  and  crystallises  by 
spontaneous  evaporation  in  needles,  which  are  permanent  in  the  air.  It  melts  easily 
to  a  yellowish-red  liquid,  which  gives  oflF  selenious  oxide,  leaving  a  residue  of  neutral 
sodium-selenite  with  traces  of  selenate.  (Muspratt.) 

Selenites  of  Strontium. — The  ?ifj/i!r«?  sa/i,  Sr"SeO', is  a  white  powder,  infusi- 
ble, and  not  soluble  in  water. — The  acid  salt,  obtained  like  the  corresponding  barium- 
salt,  separates  as  a  milk-white  amorphous  crust,  on  evaporating  the  aqueous  sohition. 
It  melts  in  the  fire  ;  swells  up)  and  evolves  water  at  first,  and  then  one  half  of  its  acid, 
so  that  the  neutral  selenite  remains  in  a  spongy  form.  It  is  nearly  insoluble  in  cold 
water,  and  dissolves  but  slowly  even  in  boiling  water.  (Berzelius.) 

Selenites  of  Thallium. — The  neutral  salt,  Tl-SeO',  is  produced  by  oxidising 
selenide  of  thallium  with  nitric  acid,  or  more  easily  by  treating  selenious  acid  with 
excess  of  thallium-carbonate.  It  has  an  alkaline  reaction,  is  easily  soluble  in  water, 
insoluble  in  alcohol  and  ether,  and  crystallises  in  very  thin  micaceous  laminae  (Kuhl- 
luann,  Bull.  Soc.  Chim.  [2]  i.  330). — The  acid  salt,  TlHSeO',  is  more  soluble  in  water 
than  the  neutral  salt,  and  crystallises  most  readily  from  a  solution  mixed  with  alcohol. 
(Kulilmann.) 

Selenites  of  Tin. — Stannic  selenite  is  a  white  powder,  insoluble  in  water,  solu- 
ble in  hydrochloric  acid,  and  precip)itated  therefrom  by  water.  When  strongly  heated, 
it  first  gives  off  water,  and  then  the  whole  of  its  acid. 

Selenites  of  Uranium. — Neutrcd  uranic  selenite  is  a  lemon-yellow  powder, 
which  is  decomposed  at  high  temperatures,  giving  off  oxygen  and  selenious  oxide,  and 
leaving  uranoso-uranic  oxide.  It  dissolves  in  excess  of  selenious  acid,  forming  an 
acid  salt,  which  dries  up  to  a  white,  ojiaque,  crystalline  mass,  soluble  in  water  (Berze- 
lius). According  to  Muspratt,  the  crystalline  salt  thus  obtained  is  neutral  uranio 
selenite,  U''0-'.3SeO-. 

Selenite  of  Yttrium  is  pirecipitated  in  cui'dy  white  flocks,  which  dry  up  to  a 
white  powder.  It  is  insoluble  in  water  and  in  selenious  acid,  and  when  strongly  heated, 
first  gives  off  water,  and  then  the  whole  of  its  acid.  (Berzelius.) 

Selenites  of  Zinc. — The  ncutrcd  salt,  Zn"SeO^.H-0  (Muspratt),  is  a  white 
powder,  insoluljle  in  water.  When  heated,  it  gives  olf  water,  and  melts  to  a  yellow 
transparent  liquid,  which  on  cooling  forms  a  white  mass,  having  a  crystalline  fracture. 
At  an  incipient  white  heat,  it  enters  into  ebullition,  and  is  converted,  with  sublimation 
of  selenious  oxide,  into  an  infusible  basic  salt,  no  longer  decomposible  by  heat. — The 
acid  salt,  obtained  by  dissolving  the  neutral  salt  in  selenious  acid,  is  a  transparent, 
fissured,  gummy  mass,  easily  soluble  in  water.  (Berzelius.) 

Hyperacid  Salt,  Zn"H''Se^O'^  =  Zn"SeO'.3H-SoO''. — AVhen  clean  zinc-turnings  or  plates 
of  zinc  are  immersed  in  a  .somewhat  concentrated  aqueous  solution  of  selenious  acid 
the  metal  soon  becomes  covered  with  a  thin  red  layer  of  reduced  selenium,  and  a  solu- 
tion is  formed  containing  hyperacid  zinc-selenite,  which,  when  the  solution  is  evaporated 
to  a  syrupy  consistence  in  vacuo  over  oil  of  vitriol,  and  then  left  at  rest  for  about  a 
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week,  separates  in  large  yellow  crystals,  very  mucli  like  those  of  neutral  potassium- 
cliromate.  They  are  oblique  rhombic  prisms,  having  their  terminal  edges,  and  frequently 
also  the  obtuse  lateral  edges,  replaced  by  planes  :  generally  associated  in  twins.  Tho 
salt  is  permanent  in  the  air,  soluble  in  water.  The  solution  is  colourless  ;  has  a  strong 
sour  taste;  is  not  decomposed  by  acids;  becomes  turbid  when  heated,  the  salt  being 
resolved  into  selenious  oxide  and  neutral  zinc-selenite.  A  crystal  heated  to  30°  or 
40°  undergoes  the  same  change,  becoming  white  and  opaque ;  on  increasing  the  heat, 
the  crystal  melts,  and  is  resolved  into  water  which  distils  over,  selenious  oxide  which 
sublimes,  and  a  neutral  or  basic  salt  which  remains  behind.  (Wohler,  Ann.  Ch. 
Pharm.  lix.  279.) 

Selenite  of  ZiECONifM  is  a  white  powder,  insoluble  in  water,  soluble  in 
selenious  acid,  decomposed  by  heat, leaving  a  residue  of  zirconia.  (Berzelius.) 

Selenio  Acid,  H=SeO'  =  H'O.SeO^  =  ^^^^^^  |  O^,— This  acid,  the  analogue  of 

sulphuric  acid,  was  discovered  in  1827  by  Mitscherlich  (Pogg.  Ann.  ix.  623), 
and  has  been  further  examined  by  "Wohlwill  (Ann.  Ch.  Pharm.  cxiv.  162)  and 
V.  Hauer  (Wien.  Akad.  Ber.  xxxix.  299  ;  Jahresb.  1860,  p.  86). 

Selenic  acid  (or  a  metallic  seleuate)  is  formed:  1.  By  fusing  selenium,  selenious 
oxide,  or  a  selenite  with  nitrate  of  potassium  or  sodium. — 2.  By  the  action  of  chlorine 
and  water,  or  of  hypochlorous  acid,  on  selenium,  selenious  acid,  or  selenites. — 3.  By 
heating  selenious  acid  with  peroxide  of  lead,  peroxide  of  manganese,  or  chromate  of 
potassium.  (Wohlwill.) 

Preparation. —  Aqueous  selenic  acid  is  usually  prepared  by  fusing  an  alkaline  selenite 
with  nitrate  of  potassium  or  sodium,  precipitating  the  solution  of  the  resulting  alkaline 
selenate  with  a  lead-salt,  and  decomposing  the  precipitated  selenate  of  lead  with  sul- 
phydric  acid.  According  to  Wohlwill,  however,  this  process  is  not  advantageous, 
because  a  portion  of  the  selenate  of  lead  obstinately  resists  decomposition.  The 
following  is  more  convenient  and  productive.  Selenious  acid  is  first  prepared  by 
dissolving  selenium  in  nitric  acid  ;  and  the  solution,  after  moderate  concentration,  is 
finally  evaporated  down  in  a  retort  provided  with  a  receiver,  whereupon,  after  the 
excess  of  nitric  acid  and  the  water  have  been  driven  off,  the  liquid  suddenly  becomes 
briskly  agitated,  and  a  considerable  qiaantity  of  the  selenious  acid  volatilises  and  con- 
denses in  the  receiver  to  a  snowy  mass.  The  solution  of  this  sublimed  selenious  acid, 
or  cupric  selenite  (prepared  therefrom  with  cupric  carbonate  suspended  in  water),  is 
treated  witli  chlorine  gas ;  the  excess  of  chlorine  is  allowed  to  evaporate  from  the 
liquid  by  exposure  to  the  air  at  the  ordinary  temperature ;  the  liquid  is  saturated  with 
pure  cupric  carbonate ;  and  the  cupric  selenate  contained  in  the  liquid  (filtered  from 
unaltered  cupric  selenite)  is  separated  from  cupric  chloride  by  precipitation  witli 
alcohol  (which  leaves  the  chloride  in  solution),  or  by  repeated  crystallisation.  The 
cupric  selenate  is  then  suspended  in  a  small  quantity  of  water,  and  decomposed  by 
sulphydric  acid ;  and  the  filtered  aqueous  acid  is  concentrated  by  evaporation  over  the 
water-bath.  The  formation  of  selenic  acid  by  oxidising  selenious  acid  with  chlorine 
may  be  used  for  the  preparation  of  selenates,  but  not  for  the  direct  preparation  of  the 
aqueous  acid,  because  the  hydrochloric  acid  formed  at  the  same  time  reconverts  the 
selenic  acid,  tmless  neutralised,  into  selenious  acid,  slowly  in  the  cold,  quickly  when 
heated.  (Wohlwill.) 

Von  Hauer  precipitates  a  solution  of  potassium-selenite  with  calcium-nitrate ; 
purifies  the  resulting  calcium-selenate  by  solution  in  water  and  precipitation  by  heat 
(it  is  less  soluble  in  hot  than  in  cold  water) ;  then  decomposes  it  by  boiling  with  excess 
of  cadmium-oxalate  and  water,  till  the  liquid  is  free  from  calcium ;  precipitates  the 
cadmium  from  the  filtered  liquid  with  sulphydric  acid ;  expels  the  excess  of  that  acid 
from  the  filtrate  by  heat,  and  concentrates  by  evaporation. 

Properties. — Selenic  acid  is  a  transparent  colourless  liquid,  which  in  the  most  con- 
centrated state  boils  at  280°,  and  has  a  specific  gravity  of  2-6.  The  liqttid  in  this 
state  is  not  quite  pure  selenic  acid,  H-SeO^,  but  contains  a  little  water  in  addition, 
which  cannot  be  driven  off  without  further  decomposition  of  the  acid  into  selenious 
oxide,  water,  and  oxygen.  The  concentrated  acid  resembles  sidphiu-ic  acid  in  many  of 
its  properties.  It  is  very  hygroscopic,  and  its  admixture  with  water  is  attended  with 
considerable  rise  of  temperature.  The  strong  or  dilute  acid  boiled  with  hydrochloric 
acid  eliminates  chlorine,  and  is  reduced  to  selenious  acid : 

H-SeO^  +  2HC1    =    CP  +  H'O  +  mSeO'. 

On  the  other  hand,  it  resists  the  action  of  many  reducing  agents  which  decompose 
selenious  acid.  Thus,  it  is  not  decomposed  by  sulphurous  or  sulphydric  acid,  and  its 
solution  dissolves  zinc  and  iron,  with  simple  substitution  of  the  metal  for  hydrogen, 
not  with  precipitation  of  selenium,  as  is  the  case  with  selenious  acid  (p.  226).  The 
free  acid  precipitates  barium-scdts,  even  in  presence  of  other  mineral  acids.    By  this 
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property,  taken  in  coiinection  wilh  its  reduction  to  selenious  acid,  with  evolution  of 
chlorine  by  boiling  with  hydrochloric  acid,  seknic  acid  may  be  distinguished  from  all 
other  acids. 

Sclcnatcs. 

Selenic  acid  is  dibasic  like  sulphuric  acid,  and  capable  of  forming  acid  as  well  as 
neutral  salts.  Only  one  acid  selenate  h?i,s,  however,  yet  been  prepared,  viz.  that  of 
potassium,  KHSeO*.  The  neutral  selenates  have  the  composition,  M-SeO*  or  M"SeO''. 
Many  double  selenates  are  also  known,  represented  by  the  general  formula,  M"X-Se^O'* 
and  M"'XSe-0',  the  last  being  analogous  to  the  alums. 

The  selenates  of  the  alkali-metals  are  prepared  by  igniting  selenium,  seleuides,  or 
seleuites  with  nitrate  of  potassium  or  sodiujn  ;  other  selenates  by  dissolving  metallic 
oxides,  hydrates,  or  carbonates  in  selenic  acid  ;  the  selenates  of  barium,  strontium,  and 
lead,  which  are  insoluble  in  water,  and  even  in  nitric  acid,  by  precipitation.  The 
selenates  correspond  very  closely  in  their  properties  to  the  sulphates,  with  which  they 
are  isomorphous.  Most  of  them  sustain  a  red  heat  without  decomposition.  Heated 
in  a  current  of  hydrogen,  they  are  readily  converted  into  selenides.  Heated  with 
charcoal  or  with  carbonate  of  sodiura  in  the  reducing  flame,  they  are  also  reduced  to 
selenides,  emitting  the  characteristic  horseradish  odour.  When  boiled  with  h.ijdro- 
cJiloric  acid,  they  evolve  chlorine,  and  leave  selenious  acid,  from  which  selenium  may  be 
precipitated  by  sulphurous  acid. 

Selenate  of  Aluminium  resembles  the  sulphate,  and  yields  corresponding 
basic  salts   under   similar   circumstances  (see   Sulphates). — Sclcnium-alains,  viz. 

Al"'KSe-OM2H20  =  ^^2r-^|0'-12H=0,  and  the  corresponding  ammonium-  and 

sodium-salts,  are  obtained,  by  dissolving  aluminium-hydi-ate  in  excess  of  selenic  acid 
and  neutralising  with  an  alkaline  carbonate,  in  monometric  crystals  (O  with  odOot 
and  CO  0),  which  eiBoresce  slightly  in  the  air.  They  are  all  easily  soluble  in  cold 
water ;  the  sodium-salt  crystallises  only  from  very  concentrated  solutions,  and  even  in 
presence  of  a  considerable  excess  of  aluminium-selenate,  only  in  small  crystals  mixed 
with  selenate  of  sodium  (Wohlwill).  The  crystals  of  the  potassium-salt  have  a  specific 
gravity  of  1-971.    (Weber,  Pogg.  Ann.  cviii.  615.) 

Selenate  op  Barium,  Ba"SeO',  obtained  by  precipitation,  is  a  white  jiowder 
insoluble  in  water  and  in  nitric  acid,  but  converted  into  selenite  and  dissolved  by 
boiling  with  hydrochloric  acid,  being  thereby  distinguished  from  the  sidphate.  Specific 
gravity  =  4  67  at  22'^.    (Schafarik,  Jahresb.  1863,  p.  15.) 

Selenate  or  Cadmium,  Cd"Se0^.2H-0,  prepared  as  above  (p.  230),  crystallises 
by  cooling  or  spontaneous  evaporation  in  small  transparent  tables,  which  are  permanent 
m  the  air,  very  soluble  in  water,  give  olF  half  their  water  at  100°,  and  the  rest  con- 
siderably below  a  red  heat.    (v.  Hauer.) 

Selenate  of  Calcium,  Ca"SeO'.2H-0,  prepared  by  precipitation  (p.  230), 
separates  on  warming  its  aqueous  solution,  in  transparent  crystals,  wliich  resemljlo 
those  of  gypsum,  and  may  be  obtained'of  considerable  size  by  slow  evaporation.  The 
dehydrated  salt  hardens  with  water,  like  burnt  gypsum,    (v.  Hauer.) 

Selenate  of  Chromium  and  Potassium,  or  Selenic  Chrome-alum,  crystal- 
lises after  some  time  from  the  liquid  obtained  by  treating  a  concentrated  solution 
of  acid  potassium-chromate  with  selenic  acid  and  alcohol  at  a  moderate  heat. 
(WohlwilL) 

Selenate  of  Cobalt,  Co"Se0^7H^O,  resembles  the  sulphate  (Mitsclierlich). 
• — Fotassio-cobaltous  selenate,  Co"K^Se-0'',  resembles  the  corresponding  nickel-salt, 
(v.  Hauer.) 

Selenate  of  Copper,  Cu'SeO^SH-O,  prepared  by  dissolving  copper  or  eupric 
oxide  in  selenic  acid,  or  by  oxidation  of  the  selenite  (p.  230),  is  isomorphous  with  the 
sulphate  (M i ts cherli ch).  A  mixture  of  cupric  and  ferrous  selenates  yields,  ac- 
cording to  Wohlwill,  in  a  number  of  successive  crystallisations,  nothing  but  dilFerent 
combinations  of  the  form  of  eupric  sulphate  (triclinie,  ii.  158) ;  crystals  having  the 
form  of  ferrous  sulphate  (monoclinic)  are  obtained  only  when  the  latter  is  in  consider- 
able excess,  us  observed  by  Wohlwill  in  a  mixed  salt  containing  3  at.  Fe  to  1  at.  Cu. 
A  solution  of  magnesium-selenate  mixed  with  comparatively  very  small  quantities  of 
cupric  selenate  yields  crystals  having  the  form  of  ferrous  sulphate,  and  containing 

Cu"Mg'Se*0"'.28H-0.    Selenate  of  zinc  yields  with  cupric  selenate  a  similar  salt, 

containing  Cu"Zn=Se'0"^.28H^O. 

Ferrous  Selenate,  Fe"SeO'. 711-0  (or  5H-0). — This  salt,  oljtained  by  dissolving 
iron  wire  in  selenii;  acid,  and  evaporating  in  an  atmosphere  of  hydrogen  or  earboni<; 
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anhydride,  crj'stallises  vnth  7  at.  water  and  the  form  of  ferrous  sulphate,  only  at  tem- 
peratures a  little  above  0°.  The  monoeliuic  crystals  thus  obtained  become  opaque, 
and  give  off  part  of  their  water  even  on  slight  rise  of  temperature  ;  and  at  temperatures 
not  much  above  o*-",  the  salt  crystallises  with  only  5  at.  water,  and  in  the  form  of 
CTipric  sulphate.  (Wohlwill.) 

Selenate  of  Lead,  Pb"SeO*,  is  obtained  by  precipitating  selenate  of  sodium 
with  nitrate  of  lead,  as  a  white  powder  insoluble  in  nitric  acid.  Specific  gravity  = 
6'37  at  22°  (Schafarik).  This  salt  occm-s  native,  with  selenide  of  lead  and  antimony, 
malachite,  &c.,  at  the  Eriederichsgliick  mine,  near  Hildbiii-ghausen,  and  at  Eisfeld,  in 
small,  brittle,  sulphur-yellow  spheres  and  botryoi'dal  masses,  cleaving  distinctly  in  one 
direction.  This  mineral  was  regai'ded  by  Kersten  (Pogg.  Ann.  xlvi.  277)  as  a  selenite 
of  lead ;  but  according  to  H.  Eose's  analysis,  it  is  a  selenate  of  lead  containing  a 
little  copper.    (Dana,  ii.  375.) 

Selenate  of  Magnesium,  Mg"SeO*.7H-0,  exactly  resembles  the  sulphate  in 
form  and  solubilitj'. 

Selenate  of  Nickel,  Ni"SeO*.6H-0,  obtained  by  dissolving  the  carbonate  in 
selenic  acid,  forms  quadratic  crystals,  isomorphous  with  the  sulphate  containing  the  same 
quantity  of  water  (Mitscherlich).  According  to  v.  Hauer,  it  crystallises  from 
neutral  solutions  by  spontaneous  evaporation  in  quadratic  pyramids,  which  give  off  4  at. 
water  at  100°,  but  cannot  be  completely  dehydrated  without  further  decomposition. 
A  mixture  of  this  salt  and  cupric  selenate  in  nearly  eqiiivalent  quantities,  yields  crystals 
having  the  form  of  ferrous  sulphate.  (Wohlwill.) 

NkikcI-jMtassium  Selenate,  ]Sri"K-Se'0*.6H^O,  forms  monoelinic  crystals,  isomorphous 
with  the  corresponding  double  suljjhate.  It  cannot  be  dehydrated  without  decompo- 
sition, but  givesoff  nearly  4  at.  water  at  100°,  whereas  the  sulphate  remains  unaltered 
at  that  temperature.  [Respecting  the  crystalline  form,  see  also  G.  v.  Path  (Pogg. 
Ann.  cxT.  487  ;  Jahresb.  1862,  p.  216)].  The  corresponding  double  salts  formed  by 
combination  of  the  selenates  of  cobalt,  magnesium,  and  copper  with  the  selenates  of 
potassium  and  ammonium,  crystallises  in  the  same  form,  are  permanent  in  the  air, 
more  soluble  than  the  corresponding  double  sulphates,  and  cannot  be  completely  de- 
hydrated without  decomposition,    (v.  Hauer.) 

Selenates  of  Potassium. — The  neutral  salt,  K-SeO',  is  prepared  by  fusing 
selenium  or  selenite  of  potassium,  or  native  selenide  of  lead,  with  saltpetre,  dissolving  the 
fused  mass  in  hot  Vi'ater,  and  leaving  the  concenti-ated  solution  to  crystallise.  The  excess 
of  nitrate  then  crystallises  out  first,  and  afterwards  the  selenate,  in  crystals  exactly 
resembling  the  neutral  sulphate.  It  deflagrates  on  glowing  coals  like  saltpetre,  and  is 
equally  soluble  in  hot  and  in  cold  water  (Mitscherlich). — The  acid  salt,  KHSeO'', 
exactly  resembles  the  acid  sulphate.  (Mitscherlich.) 

Selenate  of  Silveb,  Ag'SeO',  prepared  by  dissolving  silver  in  selenic  acid, 
agrees  with  the  sulphate  in  form  and  properties. 

Selenate  of  Sodium,  Na^SeO'',  is  prepared  like  the  potassium-salt,  and  crys- 
tallises from  aqueous  solution  above  40°  in  anhydrous  crystals  ;  at  lower  temperatures, 
or  by  spontaneous  evaporation,  in  crystals  containing  Na-SeO*.10H"O,  exactly  re- 
sembling those  of  Glaubers  salt,  and  exhibiting,  like  the  latter,  a  maximum  solubility 
at  about  33°.  (Mitscherlich.) 

Selenate  of  Thallium,  TPSeO*,  prepared  by  dissolving  the  metal  or  its 
carbonate  in  selenic  acid,  crystallises  in  long,  white,  prismatic  needles,  isoMorphous 
with  sulphate  of  potassium,  sparingly  soluble  in  cold  water,  insoluble  in  alcohol  and  in 
ether.  (Kuhlmann,  Bull  Soc.  Chim.  1864,  i.  330.— Oettinger,  Zeitschr.  Ch.  Pharm. 
1864,  p.  440.) 

Selenate  of  Zinc,  Zn"Se0^7II^0,  is  isomorphous  with  the  sulphate.  Accord- 
ing to  Mitscherlich,  it  crystallises  also  with  2  at.  and  6  at.  water,  the  deliydrated  salt 
separating  attemperatures  above  30°,  the  hex-hydrate  between  20°  and  15^.  The  solu- 
tion mixed  with  ferrous  sulphate  depiosits,  according  to  Wohlwill,  crystals  having  the 
form  of  cupric  sulphate.  When  a  solution  of  zinc-selenate  is  mixed  with  cupric 
selenate,  the  former  being  in  considerable  excess,  the  crystals  which  first  separate 
have  the  form  of  cupric  sulphate  ;  and  it  is  only  the  last  that  exhibit  the  quadratic 
form  of  zinc-selenate  {W ohlwiU).— Selenate  of  zinc  and  thallium,  Zn"Tl-Se-0'.6H-0, 
crystallises  in  monoelinic  prisms,  isomorphous  with  magnesio-potassic  sulphate. 
(G.  Werther,  Bull.  Soc.  Chim.  1865,  i.  60.) 

SEIiETtriUBi:,  OX'K'CHX>ORX3>£:  or.  SeCl'-O  =  SeCl'.SeO-.  SclenacicJilorid. 
(R.  Weber,  Pogg.  Ann.  cviii.  615.) — Produced  by  distilling  tetrachloride  of  selenium 
over  selenious  oxide  gently  heated  in  a  sealed  tube :  also  in  the  decomposition  of  the 
tetrachloride  by  a  small  quantity  of  water,  and  is  therefore  always  present  in  the  liquid 
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resulting  from  the  deliqiiescenee  of  the  tetrachloride,  in  damp  air.  It  is  a  slightly 
yellowish  liquid,  haviug  a  specific  gravity  of  2'44,  boiling  at  about  220°,  fuming  in 
damp  air,  and  easily  dccompos(.d  ly  water  into  hydrocliloric  and  selenious  acids. 

SEIiENXUIVZ,  SUXiPKIBlSS  OF.  Two  of  these  compounds  are  known,  ana- 
logous in  composition  to  selenious  oxide  and  the  unknown  selenic  oxide.  The 
disulphide  or  selenious  sulphide,  SeS-,  is  produced  by  fusing  1  at.  selenium 
with  2  at.  sulplrar ;  also  by  the  action  of  sulphydric  acid  on  a  solution  of  selenious 
acid.*  The  latter  method  yields  it  as  a  bright  yellow  precipitate,  becoming  darker 
when  dry.  It  softens  at  100°,  melts  at  a  somewhat  higher  temperature,  and  when 
more  strongly  heated,  boils,  distils  over,  and  solidifies  on  cooling  to  an  orange-yellow 
mass  ,  resembling  orpiment.  Alkalis  dissolve  the  sulphur  from  it  easily  and  com- 
pletely, together  with  a  small  quantity  of  selenium.  Alkaline  sulphydrates  dissolve  it 
completely.  (Borzelius.) 

The  trisulphide  or  selenic  sulphide,  SeS',  is  j^rodueed  by  fusing  1  at.  selenium 
with  3  at.  sulphur.  It  is  a  brick-red,  fusible,  volatile  solid,  soluble  without  residue  iu 
alkaline  hydrates  and  sulphydrates.  (Berzelius.) 

SESSECARP'SJ'S.  The  almonds  of  Semecarjnts  Aaacardmm,  L.  {Anacardimn 
orieiitalc),  HQ  East  Indian  plant,  contain  a  small  quantity  of  sweet  oil;  the  pericarp 
contains  32  per  cent,  of  a  a  vesicating  oil  of  specific  gra-^nty  0'991,  easily  soluble  in 
ether,  blackening  on  exposure  to  the  air.    (J.  Lepire,  J.  Pliarm.  [3]  xl.  16.) 

Cl^sm.    Syn.  with  Woiimseed. 
SEMESJ  COCCOGirzSIX.    Mezereum-seeds  (iii.  1010). 

SBHEISESTZIDABS.  This  name  was  given  by  Zinin  to  a  compound  produced  by 
the  action  of  sulphide  of  ammonium  on  dinitrobenzene  ;  probably  impiu-e  a-phenyleue- 
diamine  (iv.  480). 

SESIIUilPHTKA.£iXBii.M,  SEI«IZirAP2£THii£,XBIX3'E.  Bee  the  next 
article. 

SEJWIN'JLPllTHVX.Amxn'E.  C'^H^N^  =  Amidonaphthvlamine,  C'»HXNII=)N 

or  Naphthylene-diamine  also  called  Semmaflithalidbie,  Scviinai^litka- 

lidam,  a.Tii  AzonapJithi/lcimine.  (Zi nin,  Ann.  Ch.  Pharm.  lii.  362;  Isxxv.  329.) — A 
base  produced  by  the  action  of  sulphydrate  of  ammonium  on  dinitronaphthalene  (iv.  15). 
To  prepare  it,  dinitronaphthalene  is  dissolved  in  alcohol  saturated  with  ammonia,  and 
the  ci'imson  solution  is  saturated  with  sulphydric  acid,  then  boiled,  whereupon  it  de- 
posits a  large  quantity  of  sulphur;  afterwards,  mixed  with  water,  boiled  again,  and 
filtered  quickly  at  the  boiling  heat.  On  cooling  it  deposits  a  large  quantity  of  uaphthy- 
lene-diamine  in  thin,  shining,  copper-coloui-ed  needles,  which  may  be  rendered  colourkss 
by  alternate  crystallisation  from  alcohol  and  water.f 

Naphthylene-diamine  crystallises  from  alcohol  in  long  shining  needles,  slightly 
soluble  in  water,  very  soluble  in  alcohol  and  ether;  forming  brownish-yellow  solutions, 
which  quickly  become  darker-coloured  and  turbid  on  exposure  to  the  air.  In  the  dry 
state  it  may  easily  be  kept  unaltered.  It  melts  at  160°,  and  when  heated  above  200°, 
boils  and  distils,  with  partial  decomposition  and  carbonisation.  It  dissolves  in  strong 
sulphuric  acid,  forming  a  dark-violet  solution,  which  remains  unchanged  for  months  if 
left  to  itself;  but,  on  addition  of  water,  is  immediately  transformed  into  a  reddish- 
white  crystalline  mass.  The  alcoholic  solution  of  the  base  is  decolorised  by  aqueous 
acids,  forming  crystalline  magmas,  whence  it  is  precipitated  by  ammonia  without 
alteration. 

Salts  of  Na'phthylene-diamine. — This  base  is  diacid,  uniting  with  2  at.  of  a 
monatomic  and  1  at.  of  a  diatomic  acid.  The  hydrocMoratc,  C"'H"'N".2HC1,  is  pre- 
pared by  dropping  rather  strong  hydrochloric  acid  into  a  cold  concentrated  solution  of 
naphthylene-diamine  in  a  vessel  externally  cooled.  Am.igmaof  shining  scales  is  thus 
obtained,  which  must  be  washed  with  alcohol.  The  salt  cannot  be  sublimed.  Its 
aqueous  solution  becomes  coloured  on  exposure  to  the  air.  The  cMoromcrcurcde 
crystallises  in  broad  very  soluble  laminre. — The  chloroplatinafc,  C"'H"'N^.2HCl.Pt'*Cl', 
IS  a  yellow-brown  sparingly  soluble  powder. 

The  sidphate,  C"'H"'N'''.H-SO',  is  obtained  by  treating  an  alcoholic  solution  of  the 
base  with  dilute  sulphuric  acid,  as  a  white  powder,  slightly  soluble  in  water 
and  in  alcohol,  whence  it  crystaUises  in  colomdess  scales. — The  lyhosphateiovms  shmixiQ 

•  According  to  H.  Rose,  however,  the  precipitate  thus  formed  is  only  a  mixture  of  selenium  and 
sulphur. 

\  'I'lie  red  colour  of  the  first  crop  of  crystals  arises  from  a  foreign  suhstance  much  more  soluble  in 
alcoliol  than  naphthylenp-diamine  itself.  Tiiis  coloured  body  crystallises  from  water  m  very  slender 
lustreless  needles,  which,  when  heated  in  a  tube,  melt  to  a  red  litiuid,  and  then  distil  with  partial 
decomposition. 
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scales,  more  stable  tlian  the  sulphate,  slightly  soluble  iu  water  and  in  alcohol,  and 
crystallising  therefrom  without  alteration. 

The  oxalate  is  a  white  erystalliue  powder,  slightly  soluble  in  water,  still  less  soluble 
in  alcohol  and  in  ether.  A  solution  prepared  at  the  boiling  heat  deposits  it  on  cooling, 
in  shining  scales. — The  tartrate  crystallises  in  radiate  groups  of  slender  needles,  mode- 
rately soluble  in  water  and  in  alcohol,  less  soluble  in  ether.  It  decomposes  iu 
solution,  but  is  more  permanent  in  the  dry  state. 

SEM£-OFA3i.    A  Tariety  of  opal,  translucent  at  the  edges  only  (iv.  20i). 

SSSTASSBaOBTTITB.  The  monometric  variety  of  antimonious  oxide,  Sb-0^(i.  323), 
occurring  at  Sensa,  in  the  province  of  Constantine,  Algeria,  and  at  Perneek  near 
Malackza  in  Himgary,  in  regular  unmodified  octahedrons,  and  in  masses  with  graniilar 
structiu'e.  Hardness  =  2  to  2'5.  Specific  gravity  =  5-22  to  5-3.  It  has  a  greyish  or 
yellowish  colour,  and  resinous  lustre  inclining  to  subadamantine ;  transparent  to 
translucent. 

SESJBCA  OXSi,  American  petroleum,  so  called  because  it  was  collected  and  sold 
by  the  Seneca  Indians. 

SESJSGAS.  G-uaa.    See  Gum  (ii.  954). 

SSSrSGISJ  or  SESJBGITEKr.    See  Saponin  (p.  193). 

SESfSJA.  A  purgative  drug  consisting  of  the  leaves  of  Cassia  aeutifolia,  a  shrub 
indigenous  iu  Egypt,  Nubia,  Arabia,  and  India,  and  Cassia  obovata,  indigenous  in 
Egypt,  Tripoli,  and  Syria.  It  has  been  examined  by  several  chemists,  chiefly  with 
the  view  of  extracting  the  active  principle,  but  the  results  are  by  no  means  accordant. 
Lassaigne  and  Feneiille  (J.  Pharm.  x.  58)  attribute  the  purgative  action  to  a  bitter 
imcrystaUisable  substance,  soluble  in  water  and  alcohol,  insoluble  in  ether,  which  they 
denominate  oathartin  (i.  817).  Bley  and  Diesel  (Arch.  Pharm.  [2]  Iv.  257),  ob- 
tained from  senna-leaves  a  similar  substance,  together  with  a  yellow  resin,  chryso- 
retin  (i.  960),  soluble  in  ether,  and  re.sembliug  chrysophanic  acid,  probably  a  mixtiu-e 
of  that  acid  with  other  substances.  According  to  Martins  {Monographie  der  Sennes- 
bltitter,  Leipzig,  1857),  senna  contains  chrysophanic  acid  (i.  258)  together  with  two 
brown  substances,  similar  to  or  identical  with  the  aporetin  and  phaeoretin  of  rhtibarb  ; 
also  margarin  ;  he  regards  the  chrysophanic  acid  as  the  active  principle.  Sawicki, 
on  the  other  hand  {Bisscrtatio  inauguralis,  Dorpati,  1857),  doubts  the  correctness  of 
this  view,  inasmuch  as  the  purgative  principle  of  senna  is  extracted  by  water  much 
more  easily  than  by  alcohol,  whereas  chrysophanic  acid  is  nearly  insoluble  in  water,  but 
dissolves  in  alcohol,  by  which  indeed  it  is  extracted  from  rhubarb.  Wiggers  endeavours 
to  explain  this  contradiction  by  supposing  that  the  chrysophanic  acid  in  senna  is  for 
the  most  part  combined  with  bases,  and  in  that  state  insoluble  in  alcohol,  whereas  in 
rhubarb  it  exists  chiefly  in  the  free  state. 

Martins  found  in  senna-leaves  from  Cassia  aeutifolia  from  9  to  12  per  cent,  of  ash. 
The  composition  of  the  ash  in  100  pts.  is,  according  to  Martins  {a  and  b)  and 
Schreiber  (c),  as  follows  : — 

Sand  and 

K^O  Na20  MgO    CaO  Fe  "P0<  P=05    SiO^    CI       SO'    C0=  charcoal. 
Alexandrian  {a)    16-58  1-08  7-46  35-92  0-32    .  .     2  00  0-35  2-95  24-75  6-97 
East      Ub)    11-20  8-50  6-10  36-28  5-70    .  .     4-06  0-70  3-52  21-10  3-69 
Indian     j(c)    13-47  1-24  0-85  35-36  1-50  3-82  14-49  3-81  1-45  23-67 

SEPBEKIIffE,  or  SEPIBISrE.    Syn.  "with  Sipeehinid. 

SEPXA.  A  dark-brown  pigment  prepared  from  a  black  juice,  which  is  secreted  by 
certain  glands  of  the  cuttle-fish  [Sepia  officinalis,  Sepia  Loligo,  &c.),  and  ejected  by  the 
animal  to  darken  the  water  when  it  is  pursued.  One  part  of  the  juice  is  capable  of 
making  1000  parts  of  water  nearly  opaque.  The  juice,  when  dried,  yields  a  black 
mass,  which,  according  to  Prout,  consists  of  78  per  cent,  black  pigment  or 
melanin,  10-40  calcium-carbonate,  7-00  magnesium-carbonate,  2-16  allcaline  sulphates 
and  chlorides,  and  0-84  mucus.  The  black  pigment  may  be  isolated  by  boiling  the 
black  mass  successively  with  water,  hydrochloric  acid,  and  dilute  solution  of  am- 
monium-carbonate. It  is  a  black,  inodorous,  and  tasteless  substance,  quite  insoluble 
in  water,  alcohol,  and  ether,  but,  remaining  suspended  in  water  for  a  very  long  time, 
its  deposition  may,  however,  be  accelerated  by  addition  of  acids  or  sal-ammoniac. 
It  dissolves  in  warm  caustic  potash  solution,  forming  a  dark-brown  solution,  from 
which  it  is  precipitated  by  sulphuric  and  hydrochloric  acid,  but  not  by  nitric  acid. 
It  dissolves  also  in  ammonia,  but  not  in  alkaline  carbonates. 

The  pigment  is  prepared  by  saturating  the  dried  native  sepia  witli  a  little  caustic 
lye,  then  adding  more  lye,  boiling  the  liquid  for  half  an  hour,  filtering,  precipitating 
with  an  acid,  washing  the  precipitate,  and  drying  it  at  a  gentle  heat.  It  is  of  a  dark- 
browu  colour  and  tine  grain. 
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Os  sc]nee,  Meerschaum,  ot:  White  Fish-hone,  is  the  calcareous  sliield  or  shell  ou  the 
back  of  the  cuttle-fish.  It  consists  of  two  layers :  the  upper  thin,  but  very  compact,  while 
the  lower  is  thicker  but  porous.  The  upper  layer  contains,  accordina;  to  John,  80  per 
cent,  calcium-carbonate  with  traces  of  phosphate,  9  gelatinous  substance,  insoluble  in 
water  and  in  cold  lime-water,  4  water,  and  traces  of  magnesia.  The  lower  layer 
contains  85  calcium-carbonate,  with  traces  of  potash,  4  gelatinous  matter,  and  4  -water, 
with  traces  of  magnesia.  Forchhammer  fo\ind  in  Os  seiyicB  O'lO  per  cent,  magnesium- 
carbonate. 

Os  scjjicB  is  used  as  tooth-powder,  for  polishing,  and  for  modelling  for  fine  gold 
articles ;  it  was  formerly  used  as  an  internal  remedy  in  cases  of  goitre,  (llaudw.  d. 
Chem.  vii.  839.) 

Syn.  w^ith  Meeesciiaxjm  (iii.  804). 
SEPEESSTB.    Syn.  with  Sipeeeine. 

SEPTikREii..  Calcareous  concretions  intersected  by  veins  of  calcspar,  which,  when 
calcined  and  ground,  form  an  excellent  hydraulic  cement. 

SSKBSAOT.    Syn.  with  Miloschin. 

SSascsCJ  iic;2.    Syn.  with  Mykistic  acid. 

SEIilcaSM  (from  Scricci,  A  name  proposed  by  Seh  lossb erger  (Aon.  Ch. 

I'harm.  ex.  245)  for  the  fibroin  of  silk  and  of  gossamer-threads  (ii.  644),  which,  ac- 
cording to  him,  are  identical,  biit  different  from  the  organic  matter  of  sponges,  for  which 
he  retains  the  name  fibroin. 

The  name  sericiu  was  fonnerly  also  applied  to  myristin,  the  glyceride  of  myristic 
acid  (iii.  1072),  on  account  of  its  silky  aspect. 

SESICETB.  A  mineral  occurring  in  a  schist  of  the  Taunus  range  in  Western 
Germany.  It  has  a  greenish  or  yellowish-white  colour,  silky  lustre  ;  hardness  =  1. ; 
specific  gravity  =  2' 897.  Foliated  in  one  direction,  the  plates  being  undulated. 
Exfoliates  strongly  before  the  blowpipe,  and  melts  on  the  edges  with  a  bright  light, 
forming  a  greyish  enamel.  Decomposed  slowly  by  hydrocliloric  acid.  Contains, 
according  to  List  (Ann.  Ch.  Pharm.  Ixxxi.  193),  1  22  per  cent,  fluorine,  0'31  phos- 
phoric anhydride,  1'69  titanic  anhydride,  SO'OO  silica,  23'65  alumina,  8'07  ferrous 
oxide,  0-93  magnesia,  0'63  lime,  9"11  potash,  l-7o  soda,  and  3-11  water.  It  is  dis- 
tinguished from  potash-mica  by  its  small  amount  of  alumina.  List  regards  it  as 
identical  with  Damourite  (ii.  303). 

SESJSCOSiITE.  Satin  spar.  Atlctsspath.  A  minei'ul  from  Alston  Moor,  in 
Cumberland,  formerly  regarded  as  a  fibrous  arragonite,  but  belonging,  according  to 
G.  Ruse's  latest  investigations,  not  to  arragonite,  but  to  calcspar.  (Haudw.  d.  Chem. 
vii.  841.) 

SBSEOSsIST.  This  name  was  given  by  Boudet  (J.  Pharm.  xix.  291),  to  a  fat 
which  lie  obtained  by  treating  dried  blood-serum  with  ether  or  boiling  absolute  alcohol, 
and  evaporating  the  solution.  According  to  Boudet,  it  is  quite  destitute  of  crystalline 
structure;  according  to  Verdeil  and  Marcet  (J.  Pharm.  [3],  xx.  89),  it  crystallises 
from  boiling  alcohol  in  nacreous  laminae.  When  once  separated  from  blood-serum,  it 
no  longer  dissolves  in  that  liquid.  According  to  Gobley  (z'A/rf.xxi.  241),  the  so-called 
serolin  is  not  a  pure  substance,  but  a  mixture  of  several  fats  of  different  melting- 
points. 

SBROU'S  FIilTlB.  The  serous  ca-vities  of  the  body  (viz.,  peritoneal,  pleural, 
pericardial,  &c.)  contain  a  small  quantity  of  fluid,  called  serous  fluid,  from  its  general 
resemblance  to  the  serum  of  blood.  A  similar  fluid,  found  in  blisters,  in  cuticular 
vesicles,  and  in  the  interstices  of  connective  tissue,  is  more  generally  called  '  lymph.' 
Under  certain  morbid  conditions,  the  quantity  of  serous  fluid  in  various  parts  becomes 
very  much  increased,  gi-ring  rise  to  the  various  forms  of  dropsy. 

There  is  reason  to  believe  that  in  health,  and  during  life,  serous  fluid,  whether  from 
peritoneum,  pericardium,  pleura,  or  vagina  testis,  possesses,  like  blood,  the  property 
of  coagulating  at  the  ordinary  temperature  when  removed  from  the  body  ;  in  other 
words,  that  it  contains  both  the  elements  necessary  for  the  formation  of  fibrin.  When, 
however,  serous  fluid  is  not  removed  from  the  body  until  several  hom-s  after  death,  the 
power  of  spontaneous  coagulation  has  either  become  very  much  lessened  or  entirely 
disappeared.  When  the  ciuantity  has  been  abnormally  increased,  as  in  dropsies,  the 
spontaneous  coagulation  is  often  absent.  In  most  of  these  cases,  if  not  in  aU,  coagula- 
tion (formation  of  fibrin)  can  be  brought  about  by  the  addition  of  blood,  or  of  a 
solution  of  globulin  (fibrinoplastin),  showing  that  on'e  element  of  filjrin  (fibrinogen) 
still  remains.  These  fibrinary  elements  muy  be  separated  by  saturating  the  fluid  with 
sulphate  of  magnesia  and  filtering,  in  which  process  they  are  retained  on  the  filter,  eaid 
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may  be  readily  dissolved  in  water  ;  or  by  diluting  the  fluid  with  5  or  10  times  its  bulk 
of  water,  and  either  passing  carbonic  anhydride  through  it,  or  cautiously  adding  a  few 
drops  of  dilute  acetic  acid,  collecting  the  precipitate,  and  dissolving  it  in  a  dilute  solution 
of  a  neutral  alkaline  salt,  or  by  the  aid  of  a  few  drops  of  an  extremely  dilute  solution 
of  caustic  alkali.  Serous  fluid,  when  freed  by  filtration  from  fibrin  (if  it  has  been 
formed),  epithelial  scales,  &c.,  is  clear,  slightly  fluorescent,  of  a  yellow  or  golden 
cohmr,  and  distinctly  alkaline,  with  a  specific  gravity  varying  from  I'OOS  to  1-030.  It 
contains,  besides  the  fibrinary  elements,  albumin,  fiits,  cholesterin  (protagon  ?)  sugar 
(or  an  unfermentable  substance  reducing  cupric  salts),  urea,  uric  acid,  and  frequently 
xanthine.  According  to  Naunyn  (Arch.  Anat.  Phys.  1865,  p.  166),  creatine,  crea- 
tinine, and  hippuric  acid  are  never  found  in  it.  The  inorganic  salts  are  nearly  the  same 
as  those  of  blood-serum.  In  serous  fluid  which  had  become  purulent,  Naunyn  fou.nd 
leucine,  tyrosine  (guanine),  and  xanthine,  but  no  urea  or  uric  acid.  lu  1000  cc.  of 
peritoneal  fluid  (ascites).  Planer  found  95'2  cc.  free,  and  48'8  cc.  combined,  carbonic 
anhydride,  21'0  cc.  nitrogen,  and  0'14  cc.  oxygen  (measured  at  0°  and  76  mm.).  The 
following  table  shows  the  comijosition  of  serous  fluid  from  various  soiirces: — 
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Hoppe  (Schmidt,  A.  Archi.  Anat.  Phys.  1861,  p.  713)  estimated,  by  means  of  the 
polarization  apparatus,  the  percentage  of  albumin  in  38  cases  to  be  as  follows: — Hydro- 
cele :  mean  of  17  cases  5-6;  pericardiimi :  mean  of  11  cases  2-0,  case  of  general 
dropsy  0-7,  case  of  typhus  4-0;  peritoneum :  mean  of  5  cases  1-3,  case  of  general 
dropsy  0-2;  pleura:  hydrothorax  1-6,  pleurisy  4-2. — Aqueous  himour, -which  maybe 
considered  as  a  serous  fluid,  contains  globulin  (fibrinoplastin)  and  urea.  The  tears 
contain  mucus  in  addition  to  albimiin,  and  are  remarkable  for  their  large  amount  of 
chloride  of  sodium.  M.  F. 

SERPSK-TAKXir,  or  Aristolochin.  The  bitter  principle  of  the  root  of  AristoJocMa 
serpentaria. 

SBRPEXJ-TIM-E.  Ophite,  Ophiolite :  including  Picrolitc,  Marmolite,  Metaxite, 
WiUiamsite,  Bowenitc,  Chrysotil,  SparJding  Asbestos,  BaUimorite,  Antigorite. — A 
mineral,  consisting  essentially  of  hydrated  magnesium-silicate,  the  magnesium  being 
replaced,  to  a  variable  but  never  very  considerable  amount,  by  iron  (feiTOsum). 

Serpentine  usually  occiirs  massive,  sometimes  forming  entire  mountain  masses,  also 
granulous,  impalpable,  fibrous,  or  foliated;  sometimes  in  crystals,  apparently  tri- 
metric ;  but  these  are  not  true  crystals  of  serpentine,  but  pseudomorphs  after  chry- 
solite.   From  variations  in  the  proportions  of  its  constituents,  and  its  mode  of 
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leeiirrenco,  and  from  admixture  with  other  minerals,  it  exhibits  numerous  varieties, 
ome  of  which  have  been  regarded  as  distinct  species :  e.g.  Picrolite,  Williamsite, 
Bowenito,  Antigorite,  Baltimorite,  &o. 

Serpentine  lias  usually  a  leek-green  or  blackish-green  colour,  sometimes  nearly 
vliite,  becoming  yoUowish-grcy  on  exposiire  ;  it  is  often  spotted  or  veined,  as  in  verd 
Lntique  marble,  which  consists  of  serpentine  veined  with  calcic  carbonate.  Chrorae- 
ron  is  also  frequently  disseminated  tlu'ough  serpentine,  giving  it  a  mottled  appearance 
ike  the  skin  of  a  snake,  whence  its  name.  Streak  white,  slightly  shining.  Lustre  re- 
linous  or  greasy,  but  of  low  intensity :  the  fibr(5us  variety,  ehrysotil,  has  a  silky  lustre, 
franslucent  to  opaque.  Hardness  =  3  —  4.  Specific  gravity  =  2'507  —  2'591. 
fracture  conchoidal  or  splintery.    Seetile.    Thin  fibres  flexible. 

Serpentine  heated  in  a  glass  tube  gives  off  water  and  often  blackens.  Before  the 
jlowpipe  it  mostly  burns  white,  and  melts  with  diSiculty  on  the  sharpest  edges. 
When  pulverised  it  dissolves  in  hydrochloric,  and  more  readily  in  sulphuric  acid. 

Some  serpentines  contain  alumina,  others  are  free  from  it.  In  the  following 
malyses  the  two  classes  are  distinguished,  and  in  each  class  the  analyses  are  arranged 
iccording  to  increasing  amount  of  iron ; — 

I.  Serpentines  not  containing  Alumina: — a.  Serpentine  from  Gulsjo  in 
Wermland,  Sweden  (Mosander)*. — h.  Bowcnite,  from  Smithfield,  Rhode  Island: 
jreen  ;  fine-grained;  specific  gravity  =  2'594  —  2-787  (Smith  and  Brush). — 
-.  Serpentine  from  Sala,  in  Sweden  (Lychnell). — d.  Williamsite,  from  West- 
chester, Chester  County,  Pennsjdvania  :  green,  laminated  ;  specific  gravity  =  2  29  — 
2'64  ;  accompanied  by  common  serpentine  and  chrome-iron  (Smith  and  Brush). — • 
?.  Chrysotil,  from  Newhaven,  Connecticut:  .specific  gravity  =  2'49  (Briish). — 
f.  Picrolite,  from'Eeichenstein,  in  Silesia:  greenish-grey  (List). — g.  Marmolite,  from 
Blandford,  Massachusetts  (Shepard). — h.  Serpentine,  from  AVindish  Mattrey,  Kaiser- 
thal,  in  the  Tyrol:  conchoidal;  specific  gravity  =  2'59  '  (Gilm). — i.  Serpentine, 
from  Ky nance  Bay,  in  Cornwall  (Houghton) : 


a,  b.  c.  d.  c.  f.          g.          A.  ?. 

Carbonic  anhydride      0  89  .    .  1  03 

Silica    .       .       .        42-34  42-20  42  1«  42-10  4.1-05  44  61  40  08  43  07  38-29 

Magnesia     .       .        44-20  42  30  42  26  41-.'jO  39-21  39-75  41  40  38-05  34-24 

Ferrous  oxide     .         .    .  1-21  2-0:i  2-43  2-,53  2-63        2  70  5-71  ^  13-50 

Nickel  oxide       ,         .    .  .    .  .    .  0  45 

Water        .       .        12-38  12-06  12-33  1-2-7U  13-49  12-.57  15  67  12  91  12-09 

99-81  98-76  99-81  99-18  WSI  99-56  99  85  9974  98^12 

II.  Serpentines  containing  Alumina: — a.  C^ry-so;*// in  compact  serpentine, 
from  Abbots-ville,  New  Jersey:  yellowish-white  (Reakirt). — b.  Marmolite  from  New 
Jersey  (Garrett). — c.  WiUiamsiie  from  Westchester  (Hermann). — d.  Ckr?/sot/l 
(sparkling  asbestos)  from  Keichenstein  in  Silesia  (v.  Kobell). — c.  Noble  serpentine 
from  Fahlun  (Lychnell).—/.  Serpentine  from  the  Serpentine  Peak,  Ate  Chonire, 


between  Breona  and  Chombairain  the  Valais  :  massive;  blackish-green  (Schweizer). 
— g.  Antigorite  from  the  Antigoria  Valley  near  Domo  d'Osola  (Brush). — h.  Eadiatcd 
Picrolite  from  the  Taberg,  Sweden  (Lychnell). — i.  So-called  asbestos  from  the  com- 
pact serpentine  of  Zoblitz  in  Saxony:  specific  gravity  =  2-60—  2-65  (C.  Schmidt). — ■ 
Ic.  Baltiiaoritc  from  Bare  Hills,  Maryland  (Thomson): 


a,         b.         c.         d.  e.  f.  g.  h.  t.  Ic. 

C.irbonic  anhydride   3-42  .    .  .    .  173 

Silica         .       .       .       .42  62      42-32      44  50      43-50  41-95  44-22  41-58  40  98  43-70  40  95 

Alumina  ....     0-38      0  66      0-75      0-40  0  37       1 -;i6  2  60  0  73  276  1  50 

Magnesia  ....   42-67     42-2:i     39-71     40-00  40  61  36-41  36  80  33  44  2096  34-75 

Terrnus  oxide  .       .       .      0-27       l-'28       1-30       2-08  2  22       4-90  7-22  8-94  10-03  10  05 

Nickel-oxide   0  90 

Snda    1-98 

Water      ....    14-25     1380     12-75     13-80  1 1-68  13-11  12-67  12  S6  1227  12  60 


100-19    IOO-.'9   100-00     99-78    100-28    100-00    100  87     98  68    IWl  70  99-85 

All  these  analyses  maybe  approximately  represented  by  the  formula  3Mg"0.2SiO-.2n*0, 

or  Mg"SiO^.Mg'SiO'.-2n-0,  the  magnesium  being  more  or  less  replaced  by  iron,  and 
the  silica  in  the  serpentines  of  tlie  second  class  partly  replaced  by  alumina.  The 
calculated  composition  of  a  non-alurainiferous  serpentine  is,  according  to  this  for- 
mula, 44-14  per  cent,  silica,  42-97  magnesia,  and  12-89  water. 

Serpentine  is  frequently  a  result  of  pseudomorphic  cliauges.  Hornblende,  augife, 
chrysolite,  garnet,  spinel,  mica,  and  many  other  minerals  occur  thus  altered.  Rose 
has  found  that  some  of  the  supposed  crystals  of  serpentine  are  partly  chrysohte,  the 
change  not  having  been  complete. 

Precious  or  noble  serpentines  come  from  Pahlun  and  Gulsjo  in  Sweden,  the  Isle  of  Man, 
the  neighbourhood  of  Portsoy  in  Aberdeenshire,  Corsica,  Saxony,  and  Siberi;i,  and  many 

*  For  references,  see  Eammchberg' $  Mineralchtmic,  p.  531. 
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localities  in  the  United  States  of  America.  Serpentine  occurs  in  crystals  at  Lake 
Ausclikal,  in  Miask,  Borsovka,  &c.  Common  serpentine  oecvu-s  at  Lizard's  Point  in 
Cornwall,  and  many  other  places. 

Serpentine  admits  of  a  high  polish,  may  be  turned  in  a  lathe,  and  is  used  for  making 
vases,  boxes,  and  various  ornamental  articles;  it  may  also  be  made  available  as  a 
source  of  magnesia.    (Dana,  ii.  281.) 

SEaPESTTITiTS-ASEESTOS.    Chrysotil.    (See  the  last  article.) 

SERPSN'TZBrS-SOXiOItSXTS.  Mixtures  of  serpentine  and  dolomite.  For 
these  and  similar  mixtures  of  serpentine  with  calospar,  magnesite,  &c.,  T.  S.  Hunt 
(J.  pr.  Chera.  Ixxiv.  150)  proposes  the  name  ophiolite,  distinguishing  them  as  cal- 
citie,  dolomitic,  magnetitic,  ophiolitic,  &c. 

SESaPSWTlWITB,  from  Keicheustein  in  Silesia,  appears  to  be  a  soft,  somewhat 
steatitic  alteration  of  serpentine. 

SlsasiATUSjA  TESTCTOaiA.  Sawivort.  A  composite  plant  of  common  occur- 
rence, formerly  cultivated  for  its  yellow  dye,  which,  however,  is  now  seldom  used,  as  it 
is  inferior  to  weld. 

SBKUH«  OF  BXiOOB.    See  Blood  (i.  608). 

SBB.U'BS  OE"  "MXLM..  Whey.  The  opalescent  liquid  containing  milk-sugar  and 
various  salts,  which  separates  when  milk  is  curdled  by  the  action  of  acids,  rennet,  &c. 

SESAME-OISi.  A  fatfy  oil  obtained  from  the  seeds  of  Sesami/m  orient (de,  a 
plant  indigenous  in  India,  and  cultivated  in  other  warm  countries.  According  to  Lefort, 
it  has  the  composition  CH'^O^,  and  forms  with  bromine  and  chlorine  the  substitu- 
tion-products C"'H"BrO-  and  C'"H"C10^  It  is  a  non-drying  oil,  of  yellowish  colour, 
inodorous,  and  having  a  slight  taste  of  hemp.  Specific  gravity  =  0-9230  at  15°, 
diminishing,  with  rise  of  temperature,  by  O'O0075  for  each  degree  centigrade.  At  —  6° 
it  solidifies  to  the  consistence  of  palm-oil.  It  is  used  for  burning  in  lamps,  for  soaj)- 
making,  and  for  adulterating  olive-oil ;  in  India  as  an  article  of  food. 

SSSSiSaiA  CSSJ^iriiEA.  Slue  Moor  Grass. — This  grass,  growing  on  the  moun- 
tains of  England  and  Scotland,  contains,  according  to  C.  Sprengel  (J.  f.  techn. 
Chem.  X.  51)  in  100  pts. :  55  pts.  water,  lO'l  matter  soluble  in  water,  19'0  soluble  in 
dilute  potash,  0-8  wax  and  resin,  14-9  (?)  iron.  100  pts.  of  the  dried  plant  yield  5-67 
pts,  ash  (Sprengel^  4-6  pts.  (Hruschauer,  Ann.  Ch.  Pharm.  lix.  204).  The  ash 
contains  in  100  pts.,  after  deduction  of  carbonic  anhydride  : 

K2     TSTa^O     CaO       MgO     AI^O'    Fe'O^  Mn^O'    SO^      P-'05    S  NaCI 
14-8     4-3     22-6     trace      2-6      1-2      0-6      5-5      37    44-8    trace  (Sprengel) 
9-2     8-8     17-2       6-4       .  .      5-9      .   .      5-9    15-5    27-3     3-8  (Hruschauer.) 

SESQTTX.  Prefix,  denoting  one  and  a  half :  e.  g.  Fe'O'  or  EeO'',  sesquioxide  of 
iron. 

SEVEKITS.  An  argillaceous  mineral  from  Saint-Severe  in  France,  where  it 
occurs  in  masses  below  tertiary  gypsum.  It  contains,  according  to  PeUetier,  50  per 
cent,  silica,  22  alumina,  and  26  water,  and  appears  to  be  related  to  halloysite  and 
lenzin.  But  it  is  very  difficult  to  determine  whether  a  mineral  of  this  character  is  a 
distinct  species  or  a  mixture.  Another  mineral  from  Saint-Severe,  exactly  resembling 
severite  in  physical  characters,  was  found  by  v.  Hauer  to  contain  44-42  per  cent,  silica 
36-00  alumina,  18-4  water,  and  0-65  lime.    (Handw.  d.  Chem.  vii.  844.) 

SB3SA13'©'J3'SjS1'S.  Breithatipt's  name  for  sulphide  of  lead,  occurring  at  Berneastel 
in  hexagonal  forms,  as  a  pseudomorph  after  pyromorphite.  (Jahresb.  1862,  p.  709; 
1863,  p.  796.) 

SBlTBERTSTEd    Syn.  with  Ciintonite  (i.  1026). 

SHEA-BITTTEa.  A  vegetable  fat  obtained  in  West  Africa  from  the  nuts  of 
Bassia  Parkii.  The  niits  are  shelled,  and  the  kernels,  which  consist  almost  wholly  of  fat, 
are  boiled  with  water  and  pressed.  Shea-butter  is  greenish-white,  solid  at  common 
temperatures,  softens  at  35°,  melts  at  43°  ;  dissolves  for  the  most  part  in  boiling 
alcohol,  and  crystallises  on  cooling;  also  in  ether,  and  crystallises  therefrom.  By 
saponification  and  decomposition  of  the  soap,  it  yields  an  aeid  which  separates  in 
pearly  scales,  melts  at  61-1°,  and  forms  a  silver-salt  containing 54-71  percent,  carbon, 
8-98  hydrogen,  27-83  silver,  and  8-48  oxygen  (Thomson  and  Wood,  Phil.  Mag.  [3], 
xxxiv.  350).  According  to  Oudemanns  (J.  pr.  Chem.  Ixjxxix.  205),  it  yields  29-7 
per  cent,  oleic  acid,  70-3  stearic  aeid  (melting  at  69°),  but  no  palmitic  acid  or  any 
other  acid  of  the  series  C-'H^"0-,  of  lower  atomic  weight.  Similar  results  have  been 
obtained  by  Buff.    {Gmelin's  Handbook,  xvi.  334.) 
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SBEHiAC  or  SHSZiSi-XiAC.  Lac  purified  by  melting  and  straining  (iii.  451). 
Seed-lac  or  grain-lac  contains,  according  to  John,  two  resins  soluble  in  alcohol,  and  an 
insoluble  resin  (laccin),  besides  colouring  matter,  a  bitter  principle,  and  impurities. 
Shellac  contains  two  resins  and  a  wax,  but  no  laecin.  It  is  of  yellowish-brown,  brown, 
or  black  colour,  translucent,  hard,  with  a  shining  conchoidal  fructure,  and  has,  according 
to  Brisson,  a  specific  gravity  of'  1"139.  It  dissolves  easily  in  hydrochloric  acid, 
acetic  acid,  potash,  soda,  and  borax,  but  not  in  ammonia  (Hatchett);  with  moderate 
facility  in  wood-spirit,  and  is  precipitated  therefrom  by  water.  It  is  perfectly  soluble 
in  amylio  alcohol  and  valerianic  aldehyde,  moderately  soluble  in  valerianic  acid, 
slightly  in  amylic  valerate  (Trautwein).  It  dissolves  partially  in  cold  creosote 
(Reichenbach),  but  slightly  in  boiling  rock-oil  (Sunssure)  and  in  benzene, 
thongh  benzene  mixes  with  its  solution  in  metliylic  or  ethylic  alcohol  (Mansfield)  ; 
in  H  pts.  of  acetone,  forming  a  thick  oily  varnish.  (Wiederhold.) 

The  bleaching  of  shellac  on  the  large  scale  is  effected  by  chlorine  or  its  compounds, 
but  the  best  material  for  the  purpose  is  bone-charcoal  (Eisner),  especially  bone- 
black,  purified  by  means  of  hydrochloric  acid,  and  not  subsequently  dried  (Kraut).  A 
perfectly  white  shellac,  having  a  silky  lustre,  and  completely  soluble  in  alcohol,  is 
obtained  by  the  following  process:  25  pts.  of  shellac  are  dissolved  in  600  pts.  of 
water  containing  10  pts.  of  soda  ;  and  the  solution  is  mixed  with  dilute  hypochlo- 
rite of  sodium  (prepared  from  30  pts.  chloride  of  lime),  and  then  with  hydrochloric 
acid,  as  long  as  the  precipitate  redissolves.  It  is  then  exposed  to  the  sun  for  a  day  or 
two,  filtered,  mixed  witb  sulphite  of  sodium,  and  precipitated  by  hydrochloric  acid. 
{Gmdin's  Handbook,  xvii.  420.) 

SHEPAHBITS.  This  name  is  given  by  W.  Haidinger  to  the  small  brown 
striated  prisms,  consisting  essentially  of  a  sulphide  of  chromium,  occurring  in  the 
meteorite  of  Bishopsville  in  South  Carolina  (iii.  981).  Shepard,  who  examined  this 
mineral,  called  it  Schreibersite ;  but  this  name  belongs  to  the  phosphide  of  iron  and 
nickel  occurring  in  meteoric  iron. 

SISEUXTE.    Syn.  with  Rubellite  or  Red  Tourmalin.    (See  Totjemalin.) 

SICCATIVES.  Varnishes  added  to  oil-paints  to  make  them  dry  quickly.  They 
are  prepared  by  boiling  linseed-oil  with  metallic  oxides,  or  salts.  Formerly  litharge, 
minium,  umber,  and  gypsum  were  employed  for  the  pui'pose,  but  more  recently  the 
oxides  and  salts  of  manganese  have  come  into  use  ;  they  produce  rapidly  drying  sic- 
catives, and  when  added  to  zinc-white,  do  not  introduce  any  substance  that  can  be 
blackened  by  sidphuretted  hydrogen.  A  mixture  of  equal  parts  of  manganous 
sidphato  and  acetate  with  an  equal  quantity  of  zinc-sulphate  and  97  pts.  zine-white- 
added  in  the  proportion  of  one-half  to  one  per  cent,  to  the  zinc-oxide  with  which  the 
oil-colour  is  to  be  prepared,  is  said  to  effect  the  drying  of  the  paint  in  12  hours.  A 
similar  mixture  is  the  siccative  cumatiqiie  de  Barrucl,  which,  according  toBolley 
(Dingl.  pol.  J.  cxli.  398),  is  made  by  mixing  from  5  to  6  pts.  of  borous  manganate 
with  95  pts.  of  zinc-white,  and  additig  to  zinc-white  colours  in  the  proportion  of 
1\  per  cent.   (Handw.  d.  Chem.  vii.  846.) 

SI9J1  CASPUTIFOSiIA.  The  leaves  and  flowers  of  this  plant  are  used 
medicinally  in  Brazil  for  the  same  purposes  as  mallow. 

SISERITE.  A  name  applied  to  native  ferrous  carbonate  or  spathic  iron-ore, 
to  pharmacosidcrite  or  cube-ore  (ferric  arsenate,  ii.  171),  and  to  a  blue  variety  of 
quartz  from  GoUing,  near  Salzburg. 

SlDBltOCHAXCITB.  Syu.  with  Abichite,  one  of  the  forms  of  native  cuprie 
arsenate. 

SIBSSlOCOEJITa.  A  variety  of  calcspar,  colom'ed  yellow  or  brown  by  ferric 
hydrate. 

SIBER03S0TE.  Breithaupt's  name  for  a  calcareous  iron-spar  from  Radstadt  in 
Salzburg  :  specific  gravity  =  3'41. 

SIBEaorBiaSITB.  This  name  is  given  by  Bahr  (J.  pr.  Chem.  liv.  194)  to 
native  iron  found  in  a  petrified  tree  on  a  floating  island  in  the  Ralanger  Lake  in 
Smaland,  Sweden.  The  tree  is  converted  into  ferrous  hydrate  (bog  iron-ore),  and  the 
iron  forms  small  grains,  probably  resulting  from  the  reduction  of  an  iron-salt.  The 
iron  is  porous,  and  has  a  specific  gravity  of  6'248  to  6-497,  increased  by  hammering  to 
6-626. 

S3SEROGRAPHXTE.  A  native  iron  from  North  America,  containing  a  some- 
what eonsidera1)le  quantily  of  carbon.   (Torrey,  Glocker's  Grundiss  d.  Min.,  p.  342.) 
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SXSEROnXEtASrE.  A  mineral  from  the  palagonite-tufa  of  Iceland,  resemLling 
obsidian  in  colour,  lustre,  and  fracture  :  specific  gravity  =  2-531.  It  differs  from  true 
palagouite  (iv.  324)  in  not  being  decomposible  by  hydrochloric  acid.  Contains  45-10 
per  cent,  silica,  13-73  alumina,  18-52  ferric  oxide,  8-10  lime,  3-21  magnesia,  2-33  soda, 
0-95  potash,  0-35 -water,  and  6-52  residue  (=  98-81).  The  oxygen-ratio  in  the  pro- 
toxides, sesqiiioxides,  and  silica  is  1  :  3  :  6, the  same  as  in  labradorite.  (Sartorius 
V.  Waltershausen,  VuUcanixchc  Gcsieine,  p.  179.) 

SIBEROFHARTOACOZiZTE.    Syn.  -with  Abichite. 

SISEJtOPXiESITE.  Breithaupt's  name  for  a  variety  of  mesitin-spar  (Mg  ;  Ve)" 
C0^  found  at  Prihl  in  the  Saxon  Voigtland,  containing  2  at.  Fe"CO'  to  1  at.  Mg"CO'. 
Angle,  K  :  R  =  107°  6' ;  specific  gravity  =  3-616  to  3-660  (Breithaupt,  Sill.  Am.  J. 
[2]  xxvi.  348).  It  is  also  found  at  Traversalla,  in  Piedmont,  and  at  Bcihmsdorf,  near 
Schleiz.  An  allied  mineral  from  Mitterberg  in  the  Tyrol  -svas  found  by  Kohn  to  con- 
tain 4  at.  Fe"CO^  to  1  at.  Mg"CO^    (Jahresb.  1858,  p.  733.) 

SXSEBOSBOSiS.  A  name  applied  by  Breithaupt  to  a  variety  of  bole,  having 
a  higlier  specific  gravity  ( =  3-24)  than  ordinary  bole,  -srhich  he  attributes  to  the 
presence  of  a  larger  proportion  of  iron. 

SXSEBOSCHZSOIiXTE.  A  ferroso-ferrous  silicate,  occurring  at  Conghonas  do 
Campo  in  Brazil,  in  hexagonal  crystals,  closely  resembling  eronstedtite  in  colour  and 
other  physical  characters,  and  in  its  behaviour  before  the  blowpipe.  The  analysis  of  a 
very  small  specimen  by  Wernekink  (Pogg.  Ann.  i.  387),  gave  16-3  per  cent,  silica, 
75-5  ferroso-ferric  oxide,  4-1  alumina,  and  7-3  -water  (=  103-2). 

SXBEKOSE.    A  name  of  native  ferrous  carbonate. 

SZSEROSXXiICITE.  A  mineral  forming,  together  -with  trinacrite,  a  bro-wn  mass 
on  the  tufa  of  Tounara,  at  Cape  Passaro,  the  southernmost  point  of  Sicily.  It  has 
not  been  isolated,  but,  by  calculation  from  the  composition  of  the  mixture,  it  appears  to 
contain  34-04  per  cent,  silica,  7-48  alumina,  48-54  ferric  oxide,  and  10-13  -water. 
(Waltershausen,  rii^i:  Gesteine,  Tp.  23i.) 

SISEBOTANTAXiXTE.    See  Tantalitb. 

SXBBROTTrPS.  A  method  of  producing  sun-pictures  by  means  of  ammonio- 
ferric  citrate.  Paper  impregnated  -with  this  salt  is  exposed  to  light  in  the  camera,  and 
the  picture  is  developed  with  a  neutral  sohition  of  gold  or,  better,  of  silver.  (Herschel, 
PhiL  Mag.  [3]  xxi.  225.) 

SXEBEBXTE,    Bed  to-urmalin. 

SXEGESTXTE.    Syn.  vrith  Nicxbl-linn^ite  (iv.  44). 

SXETJXTE.    Syn.  with  Syenite. 

SXIaEX.    The  old  name  of  Silica.  ^ 

SXIiXCA.  SiO^.  O.ride  of  Silicmm,  Silicic  Oxide,  Silicic  Anhydride,  Anliydrous 
Silicic  Acid  {Silice,  Acide  silicique.  Kiesclerde,  Kicselsdure). — This  compound  occurs 
abundantly,  and  pure  or  nearly  pure,  in  quartz,  flint,  chalcedony,  hornstono,  jasper, 
opal,  &c. ;  crystalline  in  quartz  and  its  varieties  ;  amorphous  in  opal  (iv.  204  ;  v.  1).  It 
is  the  chief  constituent  of  all  sandstones,  and  enters  largely  into  tlie  composition  of 
felspar  and  a  great  number  of  other  minerals. 

Silica  is  produced  artificially  : 

1.  By  burning  silicium  in  the  air  or  in  oxygon  gas. 

2.  By  the  action  of  water  on  gaseous  fluoride  of  silicium  : 

SiF^  +  2W0  =  SiO^  +  4HF. 

The  silica  is  thereby  precipitated  as  a  gelatinous  hydrate,  which,  when  dried  and  ignited, 
leaves  pure  anhydrous  silica  in  the  form  of  an  extremely  fine  white  powder. 

3.  By  the  decomposition  of  alkaline  silicates. — Pure  pulverulent  silica  may  be  pre- 
pared by  fusing  ground  flint  with  about  three  times  its  weight  of  an  alkaline  carbonate, 
and  decomposing  the  resulting  compound  with  hydrochloric  acid.  A  good  mode  of 
operating  is  to  fuse  a  mixture  of  the  carbonates  of  pota.ssium  and  sodium  in  equivalent 
proportions  at  a  red  heat,  and  add  ground  flint  or  quartz  to  the  molted  mass  by  small 
quantities  at  a  time,  each  addition  causing  a  brisk  effervescence,  due  to  the  escape  of 
carbonic  anhydride.  The  mixture  is  then  heated  strongly  for  some  minutes,  and,  after 
cooling,  treated  with  dilute  hydrochloric  acid,  which  decomposes  it  completely.  On 
evaporating  the  liquid,  tlie  silica  is  separated  as  a  gelatinous  hydrate,  which,  on  con- 
tinuing the  heat,  is  ultimately  converted  into  a  white  earthy  powder,  consisting  of 
anhydrous  silica.    It  must  then  be  digested  with  oil  of  vitriol,  to  remove  any  traces  of 
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titanic  oxide  that  may  bo  present,  freed  from  tlie  strong  acid  by  decantation,  and  lastly 
washed,  dried,  and  ignited:  it  is  then  quite  pure. 

Silica  may  likewise  bo  obtained  nearly  pure  by  heating  quartz  or  flint  to  redness 
and  quenching  it  in  water;  it  is  thus  rendered  friable,  and  may  easily  be  reduced  to  a 
fine  powder. 

Properties. — The  physical  characters  of  nativral  sihca,  both  cr3'stallineaud  amorphous, 
have  been  described  under  Opal  and  Quartz.  The  crystalline  variety  has  the  higher 
specific  gravity,  rangingfrom  2'5  to  2'8,  that  of  amorphous  silica  being  bet^yeen  TO  and 
2'3.  Quartz  is  also  very  hard,  being  capable  of  scratching  glass  ;  tho  hardness  of 
opal  is  somewhat  less. 

Silica,  whether  natural  or  artificial,  ci-ystallised  or  amorphous,  requires  a  very  high 
temperature  to  fuse  it.  In  the  flame  of  the  oxyhydrogen  blowpipe,  or  of  a  spirit-lamp 
fed  with  oxygen  gas,  it  melts  to  a  transparent  glass,  which  may  be  drawn  out  into  long 
threads.  It  is  not  volatile  wlien  heated  alone,  but  it  is  said  to  volatilise  when  very 
strongly  heated  in  a  current  of  steam  {Gmeluis  Handbook,  iii.  355),  and  has 
been  found  in  tho  throats  of  iron-smelting  ftirnaces,  in  concretionary  nodules  having 
a  radio-fibrous  structure  (Scheer or  ;  H.  Eose,  Jahresb.  1859,  p.  147).  Before  the 
blowpipe  silica  decomposes  carbonate  of  fodium  with  effervescence,  and  melts  to  a 
glass  which  is  perfectly  transparent,  provided  the  silica  is  pure.  In  microcosmic  salt 
it  is  almost  insoluble. 

Silica  is  decomposed  by  potassium  at  a  red  heat,  yielding  silicide  and  silicate  of  po- 
tassium; biy  carbon,  in  presence  of  iron,  copper,  or  silver,  at  a  white  heat,  into  carbonic 
oxide  and  silicide  of  iron,  copper,  or  silver ;  by  hydrofluoric  acid  into  water  and  fluoride 
of  silicon. 

Native  silica,  whether  crystalline  or  amorphous,  is  insoluble  in  water  and  in  all  acids 
except  hydrofluoric  acid  ;  so  likewise  is  finely  divided  artificial  silica  after  ignition  ; 
and  even  in  tlie  gelatinous  state,  as  separated  by  acids  from  alkaline  silicates,  it  is 
almost  insoluble  in  water  and  in  acids.  The  gelatinous  hydrate  obtained  in  the  de- 
composition of  silicic  fluoride  by  water,  dissolves,  however,  in  a  considerable  quantity 
of  water  (Berzelius).  In  alkalis  silica  dissolves  with  greater  facilitj'.  Freshly 
precipitated  unignited  silica  dissolves  in  aqiieous  caustic  potash  or  soda  at  ordi- 
nary temperatures,  and  even  after  strong  ignition  it  dissolves  slowly  but  completely  in 
a  cold,  and  rapidly  in  a  boiling  solution  of  caustic  alkali.  The  dilierent  kinds  of 
opal  which,  like  precipitated  silica,  are  amorphous,  behave  in  the  same  manner  with 
alkalis.  Hyalite  dissolves  more  slowly  than  the  other  varieties  in  cold  aqueous  alkalis. 
Quartz,  even  in  a  st;ite  of  minuto  division,  is  perfectly  insoluble  in  a  cold  solution,  and 
dissolves  but  slowly  in  a  boiling  solution,  of  caustic  alkali ;  but  under  pressrae  it  dis- 
solves more  easily,  forming  a  solution  of  an  alkaline  silicate. 

Finely  divided  amorphous  silica  and  gelatinous  silica  dissolve  also  to  a  slight  extent 
in  alkaline  carbonates,  which  are  only  partially  decomposed  thereby,  and  deposit  the 
silica  again  on  cooling  in  the  form  of  an  opalescent  jelly,  containing  a  small  quantity  of 
tho  alkali.  It  appears  to  be  owing  to  the  solubility  of  silica  in  alkaline  carbonates, 
that  almost  all  .spring  and  river  waters  contain  minute  quantities  of  silica  in  solution. 
AVhen  tho  action  of  the  alkaline  liquid  is  aided  by  a  high  temperatm-e,  as  in  the 
Geysers  of  Iceland, very  large  quantities  of  silica  are  dissolved  ;  and  as  the  liquid  cools, 
the  silica  is  deposited  on  the  sides  of  the  basin,  or  as  petrifications  on  bodies 
contained  therein. 

Hydrates  of  Silica. — Silica  is  precipitated  from  solutions  of  alkaline  silicates  by 
acids,  in  the  form  of  a  gelatinous  hydrate,  which,  as  already  observed,  is  nearly  in- 
soluble in  water  and  in  acids.  If,  however,  a  dilute  solution  of  an  alkaline  silicate  ba 
poured  into  a  considerable  excess  of  hydrochloric"  acid,  the  whole  of  the  silica  is 
retained  in  solution,  but  may  be  precipitated  by  gradually  neutralising  the  acid  with 
an  alkali. 

From  the  solution  of  alkaline  silicate  in  excess  of  hydrochloric  acid,  Graham  (Phil. 
Trans.  1861,  p.  204)  obtains  a  pure  solution  of  hydrate  of  silica  by  subjecting  the 
liquid  to  dialysis  in  a  hoop-dlalyser  of  parchment-paper  (iii.  716).  If  a  stratum  of 
hquld  of  an  inch  in  depth  be  subjected  for  four  or  five  days  to  dialysis,  changing  the 
water  in  the  outer  vessel  at  intervals  of  24  hours,  the  hydrochloric  acid  and  the 
soluble  chlorides  diffuse  so  completely  into  the  water,  that  the  liquid  in  the  dialyser  no 
longer  gives  a  precipitate  with  nitrate  of  silver. 

A  solution  may  be  thus  obtained,  containing  5  per  cent,  of  silica,  and  by  boiling  it 
down  in  a  flask,  it  may  be  concentrated  till  the  quantity  of  silica  reaches  14  per  cent. ; 
in  open  vessels  it  is  apt  to  gelatinise  on  the  edge,  and  the  whole  then  solidifies.  Tho 
solution  is  tasteless,  limpid,  and  colourless,  with  a  feeble  acid  reaction,  rather  greater 
than  that  of  carbonic  acid;  100  pts.  of  silica  require  1-85  pts.  of  potash  (K-O)  to 
neutralise  their  acid  reaction  upon  litmus.  The  solution  is  not  easily  preserved  for 
many  days,  as  it  becomes  converted  into  a  solid  transparent  jelly,  which  shrinks  and 
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gives  up  water  even  in  closed  vessels.  The  coagulation  is  retarded  by  hydrochloric 
acid,  and  by  small  quantities  of  caustic  potash  or  soda.  Sulphuric,  nitric,  and  acetic 
acids  are  without  action  on  the  solution,  but  it  is  slowly  coagulated  by  a  few  bubbles 
of  carbonic  acid.  Its  coagulation  is  also  etFected  in  a  few  minutes  by  the  addition  of 
T  Boo  P^^'t  of  any  alkaline  or  earthy  carbonate  in  solution,  but  not  by  caustic  ammonia, 
or  by  its  salts,  either  neutral  or  acid.  Alcohol,  sugar,  gum,  and  caramel  are  without 
action  on  it,  but  solutions  of  gelatin,  soluble  alumiua,  and  soluble  ferric  oxide  (iii.  717) 
immediately  cause  a  gelatinous  precipitate :  when  solution  of  silica  is  graduall}'  added 
to  solution  of  gelatin  in  excess,  the  precipitate  formed  consists  of  100  pts.  silica  and 
92  pts.  gelatin. 

The  solution,  evaporated  at  15  o°  in  a  vacuum,  leaves  the  silica  in  the  form  of  a 
transparent  glassy,  very  lustrous  hydrate,  containing,  after  two  days'  exposure  over 
oil  of  vitriol,  21-99  per  cent,  water,  which  agrees  nearly  with  the  formula  H^O.SiO^  or 
ffSiO^     (See  also  Additions,  p.  1088.) 

Other  hydrates  of  silica  have  also  been  obtained,  but  it  is  difficult  to  fix  their  com- 
position exactly,  as  silica  easily  loses  a  portion  of  its  water,  even  at  low  temperatures, 
and  is  moreover  very  hygroscopic.  Ebelmen  (Ann. Ch.  Phys.  [3]  xvi.  129),  by  the 
action  of  moist  air  upon  silicic  ether,  obtained  a  transparent  glassy  hydrate,  containing 
3H'^0.2SiO-.  Do veri  (iWo!.  xxi.  40),  by  drying  oixlinary  gelatinous  silica  in  vacuo 
over  oil  of  'V'itriol  at  ordinary  temperatures,  obtained  a  hydrate,  which  had  the  compo- 
sition 2H-0.3SiO-,  and  gave  off  half  its  water  at  100°.  Fuchs  (Ann.  Ch.  Pharm. 
Ixxxii.  119),  by  drying  gelatinous  silica  (prepared  by  passing  gaseous  fluoride  of  siliciura 
into  water)  over  oil  of  vitriol  for  30  days,  obtained  the  hydrate  H-0.3SiO-,  containing 
9'1  to  9'6  per  cent,  water ;  and  by  drying  it  at  100°  for  18  days  he  obtained  another 
hydrate  containing  6'6  to  6'7  per  cent,  water,  agreeing  with  the  formula  H-O.lSiO-. 

A  very  white  and  light  hydrate  of  silica  occurs  abundantly  in  certain  beds  situated 
at  the  base  of  the  chalk-formation,  between  the  upper  greensand  and  the  gault.  The 
proportion  of  hydrated  silica  in  these  deposits  varies  greatly,  ranging  from  5  to  as  much 
as  72  per  cent.,  and  being  most  abundant  in  the  upper  portion  of  the  deposit. 

SXXiICATSS,  ASiCOHOXiXC.    See  SrLlcic  Ethers. 

SII«2CAT3SS,  IVSZTA^ZiXC.  These  salts  occur  abundantly  as  natural  minerals, 
constituting  in  fact  the  greater  part  of  the  earth's  crust.  Many  silicates  may  also  be 
produced  artificially,  by  fusing  silica  with  metallic  oxides,  or  with  carbonates,  sul- 
phates, and  other  salts  containing  volatile  acids.  Some  of  the  products  thus  obtained 
are  exactly  similar,  in  crystalline  form  and  other  characters,  to  natural  minerals  of  the 
same  composition.  Some  silicates,  as  those  of  potassium  and  sodium,  are  exclusively 
artificial  products.  (On  the  artificial  formation  of  silicates,  see  Lefort,  J.  Pharm. 
[3],  xxxix.  110  ;  Jahi-esb.  1861, p.  205.  H.  Deville,  Compt.  rend.  liv.  324;  Jahresb. 
1862,  p.  138.    B.  V.  Amnion,  Jalu-esb.  1862,  p.  138). 

The  silicates  exhibit  great  diversity  of  composition.  Those  which  occur  as  natural 
minerals  contain  proportions  of  metallic  oxide  and  silica,  included  between  the  follow- 
ing limits : 

o.  For  silicates  containing  only  mon-)    4M-0  Ic^^qz  ^j^^j  NsiO^ 
atomic  and  diatomic  metals  {or4M"Oi'''  orM"Oi*'  ^  ' 

fi.  For  silicates  containing  triatomic  metals :  2R'O^SiO^,  and  R-'0^6SiO^. 

Some  of  the  artificial  silicates  contain  larger  proportions  of  acid ;  thus  by  fusing 
silica  with  the  carbonates  of  potassium  and  sodium  in  the  proper  proportions,  tetra- 
silicates,  K'^0.4SiO-  and  Na^0.4SiO^  are  produced ;  potash  is  also  said  to  form  an 
octosilicate,  K^O.SSiO^ 

The  following  table  exhibits  the  composition  of  the  several  groups  of  natural  sili- 
cates, together  with  the  ratios  of  the  quantities  of  oxygen  contained  in  the  base  and 
acid  (SiO-)  in  each  case.  The  symbol  M  in  the  table  denotes  a  monatomic  metal :  the 
.substitution  of  equivalent  quantities  of  diatomic  and  triatomic  metals  is  easily  made, 
the  formula  in  the  latter  case  Bometimes  requiring  to  be  multiplied  by  three : — 
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Composition  of  Natural  Silicates. 


Name  of  Group.* 


Hexbasic 
Tetrabasie :  te- ) 
tartosilicatcs] 

f-fiilicates 

Yf;-silicatcs 
Trib.isic :  trito- 
silicates 

f-silicates 

f-silieates 

Dibasic :  hemi-'l 
silicates,  or  > 
Ortlaosilicates) 

^-silicates 

^-silicates 


i-silicates 


|-silicates 

f-silicates 
Monosilicates, 

or  Meta- 

silicates 

^-silicates 

|-silicates 
|-silicates 

Sesquisilicates 


Disilicates,  or 
Bisilieates 


Oxj'gen 
ratio 
M20  : 
Si03 


1  :  i 

l:i 

1  :  1 


Formula. t 


6M-O.SiO= 
4M-O.SiO= 


=  M'^SiO" 
=  M'SiO" 


1:11 

1  :  Ih 
1  :  2 

l:2i 

1  :2i 
1:2| 

1  :  3 
1  :  4 


7M-'0.2SiO=  =  M'^Si-O" 


lOM^O.SSiO" 
3M=O.Si02 

8M-0.3SiO^ 
5M-0.2Si02 


2M-O.Si02     =  M'SiO' 


Examples. 


leM^O.QSiO- 
5M'0.3SiO 


=  M»=Si'0'» 
=  Mi'Si^O" 


8M-0.5SiO=   =  M'=Si^O" 


3M-0.2Si02   =  M-^Si^O' 


4M=0.3Si02 
M'^O'.SiO' 

8M=0.9SiO= 

4M20.5SiO" 
5]VP0.6SiO= 


2M'-0.3SiO-  =  M'Si'Qs 


Collyrite  2Al''OlSiO'  =  APSiO' 
JStaurolite  (St.  Gothard) 
)  (fAl"'.lFo"')»Si'0"* 
( Margarite 

(  (Ai'";  Vi-ry  ( 

M^oSi^O'*  Thuringite  (F'e<Al')Si50"' 
=  M^SiO'     Cjanite  ;  Andalusite  Al-SiO^ 

M'"Si''0''  Chondrodite  Mg'Si'O'* 

M-'Si-O"  Euclase  (Gl-Ai'=)Si=0'  +  aq. 

(Fayalite  Fe-SiO' 
!  Olivine  (Mg"Fe")SiO* 

Uaruet  (Ca''A'r2)Si'0'2 
Nepheline  (Na^A^jSi^O^^ 
Prehnite  (Ca-Al-)Si50'> 
[Barsowite  (Ca=Ai^)Si''0'8 
[Dichroi-te  (^^Wy! 

J  Serpentine  Mg'Si^O'  +  2  aq. 

(Degeroite  Fe-Si'-'O' 

Scolecite  (Ca"AF)Si50'<' 

(WoUastonite  Ca'SiO' 
jDiopside  (Ca;  Mg)"SiO^ 

Oligoclase 

(Ca";  Mg";  Na=)- 

aV 

Talc  Mg'Si^Oi'  +  §aq. 

Pectolite  (Na^  Ca<)Si'=0" 
COrthoclase  (KAl'")Si^Os 

jstilbite  (Ca"A'P)Si'=0"=  +  5  aq. 
■Okenite  Ca"Si20*  +  2  aq. 
Beaumontite 


=  M'Si^O'" 
=  M^SiO' 

=  M"^Si=0'-« 

=  M«Si->0" 
=  M"'Si''0" 


]NP0.2Si02    =  M=Si-05 


Si'0=s 


(Ca"iU=)SisO-<'  +  6  aq. 
Petalite  [(Li ;  Na)«Als]Si™0" 


*  Silicates  are  sometimes  distinguished  by  names  which  express  directly  the  nxj-gen-ratio  in  the 
Inse  and  acid,  the  ratio  1  ■  1  giving  Singulosi/icntcs,  1  ;  2  DisiUcates,  I  :  3  Trisilicales,  1  :  4  Qundi  o- 
sUfcafes,  &c. 

t  'I'o  convert  the  formulic  in  this  table  into  the  older  formula"  in  which  silica  is  regarded  as  a  trioxide, 
©io',  multiply  the  entire  formula  by  3,  correct  the  silica  term  by  (he  equation  ISiO-  =  f  ©10',  and 
reduce  the  whole  to  its  lowest  terms:  c g.-2M-'0  SiO=  =  3I\r-0.®io'  ;  M-O.SiO^  =  3k-O.2®i03  ; 
2M'-0.3SiO-  =  I\I"0.®io^.  Conversely,  to  change  formula;  containing  ©10'  iuto  those  containing 
Si02,  divide  by  3,  and  correct  for  I'Sio^  =  %  SiO-!. 
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The  dibasic  silicates  in  which  the  oxygen-ratio  is  1  :  1,  are  regarded  as  normal  or 
orthosilieates,  and  from  these  the  mono-  or  metasilicates  may  be  derived  by  abstraction 
of  1  at  M-0.  These  two  groups,  together  with  the  sesquisilicates  (2  :  3),  include  the 
most  numerous  and  important  of  the  natural  silicates.  Many  of  the  ordinary  varieties 
of  glass  may  be  approximately  rep)resented  by  mixtures  of  silicates  of  potassium, 
sodium,  calcium,  &c.  belonging  to  the  group  of  disilicates. 

Hydrated  silicates  may  be  referred  to  one  or  other  of  the  preceding  groups,  accord- 
ing as  more  or  less  of  their  water  is  regarded  as  basic:  thus  dioptase  may  be 
formulated  either  as  a  hemisilioate,  Cu"H-SiO*,  or  as  a  hydrated  monosilicate, 
Cu"SiO'.H"0.  In  like  manner  okenite,  represented  in  the  above  table  as  a  hydrated 
disilicate,  Ca"Si^O^.H^O,  may  also  be  formulated  as  a  monosilicate,  (Ca"H^)Si'-0^ 

Most  silicates  are  fusible,  and  their  fusibility  is  increased  by  mixture  with 
each  other :  those  which  contain  readily  fusible  oxides  melt  at  the  lowest  temperatures, 
and  in  general  the  most  easily  fusible  silicates  are  those  which  contain  the  largest 
proportion  of  base. 

All  silicates  are  insoluble  in  water,  excepting  the  silicates  of  the  alkali-metals,  which 
dissolve  with  greater  facility  in  proportion  as  they  contain  a  larger  quantity  of  base. 

Some  silicates  are  entirely  decomposed  when  pulverised  and  treated  with  hydro- 
chloric or  nitric  acid,  the  bases  being  dissolved  and  the  silica  being  sometimes 
separated  in  a  pulverulent  or  gelatinous  form,  sometimes  dissolved  either  wholly  or  in 
part,  the  solution  then  yielding  a  jelly  on  evaporation.  Sulphuric  acid  diluted  with 
a  small  quantity  of  water,  likewise  decomposes  the  greater  number  of  silicates  when 
reduced  to  powder.  Some  silicates,  on  the  contrary,  resist  the  action  of  all  acids 
except  the  hydroflTioric.  In  general  silicates  are  more  easily  decomposed  by  acids  ; 
the  stronger  the  bases  contained  in  them,  the  less  the  silica  predominates,  and  the 
larger  the  proportion  of  water  present:  on  this  account  many  silicates  containing 
water — zeolites  for  example— lose  their  sohibility  in  hydrochloric  acid  after  ignition. 
All  silicates  without  exception  become  soluble  in  dilute  hydrochloric  or  nitric  acid : 
after  fusion  with  from  3  to  5  times  their  weight  of  hydrate  or  carbonate  of  potassium 
or  sodium,  or  with  carbonate  of  barium,  strontium,  or  calcium,  or  with  oxide  of  lead; 
they  become  completely  disintegrated,  and  the  solution  yields  on  evaporation,  first  a  jelly 
and  then  a  dry  residue,  of  wliich  the  part  which  is  insoluble  in  hot  hydrochloric  acid 
exhibits  the  characters  of  silica.  Andalusite,  cyanite,  staurolite,  and  zircon,  require  a 
full  white  heat  to  disintegrate  them  perfectly  with  an  alkaline  carbonate,  and  are 
more  readily  acted  on  by  hydrate  of  potassium.  From  the  native  silicates,  whether 
simple  or  double,  which  contain  potash,  soda,  or  lithia,  the  alkali  may  be  separated 
by  igniting  them  with  lime,  and  treating  the  ignited  mass  with  water.  With  many, 
however,  as  in  the  case  of  nepheline,  leucite,  natrolite,  analcime,  and  chabasite,  it  is 
sufficient  even  to  ignite  them  by  themselves,  and  afterwards  boil  them  in  a  finely 
divided  state,  with  milk  of  lime,  or  to  digest  them  with  it  for  a  longer  time  in  the 
cold.  Clays  treated  in  this  manner  likewise  give  up  to  water  the  small  proportion  of 
potash  or  soda  which  they  contain  ;  and  if  they  happen  to  be  rich  in  cai'bonate  of 
calcium,  they  merely  require  to  be  digested  in  water  after  ignition.  Volcanic  rocks, 
such  as  phonolitic  lava,  give  up  the  potash  or  soda  they  contain  by  digestion  with 
milk  of  lime,  even  without  previous  ignition. 

Silicates  heated  with  fluor-spar  and  oil  of  vitriol  in  a  platinvim  vessel,  evolve 
gaseous  fluoride  of  silicon,  which,  when  the  vessel  is  covered  with  moistened  felt, 
deposits  upon  it  white  flakes  of  hydrate  of  silica. — The  same  gas  is  evolved,  with 
effervescence,  when  a  silicate  in  the  state  of  powder  is  immersed  in  a  strong  solution 
of  hydrofluoric  acid.  Microcosmic  salt  in  the  blowpipe-flame  withdraws  the  base  from 
the  silicates,  and  sets  the  silicic  acid  free.  The  product  is  a  translucent,  blistered 
mass.  When  a  small  quantity  only  of  the  microcosmic  salt  is  used,  the  mass  diifuses 
itself  through  the  silicious  crust;  when  the  quantity  of  flux  is  larger,  the  silica  floats 
in  the  fused  bead.  When  only  a  small  quantity  of  silica  is  present,  the  glass  is  clear 
while  fused,  but  becomes  turbid  on  cooling ;  with  still  less  silica  however  it  remains 
transparent  (Berzelius). — Silicates  heated  with  carbonate  of  sodium  before  the 
blowpipe,  expel  the  carbonic  acid  with  eflfervescence.  The  silicates  of  the  alkali-metals 
and  of  most  of  the  heavy  metals  yield  a  transparent  glass  ;  those  of  the  earth-metals 
yield  sometimes  a  clear  and  sometimes  a  turbid  glass,  according  to  the  proportions  of 
silica  and  of  base.  If  the  silica  contains  at  least  twice  as  much  oxygen  as  the  earthy 
base,  the  latter  is  dissolved  in  the  glass  by  the  agency  of  the  silica,  and  the  glass 
remains  clear.  If  the  compound  contains  less  silica,  it  yields  a  clear  glass  with  a 
comparatively  small  proportion  of  sodic  carbonate ;  but  with  a  larger  proportion,  it 
forms  a  turbid  glass,  and  with  a  still  larger  quantity  an  infusible  slag;  for  the  greater 
the  amount  of  soda,  the  greater  also  is  the  quantity  of  the  earthy  base  which  is  separated 
by  its  action.  (Berzelius.) 
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Quantitative  Anuli/sis  of  Silicates.    Estimation  of  Silica. 

For  the  analysis  of  silicates  which  are  completely  decomposed  by  acids,  it  is  sufficient 
to  boil  the  finely  pulvei'ised  mineral  with  strou"-  hydi-ochloric  acid  as  long  as  any- 
thing continues  to  dissolve,  then  evaporate  lo  dryness,  and  boil  the  residue  with 
water  containing  hydrochloric  acid :  this  will  dissolve  everytliing  excepting  the 
silica,  whicli  may  then  be  washed,  dried,  ignited,  and  weighed.  The  liquid  filtered 
from  the  silica  contains  the  bases  of  the  mineral,  which  may  be  separated  by  the  usual 
methods. 

To  ensure  the  complete  separation  of  the  silica,  it  must  be  perfectly  dried  before 
boiling  it  with  tlio  acidulated  water.  Now  to  ensure  this  complete  dryness,  it  is 
necessary  to  heat  the  silica  somewhat  above  the  temperature  of  the  water-batli,  the 
desiccation  being  completed  Over  a  sand-bath  or  a  lamp.  In  doing  this  it  sometimes 
happens  that  too  much  heat  is  applied,  and  in  that  case  a  portion  of  the  bases,  especially 
alumina  and  ferric  oxide,  may  also  be  rendered  insoluble  in  the  dilute  acid.  To 
obviate  this  source  of  error,  the  dried  residue  must  be  moistened  all  over  with  strong 
hydrochloric  acid,  then  left  to  stand  for  half  an  hour,  and  afterwards  boiled  with  water. 
Everything  will  then  dissolve  excepting  the  silica. 

Silicates  which,  like  felspar,  resist  the  action  of  hydrochloric  acid,  are  decomposed 
by  fusion  with  an  alkaline  carbonate.  The  mineral,  very  finely  powdered,  is  mixed  in 
a  platinum  crucible  with  three  or  four  times  its  weight  of  diy  carbonate  of  sodium ; 
or  better  with  a  mixtiu-e  of  the  carbonates  of  potassium  and  sodium  in  equivalent 
proportions,  which  fuses  more  readily;  the  platinum  crucible  is  heated  to  bright 
redness  for  about  twenty  minutes  in  a  gas  furnace  (ii.  784,  789),  or  placed  within  au 
earthen  crucible  half  filled  with  carbonate  of  magnesium,  aaid  heated  in  an  ordinary 
coke  furnace;  the  fused  mass,  when  cold,  is  removed  from  the  crucible  by  digestion  in 
dilute  hydrochloric  acid  with  the  aid  of  heat;  the  whole  is  evaporated  to  dryness; 
the  silica  separated;  and  the  bases  are  determined  as  above. 

Some  native  silicates,  as  zircon,  cyanite,  cymophane,  &c.,  are  decomposed  with  difficulty 
by  fusion  with  alkaline  carbonates,  requiring  a  very  strong  heat  continued  for  a  long 
time.  In  these  cases  the  decomposition  may  be  facilitated  by  the  addition  of  a 
fragment  of  potassic  or  sodic  hydrate,  which  however,  to  avoid  injuring  the  crucible, 
must  be  introduced  into  a  cavity  made  in  the  middle  of  the  mixture  of  silicate  and 
carbonate,  after  it  has  been  heated  for  a  short  time,  not  sufficiently  to  melt  it,  and 
solidly  pressed  down  into  the  crucible. 

By  these  processes,  not  only  the  silica,  but  all  the  bases  of  a  silicate  may  be  deter- 
mined, excepting  the  alkalis.  To  determine  these,  the  mineral,  reduced  to  an  almost 
impalpable  powder,  is  very  intimately  mixed  with  five  times  its  weight  of  pure 
carbonate  of  calcium,  and  the  mixture  exposed  in  a  platinum  crucible,  protected  as 
above,  to  the  strongest  heat  of  an  air-furnace  or  a  blast  gas-furnace  (ii.  785)  for  about 
half  an  hour.  The  mass,  which  is  not  fused,  but  sintered  together,  is  then  digested 
in  dilute  hydrochloric  acid ;  the  silica  separated  as  before  ;  the  greater  part  of  the 
lime  and  likewise  the  bases  of  the  silicate  precipitated  by  carbonate  of  ammonium  and 
free  ammonia ;  the  filtrate  evaporated  to  dryness,  and  the  ammoniacal  salts  expelled  by 
ignition;  the  residue  redissolved  in  water;  the  remainder  of  the  lime  precipitated 
by  oxalate  of  ammonium ;  and  the  ammoniacal  salts  again  expelled  by  evaporation 
and  ignition.  The  residue  then  contains  nothing  but  the  chlorides  of  the  alkali-metals 
and  magnesium,  if  that  substance  was  contained  in  the  mineral.  Carbonate  of  barium 
may  also  be  used  instead  of  carbonate  of  calcium,  and  the  excess  of  barium  removed 
b}'  sulphuric  acid.  ■ 

Another  method  of  obtaining  the  alkalis  in  a  silicate,  is  to  decompose  it  with 
hydrofluoric  acid  aided  by  a  gentle  heat.  The  acid  must  be  added  by  small  portions 
to  the  finely  pulverised  mineral  contained  in  a  platinum  dish,  till  the  action  ceases 
and  the  whole  is  reduced  to  a  pasty  mass.  This  mass  is  then  heated  with  strong 
sulphuric  acid,  which  expels  fluoride  of  silicon  and  hydrofiuorie  acid ;  the  residue  is 
heated  to  low  redness  to  expel  the  excess  of  sulphuric  acid ;  the  dry  mass,  when  cold, 
is  moistened  with  strong  hydi'ochloric  acid,  and,  after  standing  for  aboiit  half  an  hour, 
digested  with  water.  The  whole  then  dissolves,  provided  the  decomposition  by  the 
hydrofluoric  acid  has  been  complete.  The  solution  contains  the  alkahs  and  the  other 
bases  in  the  state  of  sulphates. 

Fluoride  of  ammonium  may  also  be  used  instead  of  hydrofluoric  acid:  it  acts  more 
energetically,  and  decomposes  certain  silicates  which  offer  considerable  resistance  to 
the  action  of  hydrofluoric  acid.  The  finely  pulverised  mineral  is  mixed  in  a  platinum 
dish  with  seven  times  its  weight  of  the  ammonium-fluoride,  and  made  up  into  a  paste 
with  a  small  quantity  of  water.  The  mixture  is  gently  heated  for  some  time  in  order 
to  dry  it  completely,  then  to  dull  redness  till  it  no  longer  gives  off  any  vapour.  The 
dry  mass  is  treated  with  sulphuric  acid,  the  excess  of  that  acid  expelled  b_v  evaporation, 
and  the  residue  digested  with  water.    The  whole  then  dissolves  if  the  decomposition 
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has  been  complete  ;  iu  the  contrary  case  a  residue  is  left,  which  must  be  again  treated 
■with  fluoride  of  ammonium.  Nearly  all  silicates  yield  to  this  treatment;  zircon, 
however,  is  not  completely  decomposed  by  it,  and  must  be  treated  with  carbonate  and 
hydrate  of  sodium  as  above  described.  (H.  Eose,  Traite  de  Chimie  mali/tique, ii.  867.) 

Estimation  of  Water  and  other  volatile  substances  in  Silicates. — The  water  in  most 
Lydrated  silicates  is  easily  estimated  by  heating  the  pulverised  mineral  to  redness  in  a 
platinum  crucible,  the  whole  of  the  water  being  then  driven  off  without  any  fm-ther 
alteration  of  the  silicate.  Some  silicates,  however,  euclase  and  idocrase  for  example, 
retain  their  water  with  great  force,  parting  with  it  only  at  very  high  temperatures.  In 
such  cases  it  is  best  to  expose  the  mineral  to  an  intense  heat  in  a  current  of  pure  and 
dry  air.  Idocrase  gives  up  its  water  only  when  heated  nearly  to  its  meltiug-point,  and 
at  the  same  time  evolves  a  small  quantity  of  carbonic  acid,  sufficient  to  produce  a  consi- 
derable cloud  in  baryta-water,  but  not  large  enough  for  quantitative  estimation.  Some 
silicates  contain  small  quantities  of  organic  matter  as  well  as  water,  and  when  strongly 
heated  in  a  cm-rent  of  hydrogen,  give  off  water  containing  empyreumatic  products  and 
ammonia  ;  this  is  especially  the  case  vpith  pitchstone.  The  quantity  of  carbon  may  be 
determined  by  ignition  with  oxide  of  copper,  as  in  organic  analysis,  and  the  amount  of 
hydrogen  at  the  same  time,  if  the  mineral  does  not  also  contain  water  ready  formed; 
but  if  water  is  also  present,  and  is  given  oiF  only  at  the  same  temperature  as  the 
organic  matter,  the  determination  becomes  very  difficult.  The  emerald  contains  water 
and  likewise  a  small  quantity  of  organic  matter,  to  which  its  colour  is  due. 

In  some  silicates  there  are  other  constituents  to  be  estimated  besides  water,  silica, 
and  metallic  bases.  Thus  datholite  and  botryolite  contain  boric  acid  ;  tourmaline 
contains  boric  acid  and  fluorine  ;  sodalite  and  ittnerite  contain  chlorine ;  cancrinite 
contains  carbonic  acid  ;  haiiyne  and  ultramarine  contain  chlorine  and  sulphur ;  many 
silicates  contain  fluorine  and  phosphoric  acid ;  titanic  acid  also  is  of  frequent  occur- 
rence in  silicates. 

1.  Boric  acid. — The  methods  of  analysing  borosilicates  have  been  alreadygiven  under 
BoKON  (i.  631). 

2.  Chlorine.-— Most  silicates  containing  chlorine  are  easily  decomposed  by  acids.  To 
analyse  them  they  are  treated  with  cold  nitric  acid  of  specific  gravity  1-2,  which  either 
dissolves  them  completely  or  separates  a  portion  of  the  silica  in  the  gelatinous  form ; 
in  the  latter  case  more  water  must  be  added,  and  the  liquid  loft  at  rest  till  the  separated 
silica  has  settled  down.  The  clear  solution  is  then  treated  with  nitrate  of  sUver,  the 
precipitated  chloride  of  silver  is  left  to  settle  down  in  a  cool  place,  then  collected  on  a 
filter,  and  treated  in  the  usual  way  (i.  904).  The  excess  of  silver  is  precipitated 
by  hydrochloric  acid,  the  filtrate  evaporated  to  dryness  to  separate  the  silica,  and  the 
jinalysis  completed  in  the  same  way  as  for  other  silicates.  Pyrosmalite,  which  contains 
chlorine,  is  not  easily  decomposed  by  acids  :  its  decomposition  may  however  be  efiected 
by  digesting  it  for  several  days  with  dilute  nitric  acid,  at  a  moderate  heat,  the  flask 
being  corked  to  prevent  escape  of  chlorine;  or,  better  perhaps,  by  fusion  with  an 
alkaline  carbonate.  (H.Rose.) 

3.  Fluorine. — A  great  number  of  silicates  contain  fluorine,  thoxigh  often  only  in 
small  quantity.  Such  silicates  which,  for  the  most  part,  are  not  decomposed,  or  only 
incompletely  decomposed  by  acids,  are  analysed  by  fusing  them  with  four  times  their 
weight  of  alkaline  carbonate,  and  boiling  the  fused  mass  with  water.  The  whole  of 
the  fluorine  then  dissolves  in  the  form  of  alkaline  fluoride,  together  ■svith  a  certain 
portion  of  the  silica  and  alumina  in  the  mineral.  The  insoluble  matter  is  collected  on 
a  filter  and  washed,  first  with  pure  water,  then  with  water  containing  carbonate  of 
ammonium.  To  separate  the  silica  dissolved  in  the  alkaline  filtrate,  the  liquid  is  mixed 
wilh  an  alkaline  solution  of  ziuc-carbonate,  which  is  added  as  long  as  a  precipitato 
continues  to  form;  then  evaporated  to  dryness,  and  the  dried  mass  treated  with  water, 
which  leaves  the  whole  of  the  silica  undissolved,  together  with  oxide  of  zinc.  The 
insoluble  residue  is  then  to  be  treated  with  nitric  acid,  the  silica  separated  by  evapo- 
ration to  dryness,  &c.,  and  weighed.  Tlie  liquid  filtered  from  the  silicate  of  zinc 
contains  the  whole  of  the  fluorine,  as  fluoride  of  sodium.  The  fluorine  is  precipitated 
from  it  by  chloride  of  calcium,  and  estimated  as  fluoride  of  calcium  (ii.  674). — The 
insoluble  residue  left  on  treating  the  original  fused  mass  with  water,  contains  the 
greater  part  of  the  silica,  together  with  the  bases.  It  is  treated  with  hydrochloric 
acid,  the  silica  separated,  and  the  bases  determined  in  the  usual  way,  the  silica  thus 
obtained  being  of  course  added  to  the  quantity  precipitated  by  the  zinc-solution.  (H. 
Rose,  Traite  de  Chimie  analj/iique,  ii.  890.) 

4.  Phosphoric  acid. — When  silicates  containing  phosphates  are  decomposed  either 
by  acids,  or  fusion  with  alkaline  carbonates  and  subsequent  treatment  with  hydro- 
chloric acid,  the  whole  of  the  phosphoric  acid  is  found  in  the  acid  liquor,  and  may  be 
separated  from  the  bases  and  estimated  by  the  methods  already  given  (iv.  5^6). 

When  phosphoric  acid  and  fluori.ie  occur  together  in  a  silicate  which  is  easily 
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decoiiiposible  by  acids,  and  contains  uo  bases  except  the  alkalis,  the  mineral  is  decom- 
posed by  nitric  acid,  tho  liquid  is  saturated  with  ammonia,  without  previous  separation 
of  the  silica,  an  ammouiacal  sohitiou  of  zinc-carbonate  is  added,  and  the  whole  is 
evaporated  to  dryness  over  the  water-bath.  The  dried  mass  is  then  treated  with  water, 
which  dissolves  the  allcaline  fluoride  and  nitrate,  leavintj;  a  residue  of  phosphate  and 
silicate  of  zinc,  together  with  excess  of  zinc-oxide.  The  fluorine,  silica,  and  phosphoric 
acid  are  then  determined  as  above  described. 

If,  on  the  other  hand,  the  silicate  contains  alkaline  earths,  and  especially  lime, 
then,  wli  ether  it  is  decomposible  by  acids  Or  not,  it  must  first  be  fused  with  foirr  timers 
its  weight  of  a  mixture  of  potassic  and  sodic  carbonates.  The  fused  mass  is  treated 
with  water,  and  after  complete  disintegration,  the  liquor  is  filtered.  The  filtrate  con- 
tains the  whole  of  the  fluorine  and  part  of  the  phosphoric  acid  and  silica  in  the  form 
of  alkaline  salts,  while  the  residue  is  composed  of  alkaline  silicate,  together  with  calcic 
silicate  and  phosphate,  calcic  phosphate  never  being  completely  decomposed  by  fusion 
with  alkaline  carbonate.  The  filtrate  is  treated  with  an  ammoniacal  solution  of  zinc- 
carbonate,  and  evaporated  to  dryness,  and  the  residue  is  treated  with  water,  which 
dissolves  all  tho  alkaline  fluoride,  leaving  the  silica  and  phosphoric  acid  as  zinc-salts. 
The  remainder  of  the  analysis  is  the  same  as  above. 

5.  Sidphur  and  Sulphuric  acid. — Silicates  containing  sulphates  are  decomposed  by 
hydrochloric  acid,  or  by  fusion  with  alkaline  carbonate ;  and  from  the  acid  solution 
obtained,  in  the  former  case  directly,  in  the  latter  hj  treating  the  fused  mass  with 
hydrochloric  acid,  the  sulphuric  acid  is  precipitated  by  chloride  of  barium. 

When  sulphur  is  present  in  a  silicate  in  combination  with  a  metal,  it  may  be 
oxidised  to  sulphuric  acid  by  the  action  of  fuming  nitric  acid,  or  of  hydrochloric  acid  and 
chlorate  of  potassium,  or  by  fusion  with  a  mixture  of  alkaline  carbonate  and  nitrate. 
When  the  sulphur  is  present,  partly  as  sulphate,  partly  as  sulphide,  the  quantity 
existing  in  the  latter  form  may  sometimes  be  determined  by  heating  the  pulverised  mine- 
ral with  hydrochloric  acid,  passing  the  sulphydric  acid  thereby  evolved  into  a  solution 
of  copper,  collecting  the  precipitated  sulphide  of  copper,  and  treating  it  as  described 
under  Coppek  (ii.  57).  The  liquid  remaining  in  the  flask  is  then  filtered  to  separate 
the  silica,  and  tho  sulphur  originally  existing  in  the  mineral  as  sulphuric  acid  is  deter- 
mined by  precipitation  with  a  barium-salt. 

6.  TaatuUc  and  Niohic  acids. — In  silicates  containing  these  acids  (which,  however, 
are  of  very  i-are  occurrence),  the  quantity  of  silicon  may  be  estimated  by  treating  the 
compound  with  hydrofluoric  acid,  then  adding  sulphuric  acid,  and  heating  till  the 
whole  excess  of  tlie  latter  is  expelled.  The  quantity  of  silica  may  then  be  estimated 
by  loss.  This  method  however  is  not  very  exact,  because  small  quantities  of  tantalum 
and  niobium  are  liable  to  be  also  driven  off  as  fluorides.  A  better  method  is  to  fuse 
the  mineral  in  a  silver  crucible  with  three  times  its  weight  of  sodium-hydrate,  and 
treat  the  fused  mass  with  water,  which  dissolves  all  the  silicon  as  sodic  silicate, 
leaving  tantalate  or  niobate  of  sodium  undissolved.    (H.  Kose.) 

7.  Titanic  acid. — The  best  method  of  treating  silico-titanates  is  to  heat  them  with 
fluoride  of  ammonium,  and  afterwards  with  sulphuric  acid,  in  the  manner  already 
described  (p.  215).  The  whole  of  the  silicon  is  then  expelled  as  gaseous  fluoride,  and  a 
residue  is  obtained  completely  soluble  in  water,  containing  the  bases  as  sulphates, 
together  with  the  titanic  acid,  which  must  be  separated  and  estimated  by  processes,  to 
be  described  hereafter  (H.  Rose).    See  Titanium. 

Siliccdes  co)dainlng  only  Monaiomic  and  Diatomic  Metals :  Silicates  of  Proto.ridcs. 

Silicates  of  tbe  Alkali-metals. — Silicate  of  Ammonium  is  not  known  in  the 
solid  state.  Aqueous  ammonia  dissolves  a  large  quantity  of  freshly  precipitated  silica. 
Carbonate  of  ammonia  dissolves  it  but  sparingly. 

The  silicates  of  potassium  and  sodium  resemble  each  other  so  closely  that  it 
will  be  convenient  to  describe  them  together.  They  contain  various  proportions  of 
acid  and  base,  and  are  all  more  or  less  soluble  in  water,  those  which  contain  the  largest 
proportions  of  alkali  dissolving  the  most  easily. 

The  alkaline  silicates  are  prepared  either  by  fusing  silica  with  the  hydrates,  carbo- 
na*es,  nitrates,  or  other  salts  of  the  alkali-metals  containing  volatile  acids,  or  by 
boiling  flint,  sand,  &c.,  with  strong  solutions  of  the  caustic  alkalis  under  pressure. 
When  1  part  of  silica  is  fused  with  25-  pts.  carbonate  of  potassium,  or  with  1|  pt. 
anhvdrous  carbonate  of  sodium,  a  transparent  glass  is  produced  consisting  of  an  alka- 
line"^ monosilicate,  K'-O.SiO'-,  or  Na-O.SiO-.  These  salts  deliquesce  in  the  air  and 
dissolve  readily  in  water,  forming  an  alkaline  solution  called  liquor  silieum.  When  a 
strong  solution  of  this  monosilicate  is  treated  with  hydrochloric  or  nitric  acid,  the 
greater  part  of  the  silica  is  precipitated  in  gelatinous  flocks,  a  certain  quantity  however 
always  remaining  dissolved:  but  if  tho  solution  of  the  silicate  be  largely  diluted,  and 
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a  quantity  of  hydrochlorik!  acid  added  suiScient  to  give  it  a  strong  acid  reaction,  no 
precipitate  is  formed,  but  the  whole  of  the  silica  remains  dissolved. 

Alkaline  silicates  containing  a  larger  proportion  of  silica,  but  still  with  a  sufficient 
quantity  of  alkali  to  make  them  completely  soluble  in  water,  are  denominated  "  water- 
glass."  These  salts  are  prepared  on  the  manufactiiriug  scale,  and  applied  to  several 
purposes  in  the  arts. 

F  u  c  h  s  of  Munich,  who  first  proposed  them  for  economical  use,  adopts  the  following 
processes :  — 

1.  To  prepare  potash  water-glass,  a  mixture  of  15  pts.  pulverised  qu.artz  or 
sand,  10  pts.  of  well  purified  pearlash,  and  1  pt.  of  powdered  charcoal,  is  ignited  for 
five  or  six  hours  at  a  temperatm-e  equal  to  that  required  to  melt  common  glass.  The  pro- 
portions of  silica  and  alkali  used  are  about  suflBcient  to  form  a  tetrasilicate,  K-'0.4SiO-, 
allowing  for  impurities  in  the  pearlash.  The  use  of  the  charcoal  is  to  facilitate  the 
decomposition  of  the  alkaline  carbonate,  and  decompose  any  sulphuric  acid  that  may 
be  present.  The  fused  mass  is  then  left  to  cool,  pulverised,  and  boiled  with  5  times 
its  weight  of  water  in  an  iron  pot  for  three  or  four  hours,  the  water  being  renewed  as 
it  evaporates.  After  the  whole  is  dissolved,  the  boiling  is  continued,  so  as  to  concen- 
trate the  solution  to  a  specific  gravity  of  1'2-i  to  1'26.  In  this  state  it  is  sufficiently 
liquid  to  be  used  in  many  operations,  but  in  some  cases  it  requires  to  be  diluted  and 
in  others  to  be  evaporated  to  a  syrupy  consistence.  If  it  contains  any  sulphide  of 
potassium  (arising  from  decomposition  of  the  sulphate  by  the  charcoal),  a  small  quan- 
tity of  oxide  of  copper  or  litharge  must  be  added  to  convert  it  into  hydrate,  a  certain 
excess  of  which  renders  the  water-glass  better  adapted  for  manypurposes.  If,  however, 
a  perfectly  saturated  silicate  is  required,  the  saturation  may  be  ensured  by  boiling  the 
liquid  with  recently  precipitated  silica.  The  solution,  purified  as  just  described,  is 
left  to  cool  and  clarify,  the  vessel  being  well  closed  to  prevent  access  of  air.  The 
clear  liquid  is  then  decanted  from  the  deposit  (which  makes  a  good  manure),  and 
stored  in  carboys ;  or  it  may  be  evaporated  to  a  jelly  and  packed  in  tinned  iron 
vessels. 

Water-glass  may  be  obtained  in  the  solid  state  by  mixing  the  concentrated  solution 
with  about  one-fourth  of  its  volume  of  rectified  spirit ;  a  gelatinous  precipitate  is 
thereby  formed,  which  contracts  strongly  in  a  few  days,  and  is  deposited  in  a  solid 
mass ;  and  if  the  supernatant  liquid  (containing  alkaline  carbonates,  chlorides,  and 
sulphides)  be  decanted,  and  the  deposit  slightly  washed  and  squeezed,  the  water-glass 
is  obtained  in  the  solid  state,  and  consisting,  according  to  Fuchs,  of  potassie  tetrasili- 
cate, K-0.4SiO-,  perfectly  soluble  in  water.  According  to  Forchhammer,  however, 
the  alcohol,  even  in  the  act  of  precipitation^  and  still  more  dm-ing  the  subsequent 
washing,  withdraws  a  portion  of  the  alkali,  untU  the  residue  consists  of  octosilicate, 
K-0.8SiO^,  which  is  not  completely  soluble  in  water.  According  to  Fr  dm  y  (Jabresb. 
1856,  p.  353),  the  salt  precipitated  from  a  solution  of  potassie  silicate  by  alcohol,  has 
the  composition  2K-0.9SiO-.aq.  ;  and  the  sodic  silicate  obtained  in  like  manner  is 
2Na-O.9SiO-.20aq.;  according  to  Lefort  {ibid.  1861,  p.  205),  both  the  salts  thus  pre- 
cipitated have  the  composition  2M-0.9Si0^.aq. 

2.  Soda  water-glass  is  prepared  in  a  similar  manner,  the  proportions  being 
451bs.  of  quartz,  231bs.  anhydrous  carbonate  of  sodium,  and  31bs.  of  charcoal:  this 
gives  a  product  having  nearly  the  composition  2Na-0.5SiO'' :  it  fuses  more  readily 
than  the  potash-glass.  According  to  Buchner,  soda  water-glass  maybe  prepared  more 
economically  by  means  of  sodic  sulphate,  in  the  proportion  of  100  pts.  quartz,  60  pts. 
anhydrous  sodic  sulphate,  and  15  to  20  pts.  charcoal-dust. 

By  dissolving  the  product  obtained  by  either  of  these  processes  in  boiling  water,  and 
saturating  it  with  recently  precipitated  silica,  it  may  be  converted  into  the  tetrasilicate 
Na^0.4SiO-.  Rectified  spirit  does  not  precipitate  this  compound  so  completely  as  the 
potash-glass,  but  merely  converts  it  into  a  gelatinous  mass :  in  solutions  not  com- 
pletely saturated  with  silica,  or  slightly  diluted,  it  forms  a  precipitate. 

3.  Double  water-glass. — Potash  and  soda  water-glass  are  miscible  in  all  propor- 
tions. Normal  double  water-glass,  containing  equivalent  quantities  of  potash  and 
soda,  maybe  obtained  by  fusing  together  100  pts.  of  quartz  and  121  pts.  of  sodio- 
potassic  tartrate  (Rochelle  salt) ;  or  more  cheaply  by  fusing  a  mixture  of  piotassic 
and  sodic  nitrates  in  equivalent  proportions  with  the  corresponding  quantity  of  quartz, 
or  100  pts.  quartz,  28  pearlash,  22  anhydrous  carbonate  of  sodium,  and  6  powdered 
charcoal.  This  mixture  fuses  more  readily  than  any  of  the  preceding.  A  solution  of 
double  water-glass  suitable  for  all  practical  applications,  may  likewise  be  prepared  by 
mixing  3  measures  of  concentrated  potash  water-glass  with.  2  measures  of  concentrated 
soda  water-glass. 

Soluble  silicates  may  also  be  obtained  by  boiling  silica  with  solutions  of  caustic 
alkalis  under  pressure.  The  following  process,  patented  in  1844  by  Mr.  Ransome  of 
Ipswich,  is  essentially  the  same  as  that  adopted  by  Kuhlmann  of  Lille : — 100  lbs.  of 
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crystallised  sodic  carbonate,  or  50  lbs.  of  pearlasb,  are  dissolved  in  about  oO  gallons  of 
watei',  and  the  solution,  after  being  rendered  caustic  by  means  of  lirae,  is  reduced  to 
the  bulk  of  20  or  25  gallons  by  lieat.  This  caustic  ley  is  then  introduced  together 
with  100  lbs.  of  finely  broken  tlints  or  other  convenient  silicious  substance,  into  an 
iron  boiler  or  digester,  and  the  mixture  is  heated  with  frequent  agitation  fur  ten  or 
twelve  hours  up  to  a  pressure  of  about  60  lbs.  to  the  square  inch.  When  the  mixture 
is  sufficiently  incorporated,  it  may  be  passed  through  a  sieve  to  separate  any  undis- 
solved matter. 

The  soluble  silicates  prepared  by  different  manufaotui-ers  differ  considerably  in  com- 
position, seldom  exhibiting  that  of  a  totrasilioate.  Of  the  following  samples  -  a  is 
soda  water-glass  from  the  manufactory  of  Seibel  at  Liesing  ;  b,  soda  V)'ater-glass  from 
Munich ;  e,  potash  water-glas^  from  Kuhlmann's  factory  at  Lille  : — 

Water  .       .    65-829  38-66  0-689 

Silica  .  .       .    22-258  44-61  63-000 

Soda  .  .       .    11-178  10-25 

Potasli  ....  .     .  34-400 

a  has,  approximate!}',  the  composition  of  a  disilicate ;  b  that  of  a  |-silicate  ;  c  that  of 
a  trisilicate. 

Solid  or  fused  water-glass,  when  pure,  has  the  appearance  of  ordinary  glass,  and 
dissolves  slowlj',  but  pompletely,  in  boiling  water;  it  becomes  insoluble  only  when  the 
proportion  of  silica  is  considerably  increased.  A  concentrated  solution,  containing 
28  per  cent,  of  the  alkaline  silicate,  is  syi-upy,  somewhat  turbid,  and  has  a  density  of 
about  1-25.  After  evaporation  at  a  high  temperature,  it  becomes  very  tenacious,  and 
may  be  drawn  out  into  threads  like  melted  glass.  The  solution  is  decomposed  by 
acids,  even  by  carbonic  acid,  the  silica  being  separated  in  the  gelatinous  form.  On 
exposure  to  the  air,  it  becomes  covered  with  a  tough  skin,  which  disappears  when 
thrust  beneath  the  liquid.  During  evaporating  to  dryness,  it  must  be  kept  constantly 
boiling,  to  prevent  access  of  carbonic  aeid.  Alkaline  carbonates  and  chlorides,  especially 
sal-ammoniac,  precipitate  silica  from  the  solution.  Baryta,  strnntiu,  lime,  edumina,  ;\nd 
oxide  of  lead  decompose  it,  removing  the  whole  of  the  silica  and  a  portion  of  the  alkali 
in  the  form  of  a  double  silicate.  Nearly  all  the  soluble  salts  of  the  earth-metals  and 
heavy  metals  likewise  jDroduce  precipitates  consisting  of  double  silicates.  Phosphate  of 
aluminium,  kmd  carbonate,  phosphate,  and  sulphate  of  lead  triturated  with  a  solution  of 
water-glass,  yield  a  tenacious  mass,  which  acquires  a  stony  hardness  on  exposure  to 
the  air.    Fhosphate  of  ccdcimn  is  not  decomposed  by  it. 

Uses  of  Alkaline  Silicates. — 1.  As  cements,  and  for  hardening  and  preserxinq  stone.— 
The  soluble  silicates  may  be  applied  in  various  ways  for  imparting  solidity  to  loose 
structures.  This  effect  is  due  sometimes  to  a  chemical  action  between  the  soluble 
silicate  and  the  23orous  material,  resulting  in  the  formation  of  an  insoluble  silicate  or 
double  silicate — sometimes  to  the  gradual  decomposition  of  the  alkaline  silicate,  result- 
ing in  great  measure  from  the  action  of  atmospheric  carbonic  acid,  and  the  consequent 
deposition,  between  the  particles  of  the  porous  material,  of  a  mass  of  solid  silica  which 
binds  them  firmly  together.  Ransome,  in  1845,  patented  a  process  for  the  application 
of  a  soluble  silicate  for  combining  small  coal  into  blocks,  and  for  preserving  -wood  from 
fire  and  decay. 

The  action  of  soluble  silicates  on  calcium-compounds  is  of  particular  importance. 
Water-glass  sets  rapidly  when  mixed  with  slaked  lime,  and  slowly  di'ies  up  to  a  hard 
mass,  consisting  of  a  double  silicate  of  calcium  and  the  alkali-metal,  on  which  water 
has  no  action.  A  piece  of  chalk  immersed  in  a  solution  of  alkaline  silicate,  absorbs  it, 
and  on  drying  becomes  nearly  as  hard  as  marble.  Pulverised  chalk  or  marble  is 
also  converted  by  water-glass  into  a  hard  compact  mass  ;  magnesian  limestone  is 
rendered  still  harder.  This  effect  is  due  either  to  a  combination  of  the  alkaline  sili- 
cate with  the  calcic  carbonate,  resulting  in  the  formation  of  a  compound  similar  to  can- 
crinilo  (i.  734),  or  to  a  double  decomposition  resulting  in  the  formation  of  calcic  silicate, 
which  then  unites  with  the  imdecomposed  portion  of  the  carbonate;  perhaps  both  these 
actions  take  place  together.  The  silification  of  limestones  is  greatly  facilitated  by 
heating  them  with  tlie  silicious  solution  under  pressure.  Sulphate  of  calcium  is.acted 
upon  by  soluble  silicates  in  the  same  manner  as  carbonate,  but  the  resulting  mass  is 
less  compact,  in  consequence,  chiefly,  of  the  greater  rapidity  of  the  action;  a  more 
dilute  solution  must  therefore  be  used,  so  as  to  render  the  action  slower. 

These  reactions  of  the  soluble  silicates  have  been  successfully  applied  by  Eansome, 
Kuhlmann,  and  others,  to  the  production  of  artificial  stone  for  liuilding  and  orna- 
mental purposes,  and  to  the  preservation  of  the  stone  of  buildings  actually  constructed. 
To  prepare  artificial  stone,  a  concentrated  solution  of  water-glass  is  mixed  with  sand, 
broken  flints,  pieces  of  marble,  &c.,  sometimes  with  addition  of  cream  of  lime  ;  the 
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■whole  being  subjected  to  pressure  in  moulds,  and  afterwards  dried  in  an  oven.  By  tbis 
means  stone  of  great  hardness  is  obtained,  and  in  some  cases  is  capable  of  receiving  a 
fine  polish. 

For  hardening  building  stones,  and  protecting  them  from  the  action  of  acid  Tapours, 
Kuhlmann  employs  a  solution  of  silicate  of  potassium.  Silicate  of  sodium  produces 
the  same  effect,  but  is  said  to  give  rise,  after  a  while,  to  unsightly  efflorescences.  The 
solution  is  applied  with  a  brush,  or  sprinkled  on  the  walls  of  the  biiilding  by  means  of 
large  syringes  with  rose  nozzles.  The  aU^aline  sihcate  being  gi-adnally  decomposed 
by  the  action  of  the  carbonic  acid  in  the  air,  a  coating  of  silica  is  deposited  on  the 
stone,  which  protects  it  from  further  atmospheric  action.  This  process  is  said  to  have 
been  successfully  apjjlied  at  the  Louvre  and  the  cathedral  of  Notre  Dame  in  Paris,  and 
to  several  biiildings  in  other  towns  of  France.  In  the  moist  climate  of  England, 
however,  the  application  of  alkaline  silicates  in  this  manner  is  attended  with  very 
uncertain  results,  the  liquid  coating  being  liable  to  be  removed  from  the  surface 
by  rain,  or  even  by  the  ordinary  humidity  of  the  air,  before  it  has  time  to  absorb  suf- 
ficient carbonic  acid  to  precipitate  the  silica  in  an  insoluble  form.  This  inconvenience 
may  be  obviated,  and  a  much  more  compact  silicious  coating  obtained,  by  washing  the 
surface  of  the  building  first  with  a  solution  of  alkaline  silicate,  and  then  with  a  solution 
of  chloride  of  calcium,  whereby  an  insoluble  silicate  of  calcium  is  formed,  possessing 
strongly  cohesive  properties  and  perfectly  indestructible  by  atmospheric  influences. 
This  process  was  patented  by  Mr.  Eausome  in  1856,  and  is  said  to  have  been  applied 
with  good  eifect  to  many  public  buildings. 

2.  Another  very  important  application  of  the  alkaline  silicates  is  to  the  art  of  Mural 
Painting.  In  ordinary  fresco-painting,  as  is  well  known,  the  pictme  must  be 
executed  as  soon  as  the  coat  of  stucco  is  laid  upon  the  walls,  and  finished  before  the 
stucco  is  dry ;  moreover,  it  cannot  be  afterwards  retouched.  Now  by  working  on  a 
surface  of  plaster  prepared  with  a  solution  of  water-glass,  it  is  found  that  this  incon- 
venience is  completely  obviated — that  the  painter  can  work  at  his  leisure,  and  retouch 
the  work  as  often  as  is  found  desirable.  The  first  experiments  on  this  subject  were  made 
by  Fuehs,  who  designates  this  kind  of  miu'al  painting  by  the  name  stereochroray. 

Two  methods  of  silicious  painting  have  been  proposed:  one  byFuchs,  in  which 
the  colours,  ground  up  with  water,  are  laid  upon  a  prepared  surface  and  afterwards 
fixed  with  a  silicious  solution  ;  the  other  by  Kuhlmann,  in  which  the  colours  are 
ground  up  with  the  alkaline  silicate.  In  Fuchs'  method  the  wall  is  first  coated  with 
a  layer  of  ordinary  lime-mortar  containing  a  rather  large  proportion  of  sand  of  medium 
fineness ;  and  on  this,  when  dry,  is  laid  a  second  coating  of  lime-mortar  prepared  with 
rain  or  distilled  water,  and  well-washed  sand  of  greater  fineness  than  that  used  for  the 
first  coating.  This  when  dry  is  impregnated  with  a  solution  of  double  water-glass 
clarified  with  liquor  silicum  (p.  247),  and  diluted  with  an  equal  bulk  of  water.  This 
solution  is  applied  twice,  allowing  time  for  the  first  washing  to  dry. 

In  his  latest  essay  on  the  subject,  however,  Fuchs  recommends  the  preparation  of 
the  upper  layer  with  water-glass  cement — that  is  to  say,  water-glass  intimately  mixed 
with  pounded  marble  or  dolomite,  or  quartz-sand  mixed  with  a  little  dry  slaked  lime — 
the  water-glass  being  used  in  such  quantity  as  to  give  the  mass  the  consistence 
of  ordinary  mortar.  The  sm-face  having  been  prepared,  the  painting  is  executed  upon 
it  with  mineral  colours  ground  up  with  pure  water ;  and  when  it  is  fiuished,  the 
colours  are  fixed  by  washing  or  sprinkling  the  surface  with  "  fixing  water-glass," 
consisting  of  a  mixture  of  4  or  5  measures  of  concentrated  water-glass  saturated  wdth 
silica,  and  1  measure  of  concentrated  liquor  silicum  (monosilicate  of  sodium),  the 
mixed  liquid  being  diluted  with  half  its  bidk  of  water.  Paintings  thus  executed  are 
found  to  possess  great  durability  and  power  of  resisting  destructive  influences. 
Plates  of  earthenware,  tiles,  and  lithographic  stone  impregnated  with  water-glass  may 
also  be  used  as  grounds  for  silicious  painting. 

In  Kuhlmann' s  method,  the  colours  are  ground  up  with  the  silicious  solution, 
and  consequently  do  not  requii-e  so  much  preparation  of  the  painting  ground,  or  so 
much  care  in  fixing.  In  painting  upon  stone,  stucco,  glass,  &c.,  the  colours,  ground 
with  water  and  kept  in  a  pasty  state,  are  immediately  mixed  with  a  silicious 
solution  of  15°  to  20°  Bm.,  and  applied  exactly  as  in  oil  or  distemper  painting, 
except  when  the  stone  is  very  porous,  in  which  case  it  is  best  to  silicify  the  stone 
before  applying  the  colours,  to  prevent  too  rapid  desiccation.  For  glass  and  earthen- 
ware the  silicious  solution  must  be  more  concentrated.  The  silicious  colours  may 
also  be  used  for  painting  on  wood,  provided  it  is  not  impregnated  with  resin.* 

3.  The  alkaline  silicates  are  also  used  to  mix  with  soap,  forming  "  silicated  soaps," 

*  For  a  more  dct.iiled  .nccoiint  of  the  prpceding  appliration?  of  siluble  silicates,  see  a.  paper  by 
Fuclis  in  Kastner's  Archives  tif  Natural  Philosophy,  v.  365 — 412  ;  Journal  of  the  Socisti/  of  Arts,  vii. 

— ?32  ;  also  a  pamphlet  by  K  u  h  1  m  a  n  n,  entitled  Silicatisalion,ou  apphcatiovs  dfi  Silicates  solublei 
nu  riurcissemcrit  des  picrrcs  porruscs,  &c.  Paris  1S08  ;  also  Richardson  and  Watt's  Chemical  Technology, 
Part  iv.,  pp.  69—104  ;  v.  pp.  348,  582. 
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\ylucli  possess  powerful  detergent  properties,  and  are  extensively  manufactured  for 
the  cleansing  of  woollens,  &c.    (See  Soap.) 

4.  A  solution  of  silicate  of  sodium,  as  nearly  neutral  as  possible,  and  having  a 
specific  gravity  of  1'53,  i.-i  now  very  generally  used  as  a  substitute  for  cowdung  in 
preparing  mordanted  calico  for  dyeing. 

The  silicates  of  potassium  and  sodium  unite  with  the  silicates  of  calcium,  lead,  and 
other  metals,  forming  the  several  varieties  of  glass.  These  double  silicates  are  more 
fusible  than  either  of  their  component  simple  silicates,  and  require  a  smaller  cj^uantity  of 
silica  to  render  them  capable  of  resisting  the  action  of  water  and  acids.  The  ordinary 
varieties  of  glass  contain  2,  3,  or^sometimes  i  atoms  of  silica  in  proportion  to  1  atom 
of  base ;  common  bottle-glass,  pre2)ared  with  impure  materials,  also  contains  alumina 
and  oxide  of  iron.    Bohemian  glass-tubing  consists  of  potassio-calcic  trisilicate, 

(2(K20.3SiO')       .  ,       1        „      T  (Na'-0.2SiO--        .  , 

■io/ri  r,o-/-i9\ ;  Window-glass  oi  sodio-ealcic  disiiicate,  {ri  no•^^■' ;  niut-glass  oi 
/3(Ca  0.3SiO^)'    _       ^  ( 2fK20 ''SiO-l  jCa0.2SiO''  & 

potassio-plumbic  disiiicate,  |  3^p]!j"o'.'7gjQ^y         (See  Glass,  ii.  SiO.) 

The  alkaline  silicates  do  not  occur  alone  as  natural  minerals  ;  neither  do  they  enter 
frequently  into  the  composition  of  silicates  containing  only  protoxides  without 
alumina  or  ferric  oxide  :  in  fact,  there  are  only  two  such  minerals  into  which  the 
alkali-metals  can  be  said  to  enter  in  definite  proportions —viz.,  apophyllite,  which 
is  a  potassio-ealcic  silicate,  and  pectolite,  which  is  a  sodio-calcic  silicate  (iv.  ]^362). 
Some  varieties  of  augite  and  hornblende  contain  indeed  small  quantities  of  a  kali, 
but  its  presence  appears  to  be  duo  to  alteration,  resulting  from  the  action  of  alkaline 
waters.  On  the  other  hand,  double  silicates  containing  sesquioxides  (alumina  and 
ferric  oxide)  and  alkalis  are  of  frequent  ocoiu'rence,  and  constitute  important  mineral 
species,  the  felspars  and  micas  for  example. 

Silicates  of  Barium.  One  part  of  silica  heated  to  whiteness  forms,  with  3 
parts  of  baryta,  a  pale-green  solid  mass,  soluble  in  acids  (Vauquelin).  Lefort 
(Jahresb.  1861,  p.  206),  by  precipitating  a  dilute  neutral  solution  of  a  barium- 
salt  with  a  dihite  solution  of  the  salt  2Na-0.9SiO^  (p.  243),  obtained  a  trisilicate  of 
barium,  i;a"0.3SiO'''.3H-0  ;  v.  Amnion  {i/jid.  1862,  p.  140),  by  precipitation  with  sodic 
monosillcate,  obtained  the  salt  Ba"0.Si0.'^ 

Silicates  of  Calcium.  The  compounds  2Ca"0.Si0^  2Ca"0.3Si0S  Ca"0.2SiO% 
and  Ca"0.3SiO-,  are  produced  by  exposing  mixtures  of  quartz  and  marble,  in  the 
proper  proportions,  to  the  full  heat  of  a  smith's  forge :  the  first  does  not  fuse,  but 
merely  bakes  together ;  the  other  three  are  more  fusible.  A  silicate  of  calcium  is  pre- 
cipitated on  mixing  a  solution  of  any  calcium-salt  with  silicate  of  potassium  or 
sodium  (p.  249).  Lefort  obtained  by  precipitation,  as  above,  the  salt  2Ca"0.9Si02.3H-0 ; 
V.  Ammon  obtained  the  monosilicato  Ca"O.SiO^. 

Silicate  of  calcium  forms  the  essential  constituent  of  hydraulic  mortars  which 
harden  under  water.  This  kind  of  mortar  is  produced  by  mixing  pure  lime  slaked 
to  a  paste  with  water  and  silica  or  silicious  materials  in  such  a  state  that  the  silica 
can  unite  with  the  lime  in  the  wet  way.  A  mixture  of  lime  with  pounded  quartz  or 
fine  sand  does  not  harden  under  water.  Such  a  mixture,  in  fact,  constitutes  ordinary 
mortar,  which  hardens  only  on  exposure  to  the  air,  partly  by  drying,  partly  from 
absorption  of  carbonic  acid.  But  if  pounded  opal  or  precipitated  silica  be  substituted 
for  the  quartz,  combination  takes  place,  and  the  mixture  hardens  under  water.  More 
complete  hardening  is,  however,  obtained  by  mixing  lime  with  certain  silicious 
minerals,  called  natural  cements — viz.,  the  pozzolana  of  Naples  and  other  volcanic 
districts  (iv.  724),  the  tufa-stone  (called  trass  in  the  pidvorised  state)  found  abun- 
dantly in  valleys  in  the  North  of  L'eland,  among  the  schistose  formations  on  the 
banks  of  the  Ivhine,  and  at  Monheim  in  Bavaria, — also  pumice,  basalt-tuff,  and  slate-clay. 
All  these  substances  consist  mainly  of  hydrated  silicates  of  aluminium  with  a  large 
proportion  of  silica  and  smaller  quantities  of  lime,  magnesia,  oxide  of  iron,  and 
alkalis.  Tufa-stone  contains  57"0  percent,  silica,  16-0  clay,  2-6  lime,  1-0  magnesia,  7-0 
potash,  I'O  soda,  5  oxides  of  iron  and  titanium,  and  9-6  water.  When  any  of  theso 
materials  are  mixed  with  lime  and  water,  silicate  and  aluminate  of  calcium  are  formed — 
sometimes  also  silicates  of  magnesium  and  iron,  which  assume  a  stony  hardness.  Marl, 
which  is  a  mixture  of  clay  with  cai-bonate  of  calcium,  forms  a  natural  hydraulic  lime- 
stone. It  is  best  adapted  for  the  purpose  when  it  contains  1  pt.  of  clay  to  3  pis.  of 
calcic  carbonate.  When  such  a  mixture  is  ignited,  silicate  and  aluminate  of  calcium 
are  formed,  and  the  pulverised  product  hardens  readily  under  water.  If  the  clay  is  in 
much  smaller  proportion  than  the  above,  a  cement  must  be  added  after  bm-ning  and 
slaking  the  lime  ;  if,  on  the  other  hand,  tho  marl  contains  too  much  clay,  pure  slaked 
lime  must  be  added.  The  silicious  nodules,  or  septaria,  found  in  the  Isle  of  Sheppey 
and  elsewhere  on  tho  English  coast,  which  consist  of  silicious  clay  intersected  by 
veins  of  calcspar,  also  yield  when  calcined  a  hydraulic  mortar,  known  as  Bontaii 
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cement.  Artificial  mixtures  of  chalk  or  lime  with  clay  or  pulverised  flint,  yield 
similar  products  wheu  burnt  in  a  kiln.  (See  Gmelin's  Handbook,  iii.  390 ;  and  TJres 
Dictionary  of  Arts,  &c.  iii.  200.) 

Natural  Silicates  of  Calcium. — a.  Monosilicate  ov Metasilicate,  Ca"SiO'  =  Ca''O.SiO-, 
Wollastouite,  or  Tabular  Spar,  occurs  in  monoclinic  crystals  (of  specific  gra\'ity 
-----  2-78 — 2-9,  and  hardness  =  4'0 — 5)  in  the  Bannat,  at  Pargas  in  Finland, 
Konigsberg  in  Norway,  on  the  Castle  Eock,  Edinburgh,  in  basalt,  and  in  lava  at  Capo 
di  Bove,  near  Rome. 

0.  Sesquisilicate,  2Ca"0.3SiO^.|H-0.  This  is  essentially  the  composition  of 
gyrolite  or  gurolite  (ii.  963). 

Bisilicate,  Csi"Si-0\2W0  =  Ca"0.2SiO-.2H-0.   Okenite  (iv.  191). 

Silico-boraie  of  Calcium,  Ca"Si''^0*.Ca"B''0',  occurs  with  1  at.  water  as  datliolite 
(ii.  305),  and  with  2 at.  water  as  botryolite  (i.  651). 

Silico-titanate  of  Calcium,  Ca"Si^O'.2Ca"TiO',  occurs  as  sphene  {q.  v.) 

Silicate  of  Cerium,  2Ce"O.SiO-.  Cerlte  (i.  831)  has  this  composition,  the  cerium 
being  partly  replaced  by  lanthanum,  didymium,  calcium,  and  iron. 

Silicate  of  Cobalt.  The  aqueous  solution  of  potassic  or  sodic  disilicate  forms  a 
beautiful  bhie  precipitate  with  cobalt-salts  (Fuclis).  The  solution  of  the  tetrasilicate 
forms  no  precipitate. 

Silicates  of  Copper,  a.  Monosilicate. — Two  cupric  minerals  are  known  having 
the  composition  of  cupric  monosilicate  with  different  proportions  of  water — viz.,  diop- 
tase,  Cu"SiO^H=0  (abready  described,  ii.  335),  and  chrysocolla,  Cu''SiO'.2H-0. 
The  latter  occurs,  aceomjjanying  other  copper  ores,  in  Cornwall,  Hungary,  and  other 
localities,  in  botryoidal  or  massive  forms,  also  encrusting  and  disseminated.  Hardness 
=  2  —  3.  Specific  gravity  =  2 — 2'238.  It  has  a  mountain-green  or  bluish-green 
colour,  passing  into  sky-blue,  with  vitreous  or  earthy  lustre,  and  is  translucent  in 
various  degrees,  or  opaque.  Fracture  conchoidal.  Kather  sectile ;  translucent  varie- 
ties brittle. 

Analyses  of  Chrysocolla. — a.  From  Stromsheien  in  Satersdalen,  Norway  (Seheerer, 
Pogg.  Ann.  Ixv.  289). — b.  From  Lake  Superior  {Rammelsb erg's  Mineralchemie,  p. 
351): 

SiO^.  CuO.  Fe^O'.  CaO.  MgO.  H-0. 

a.     35-14        43-07  1-09  .    .  .    .  20-36   =  99-66 

h.      32-55        42-32  1-63  1-76  1-06         20-68  =  100 

The  formula  CuO  SiO-.2H=0  requires  34-83  silica,  44-82  cupric  oxide,  and  20-35  water. 

Plattner's  Kupferhlau,  from  the  Herrensegen  mine  in  Baden,  containing  45-5  per 
cent,  cupric  oxide,  also  belongs  to  this  place. — A  more  highly  hydrated  cupric  mono- 
silicate, containing  Cu"SiO''.4H^O  (according  to  Nordenskiold,  31-45  per.  cent.  SiO-, 
37-31  CuO,  0-40  FeO,  and  31-18  water),  occurs  at  Nischne-Tagilsk  in  Siberia:  it  gives 
off  about  three-fourths  of  its  water  at  100°. 

The  chrysocollas  of  Siegen  and  of  Canaveilles  near  Prades  in  the  Pyrenees,  also  the 
blue  copper  from  the  Turjinian  mines  in  the  Ural,  are  mixtures  of  cupric  silicate  and 
carbonate. — Copper  pitchblende,  a  brown  scoriaceous  mineral  from  the  same  mines, 
is  a  mixture  of  chrysocolla  and  brown  hematite  ;  a  similar  mineral,  from  Zomelahuacan 
in  Mexico,  has  the  composition  of  a  hydrated  cupric  disilicate,  Cu0.2SiO'''.4H-0,  mixed 
with  brown  haematite. 

/8.  Scsquisiliceite,  2Cu"0.3Si0-.6H-0  ? — This  appears  to  be  the  composition  of  a 
mineral  from  SomerviUc,  New  Jersey,  analysed  by  Berthier,  and  from  Chili,  analysed 
by  Kittredge  : 

Si02.  CuO.        FeO.       CaO.      MgO.  H^O. 

New  Jersey  35-4         35-1    28-5    =  99-0 

Chili  40-09       27-97     4-94      1-49      0-78       24-73  =  100 

The  formula  requires  40-89  SiO-,  35-08  CuO,  and  24-03  water. 

Among  cupric  silicates  must  also  be  enumerated  demidoffite,  a  mineral  occurring 
as  a  thin  blue  coating  on  malachite  at  Nischne-Tagilsk,  and  containing,  according 
to  Nordenskiold,  10-22  per  cent.  P*0^  31-35  SiO^  33-14  CuO,  3-15  MgO,  0-5  APO', 
and  23-03  water.    {Eammelsbcrg's  Mineralcheinie,  p.  533.) 

Silicate  of  Bidymium.    See  Ceeite  (i.  831). 

Ferrous  Silicates. — a.  Fe-SiO-*  =  2Fe"O.SiO-. — This  is  the  composition  of 
Fayalite  or  iron -  chrysolite  (ii.  617) ;  also,  approximately,  that  of  some  of  the  re- 
finery-slags obtained  in  the  conversion  of  cast  into  malleable  iron  (iii.  351),  and 
in  the  refining  of  coarse  copper.    {Gtnelvn's  Handbook,  v.  278.) 

/3.  Monosilicate,  Fe"SiO'    —  Fe"O.SiO'. — Grunerite,  an  asbestiform  mineral 
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from  C'oUobri&res,  has  this  composition. — A  black  augite  from  Arendal,  specific 
gravity  =  3'467,  is  a  calcio-ferrous  monosilicato,  containing,  according  to  Wolff  (J. 
pr.  Chem.  xxxiv.  236),  4778  per  cent.  SiO'^  23-95  CaO,  and  27-01  FeO,  agreeing  nearly 

with  the  formula  ipg"Q  |  SiO^. 

y.  Tetrasilicatc  /  A  solution  of  ferrous  chloride  in  less  than  2,500  pts.  of  water 
gives  a  greyish-green  precipitate  with  totrasilicate  of  sodium.  (Walker.) 

Silicates  of  Xianttaanum.    See  Cerite  (i.  381). 

Silicates  of  Siead.    Silica  melts  with  lead-oxide  to  a  yellow  glass.    Silicate  of 

lead  is  also  precipitated  on  adding  ammonia  to  silicofluoride  of  lead. — A  borosilicatf 
of  lead  is  obtained  by  fusing  112  pts.  lead-oxide  with  16  pts.  silica  and  21  boric 
anhydride,  as  a  yellow  glass,  whicli  melts  less  easily  than  borate  of  lead,  but  more 
easily  tlian  flint-glass,  and  is  strongly  tarnished  by  immersion  in  sulphydric  acid  gas. 
(Fa  raday.) 

Silicate  of  Glucinum.    G-'SiO' =  2G"O.SiO-.    Phenacite  (iv.  387). 

Silicates  of  lUIagnesium.  o.  8]Mg''0.3SiO-. —  Chondrodite  (i.  930)  is  repre- 
sented by  this  formula,  the  oxygen  being,  however,  partly  rejjlaced  by  fluorine,  and  the 
magnesia  in  most  cases  partly  by  ferrous  oxide. 

0.  Mg'SiO'  =  2Mg"O.SiO-. — This  is  the  composition  of  chrysolite  and  olivin 
(iv.  201),  the  magnesium  being  always  more  or  less  replaced  by  iron.  Forsterite, 
from  Monte  Sonnna,  exhibits  the  nearest  approach  to  a  pure  magnesia  orthosilicate, 
containing  only  2'33  ferrous  oxide.  In  the  other  varieties  of  olivin,  the  ferrous  oxide 
varies  from  3  to  aboiit  20  per  cent. — Mouticellite,  a  rare  mineral  occurring  on 
Somma  in  yellow-grey  crystals,  of  specific  gravity  3-119,  contains,  according  to  Ram- 
melsberg  {Mineralchemie,  p.  442),  37'89  per  cent,  silica,  34-92  lime,  22-04  magnesia, 

and  561  ferrous  oxide,  agreeing  with  the  formula  Ca-Si0^.^p^9,  |  SiO^  Batrachite, 

a  massive  mineral,  of  specific  gravity  3-033,  from  the  Rizoniberg  in  the  Southern  Tyrol, 
appears  to  have  the  same  composition. 

7.  3Mg"0.2S10^2aq.  =  Mg=SiOMVIg"SiOl2aq.— This  is  the  composition  of  ser- 
pentine (p.  236),  the  magnesia  being  replaced  by  ferrous  oxide  to  the  extent  of  0  to 
13-5  per  cent.  Pure  magnesian  serpentine  is  found  at  Gullsjo,  in  Wermcland,  Sweden. 
Small  quantities  of  .soda,  manganous  oxide,  and  nickel-oxide  are  also  occasionally 
present,  and  in  many  varieties  the  silica  is  replaced  to  a  small  amount  by  alumina. — 
Vorhauserite  from  Monzoni,  in  the  Tyrol,  is  a  serpentine  containing  3  at.  water. — 
Thermophyllite  from  Hopoovaara  in  Finland  appears,  from  Arppe's  analysis,  to 
have  the  composition  2(3Mg0.2SiO').3aq. ;  but  other  analyses  give  different  results. 
(See  Thermophyllite.) 

5.  4M:g"0.3Si02  =  Mg-SiO'.2Mg"SiOl— This  formula  with  6  at.  water  represents 
the  composition  of  gymnite  or  de  weylite  (ii.  312).  Hydrophite  or  Jenkin- 
site  (iii.  212)  is  the  same  with  4  at.  water,  and  |  of  the  magnesium  replaced  by  iron. 
Thermophyllite,  according  to  Northcote  (J.  pr.  Chem.  Ixxvi.  253),  is  also  a  J-silicate 
of  magnesium  with  2  at. -water. 

6.  Mg'O.SiO-  =  Mg'SiOl— This  fornnda,  with  tlie  magnesia  more  or  less  replaced 
by  ferrous  oxide,  manganous  oxide,  and  lime,  and  the  silica  sometimes  by  alumina, 
represents  the  composition  of  tlie  several  varieties  of  augite  and  hornblende  (i! 
475;  iii.  167).  These  two  niineral  species  differ  in  crystalline  form:  they  are  both 
monoclinic,  but  differ  in  their  angles  : 

a      :    b  :      c.  Anglo  J>  :  c.  Angle  oiV  :  cdP. 

Augite  0-9136  :  1  :  0-5399  74°  1'  92°  54 

Hornblende       1-837  :  1  :  0-5401  75°  10'  55°  30' 

The  replacement  of  silica  by  alumina  takes  place  more  frequently  and  to  a  greater 
extent  in  hornblende  than  in  augite  ;  many  ahiminiferous  hornblendes  also  contain 
ferric  oxide,  being,  accordinQ'to  Piammelsberg,  mixtures  of  the  isomorphous  compounds 
M"O.SiO-,  Fe-0^3SiO-,  and  3M"0.2Al-03  (iii.  170). 

The  following  are  hydrated  monosilieates  of  magnesium  : — 

Aphrodite,  4Mg"Si05.3H=0.  i    Picrosmin,  2Mg"SiOlH'0. 

Picrophyll,  3(2Mg.lFe/'Si0^2H=0         |    Monradite,  4(fMg.iFe)"SiO-''.H=0. 

Aphrodite  contains,  according  to  Berlin's  analysis,  51-56  per  cent.  SiO^  0-17 
Am\  33-90  MgO,  1-55  MnO,  0^57  MnO,  and  11-83  water.  The  analyses" of  the' otlier 
three  minerals  have  been  given  in  their  alphabetical  places. 

C  6Mg0.7SiO^ — This  appears  to  be  tlie  composition  of  an  anhydrous  talc  fuuml 
in  tlie  valley  of  Chamounix.— Spa  d  a  i  t  e,  a  reddish  massive  mineral,  from  Capo  di 
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Bove,  coutaining  66-00  SiO=,  0-66  APO^,  30-67  MgO,  0-66  FeO,  and  11-34  water,  may 
be  approximately  represented  by  the  same  formula  with  Sat.  water,  or  by  5Mg-'0.6SiO' 
+  4aq.    {Bammelsberg' s  Mincralckemie,  p.  520.) 

ij.  4Mg"0.5Si02  =  4Mg"Si03.SiO%— This,  -mth.  f  at.  water,  is  the  composition  of 
talc,  a  small  portion  of  the  magnesia  being  replaced  by  ferrous  oxide. 

0.  2Mg"0.3Si02  =  2Mg"SiOlSiO^.— This,  mth  2  at.  and  4  at.  water,  is  the  compo- 
sition of  meerschaum.  Tlie  same  formrda  with  12  at.  water,  and  |  of  the  magnesia 
replaced  by  ferrous  oxide,  gives  the  composition  ofchlorophaeite. 

Silicates  of  mangranese.  a.  2Mn"O.Si02  =  Mn^SiO^— Tephroite,  from 
Sparta,  New  Jersey,  has  this  composition,  with  a  small  portion  of  the  manganese  re- 
placed by  iron. — Kneb elite,  from  Umenau  and  from  Dannemora  in  Sweden,  con- 
sists of  (Mn''.re"j^SiO'. — Troostite,  from  Sterling,  New  Jersey,  is  an  orthosilicate, 
containing  manganese  and  zinc,  with  small  quantities  of  iron  and  magnesium. 

fi.  Mn'O.SiO-  =  Mn"8iO^. — Ehodonite  is  a  manganous  augite,  containing  also 
calcium,  iron,  and  magnesium  (p.  107). — Fowlerite  and  Jeffersonite  are  similar 
in  composition,  but  also  contain  zinc. 

Silicates  of  BSercury.  Tetrasilicate  of  sodium  gives  a  white  precipitate  with 
mercurous  nitrate.  It  does  not  precipitate  mercuric  chloride,  but  the  mixed  solution 
yields  very  small  dark  crystals  on  evaporation,  or  even  without  evaporation  if  it  is 
concentrated.    {Gmelin's  Handbook,  v.  110.) 

Silicates  of  Molybdenum.  Molybdous  and  molybdie  silicofluoride  yield  with 
ammonia,  dark-brown  flocks,  from  which  the  ammoniacal  solution  gradually  removes 
the  oxide  of  molybdenum,  leaving  pure  silica.  (Berzelius.) 

Silicates  of  STickel.    See  Pijielite  (iv.  647).  Nickel-gymnite  is  ahydrated 

.  .     iNi"0  }  * 

silicate  of  nickel  and  magnesium,  containing  i]y[g"Q|  .3SiO-.6aq. 

Silicates  of  Potassium  and  Sodium  (pp.  247-251).— Monosilicate  of  sodium 
may  bo  obtained  in  well-defined  monoclinic  prisms  containing  Na-SiO'.8H-0,  by  di- 
gesting ignited  sihca  with  an  equivalent  quantity  of  crude  soda-ley,  evaporating  out 
of  contact  with  air,  till  small  crystals  of  sodic  carbonate  separate,  cooling  the  remain- 
ing syrup  to  —  22°,  stirring  with  a  glass  rod  till  it  solidifies  to  a  crystalline  pidp, 
redissolving  in  water,  and  leaving  the  solution  to  stand.  The  solution  of  this  salt 
yields,  with  barium  and  calcium-salts,  precipitates  containing  Ba"SiO'  and  Ca'SiO' 
respectively,  and  with  magnesium-salts,  a  precipitate  containing  3Mg"Si0^.5H'''0.  (v. 
Ammon.) 

Silicate  of  Strontium.  One  part  of'silica  fuses,  with  an  equal  weight  of  stron- 
tia,  partly  to  an  amber-coloured  glass,  and  partly  to  a  black  and  white  enamel 
(Kirwan).  With  3  parts  of  strontia  it  forms  a  solid,  grey,  sonorous  mass,  which  is 
nearly  tasteless,  and  dissolves  but  sparingly  in  water,  though  readily  in  aqueous  acids 
(Vauquelin).  Carbonate  of  strontium,  digested  in  solution  of  silica,  is  converted  into 
dense  hydrated  silicate  of  strontium.    (K  u  h  1  m  a  n  n. ) 

Silicate  of  Tborinum,  3Tk'Si0^4H20.    Thorite  {q.v.). 

Silicate  of  Yttrium.  Gadolinite  is  an  orthosilicate"  of  yttrium,  cerium,  and 
iron  (y";Ce";Fe")'^SiO'. 

Silicate  of  Zinc.     The  orthosilicate,  Zn'SiO*,  occurs  anhydrous  as  wi  lie  mite, 

hydrated  as  silicious  calamine  or  zinc-gl  ance,  Zn-SiO'.H-O  (i.  714).  Troostite 
from  Sterling,  New  Jersey,  is  an  orthosilicate  of  zinc,  manganese,  magnesium,  iron,  and 
calcium.  Fowlerite  and  jeffersonite  are  augitic  minerals  containing  smaU  quan- 
tities of  zinc. 

Silicates  containing  Triatoniic  Metals  :  Silicates  of  Sesgiiioxidcs. 

Silicates  of  Aluminium,    a.  2Al-0'.SiO-. — This,  with  9  at.  water,  is  the  com- 
position of  collyrite  (i.  1084),  from  Schemnitz  in  Hungary  (Klaproth,  Bcitrdge, 
i.  257),  and  from  Esquerra  in  Spain  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxii.  332): 
Calculation,  Schemnitz.  Esquc7-ra. 


SiO^  . 

60 

13-85 

14 

15-0 

2AP0^  . 

.  151 

45-94 

45 

44-5 

9H^0  . 

.  162 

40-21 

42 

40-5 

2A1^0^Si02.9aq.  . 

.  373 

100-00 

101 

100-0 

A  mineral  called  collyrite,  from  Weissenfels  in  Saxonj',  has  the  composition 
AP0^Si0^.5aq.  like  the  allophanes ;  another,  occurring  in    alum-slate,  contains 
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8APO'.9SiO-.64aq.,  like  some  varietios  'Of  staurolite  (iw/rrt).— Schrotterite  or 
opaline  allophane,  from  Freienstein  in  Styi-ia  — having  a  density  of  l-985to  2'015, 
greenish-white  colour,  vitreous  lustre,  and  eonchoi'dal  fracture — contains,  according 
to  Schr6tter  (J.  pr.  Chem.  xi.  380),  11  94  SiO^,  4629  Al-0^  2  80  Fe=0^  1-16 
CaO,  0-25  CuO,  0'63  SO^,  and  35-85  water,  agreeing  approximately  with  the  for- 
mula 5jil-O'.2SiO-.20aq.,  which  is  more  basic  than  that  of  coUyrite  ;  but  the  mineral 
is  probably  a  mixture  containing  hydrate  of  aluminium. 

h.  4AF0^.3SiO-. — This  formula,  with  the  alumina  partly  replaced  by  ferric  oxide, 
represents  the  composition  of  some  varieties  of  staurolite  from  the  St.  Gothard, 
a  mineral  which  crystallises  in  trimetric  prisms,  having  the  axes  a  :  b  :  c  =  1  :  2"1123 
:  1-4478,  and  the  angle  coP  :  coP  =  129°  20'.  Observed  combination  ooP  .  ccpoo  . 
.  00 Poo  .  oP.  Cleavage  parallel  to  ocPco  ,  distinct  but  interrupted;  parallel  to  ooP,  in 
traces.  The  crystals  are  thick  and  often  cruciform,  translucent  or  opaque,  with  brown 
colour,  subvitreous  lustre  inclining  to  resinous,  and  eonchoi'dal  fracture.  Hardness 
=  7—7-5.    Specific  gravity  =  3-5—3-75. 

Analyses. — a.  Eed  (Klaproth,  i?('i('r.  v.  80). — h.  Dark-red:  specific  gravity  =3-737 
■ — 3-741  (Lohmeyer,  s.  Jacobson). — c.  (Resales,  ibid.) — d.  Marignac  (Ann. 
Ch.  Phys.  [3]  xiv.  9).^f,/,  g,  h.  Jacobson  (Pogg.  Ann.  Ixii.  419  ;  Ixviii.  414): 

Calculation.  Analyses. 
,  ,         ,  ^  N 

a.  b.  c.  a.  e.  /.  It.  h. 

3SiO-      .      .  .    180  00     29-15  27-00  27-02  27-25  28-47  29-13  2'J-72  30-31  30-91 

IPAPOS  .       .  .   343  33     54-02  52-25  49-96  56-39  53-34  62-01  5472  46  80  48-68 

#Fk--03     .      .  .    100-67     16-83  18  50  20  07  19-37  17-4]  iTbS  15-CO  18  08  15-37 

Manganic  oxide   0-25  0-28  .    .  0-31  .    .  .    .  0-13  1  19 

MiiRiiesia  .       .  .     .  .       .    .  .    .  .  .  2-57  0  72  1-28  1-85  2-16  1-33 

5  Al'-iO'  1 1  ■  ■ 

|p  5Q3>  .3Si02     .  .    630-00    100-00  98-0  97-33  105-68  100-25  100-00  101-98  97-48  97-48 

6  ) 

Dillnite  (ii.  331)  is  a  hydrated  |-silicate  of  aluminium,  4AI-0'.3Si0^9aq.,  con- 
taining small  quantities  of  lime  and  magnesia,  but  no  ferric  oxide. 

y.  10Al-'O'.9SiO^  Staurolite  from  Airolo  on  the  St.  Gothard:  specific  gravity  = 
3-66—3-73. 

Calculation*  Jacobson. 

^  .  .  . 

9Si02        ....      540-00         33-06  33-45  32-99 

fAPO'     ....     858-33        51-04  47.23       47  92 

fFe^O'       ....      171-67         1590  16  51  1665 

Magnesia   .       .       .       .    .     .     .       ^  1-99  1-66 

■'■Al^O')"' 

won  '       •       •  100-00  99-18  99-22 

5.  AFOlSiO-. — Under  this  formula  are  included  andal  usite(i.  291),  cyanite  or 
kyanite  (iii.  449),  sillimanite,  and  a  few  other  minerals,  apparently  produced  by 
alteration  of  these.  Topaz  {q.  v.)  consists  of  the  same  silicate  in  isomorphous  mixture 
with  aluminic  silicofluoride.    Allophane  is  the  same  silicate  with  5  or  6  at.  water. 

Analyses. — 1.  Andahisite. — a.  Brazil  (Damour). — b.  Robschiitz,  near  Meissen  in 
Saxony:  reddish,  harder  than  quartz:  specific  gra-vity  =  3-11  (Pfingsten).' — 
c.  Braunsdorf,  near  Freiberg:  reddish:  specific  gra-dty  =  3-07  (Pfingsten). — 
d  Liscns  in  the  Tyrol ;  specific  gravity  =  3-401.  (Roth.) 

2.  Cyanite.— c.  St.  Gothard '(Resales).— /".  The  Sau  Alp  in  Carinthia  (Kohler). 
■ — g.  Elf Jal  in  Wermland  ;  specific  gravity  =  3-8  (I  gelstrom) : 

Calculation.  Andalusitc.  Cyanite. 

 •  ^      ,.  «  ^   ^  ^ 

a.  S.  <■.  d.  e.  f.  „■ 

Si02  fiO      37  5      37-03  3G-S4  .37-57  36-74  36  67  37-92  40  02 

Ara3                                     103       62-5       61  45  8.V82  59-88  59-65  63-11  61-60  68-46 

Ferric  oxide                                                 1-17  3-22  1-33  2-80  1  19  1  04  2-04 

Lime   l-f'9  0-61  0-49  .    .  0-42 

Magnesia   .  1-I4  0-17 

APO'.SiO^  ....  T63'    ToW      99-65  98  11  99^6'  99-68  100  97  VMi 

In  andalusite  from  Lisens,  Bunsen  found  40-17  per  cent,  silica  and  58-62  alumina; 
A.  Erdmaun,  39-99  silica  and  68-60  alumina,  agreeing  more  nearly  with  8Al'0^9SiO^, 
which  requires  40-3  silica  and  59-7  alumina. 

3.  Sillimanite. — h — m.  Saybrook,  Chester  County,  Connecticut:  h,  Thomson; 
?,  Bowen  ;y,  Hayes  ;  k,  B.  Silliman  ;  I,  Staaf ;  m,  Connel;  «,  Fairfield,  New  York. 
(Norton.) 


*  For  rcTercnces,  see  nammelshcrg's  Mincralclicmie,  pp.  658,  SCO,  502. 
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4.  Tale-litLomarge;  o.Eochlitz  iu  Saxony  (K  erst  en). — p.  Zeidover,  near  Temes- 
var  in  Hungary  (Kuss  in)  : 

Sillimanite,  Talc-lithomarf?e. 


*.  i.  j.  k.  I  m.  n.  o.  V 

Si02i  45-65  43  00  42-60  37-65  3T-36  36-75  37-70  37-62      36  01 

A120'      ....   49-60  54-21  54-90  62-41  68  62  68-95  6-2-75  60-50  63-72 

Ferric  oxide    .      .      .     4-55  2-00  1-10  .    .  2-17  0-99  2-28 

Manganic  oxide      ....  .    .  .   .  .    .  .    .  .    .  .    .  0'03 

Magnesia   0-71  .    .  0-40 

Water      ....    .    ■  0-51  ■    .  ■   ■  0-43  ■    ■  .    .  0-S2   

99-70  99-72  99-31  100  06  98-93  96-69  102-73  99-67      99  73 

Monrolite  from  Monroe,  Ne-w  York,  exhibits  the  same  characters  and  nearly  the 
same  composition  as  cyanite,  but  gives  off  from  1  to  2-5  per  cent,  -water  -when  heated ; 
specific  gravity  =  3-04 — 3-09.    Worthite,  a  mineral  occurring  near  St.  Petersburg 


in  -white  translucent  fragments,  infusible  before  the  blo-wpipe,  has  also  neai-ly  the 
same  composition.    Both  minerals  doubtless  result  from  the  alteration  of  cyanite. 

Bucholzite  from  Faltigl  in  the  Tyrol  and  Chester  County,  Pennsylvania,  Fibro- 
lite  from  the  Carnatic  and  from Dela-ware. and  Xenolite,  found  near  St.  Petersburg, 
are  fibrous  minerals,  -which  appear  also  to  have  been  jjroduced  by  the  alteration  of 
cyanite,  sillimanite,  or  andalusite,  but  they  are  probably  sometimes  also  mixed  -with 
quartz.  The  older  analyses  by  Thomson,  Brandes,  and  others,  give  for  these  minerals 
from  40-05  to47'44per  cent,  silica,  and  58-88  to  50-0  alumina,  agreeing  approximately 
-with  the  formula  2iy.*0^.3SiO^,  but  the  more  recent  analyses  by  B.  Silliman  (Sill. 
Am.  J.  [2]  viii.  10),  give  35-13  — 36-31  silica,  and  64-93—62-42  alumina,  -which  is  the 
same  as  tbat  of  cyanite,  &o.  Xenolite  forms  prisms  of  91°,  -which  seems  to  sho-w  that 
it  has  been  formed  from  andalusite. 

Chiastolite  or  Hollo-w  spar  (i.  868)  is  an  andalusite  varying  greatly  in  hard- 
ness and  composition,  and  usually  enclosing  masses  of  rock,  foimd  in  Spain,  at  Bona 
in  Algeria,  at  Lancaster  in  Massachusetts,  and  in  Bretagne. 

6.  Allophane. — a.  Friesdorf,  near  Bonn  (Bunsen). — h.  Ne-w  Charlton,  near 
Wool"wich  (Northcote). — c.  Bleiberg  in  the  Eifel  (Bergemann). — d.  Gersbach,  iu 
the  Black  Forest  (Walchner). — p.  Kichmond,  Massachusetts  (B.  Silliman). — ;/'. 
New  Charlton  (Woolwich). — g.  Goldhausen,  near  Corbach,  Waldeck:  light-coloured. 
— h.  The  same,  dark-coloured:  specific gra-^dty  =  2-02  (Schnabel). — i.  Schneeberg 
(Ficinus) : 


a.             h.             e.  d.            e.  .  /.  .      g.  h,  i. 

Carbonic  anhydride       '.    .        2-73  1-24  .    .  .    .  2  44  .    .  .    .  1-2 

Silica      .      .      .      2-2-30      20-50  19-35  21-11  22-65  19-58  24-19  19-41  30  0 

Alumina.      .      .      32  18      31-34  32  75  38-76  38-.77  37-30  -25-80  26  77  16  7 

Ferric  oxide   .      .        2  90        0-31  0  30  .    .  .    .  0-11 

Cupric  oxide   2  57  2  33  .    .  1-36  13  71  18-97  19-2 

Manganic  oxide     .        .   .        .    .  .    .  .   .  .    .  .    .  .    .  .    .  1-8 

Lime                                         1-92  1-53  .    .  2-83*   1-5 

Water     .      .      .       42-62      42-91  40-23  35-75  35-24  39-19  35-49  34  72  29-9 
  0-87-^           


100-00       99-71      98-89      97-95      99-49      99-98      99-19      99-87  1003 

This  table  shows  that  the  name  allophane  has  been  applied  to  substances  differing 
greatly  in  constitution.  Ttie  analyses  a,  b,  c  may  be  represented  approximately  by 
the  formula  Al-OlSi02.6aq.  (22-14  SiO^  38-01  Al-0^  39-85  H-'O);  d,  e,  f  by 
Al-0lSi0^5aq.  (24-34  SiO',  40-35  Al'O',  35-31  H^O).  Both  varieties  are  often 
mixed  with  calcic  carbonate  and  cupric  silicate  ;  in  the  latter  case  they  have  a  blue 
colour.  The  more  highly  cupriferous  allophanes,  g,  h,  i,  are  mixtm-es  of  hydrated 
aluminic  silicate  and  cupric  silicate. 

Ch  rome-  ochre.  Mil  osehi  n,  andWolchon  skoi'te,  are  chromiferous  clays  of  very 
variable  composition.  The  first  contains  from  46  to  64  per  cent,  silica,  22  5  to  30-5 
alumina,  4  to  10-5  chromic  oxide,  and  6-25  to  12-5  -water;  the  second,  fromEudniak  in 
Servia,  27-5  per  cent,  silica,  45  01  alumina,  3-61  chromic  oxide,  and  2i-30  water  ;  the 
third,  from  KreisOchansk,in  the  government  of  Perm,  Eussia,  27  to  37  percent,  silica, 
about  6-5  alumina,  18  to  34  chromic  oxide,  7  to  10  ferric  oxide,  21-84  water,  with 
small  quantities  of  lime,  magnesia,  and  mauganous  oxide. 

Collyrite,  from  Weissenfels,  containing,  according  to  Kersten,  23-3  per  cent, 
silica,  42-8  alumina,  and  34-7  water,  is  also  represented  most  nearly  by  the  formula 
A120^SiOl5aq. 

6.  -  8AP0^.9SiO-. — Staurolite,  from  Polewskoi,  in  the  Ural,  contains,  according  to 
Jacobson,  38-33—38-68  per  cent.  SiO=,  45-97—47-43  Al'O',  14-60-15-06  Fe-0^  and 

-Al-0^ ) ' 

2-44 — 2-47  magnesia,  agreeing  nearly  with  the  formula  ipgSQs^  .9SiO'.  (Compare 
p.  255.) 


*  Magnesia. 
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Collyrite,  occurring  in  alum-sl.ito,  contains,  according  to  Anthon  (Berz.  Jahresb. 
xxiii.  280),  24-2  per  cent.  SiO''^,  34'5  Ai^O',  and  41 '3  water,  agreeing  approximately  with 
the  formula  8APOl9SiO-.54aq. 

C  5APOl6SiO*.— Staurolite,  from  Bretagne  (specific  gravity  =  3-527— 3-529), 
contains,  according  to  Jacobson,  39-19— 40-36  per  cent.  SiO^  44-87—44-22  A^-0^ 
16-09 — 15-77  Fe'-'O-,  0-17 — 0-10  Mn^O^  and,  in  one  specimen,  0  32  magnesia,  which. 

may  be  represented  by  the  formula — ipgSQsf  .6SiO-. 

7).  2APO'.3SiO'. — This,  with  rarious  quantities  of  water,  represents  approximately 
the  composition  of  porcelain  clay,  from  Gutenberg,  near  Halle  (Bley,  J.  pr.  Chem. 
V.  313),  and  of  jsholerite  (i.  496),  near  Fins,  Dept.  de  TAllier  (Guillemin,  Ann. 
Min.  xi.  489),  and  from  Naxos  (Smith,  ibid.  [4],  xnii.  299). 

Clay  from  GidrnbcrQ.  BIcy.  Pholerite.  Giiilicmin.  Smith. 


,  >  I  "  1 

aSiO-    .    .    ISO   40-91  .39-6-2  HSiO''  .    .    180   3'i-30  41-6-i  44-41 

2Al-'03  .    .    206    46  H2  4>  00  IM'Cfi  .    .    206    44'98  43-:i.5  41-20 

smn  .  .    54  1-2--27  10  00  4H'H)  .  .    72  1^-72  1500  is-ti 

CaC03   0  07  CaO .    .   .    .    .     .    .  .    .  1-21 

WrCO'   3-:f2          2Al-0?'.3SiO--.4aq.  4.58  100-00  100  00  99  9(1 

Mn-O^   0-19 


2AV^03.3Si02.3aq.     440  100-00  98-20 

Plinthite,  from  the  county  of  Antrim,  in  Ireland,  contains,  according  to  Thom- 
son {Outlines,  i.  323),  30-88  per  cent,  silica,  20-76  alumina,  26-16  ferric  oxide,  2-6 
lime,  and  19  96  water,  and  may  be  represented  by  the  formula  2(ArO';Fe-'0'). 
SSiO'.eaq. 

Carp  ho  lite,  from  the  Schlackenwald,  in  Bohemia  (i.  806),  has  a  composition 
represented  by  the  formula  2(Ar-0-^Mn=0^;Fe^O').3SiO-.3aq. 

d.  3Al-0'.5S!iO'. — Lenzinite,  from  La  Vilate,  in  France  (iii.  571),  and  that  from 
Koll,  in  theEifcl,  containing,  according  to  .John,  37-5  per  cent,  silica,  37-5  alumina,  and 
25-0  water,  are  approximately  represented  by  the  formula  3Al-0^.5SiO-.l  laq. ;  the  same 
name  is,  however,  appUed  to  a  clay  containing  a  much  larger  proportion  of  silica. 

(.  Al-0^.2SiO-. — This,  with  2  at.  water,  represents  the  composition  of  nearly  all 
varieties  of  kaoli n,  or  porcelain -clay.  The  numerous  analyses  of  this  substance 
vield  on  the  average  about  47  per  cent,  silica,  40  alumina,  and  13  water,  the  formula 
AF03.2SiO-.2aq.  requiring  47-06  silica,  39-21  alumina,  and  13-74  water.  The  following 
are  examples  : — 

n.  Auo  near  Schneeberg  (Forch h amm er,  Pogg.  Ann.  xxxv.  331). — h.  Mori  near 
Ilalle  (Forchhammer). — c.  Altenberg  in  the  Erzgebirge  :  a  pseudomorph  after  pro- 
sopite  (Seheerer,  Pogg.  Ann.  ci.  361). — d.  St.  Yrieux  near  Limoges  (Forchhammer). 
— e.  St.  Yrieux:  produced  by  weathering  of  beryl  (Damour,  Bull,  geolog.  [2]  vii. 
224). — ■/.  Cornwall  (Brown,  J.  pr.  Chem.  xliv.  2.32). — g.  Eio  Janeiro  (Kussin, 
Ramm.  Mineralch.  p.  574). — h,  i.  China  :  h  from  Tonkang,  /  from  Sykang  (Ebelmen 
and  Salvetat,  Ann.  Ch.  Phys.  [3]  xxxi.  257): 


a.           b.           r.  d.            r.         /.            p.           fi,  t. 

Silica    .       .       .    46-53    46-80    45-63  48-68    45-61    46-29    45-37    50-5  65-3 

Alumina      .       .    39M7    36-83    39-89  36  92    38  86    40-09    34  27    33-7  30-3 

Ferric  oxide.       ...           ,      .    .  .    .       0-94      0-30     .    .       1-8  2-0 

Lime  "  0-60     .    .       1-10*  0-60   

Magnesia     .       ...       0-27     .    .       0-52    0-8      0  4 

Potash  1-9  1-1 

Soda  0-58  2-7 

Water  .  .  .  13-97  12-44  13-/0  13-13  14  04  12-67  20-01  11-2  8-2 
Calcic  carbonate  .      0-31  0-55 

lOO^  T66-'o6    99-82  99^3  T0(K55    99-85    99-65    99 TWo 


K  aol  i  n  is  produced  by  the  decomposition  of  orthoclase,  K'O.A1^0'.6SiO^,  which  under 
the  influence  of  water  containing  carbonic  acid,  or  sulphuric  acid  resulting  from  the 
oxidation-pyrites,  loses  its  potash  and  two-thirds  (4  at.)  of  its  silica,  and  at  the  same 
time  takes  up  2  at.  water.  Some  varieties  of  kaolin  have,  however,  a  different  com- 
position: thus  that  of  Gutenberg,  as  abeady  observed,  is  nearly  2Al-0'.3SiO-.3aq., 
and  that  of  Passan — which,  according  to  Fuchs,  is  produced  by  the  decomposition  of 
porcelain-spar — i.?,  according  to  Forchhammer,  4Al'-'O'.9Si0-.12aq.  [For  analyses  of 
fire-clays,  see  ii.  653.] 

Lithomarge  (i.  730)  is  a  name  applied  fo  a  number  of  aluminous  silicates,  most 
of  wliich  have  nearly  the  composition  of  porcelain-clay. 
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Analyses:  a.  Rochlitz,  in  Saxony:  compact  (Klaproth).* — b.  Buchberg,  near 
Landshut,  in  Silesia  (Zellner). — c.  Claustlial :  white,  phosphorescent;  specific  gravity 
=  1'59  (Dumenil). — d.  Kiimpelsberg,  near  Auerbach  :  from  topaz  rock  ;  crystalline 
under  the  microscope :  specific  gravity  =  2'6  (Clark). — e.  Schlackenwald,  Bohemia  : 
radiate  ;  glows  brightly  before  the  blowpipe ;  not  decomposible  by  hydrochloric  acid 
(Ram  melsberg). — •/.  r2<fSjYe,  from  the  Tweed  (1)  Thomson;  (2)  Richardson  : — 

a.         6.  c,  d,  e.  /,  g. 

Silica  .  .  .  45-25 
Alumina  .  .  36-50 
Ferric  oxide  .  2-75 

Lime  

Magnesia  .    .     .  . 
Water  .   .   .    14  00 
98-60 

The  follotring  varieties  are  distinguished  by  containing  a  considerable  amount  of 
potash: — h.  Green  lithomarge,  from  St.  Zorge  in  the  Harz  :  specific  gravity  =  3-086 
(R  a  mm  els  berg). — i.  Lithomarge  from  Schlackenwald  (Krieg) : — 
SiO-'.      A1203.   Fe^Oa.    CaO.    MgO.   K=0.    Na^O.  H'O. 

h.  49-75    29-88    6-61    0-43    1-47    6-35     .  .     5-48    =  99-97 

i.  52-40    31-94    1-23     .  .     1-44    5-41    1-73    5  00    =  99-15 

Ferruginous  lithomarge  from  Planitz,  near  Zwickau  in  Saxony,  contains,  according 
to  Schiiler,  41-66  per  cent,  silica,  22-85  alumina,  12-98  ferric  oxide,  1-68  manganic 
oxide,  3-04  lime,  2-55  magnesia,  0-93  potash,  and  14-20  water,  which  may  be  represented 
by  the  formxila  (Al-'O' ;  Fe-0^)  2SiO'^ 

Halloysite  (iii.  7)  has  sometimes  the  composition  of  kaolin  or  lithomarge ;  some 
varieties,  however,  contain  a  larger  quantity  of  water,  agreeing  with  the  formula 
Al''0^.2SiO''4aq.  The  latter  formula  also  represents  nearly  the  composition  of  some 
kinds  of  bole  (i.  618). 

K.  4APO'.9SiO^. — This  formula,  with  12  at.  water,  represents  porcelain-clay  from 
Passau,  containing,  according  to  Forchhammer,  4514  per  cent,  silica,  35-00  alumina, 
2-70  ferric  oxide  and  lime,  and  18-50  water.  The  same  formula,  with  18  at.  water, 
and  the  alumina  partly  replaced  by  ferric  oxide,  gives  the  composition  of  most  varieties 
of  bole. 

A.  Al-0'.3SiO'. — This  formula,  with  3  at.  water,  represents  razoumofifskin,  an 
argillaceous  mineral  from  Kosemiitz  in  Silesia  (p.  78) ;  also  pyrophyllite.  (iv.  769), 
if  the  small  quantity  of  protoxides  be  left  out  of  consideration. 

iu.  2APO'.9SiO^. — Cimolite  (i.  964)  is  represented  by  this  formula,  generally -vnth 
6  at.,  but  occasionally  with  4  at.  water.  Anauxite  (i.  288),  fromBilin  in  Bohemia — ■ 
containing,  according  to  Plattner,  55  per  cent,  silica,  a  large  quantity  of  alumina,  11-5 
per  cent,  water,  with  small  quantities  of  magnesia — is  probably  a  variety  of  cimolite. 

V.  Al"0^.4SiO'. — a.  Montmorillonite  (iii.  104),  from  Montmorillon,  Dept.  Haute- 
Vienne  ;  6.  the  same,  from  Strumbiily  in  Transylvania  ;  c.  Hall oy  si te,  from  Confolert, 
Dept. Charente;  Lenzinite,  from  St.  Sevin,  Dept.  Landes;  and  e. Bole, from Michac, 
Dept.  Dordogne,  are  approximately  APO'.4SiO'  +  2  and  3  at.  water ;  but  it  is  very 
probable  that  some  of  them  contain  free  silica: — 

Si02.     A120'.    Fe203.   CaO.    MgO.   MnO.  K20,Na20.  H^O. 


a.  49-40  19-70  0  80    1-50    0-27    .    .      1-50  25-67  =  98-84  Salvitat. 

b.  SO-04  20-16  0-68    1-46    0  23    .    .      1-27  26  00  =  99  84  Damour. 

c.  52-40  21-80  .    .     2-50    4-28    .    .      1-34  17  68  =  100  Hengenau. 

d.  49-5  18  0  ..2  1      2-1      .    .       .    .  28-0  =  99-7  Berthier. 

e.  60-0  22  0    26-0  =  98-0 

f.  50  55  19-15  .    .     0-63    .    .    4-40     .    .  24  05  =  98  78  v.  Hauer. 


The  last  gives  off  14"03  per  cent,  water  at  100°.  {Eammdsberg' s  Mineralehemie, 
p.  1014.) 

|.  Al-0^6SiO*? — Malthacite,  from  Steindiirfel  in  the  Oberlausitz — containing, 
according  to  Meissner  (J.  pr.  Chem.  x.  610),  50-2  per  cent,  silica,  10-7  alumina,  3-1 
ferric  oxide,  0-2  lime,  and  35-8  water — may  be  approximately  represented  as  Al-'Ol6SiO^ 
16aq.,  but  is  probably  a  mixture. 

0.  Aluminic  Silicates  of  indctrrminate composition. — Dysyntribite,  from  La-wrence 
County,  New  York  (ii.  368);  Nacrite,  from  Brunswick,  in  the  State  of  Maine,  and 
Talcite,  from  Wicklow  in  Ireland  (iv.  1);  Neurolite,  from  Stamstead  in  Lower 
Canada  (iv.  32);  Portit e  from  the  gabbro  of  Tuscany  (iv.  690);  Rhodalite,  from 
Ireland,  containing,  .according  to  Richardson,  55  9  per  cent,  silica,  11 '4  ferric  oxide,  8-3 


(1). 

(2V 

49-2 

43  00 

47-33 

47-26 

43-46 

44  30 

43-80 

36-2 

40-25 

40-23 

41-48  1^ 

40-40 

40-10 

0-5 

39-02  j 

0-94 

0  47 

1-44  1^ 

1-20 

0-75 

0-64 

0  89 

0-37t 

10-60 

0-55 

14-6 

15-50 

12-3G 

13-55 

13-49 

13  50 

14  21 

99-9 

99-70 

101-36 

100-72 

100-00 

99-45 

100-24 

For  references,  see  Bammclsberg's  Hineralchemie ,  p.  576. 
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alumin.a,  1-1  lime,  0'6  magnesia,  and 22-0  water;  Samoite,  from  the  lava  of  Upolii  (v. 
187);  Searbroite,  from  Scarborough  (v.  204);  Smectite,  from  Cilly  in  Styria, 
containing,  according  to  Jordan  (Pogg.  Ann.  Ixxvii.  591),  5r21  per  cent,  silica, 
12-25  alumina,  2'07  ferric  oxide,  1-89  magnesia,  2'13  lime,  and  27'89  water; 
Smelite,  from  Telkebanya  in  Hungary,  containing,  according  to  Oswald  (.J.  pr. 
Chem.  XXXV.  39),  50  per  cent,  silica,  32  alumina,  2  ferric  oxide,  2'1  soda,  and  13 
water ;  and  an  earthy  mineral  from  Conde,  near  Houdan,  Dept.  Seine  et  Oise,  con- 
taining, according  to  Salvetat  (Ann.  Ch.  Phys.  [3]  xxxi.  102),  4t'5  per  ccel  silica, 
32'5  alumina,  r2  ferric  oxide,  r02  lime,  0'3  magnesia,  0'4  potash  and  soda,  and  217 
water. 

The  following  are  unctuous  clays  included  under  the  general  denomination  of 
mountain-soaps: — a.  From  Plombi^res  (Berthier,  Ann.  Min.  [3],  xi.  479). — b. 
Thiiringen  (Bucholz,  Gehlens  N.  .1.  iii.  697). — c.  Arnstadt,  in  Thnringia  (Ficinus, 
Schw.  J.  xxvi.  279). — d.  Wilhelmshohe  near  Cassel  (Bechmann,  Leonh.  Jahrb.  1831, 
p.  125):- 

Humic  Fossil 

V-O":     SiO"-.     Al-'O'.  Fe-0~\  Mn=0^  CaO.    MgO.       H=0.     Carbon,  acid,  resin. 
a.  .    .     46-8      23-4    2-1      26  6  =  98-9 

h.  .    .     44-0      26-5      8-0     .    .      0-5     .    .      20-5   =    99  S 

c.  .    .    23-3      16  1    10-3      3-1      1  1      5  1      43  0   =  100- 

d.  0-55    46-44    17-40    6-22    0-09    0-86    1-25    12-69  6-95    6-46    0-56  =  99-47 

Perric  Silicates.  There  are  but  few  ferric  silicates  of  definite  composition. 
D eger 01  te,  from  Finland  (ii.  309),  consists  mainly  of  Fe-0'.SiO-'.3aq. — Anthosi- 
derite,  from  Minas  Geraes,  Brazil  (i.  309),  is  2Fe"0'.9SiO'.2aq.— Chloropal  (i. 
921)  is  a  mixture  of  Fe''0'.3SiO-.3aq.  with  opal. — Pinguite  (iv.  650)  has  nearly  the 
composition  Fe"O.3SiO'.4(Fo-O'.2SiO2).30aq.— Nontronite  (iii.  134),  unghwarite 
(q.  v.),  and  a  ferruginous  bole  from  Halsbriicke,  near  Freiberg,  are  ferric  or  ferroso- 
ferric  silicates  to  which  no  definite  formula  can  be  assigned.  The  last  contains, 
according  to  Kerston,  46-40  per  cent,  silica,  3-01  alumina,  23-50  ferric  oxide,  and  24-50 
water. 

IMCang-anic  Silicates.  The  black  silicious  ores  of  manganese,  wliich  give  off 
chlorine  when  treated  -with  hydrocliloric  acid,  appear  to  have  been  formed  by  the 
oxidation  of  manganous  silicates  (rhodonite,  cummingtonite,  bustamite),  and  are  often 
mixed  with  the  latter,  so  that  their  composition  is  very  variable. 

Analyses : — a,  b,  c.  Throe  varieties  of  a  black  silicious  manganese,  from  Sweden  : 
specific  gravity  =  2-74 — 2-98. — d.  An  accompanying  Uack  substance:  specific  gravity 
=  3-207  (Bahr,  J.  pr.  Chem.  liii.  308):— 

Si02.         lHn-03.        Fe-^QS.       Al-'O'.       C,-iO.         MgO.  H-O. 

a.  36-20       47-91         0-70       111       060       4-43       9-43  =  100-38 

b.  36-11       42-00       11-31       0-90       0-70       0  57       9-43  =  101-02 

c.  34-72       42-64       10-45       1-09       0-56       0-35       9-76  =  99-57 

d.  23-69       56-21         9-14       0  61       0-50       0  39       9  50  =  100-04 

e.  Stratopeite,  a  black  amorphous  mineral,  of  specific  gravity  2-64,  from  the 
Pajsberg  mine,  near  Philipstad  in  Sweden,  containing,  according  to  Igelstrcim  (J. 
pr.  Chem.  liv.  192,  290),  35-43  per  cent,  silica,  32-41  manganic  oxide,  10-27  ferric 
oxide,  8-04  magnesia,  and  13-75  water,  is  a  decomposition-product  of  similar  cha- 
racter. 

/.  A  black  silicious  manganese  from  Klapperud,  in  Dalarne,  Sweden,  in  which 
Klaproth  found  25  per  cent,  silica,  55-8  manganous  oxide,  and  13-0  loss  by  ignition, 
was  probably  a  hydrated  mixture  of  manganous  silicate,  manganoiis  carbonate,  and 
manganic  oxide  or  peroxide;  the  deficiency  in  the  analysis  (6  2  per  cent.)  was  probably 
carbonic  anhydride. 

g,  h,  i.  Jlarceline  or  H et eroch in e, from  St.  Marcel  in  Piedmont:  g  by  Berze- 
liiis  (At'iiandl.  i.  Fis.  iv.  382) ;  h  byEwreinoff  (Pogg.  Ann.  xlix.  204) ;  i  by  Dam  our 
(J.  pr.  Chem.  xxviii.  284). — k.  Dense,  hard,  silicious  manganese  from  Tinzen  in  the 
Grisons  (Berthier,  Ann.  Ch.  Phys.  [2]  li.  79). — I.  The  same  by  Schweizer  (J.  pr. 
Chem.  xxiii.  278):— 

SiO'.        Mq^()3.        Fc'O^      AI=03.        CaO.        MgO.         K=0.  H'O. 

g.    15-17       75-80         4-14       2-80   =  97-91 

■//.    10-16       85-87         3-28        .    .       0-61        .    .       0-44        .    .  =  100  36 

i.  10-24       76-32       11-49        .    .       1-14       0  26        .    .        .    .  =  99-45 

k.    15-3         80-9  1-0  1-0   =  98-2 

/.    15-50       77-34        3-70        .    .       1  70       .    .        .    .       1-76  =  100 

g,  k,  and  /  are,  approximately,  2Mn'0'.3SiO',  but  they  may  also  be  mixtiu-es ;  h 
and  k  are  still  less  definite. 

A  brown  sinter  from  the  mine-waters  of  Himmelfahrt,  near  Freiberg,  was  found  by 
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Kersten  to  contain  18'98  per  cent,  silica,  2o'01  manganic  oxide,  22-90  ferric  oxide, 
and  33-00  water,  -which  may  be  represented  by  the  formula  (Mn-0';Fe^O').3SiO'.6aq- 
Carpholite  (p.  257)  is  a  manganic  silicate  containing  alumina  and  ferric  oxide. 

Silicates  containing  Monatomic,  Diatomic,  a7id  Triatomic  Metals :  Double  Silicates. 

These  compounds  being  specially  described,  and  their  analyses  given  in  separate 
articles,  it  will  be  sufScient  to  give  in  this  place  a  tabular  -view  of  the  composition  of 
those  whose  formulae  may  be  considered  as  definitely  established.  In  the  preceding 
tables  (pp.  260,  261),  to  avoid  the  continual  repetition  of  atomicity-marks,  a  monatomic 
metal  is  denoted  by  M,  a  diatomic  metal  by  M,  and  a  triatomic  metal  by  E. 

Compounds  or  Mixtures  of  Silicates  with  otlier  Salts. 

1.  "Wi^hAlumi'iiates. — It  has  already  been  mentioned  (p.  253),  that  certain -varieties 
of  augite  and  hornblende  may  be  regarded  as  mixtures  of  silicates  and  aluminates  of 
magnesia,  (Sec.  A  similar  composition  is  also  assigned  to  the  folio-wing  minerals,  the 
alumina  being  more  or  less  replaced  by  ferric  oxide : 

CHntonite,  (2M0.3SiO^)  .  2(3MO  .  2AP0^). 
Xanthophyllite,  (M0.3SiO=) .  3(3M0.2A1=0')  .  3aq. 

"^'Bmidfsitel  (23£0.3SiO*)  .  4(M0.AP0») .  2aq. 

The  minerals  of  the  chlorite  group  may  be  represented  either  as  double  silicates 
of  magnesia  (ferrous  oxide)  and  alumina,  or  as  compounds  of  silicates  and  aluminates : 
thus — 

Chlorite,  6MO.Ai'0^3Si02.4aq.     =  2(3MO.SiO=)  .  (ATOlSiO^)  .  4aq. 

=  (4M0.3Si02)  .  (2M0.AP0')  .  4aq. 
Eipidolite,  4MO.Al'0^2SiO-.3aq.  =  (45iO.SiO-^)  .  (Al-O^SiO=)  .  3aq. 

=  4(TiO.SiO--')  .  (3M0.Al-'0')  .  3aq. 

2.  With -Borates. — The  native  calcic  borosilicates  have  already  been  mentioned, 
-viz. : — 

Datholite,  CaB-0<.CaSi0^aq. 
Botryolite,  CaB=0*.CaSiO'.2aq. 

Tourmalines  are  double  silicates,  containing  both  proto-  and  sesquioxides,  most  of 
-which  may  be  included  in  the  general  formula, 

2(M-;3f)O.SiO'  .  «(K;B)20'.Si02 

the  boron  being  supposed  to  replace  a  portion  of  the  triatomic  metal  K. 
Axiniteisa  borosilicate  containing 

3[2CaO.Si02]  .  2[(E;B)'0'.3Si02]. 

3.  "With  CaVJowrties.—Cancrinite  consists  of  (CaO.CO^).3[Na20.APO'.2SiO=], 
or  CaC0^3(Na-SiO'.Al'SiO^). 

4.  With  Chlorides. — Sodalite  consists  of  a  sodio-aluminic  silicate  combined  with 
chloride  of  sodium,  and  maybe  represented  by  the  formula  NaCl.«(Na''SiO*.Al''Si^O"'). 
Porcelain-spar  contains,  according  to  Schafhautl,  a  small  quantity  of  potassic 
chloride, 

6.  With  Fluorides. — Lepi  doli  te  consists  of  6  or  12  at.  of  a  silicate  of  aluminium 
and  alkali-metals,  including  lithium,  -with  1  at.  of  a  fluoride ;  or  the  fluorine  may  be 
regarded  as  replacing  a  portion  of  the  oxygen  in  the  silica.  (For  the  formula,  see 
iii.  1011).  A  similar  replacement  of  oxygen  by  fluorine  takes  place  to  a  small  extent 
in  many  other  silicates. 

6.  With  Sitlphates. — This  division  includes  haiiyne,  nosean,  ittnerite,  and 
ultramarine.    The  composition  of  the  first  three  is  as  follows  : — 

Haiiyne,  (M2;SI)S0*  +  «[(M-;M)SiO^APSiO^]. 
Nosean,  NaCl  +  SCNa-SiO'.Al^SiO'*) 

+  10[Na'SO\3(Na'SiO'.Al'SiOs]. 
Ittnerite,  NaCl  +  3[Na'SiO^Al-SiO^).6aq. 

+  3[(Ca;Na2)SO'.3[(Ca;Na=)SiO'.Al'SiO'].6aq. 

Nosean  is  a  compound  of  1  at.  sodalite  and  10  at.  of  a  soda-haiiyne ;  ittnerite  of  1  at. 
hydrated  sodalite  and  3  at.  of  a  hydrated  haiiyne.  Lapis-lazuli,  or  ultramarine,  is  a 
mixture  of  variable  composition. 

7.  With  Titanates.—The  following  minerals  of  this  class  are  kno-wn: — 

Titanite,  Ca^||'j^'    =  Ca"SiO'.Ca"TiO». 

Yttrotitanite,  -M»E«0"M5M(Si;Ti)^0»;  [M-Ca,y;  E  =  Al.Fe]. 
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Schorlamite,  9Ca  jlrpjQa   +  Jt'e  jlrppQs- 

Tschewkinite,  Fe"(s'i;Ti)"0'  .  3(Ca-La;Di;Ca)".(Si;Ti)"0''. 
Enceladite,  6(.Mg;Fe;Ca)-(Si;Ti)0'  .  Al\Si;Ti)'0'2.6aq. 

Mosandrite  is  a  liydrated  silicotitauate,  containing  cerium,  lanthanum,  didy- 
miuni,  iron,  calcium,  magnesium,  potassium,  and  sodium ;  but  its  exact  composition  has 
not  been  determined. 

8.  With  Tunq states. — There  are  no  native  minerals  consisting  of  silicates  and 
tungstates;  but  Marignac  has  lately  obtained  a  series  of  such  compounds  artificially. 
(See  TrNGSTATES.) 

9.  With  Zirconatcs. — Eudialyte,  from  Greenland,  consists  of  (Na';Ca";Fe") 
(Si;Zr)"0-* ;  Norwegian  eudialyte  contains  the  same  elements,  but  in  somewhat  different 
proportions. 

Catapleiite,  from  the  syenite  of  Lamo,  near  Erevig  in  Norway,  consists  of 
(Na^Ca";Fe")(Si";Zr")^0'.2aq.  or  (Na-;Ca;Fe")(Si;Zr)"0^3(Si;Zr)i'0''=.2aq. 

Oerstedite  is  a  hydrated  silico-zirconio-titanate  of  calcium,  magnesium,  and  iron, 
the  formula  of  which  has  not  been  exactly  determined. 

10.  With  Zirconatcs  and  Niohates. — Wiihlerite,  from  the  Langesundfjord, 
near  Erevig  in  Norway,  probably  consists  of  (Ca";Na''')(Si;Zr.Nb)"0^.  In  the  same 
neighbourhood  is  found  a  red-brown  mineral  of  similar  character,  but  containing  no 
zirconium,  probably  formed  by  alteration  of  the  wohlerite. 

SZI.ICIC  STHERS.  (Ebelmen,  Ann.  Ch.  Phys.  [3]  xvi.  144.— Friedel  and 
Crafts,  Ann.  Ch.  Phys.  [4]  ix.  5.) — Silicates  of  alcohol-radicles  produced  by  the 
action  of  alcohols  on  silicic  chloride. 

Amylslilclc  Ethers.    Tctramylic  5«7 icrt <e,  (C^H"ySiO<  =  2(C5H")20.SiO=. 

— Prcpari'il  like  the  corresponding  ethyl-compound,  the  product,  ■which  passes  over 
between  32U°  and  340"-',  being  collected  apart  and  rectified.  It  is  a  colourless  limpid 
liquid,  having  a  faint  odour,  somewhat  like  that  of  amylic  alcohol.  Specific  gra's^ty 
=  0-868  at  20°.  Boiling-point  between  322°  and  325°.  Vapour-density  :  obs.  = 
15'2  ;  calc.  =  13'03.  It  burns  with  a  long  white  flame,  depositing  impalpable  silica. 
It  dissolves  freely  in  ethylic  alcohol,  ethylic  ether,  and  amylic  alcohol,  is  insoluble  in 
water,  and  is  decomposed  thereby  much  less  quickly  than  the  ethylic  silicates.  Alcoholic 
ammonia  also  decomposes  it  with  difficulty.  (Ebelmen.) 

Ethylsilicic  Ethers.  Tetrethi/lic  Silicate,  (C-H=')'SiO'  =  2(C=H0-O.SiO^ 
— Wlien  a  small  quantity  of  absolute  alcohol  is  poured  upon  silicic  chloride,  a  brisk 
action  takes  place,  accompanied  by  copious  evolution  of  hydrochloric  acid,  and  a  con- 
siderable depression  of  temperature  ;  and  on  distilling  the  resulting  transparent  and 
colourless  liquid,  more  hydrochloric  acid  is  evolved,  then  towards  90°  a  strongly  acid 
product,  after  which  the  temperature  quickly  rises  to  160°,  at  which  point  tetrethylic 
silicate  passes  over,  and  must  be  collected  in  a  separate  receiver. 

Tetrethylic  silitate  is  a  colourless  liquid,  having  a  rather  pleasant  ethereal 
odour,  and  a  strong  peppery  taste.  Specific  gravity  =  0'933  at  20°  (Ebelmen); 
0-9676  (Friedel  and  Crafts).  It  boils -without  alteration  between  165°  and  166°. 
Vapour-density:  obs.  =  7  32;  calc.  =  7'207.  It  is  combustible  and  burns  with  a 
dazzling  flame,  diffusing  a  white  smoke,  consisting  of  silica  in  a  state  of  extremely 
minute  division.  It  is  insoluble  in  water,  which  however  decompioses  it  gradually, 
with  separation  of  gelatinous  silica.  Ammonia  and  the  fixed  alkalis  dissolve  and 
decompose  it  with  facility.  (Ebelmen.) 

Accordingto  Knop  and  Wolf  ( Jahresl).  1861,  p.  207),  the  liquid  obtained  by  satu- 
rating absolute  alcohol  (kept  cool)  with  fluoride  of  silicon,  is  a  mixture  of  tetrethylic 
silicate  and  silicofluoric  acid  (p.  270). 

Bictln/Hc  Silicate,  (C-H-^)'SiO^  =  (C=ff)^O.SiO^  is  produced  by  the  action  of 
silicic  chloride  on  aqueous  alcohol : 

SiCl'  -I-  2C-H"0  +  H=0    =    (C'II-^)'^SiO'  +  4HC1. 

It  is  a  colourless  liquid,  having  a  faint  odour,  specific  gravity  =  1  -079,  and  boiling 
at  350°.  AVater  decomposes  it  with  separation  of  silica.  When  it  is  left  in  contact 
with  moist  air,  the  silica  solidifies  to  a  transparent  mass,  which  contracts  more  and 
more,  and  acquires  in  two  or  three  months  the  lustre  and  vitreous  fracture  of  hyaline 
quartz,  and  becomes  hard  enough  to  scratch  glass.  (Ebelmen.) 

Diethylic  Bisilicate,  (C-H^V'Si^O^  =  (C=H5)20.2SiO=,  is  formed  by  distilling  the 
preceding  compound  vrith  a  small  quantity  of  aqueous  alcohol.  Diethylic  silicate  then 
passes  over  first,  and  diethylic  disilicate  remains  in  the  retort.  If,  however,  too 
much  heat  is  applied,  more  diethylic  silicate  is  given  off,  and  free  silica  remains 
behind.  (Ebelmen.) 


264 


SILICIC  ETHERS. 


Diethylio  disilicate  dissolves  in  ether,  alcohol,  and  the  other  silicic  ethers. 

Hexethi/lic  l)isilicaie,{C'R^ySi^O'  =  3(C'H^)=0.2Si02.— Fri edel  audCrufts 
■were  not  able  to  obtain  the  two  ethylic  silicates  last  mentioned;  but  having  prepared  a 
considerable  quantity  of  ethylic  silicate  with  alcohol  that  was  not  quite  anhydrous, 
they  found  that  the  greater  part  of  the  product  distilled  over  towards  240°,  but  that  it 
was  not  possible,  by  distillation  under  the  ordinary  atmospheric  pressure,  to  obtain  a 
product  of  definite  boiling-point.  By  distillation  in  vacuo,  however  (under  a  pressure 
of  3  to  5  mm.)  they  obtained,  after  eight  fractionations,  a  product  boiling  between 
125°  and  130°,  and  having  the  composition  of  hexethylic  disilicate. 

This  ether  is  a  slightly  oily  liquid,  having  a  rather  fragrant  odour  like  that  of  normal 
silicic  ether.  Specific  gravity  of  1-0196  at  0°,  and  1-0119  at  19".  Vapour-density: 
obs.  =  12-025;  calc.  =  11-86. 

Ethylsilicic  Chlorhy drins. — By  heating  chloride  of  silicon  -with  tetrethylic 
silicate  in  various  proportions,  Friedel  and  Crafts  have  obtained  compounds  derived 
from  the  latter  by  substitution  of  1,2,  and  3  at.  chlorine  for  an  equivalent  quantity 
of  hydroxyl  (HO). 

Ethylsilkic  monochlorhydrin,  (C-H*)'ClSiO',  is  produced:  1.  By  heating  1  at. 
silicic  chloride  with  3  at.  tetrethylic  silicate  to  150°  for  an  hour  in  a  closed  vessel : 
SiCl*  +  3(C-ff)^SiO'  =  4(C-H^)3ClSiO^ 

2.  Together  with  ethylic  acetate,  by  heating  1  at.  tetrethylic  silicate  with  1  at.  chloride 
of  acetyl  to  170°— 180°: 

(C=H^)'SiO*  +  C'H'OCl  =  (C-H=)5ClSiO^  +  {C'WO){C-W)0-. 

3.  By  distilling  tetrethylic  silicate  with  pentachloride  of  phosphorus.  It  is  a 
limpid  liquid,  of  specific  gravity  1-0483  at  0°.  Boils  at  157°.  Vapour-density:  obs.  = 
7-05 ;  calc.  =  6-81.  It  does  not  fume  in  the  air,  but  is  quickly  decomposed  by  the 
action  of  moist  air  and  of  water,  yielding  hydrochloric  acid  and  silica.  It  burns  with 
a  green-edged  flame,  diffusing  white  fumes  of  silica. 

Ethylsilicic  DicMorhydrin,  (C2H'>)^CPSiO'-'.— Produced  by  heating  1  at.  tetrethylic 
silicate  with  1  at.  silicic  chloride : 

SiCl'  +  {CWy&iO'  =  2(C=H^)=CFSiO^ 

or  1  at.  silicic  chloride  with  2  at.  of  the  monochlorhydrin : 

SiCl*  +  2(C=ff)'ClSiO^  =  3(C-H*)'CPSiO^ 

In  either  case  the  materials  must  be  heated  together  for  some  time,  and  the  product 
purified  by  repeated  fractional  distillation,  great  care  being  taken  to  prevent  access  of 
moisture.  It  is  a  liquid  resembling  the  preceding,  and  having  a  specific  gravity  of  1-44 
at0°.    Boiling-point  137°.    Vapour-density :  obs.  =  6-76;  calc.  =  6-545. 

Ethylsilicic  Trichlorhydrin,  (C'II^)CPSiO. — Prepared  by  heating  the  diclilorhydrin, 
monochlorhydrin,  or  tetrethylic  silicate,  for  a  long  time  with  excess  of  silicic  chloride, 
and  fractionating  the  product  a  great  number  of  times  with  the  precautions  above 
indicated.  It  is  a  liquid  of  specific  gravity  1-291  at  0°,  boiling  at  104°.  Vapour- 
density:  obs.  =  6-378;  calc.  =  6-216. 

Ethylamylic  8il  icates. — These  ethers  are  produced  hy  distilling  ethylsilicic 
mono-,  di-,  or  tri-chlorhydrin  with  an  equivalent  quantity  of  amylic  alcohol :  c.  g. — 
(C=H^)'ClSiO»  -)-  (C»H")HO  =  (C^ff)\C*H")SiO*  +  HCl. 

Ethylsilicic  Amylic  Amyi-triethylic 

monochlorhydrin.  alcohol.  silicate. 

The  monamylic  conifound,  (C^H^)^(C''H")SiO'',  is  a  limpid  slightly  oily  liqiiid, 
having  a  faint  odour,  like  that  of  amyl-compounds  in  general ;  boils  between  216°  and 
225°.~The  diamylic  conrpound,  (C=H*)^(C"H")^SiO^  has  a  specific  gra^nty  of  0-915  at 
(1°,  and  boils  between  245°  and  250°.— The  triamylic  compound,  (C'H^)(C^H")'SiO', 
has  a  specific  gravity  of  0-913  at  0°,  and  boils  between  280°  and  285°.  These  mixed 
ethers,  like  tetramylic  silicate,  are  less  easily  decomposed  by  alcoholic  ammonia  than 
tetrethylic  silicate.    (Friedel  and  Crafts.) 

Triethyl-acetylsilicic  Ether,  {Cm^)\C''E!'0)S,\0\  Ethylic  Silico-acetin.— 
Produced  by  heating  tetrethylic  silicate  with  acetic  anhydride  to  180°  for  fourteen 
hours,  and  separated  by  fractional  distillation.  It  is  a  limpid  slightly  oily  liquid, 
■vvith  a  slightly  acetic  odour,  becoming  stronger  after  exposui-e  for  some  time  to  a  moist 
atmosphere.    Boils  at  about  190°.    Burns  with  emission  of  white  clouds  of  silica. 

IVIettiylsiliclc  Btbers.  (Friedel  and  Crafts,  Ann.  Ch.  Pliys.  [4]  ix.  32.) — 
Tttraincthylic  silicate,  (CH'')''SiO'',  is  prepared,  like  the  corresponding  ethyl-compound, 
by  the  action  of  silicic  chloride  on  perfectly  pure  and  anhydrous  methylic  alcohol 
(obtained  by  distilling  ordinary  methylic  alcohol,  first  over  sodium,  and  then  over 
phosphoric  anhydride).    It  is  a  colourless  limpid  liquid,  having  a  fragrant  ethereal 
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odour,  and  a  specific  gravity  of  I'Oo 89  at  0°.  Boils  at  121° — 122°.  Vapour-density: 
obs.  =  5'380  ;  calo.  ~=  5"264.  It  is  moderately  soluble  in  water,  the  solution  re- 
maining clear,  and  not  depositing  gelatinous  silica  till  after  the  lapse  of  several  weeks. 
It  burns  with  emission  of  white  fumes.  It  is  rapidly  decomposed  by  exposure  to 
moist  air.    Aqueous  alcohol  converts  it  into  a  mixture  of  methylio  p)olysilicates. 

Hcxmcthjlk  Disilicate,  (CH^j-'Si^O'  =  3(CH»)-0.2SiU^  is  obtained  in  the  prepara- 
tion of  tetramethylic  silicate  when  tlio  methyl-alcohol  used  is  not  quite  anhydrous  : 
also  by  heating  the  tetramethylic  ether  with  wood-spirit  containing  the  quantity  of  water 
required  by  theory  for  its  production:  2(Cir)<SiO<  +  H-0  =  (CH^)<^Si-0'  +  2(CH^)H0. 
It  resembles  the  tetramethylic  ether,  has  a  specific  gravity  of  1'1441  at  0°,  and  boUs 
between  201°  and  202-5.    Vapoui'-density :  obs.  =  9-19;  calc.  =  8-93. 

Mcthylsilicio  Chlorhydrins. — These  compounds  are  precisely  analogous  to 
the  ethylsilicic  chlorhydrins  already  descx'ibed,  and  are  obtained  in  like  manner. 
They  are  limpid  liquids,  having  an  ethereal  odour,  burning  with  a  green-edged  flame, 
and  diffusing  white  clouds  of  silica  ;  easily  decomposed  by  moisture  ;  converted  by 
wood-spirit  into  tetramethylic  silicate.  Their  densities  andboihng-points  are  exhibited 
in  the  following  table : — 


Mouoclilorhydrin,  (CH^)'ClSi03 
Dichlorhydrin,  (CH^)--CPSiO=      .  . 
Trichlorhycbin,  (CH»)CPSiO  .    .  . 

Boiling-point. 

Specific 
gravity  at  0°. 

Vapour-density. 

obs. 

calc. 

114-5°— 115-0° 

98°  —103° 
82°  —86° 

1-1954 
1-2595 

5-578 

5-66 

5-66 

6-42 

5-  57 

6-  73 

Mcthi/l-cthylsilicic  Ethers. — These  compounds  are  produced  by  the  action  of 
ethylic  alcohol  on  the  methylsilicic  chlorhydrins. 

Ethyl-triyneihiiHc  Silicate,  (CII'')''(C-H^)iSiO*,  is  obtained,  together  with  a  small  quan- 
tity of  the  following  compound,  by  treating  methylsilicic  monochlorhydrin  with 
excess  of  common  alcohol.    It  boils  between  133°  and  135°. 

Biethjl-dimethi/lic  Silicate,  (CH-'')^(C^H^)-SiO',  is  obtained  by  the  action  of  etliylic 
alcohol  on  methylsilicic  dichlorhydrin,  and  by  that  of  methylic  alcohol  on  tetrethylic 
silicate.  It  is  a  liquid  of  specific  gi-avity  1-004  at  0°,  and  boiling  between  143° 
and  146°.    Vapour-density:  obs.  =  6-178;  calc.  =  6-233. 

Tricthyl-mcthylic  Silicate,  (CH5)(C-H^)'SiO',  is  obtained  by  the  action  of  ethyl- 
silicic  monochlorhydrin  on  methylic  alcohol.  It  has  a  specific  gravity  of  0-981  at  0°, 
and  boils  between  165°  and  157°. 

Dimethyl -diamyiic  Silicate,  (CH')=(C^H")'SiO^.— Produced  by  distilling 
methylsilioic  monochlorhydrin  with  twn-thirds  of  its  weight  of  amylio  alcohol.  Boils 
between  225°  and  235°.  Decomposed  by  alcoholic  potash,  but  not  easily  by  alcoholic 
ammonia. 

SIXiICIBES,  IHtSTAXiXiXC.  Silicon  unites  readily  with  aluminium,  iron,  zinc, 
platinum,  and  sumu  other  metals,  but  not  with  sodium,  and  apparently  not  with  lead 
or  potassium.  Towards  aluminium  and  zinc,  silicon  behaves  in  the  same  manner  as 
carbon  to  cast-iron,  dissolving  in  these  metals  when  melted,  and  separating  in  the 
crystalline  form  ou  cooling. 

Silicide  of  Calcium,  probably  CaSi",  is  prepared  by  intimately  mixing  300  grains 
of  graphitoidal  silicon  with  3,000  grains  of  chloride  of  calcium  in  a  hot  mortar,  briskly 
agitating  the  mixture  in  a  wide-mouthed  bottle  with  350  grains  of  sodium  cut  into 
small  pieces,  and  introducing  the  whole  into  a  red-hot  crucible,  into  which  a  little  fused 
common  salt  has  been  previously  thrown,  and  upon  this  a  mass  of  sodium  weighing 
350  grains.  The  whole  is  then  covered  with  a  layer  of  fused  and  pulverised  chloride  of 
sodium,  the  cover  is  put  on,  and  the  fire  is  gradually  raised  to  a  temperature  sufiicient 
to  melt  cast-iron,  at  which  it  must  be  maintained  for  half  an  hour.  On  breaking  the 
crucible  when  cold,  the  silicide  of  calcium  is  found  (if  the  operation  has  been  success- 
ful) in  a  well-fused  button,  which  must  be  preserved  in  tightly-closed  vessels. 

Silicide  of  caleiura  has  a  lead-grey  coloxu-,  metallic  lustre,  and  scaly  crystalline 
structure  with  an  indistinct  indication  of  hexagonal  pilates.  When  exposed  to  the  air, 
or  thrown  into  water,  it  slowly  crumbles  down  to  a  mass  of  graphite-like  plates,  with 
evolution  of  hydrogen.  This  disintegration  is  due  to  the  hycbation  and  oxidation  of 
part  of  the  calcium  and  silicon,  the  new  products  remaining  mixed  with  some  unaltered 
silicide.  Fuming  nitric  acid  docs  not  attack  silicide  of  calcium.  Hydrochloric,  acetic, 
or  dilute  sulphuric  acid  converts  it  into  a  compound  of  silicon,  hydrogen,  and  oxygen, 
called  silicone  or  chryseone  (p.  275).    (AVohler,  Ann.  Ch.  Pharm.  cxxvii.  257.) 
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suicide  of  Cerium,  CeSi. — When  a  mixture  of  fluoride  of  potassium  and  oxide 
of  cerium,  fused  in  a  porcelain  crucible,  is  subjected  to  electrolysis,  silicide  of  cerium  is 
deposited  at  the  negative  pole  together  with  potassium  ;  and  on  washing  the  deposit 
with  water  to  remove  the  latter,  the  silicide  of  cerium  remains  as  a  brown  powder, 
which  is  insoluble  in  acids,  and  burns  with  a  reddish  flame,  leaving  a  yellow  powder 
mixed  with  black  pMtieles.    (Ulik,  Zeitschr.  f.  Chem.  [2]  ii.  60.) 

8ilicid.es  of  Copper. — These  compounds  possess  great  hardness,  and  become 
harder  but  less  malleable  as  the  proportion  of  silicon  increases.  A  white  copper- 
silicide,  very  hard  to  the  file,  is  formed  in  the  preparation  of  silicon  bypassing  the  va- 
pour of  silicic  chloride  over  sodium  heated  in  copper  trays.  A  copper  silicide  contain- 
ing 12  pts.  silicon  to  88  pts.  copper  is  obtained  by  fusing  3  pts.  of  potassicsilicofluoride, 
1  pt.  sodium,  and  1  pt.  copper-turnings,  at  such  a  temperature  that  the  melted  metal 
is  covered  by  a  very  fluid  slag.  The  compound  is  white,  brittle,  and  more  fusible  than 
silver.  By  fusing  this  silicide  with  a  larger  qiiantity  of  copper,  a  compound  may  be 
obtained  containing  4'8  per  cent,  silicon  :  it  has  a  fine  light  bronze  colour,  is  as 
malleable  as  ordinary  bronze,  somewhat  less  hard  than  iron,  and  may  be  wrought  like 
the  latter,  is  very  malleable,  and  may  be  drawn  out  into  wire  having  at  least  as  much 
tenacity  as  iron  wire.  (Deville  and  Caron,  Ann.  Ch.  Pharm.  civ.  232  ;  Ann.  Ch. 
Phys.  [3]  Ixvii.  455.) 

By  precipitating  cupric  sulphate  with  silieiuretted  hydrogen,  a  copper-silicide  is 
obtained,  as  a  dark  copper-coloured  film,  translucent  with  brownish  colour  when  very 
thin.  This  compound  is  easily  oxidisable,  being  quickly  converted,  by  exposure  to  the 
air  at  ordinary  temperatures,  into  lemon-yellow  cupric  silicate.  Dilute  nitric  acid 
decomposes  it  immediately,  separating  metallic  copper  ;  hydrochloric  acid  dissolves  it, 
with  evolution  of  hydrogen  and  separation  of  silicic  oxide.  With  potash-ley  it  quickly 
gives  off  hydrogen,  and  deposits  copper  free  from  silicon  ;  it  also  gives  off  hydrogen  in 
contact  with  ammonia. 

Silicide  of  Iron.    See  Iron  (iii.  334). 

Silicide  of  Magnesium. — The  mass  obtained  by  fusing  together  chloride  of 
magnesium,  chloride  of  sodium,  silicofluoride  of  sodium,  and  metallic  sodium,  for  the 
preparation  of  silieiuretted  hydrogen,  contains,  besides  free  silicon,  two  silicides  of 
magnesium,  one  of  which  gives  off  silieiuretted  hydrogen  when  treated  with  aqueous 
sal-ammoniac  or  hydrochloric  acid  ;  whereas  the  other,  when  treated  with  hydrochloric 
acid,  yields  free  hydrogen  and  hydrated  oxide  of  silicon.  (AVohler). 

Silicide  of  Manganese.    See  Manganese  (iii.  816). 

Silicide  of  Platinum. —  Platinum  unites  readily  with  silicon,  forming  a  very 
fusible  compound  :  hence,  on  fusing  silicon  in  a  platinum  crucible  lined  with  lime,  care 
must  be  taken  to  make  the  lining  very  dense,  as,  if  the  silicon  comes  in  contact  with 
the  platinum,  the  crucible  will  be  perforated. 

Silicide  of  Potassitim(?). — According  to  Berzelius,  silicide  of  potassium  ia 
formed  in  the  preparation  of  silicon  by  heating  potassic  silicofluoride  with 
potassium;  but,  according  to  Deville,  the  potassium  is  merely  mixed  with  the  free 
silicon. 

SXXiICIDES,  ORGAIS'IC.    (Friedel  and  Crafts,  Bull.  Soc.  Chim.  1863,  p. 

468;  1865,  i.  358.) — Silicon-ethyl,  tthylic  silicide,  or  silicic  etfiide,  Si(C*H')S  and 
the  corresponding  methyl-conqyound,  Si(CH')',  are  prepared  by  heating  silicic  chloride 
with  zinc-ethyl  and  zinc-methyl  respectively  in  sealed  tubes.  They  are  limpid  liquids 
lighter  than  water,  and  burning  with  a  bright  flame,  emitting  white  clouds  of  silica. 
They  are  not  attacked  by  potash  or  by  ordinary  nitric  acid,  but  are  decomposed,  the 
methyl-compound  with  great  diflSeulty,  by  heating  with  fuming  nitric  acid  in  sealed 
tubes.    Their  boiling-points  and  vapour-densities  are  as  follows : — 

Vapour-densitT. 
Boiling-points.  Obs.  Calc. 

Si(CH')«  30°—  31°  3-083  3-043 

Si(C-H5)-'  15-2°— 154°  5-13  4-99 

SII<ICXTnKt.    Syn.  with  Silicon. 

SII.XCO-AX.VMIM'ATSS. 

SIXiICO-BORATSS. 

SII.lC0r]LU02lXSS;s.    See  Silicon,  Fluoride  of  (p.  270). 

SXIaXCOIfl-,  or  SlXiXCIura.  Atomic  weight,  28  ;  Symbol,  Si. — This  element,  though 
very  abundant  in  nature,  is  never  found  in  the  free  state,  but  always  in  combination, 
either  with  oxygen  alone,  as  silica  (p.  240),  or  with  oxygen  and  metals,  forming  silicates. 

Silicon  is  obtained  in  the  free  state  by  the  action  of  reducing  agents  on  the  chloride 


See  Silicates  (p.  262). 
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or  fluoride,  and,  like  borou,  assumes  the  amorplious,  grapbitoidal,  or  crystalline  state, 
according  to  the  mode  of  separation  adopted. 

1.  Aimrphous  Silicon. — This  is  the  form  in  which  silicon  was  first  isolated  by  Berzelius 
(in  1823).  It  is  obtained  by  heating  dry  potassic  silicofluoride  in  a  glass  or  iron 
tube,  with  eight  or  nine-tenths  of  its  weight  of  potassium,  or  sodic  silicofluoride  with 
half  its  weight  of  sodium.  Fluoride  of  potassium  or  sodium  is  then  formed,  and  silicon 
is  set  free  : 

2KF.SiF*  +  2K=  =  6KF  +  Si. 

The  mass  when  cold  is  treated  with  cold  water  as  long  as  the  wash-wator  exhibits 
any  alkaline  reaction,  then  with  boiling  water  as  long  as  anything  is  dissolved.  Silicon 
may  also  be  prepared  by  passing  the  vapour  of  silicic  chloride  over  potassium  or 
sodium  heated  in  procelain  trays  in  a  glass  tube,  which  it  is  best  to  protect  by  lining 
it  with  thin  plates  of  mica. — Amorphous  silicon  is  likewise  obtained  by  electrolysing 
a  fused  mixture  of  silicofluoride  and  lluoride  of  potassium ;  it  may  be  purified  from 
potassium  deposited  at  the  same  time  by  washing  with  sulphuric  acid.  (Ulik.) 

Silicon  thus  obtained  is  a  didl  brown  powder,  heavier  than  water,  and  insoluble 
therein.  It  is  a  non-conductor  of  electricity ;  soils  the  fingers  when  touched;  is  not 
acted  upon  by  nitric  or  sulphuric  acid,  but  dissolves  easily  in  hydrofluoric  acid  and  in 
warm  aqueous  potash.  When  heated  in  a  non-oxidising  atmosphere  to  a  temperature 
between  the  melting-points  of  steel  and  cast-iron,  it  fuses  ;  but  when  heated  in  air  or 
oxygen-gas,  it  burns  brilliantly,  and  is  converted  into  silica,  which  melts  from  tha 
intense  heat,  and  forms  a  superficial  crust  over  the  unbm-nt  silicon. 

2.  Graphito'idal  Silicon. — When  amorphous  silicon  is  strongly  heated  in  a  platinum 
crucible,  it  shrinks  together,  becomes  much  denser  and  darker  in  colour,  and  much 
less  oxidisable  (Berzelius).  A  similar  modification  of  silicon  was  obtained  by 
Deville  in  preparing  aluminium  by  the  electrolysis  of  sodio-aluminic  chloride  (i.  152). 
The  first  portions  of  aluminium  thus  obtained  are  contaminated  with  silicon  derived 
from  the  charcoal  electrodes  ;  and  when  this  alloy  of  silicon  and  aluminium  is  treated 
with  hydrochloric  acid,  the  silicon  remains  undissolved  in  the  form  of  shining  metallic 
scales  resembling  gi'aphite.  A  more  productive  method  of  obtaining  this  variety  of 
silicon  is  given  by  Wiihler  (Compt.  rend.  xlii.  48).  It  consists  in  mixing  aluminium 
with  between  20  and  40  times  its  weiglit  of  silicofluoride  of  potassium,  and  heating 
the  mixture  in  a  Hessian  crucible  to  the  melting-point  of  silver.  A  metallic  button  is 
thus  obtained,  which,  when  treated  successively  with  hydrochloric  and  hydrofluoric 
acids,  yields  grapbitoidal  silicon,  partly  in  isolated  hexagonal  tables,  the  edges  of 
which  are  often  curved.  Another  mode  of  preparation  is  to  fuse  1  pt.  of  aluminium 
with  6  pts.  of  glass  free  from  lead,  and  10  pts.  of  powdered  cr'yolite,  and  treat  the 
mass  first  with  hydrochloric,  then  with  hydi'ofluoric  acid.  Grapbitoidal  silicon 
exhibits  all  the  properties  as'eribed  by  Berzelius  to  silicon  which  has  been  strongly 
heated.  Its  density  is  2-49,  which  is  less  than  that  of  quartz  (from  2'6  to  2-8).  It 
may  be  heated  to  whiteness  in  oxygen-gas  without  burning  or  undergoing  any  altera- 
tion in  weight ;  but  when  heated  to  redness  with  carbonate  of  potassium,  it  decom- 
poses the  carbonic  acid,  with  vi\'id  emission  of  light  and  formation  of  silica.  With 
nitrate  or  chlorate  of  potassium,  it  may  be  fused  at  a  red  heat  without  alteration,  but 
at  a  white  heat  it  burns  brilliantly  ;  the  oxidation  is  greatly  facilitated  by  the  addition 
of  a  little  carbonate  of  potassium.  It  is  not  attacked  by  any  acid,  excepting  a  mixture 
of  nitric  and  hydrofluoric  acids.  A  strong  solution  of  potash  or  snda  dissolves  it 
slowly,  with  evolution  of  hydrogen.  Heated  to  commencing  redness  in  dry  chlorine 
gas,  it  burns  completely  and  forms  chloride  of  silicon. 

3.  Crystalline  or  Adamantine  Silicon. — o.  When  silicon  is  heated  in  a  platinum 
crucible  lined  with  lime,  to  a  temperature  between  the  melting-points  of  steel  and  cast- 
iron,  it  melts  to  dark  steel-grey  globules,  which  frequently  show  well-marked  signs  of 
crystallisation,  and  sometimes  yield  the  silicon  in  double  six-sided  pyramids.  (Deville, 
Ann.  Ch.  Phys.  [3]  xlix.  68.) 

j3.  When  vapour  of  silicic  chloride  is  passed  over  aluminium  kept  in  a  state  of 
fusion  in  an  atmosphere  of  hydrogen,  part  of  the  aluminium  is  converted  into  chloride, 
which  volatilises,  and  the  silicon  thereby  separated  dissolves  in  the  remaining  alumi- 
nium, which  thus  becomes  more  and  more  saturated  with  silicon  ;  and  at  length  a 
point  is  obtained  at  which  the  excess  of  silicon  separates  from  the  melted  aluminium 
in  large  beautiful  needles,  havine;  a  dark  iron-grey  coloui',  reddish  by  reflected  light, 
and  exhibiting  iridescence  like  that  of  iron-glance.  These  crystals  appear  to  be 
derived  from  a  rhombic  octahedron,  and  often,  like  the  diamond,  exhibit  curved  faces. 
They  are  very  hard,  and  capable  of  scratching  or  cutting  glass  (Deville).  An  easier 
method  of  obtaining  crystallised  silicon  is  to  introduce  into  a  red-hot  earthen  crucible 
a  mixture  of  3  pts.  potassic  silicofluoride,  1  pt.  of  sodium  in  small  pieces,  and  4  pts. 
of  granulated  zinc.  The  mixture  must  be  kept  at  a  red  heat,  but  below  the  temperature 
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rpqiiired  to  volatilise  tlie  zinc,  tUl  the  slag  is  completely  melted ;  then  left  to  cool 
slowly.  The  mass  of  zinc  thus  obtained  contains  long  needles  of  silicon  formed  of 
octahedrons  (  ?  rhombic)  inserted  one  into  the  other.  Much  of  the  zinc  may  be 
extracted  by  partial  fusion  at  a  low  temperature,  and  the  zinc  which  runs  from  the 
pasty  mass,  in  which '  the  silicon  is  retained,  may  be  employed  again  in  a  similar 
operation.  The  zinc,  which  still  adheres  to  the  silicon,  may  be  removed  by  digestion, 
first  in  hydrochloric,  and  afterwards  in  boiling  nitric  acid.  If  a  very  high  temperature 
be  employed  in  the  ojperation,  the  whole  of  the  zinc  may  be  expelled,  and  the  silicon 
obtained  in  the  fused  state.  Deville  and  Carou  have  in  this  way  fused  several 
hundred  grammes  of  silicon  under  a  layer  of  potassic  silicofluoride,  at  a  temperature 
near  the  melting-point  of  cast-iron,  and  have  cast  it  into  large  cylindrical  bars, 
without  sensible  loss  by  oxidation.  These  bars  exhibited  a  brilliant  surface,  ■which 
was  not  altered  by  exposure  to  the  air  (Ann.  Ch.  Phys.  [3]  Ixiii.  26  ;  Ixvii.  441)  ;  see 
also  Bobbins  {Chan.  News,  v.  102). 

SIIiICOXT,  BROIKZXDE  OF.  SiBr'. — This  compound,  discovered  by  SeruUas,  is 
produced  by  passing  bromine-vapour  over  an  intimate  mixture  of  sihca  and  charcoal, 
heated  to  redness  in  a  porcelain  tube  :  it  is  purified  by  agitation  with  mercury,  and 
distillation.  Colourless  liquid,  of  specific  gravity  2'813,  and  having  a  pungent  odour. 
It  solidifies  at  12-'  to  15°  to  an  opaque,  white,  slightly  nacreous  mass;  boils  at 
153-4°  (under  a  pressure  of  762  mm.),  fumes  very  strongly  in  moist  air,  and  in  contact 
with  water  is  immediately  resolved  into  hydrobi-omic  acid  and  gelatinous  silica. 
Heated  with  potassium,  it  decomposes  with  detonation. 

Silicohydrio  Bromide,  Si^H^'Br"'  =  3SiBr^.4HCl,  is  obtained  by  passing 
hydrobromic  acid  gas  over  ignited  crystalline  silicon,  and  passing  the  evolved  vapours 
through  a  U-tube,  cooled  with  ice  and  salt.  When  purified  from  free  bromine  by 
agitation  with  mercury,  it  is  a  colourless  liquid,  of  specific  gravity  about  2'5;  it  fumes 
strongly  in  the  air,  and  is  instantly  decomposed  by  water,  yielding  hydrobromic  acid, 
and  the  corresponding  hydrated  oxide,  Si^H^O^,  which  forms  a  film  on  the  surface,  and 
for  a  while  protects  the  remaining  bromine-compound  from  further  decomposition. 
(Wohler  and  Buff,  Ann.  Ch.  Pharm.  civ.  99.) 

SZXiICOZr,  CKliORXBS  OS".  SiCP. — This  compound  is  formed  when  silicon  is 
heated  in  chlorine  gas ;  but  the  best  mode  of  preparing  it  is  to  mix  finely-powdered 
silica  to  a  paste  with  oil  and  charcoal,  heat  the  mixture  in  a  covered  crucible,  and 
ignite  the  charred  mass  in  a  porcelain  tube,  through  which  a  current  of  chlorine  is 
passed : 

Si02  +  2C12  +  C^  =  2C0  +  SiCl^ 

The  product  is  received  in  vessels  cooled  by  a  freezing  mixture. 

Chloride  of  silicon,  or  silicic  chloride,  is  a  transparent  colourless  liquid,  of  specific 
gravity  1-5237  at  0°.  It  remains  liquid  at  -  20°,  boils  at  50°  (Serullas).  Vapour- 
density  :  obs.  =  6'939  (Dumas);  calc.  =  6'8905.  The  vapour  has  a  suffocating 
odour,  and  reddens  litmus. 

Chloride  of  silicon  is  quickly  decomposed  by  water,  yielding  hydrochloric  acid  and 
silica,  a  considerable  quantity  of  which  remains  dissolved  if  the  water  is  iu  large 
proportion.  Potasshim,  heated  in  the  vapoiir,  decomposes  it  with  separation  of  silicon. 
Fused  potassium  dropped  upon  the  hquid  chloride  causes  an  explosion. 

Silicohydric  chloride,  Si^'H'Cl'"  =  3SiCP.4HCl,  analogous  to  silicohydric 
bromide,  is  prepared  in  like  manner  by  passing  hydrochloric  acid  gas  over  crystallised 
silicon  heated  to  barely  visible  redness,  and  condensing  the  product  in  a  U-tube  cooled 
to  0°.  It;  is  a  colourless  very  mobile  liquid,  of  specific  gravity  1'65,  boiling  at  about 
42°.  It  fumes  strongly  when  exposed  to  the  air,  depositing  a  white  film  on  surround- 
ing bodies,  and  emitting  a  suffocating  vapour.  It  is  highly  infiamniable,  and  burns 
with  a  greenish  feebly  luminous  fiame,  depositing  silica  and  emitting  hydi-ochloric 
acid.  The  vapour  mixed  with  oxygen  explodes  violently  on  transmission  of  an  electric 
spark,  depositing  silica,  and  yielding  hydrochloric  acid  and  tetrachloride  of  silicon.  It 
maj'  be  boiled  over  sodium  without  decomposition — hence  it  does  not  appear  to  contain 
ready-formed  hydrochloric  acid  ;  a  similar  observation  applies  to  the  bromide.  When 
passed  through  a  red-hot  tube,  it  is  resolved  into  a  mixture  of  hydrochloric  acid  and 
the  tetrachloride,  whilst  half  the  silicon  is  deposited  in  the  form  of  a  brown,  amorphous, 
metallic-shining  crust.  Water  decomposes  it  immediately,  with  great  rise  of  tem- 
perature, forming  hydrochloric  acid  and  the  corresponding  hydrated  oxide,  called 
hucone:  Si^H^Cl'"  +  &W0  =  Si'ffO'*  +  lOHCl.  (Wohler  and  Buff,  Ann.  Ch. 
Pharm.  civ.  94.) 

SXXiICON,  DETECTIOIff  AWS  SSTIMATIOM'  OF.  The  methods  of 
analysing  compounds,  in  which  silicon  occiu^s  as  silicic  acid,  have  been  already 
detailed  (p.  245). 
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The  chloride,  bromide,  aud  iodi  de  of  silicon  are  completely  decomposed  b}' 
water;  and  on  evaporating  the  liquid  to  dryness,  the  whole  of  the  resulting  hydrochloric, 
hydrobromie,  or  hydriodic  acid  goes  off,  and  the  silica  remains,  and  may  he  "weighed. 
The  quantity  of  chlorine,  &c.  may  also  be  directly  determined  by  precipitation  with 
nitrate  of  silver. 

When  fluoride  of  silicon  is  decomposed  by  water,  part  of  the  silica  is  preci- 
pitated, while  another  portion  remains  dissolved,  as  silicofluoric  acid :  2HF.SiF^.  The 
precipitated  silica  is  separated  by  filtration  after  addition  of  alcohol,  and  the  silico- 
tiuorio  acid  may  be  completely  precipitated  from  the  filtrate  by  addition  of  chloride  of 
potassium.  The  precipitated  silicofluoride  of  potassiimi  is  collected  on  a  filter,  washed 
with  a  mixture  of  equal  volumes  of  alcohol  and  water,  then  dried  at  100°,  and  weighed ; 
and  the  quantity  of  silicon  (or  the  corresponding  quantity  of  silica)  contained  in  it 
is  determined  by  calculation.  As  the  liquid  filtered  from  the  precipitated  silicofluoride 
may  still  contain  sQica  (which  in  the  precipitated  state  is  somewhat  soluble  in  water, 
p.  241),  it  must  be  evaporated  to  dryness,  the  residue  digested  with  water,  and  the 
silica  that  remains  imdissolved,  collected  and  weighed. 

Metallic  silicofluorides  are  most  easily  analysed  by  heati ng  them  with  strong 
sulphuric  acid,  wliereby  the  whole  of  the  silicon  and  fluorine  are  driven  off  in  the  form 
of  silicic  fluoride  and  hydrofluoric  acid,  while  the  metal  remains  as  sidphate,  which  may 
be  weighed,  after  the  excess  of  sulphuric  acid  has  been  expelled  by  heat,  aided,  if 
necessary,  by  addition  of  carbonate  of  ammonium ;  the  qiTantity  of  metal  thenco 
determined,  gives  the  quantity  of  metallic  fluoride  in  the  compound  2MF.SiF'  or 
M"F=.SiF^ 

If  it  be  desired  to  determine  directly  the  quantity  of  silicic  fluoride,  the  silicofluoride 
may  be  decomposed  by  boiling  it  with  a  slight  excess  of  sodic  carbonate,  wherelsy  fluoride 
of  sodium  is  formed,  carbonic  anhydride  is  evolved,  and  the  metal  of  the  silicofluoride 
is  precipitated  as  oxide,  mixed  with  the  silica.  These  may  be  separated  by  the  usual 
metliods,  and  the  fluorine  precipitated  by  cliloride  of  calcium  (ii.  674).  The  same 
method  must  be  resorted  to  if  the  silicofluoride  to  be  analysed  is  in  solution,  or  if  it 
is  mixed  with  other  salts.    (H.  Rose,  Chimie  Anah/iique,  ii.  888.) 

The  decomposition  of  silicofluorides  by  ignition  does  not  yield  very  exact  results ;  for- 
allhougli  the  whole  of  the  fluoride  of  silicon  is  ultimately  expelled,  and  the  metallic 
fluoride  remains,  the  weight  of  the  latter  can  seldom  be  determined  exactly,  because 
the  escaping  fluoride  of  silicon  being  decomposed  by  the  moisture  of  the  air,  or  by 
water  evolved  from  the  lamp  or  other  source  of  heat,  a  deposition  of  silica  takes  place 
on  the  crucible,  aud  increases  its  weight.    (H.  Rose.) 

Atomic  wciffht  of  Silicon. — Berzelius  regarded  silica  as  a  trioxide,  SiO',  and 
represented  the  chloride,  bromide,  &c.  by  the  corresponding  formula?,  SiCP,  SiBr^,  &e. 
L.  Gmelin,  in  his  Handbook  (iii.  352),  adopted  for  silica  the  formula  SiO^, 
on  account  of  the  greater  simplicity  of  the  formulfe  which  it  yields  for  the  com- 
pounds of  silicon  both  natural  and  artificial.  This  view,  wliich  amounts  to  re- 
garding silicon  as  tetratomic,  is  corroborated  by  the  vapour-densities  of  the  chloride 
and  fluoride  of  silicon,  and  by  the  composition  of  the  silicic  ethers  (p.  263).  The 
vapom'-density  of  silicic  chloride,  as  determined  by  Dumas,  is  6'939,  and  that  of  tho 
fluoride  3-60.  Now  if  these  compounds  be  represented  by  the  tetratomic  formulaB 
SiCP  and  SiF'  [Si  =  28],  their  vapours  will  exhibit  the  normal  condensation  to 
2  volumes,  whereas  the  formulse  SiCP  and  SiF^  [Si  =  21]  would  represent  a  condensa- 
tion to  1^  volume :  thus — 

Chloride, SiCP;  28_j^_^^^35;5   ^  ^.^^g^g    ^  ^.g^g.^ 

SICP;         ^  V^^'^   X  0-0693    =    5  8905. 
To 

Fluoride,  SiF^ ;  — \^    '        x  0-0693    =  3-604. 

g.p       21  +  3-195     ^  Q.^ggg  ^ 
1-5 

The  older  numerical  determinations  of  the  atomic  weight  of  silicon  by  Berzelius,  de- 
pending on  the  analyses  of  certain  silicates  and  of  cast-iron  containing  silicon,  did  not 
yield  accordant  results.  By  the  analysis  of  silicofluoride  of  bariiim  (100  pts.  of  tho  dry 
salt,  decomposed  by  sulphtiric  acid,  yielding  82-933  pts.  sulphate  of  barium)  Berzelius 
obtained  Si  (tetratomic)  =  27-54.  More  exact  results  are  obtained  by  decomposing 
chloride  of  silicon  with  nitrate  of  silver.  Pelouze  (Ann.  Ch.  Pharm.  Ivi.  202)  founiL 
that  3-685  pts.  of  silver  dissolved  in  nitric  acid,  precipitated  the  chloraie  from  l-4o4 
pts.  chloride  of  silicon  ;  whence  Si  =  28-48.  Dumas  {ibid,  cxiii.  31),  from  the  mean 
of  three  experiments  conducted  on  the  same  principle,  obtained  the  number  28-02. 
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SXXmICOH,  FXiVORXDE  op.  SiF*. — A  gaseous  compound,  produced  whenever 
hydrofluoric  acid  comes  in  contact  with  silica  or  any  silicious  substance,  such  as  glass, 
and  therefore  also  when  a  mixture  of  a  fluoride  with  silica  or  a  silicate  is  heated  with 
sulphuric  acid.    The  reaction  is, 

4HF  +  SiO=    =    2mO  +  SiF*. 
To  prepare  it,  powdered  fluor-spar,  mixed  with  sand  or  finely-potmded  glass,  is 
gently  heated  in  a  flask  with  strong  sulphuric  acid,  and  the  gas  is  collected  over  mer- 
cury in  dry  glass  jars.    If  the  receivers  are  coated  with  a  film  of  moisture,  they  become 
coated  with  an  opaque  deposit  of  silica,  which  cannot  be  removed. 

Fluoride  of  silicon  is  a  colourless  gas,  having  a  specific  gravity  of  3'60,  and  a  highly 
pungent  and  suifocating  odour,  like  that  of  hydrochloric  acid.  According  to  J.  Davy, 
it  reddens  litmus-paper  even  when  perfectly  dry.  It  liquefies  under  very  strong  pres- 
sure (Faraday),  and  solidifies  at  —  140°  (Natterer).  It  is  not  inflammable,  but 
extinguishes  a  lighted  taper.  It  fumes  strongly  in  the  air,  and  is  absorbed  in  large 
quantity  by  water,  which  at  the  same  time  decomposes  it  into  silica  and  silicofluoric 
acid : 

3SiF<  +  2W0    =    2H=SiF»  +  SiO^ 

Aqueous  alkalis  and  alkaline  earths  either  act  like  water,  precipitating  only  one-third 

of  the  silicon  as  silica,  and  forming  a  silicofluoride,  jyj-,,  I  SiF",    as   with  potash;  or 

they  precipitate  the  whole  of  the  silica,  and  form  a  metallic  fluoride,  as  is  the  case  with 
soda.  Many  metallic  oxides  in  the  anhydrous  state  absorb  gaseous  fluoride  of  silicon, 
producing  heat  and  sometimes  even  flame,  and  apparently  forming  a  mixture  of  silica 
and  metallic  fluoride. — Burnt  li-me,  immersed  in  the  gas,  becomes  red-hot  throughout 
its  whole  mass. — Potassium,  at  ordinary  temperatures,  acts  but  slightly  on  the  gas  ; 
but  if  heated  till  it  melts,  it  blackens,  and  burns  with  a  dark-red  flame,  absorbing  a 
portion  of  the  gas,  and  yielding  a  dark-brown  brittle  mass  (Gay-Lussae  and  Thd- 
nard).    Sodium  acts  in  a  similar  manner. 

Fluoride  of  silicon  combines  with  twice  its  own  volume  of  ammonia-gas,  forming  a 
volatile  crystalline  compound,  2NH'.SiF'',  which  is  decomposed  by  water,  yielding 
silica  and  a  solution  of  fluoride  and  silicofluoride  of  ammonium  (J.  Davy) : 
2(2NH^SiF*)  +  2H-0    =    2NH^F  +  (NH'J-SiF"  4-  SiO^. 

Absolute  alcohol  absorbs  fluoride  of  silicon,  forming  a  liquid  called  silico- 
fluoric or  fluosilicic  alcohol,  consisting  of  a  mixture  of  tetrethylic  silicate 
and  silicofluoric  acid.  To  obtain  a  saturated  solution,  the  alcohol  must  be  kept  cool. 
(Knop  and  Wolf,  Chem.  Centr.  1861,  p.  822  ;  Jahresb.  1861,  p.  207.) 

Silicofluoric  acid,  SiH'F*  =  2HF.SiF*. — An  acid  produced  by  the  action  of 
water  on  gaseous  fluoride  of  silicon.    To  prepare  it,  the  generating  flask  is  fitted  with 

a  wide  glass  tube,  dipping  under 
iig.  743.  mercury  at  the  bottom  of  a  glass 

jar,  as  in  fig.  743.  Water  is 
then  poured  into  the  glass,  and 
heat  applied  to  the  mixtm'e  in 
the  flask.  The  object  of  making 
the  end  of  the  tube  dip  under 
mercury,  is  to  prevent  it  from 
being  stopped  up  by  the  deposited 
silica.  Each  bubble  of  gas,  as  it 
rises  through  the  water,  is  de- 
composed, as  above  explained, 
into  silicofluoric  acid  and  free 
silica — the  former  dissolving, 
while  the  latter  is  set  free  in 
the  solid  state,  and  forms 
a  silicious  envelope  round  the 
bubble  as  it  rises  above  the 
surface  of  the  mercury ;  ul- 
timately, the  liquid  sets  into  a 
gelatinous  mass.  When  sufll- 
ciently  saturated,  it  is  separated 
from  the  silica  by  pressure  be- 
tween linen,  and  finally  by  filtra- 
tion through  paper. 

An  easier  method  of  obtaining  the  acid  in  large  quantities  is  to  dissolve  silica  in 
dilute  hydrofluoric  acid. 
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A  saturated  solution  of  silicofluoric  acid  forms  a  very  sour  fuming  liquid,  -which 
gradually  evaporates  at  40°  in  platinum  vessels  without  leaving  any  residue.  It  does 
not  attack  glass  except  when  evaporated  upon  it;  in  that  case  the  fluoride  of  silicon 
goes  off  first,  leaving  hydrofluoric  acid,  which  corrodes  the  glass,  and  ultimately  evapo- 
rates also  as  fluoride  of  silicon. 

According  to  Stolba  (J.  pr.  Chem.  xc.  193),  the  specific  gravity  of  the  aqueous 
acid  increases  regularly  with  its  strength,  as  shown  by  the  following  numbers: — 

Percentage  of  H-'SiF«        .       .      O'o  1  1-5  2  5  10 

Specific  gravity  at  17-5°    .       .-10040    1-0080    1-0120    1-0161    1-0407  1-0834 

Sillcofluorldes.  2]VrF.SiFS  or  M'T-.SiF^ — These  salts  are  produced:— 1.  By 
dissolving  a  metallic  oxide,  hydrate  or  carbonate  (or,  in  the  case  of  iron  or  zinc, 
the  simple  metal)  in  silicofluoric  acid  till  the  liquid  is  nearly  saturated, — when,  if  the 
compound  is  not  insoluble,  it  is  separated  on  evaporating  the  liquid  in  a  platinum- 
vessel.  If  it  gelatinises  from  excess  of  silica,  a  small  quantity  of  hydrofluoric  acid 
must  be  added,  and  this,  on  further  evaporation,  volatilises  with  the  silica  in  tho 
form  of  silicic  fluoride. — 2.  By  the  action  of  silicic  fluoride  on  metallic  fluorides  (either 
dry  or  in  solution),  which  readily  absorb  the  gas :  or  on  metallic  oxides  or  carbonates 
sliglitly  moistened  -with  water.  In  the  latter  case  a  portion  of  the  silicon  is  separated 
in  the  form  of  silica. 

Most  silicofluorides  are  easily  soluble  in  water ;  only  those  of  sodium,  lithium, 
barium,  calcium,  and  yttrium,  are  sparingly  soluble.  The  solutions  frequently  yield 
hydrated  crystals.  Many  of  these  crystals  lose  their  water  by  efflorescence  on  expo- 
sure to  the  air,  and  all  of  them  undergo  this  change  when  heated. 

The  silicofluorides  redden  litmus,  and  for  tho  most  part  have  an  acid  and  bitter  taste. 
By  prolonged  ignition,  they  give  up  the  whole  of  the  fluoride  of  silicon,  the  metiillic  fluo- 
ride remaining  behind  in  the  pure  state.  If  tliey  contain  water,  the  gaseous  fluoride  of 
silicon,  as  it  escapes,  is  accompanied  by  a  white  sublimate  in  the  form  of  minute  drops, 
which  on  exposure  to  moist  air  depiosit  silica. 

The  silicofluorides,  many  of  them  at  least,  are  resolved  by  ignition  with  potassium 
into  silicon  and  fluoride  of  potassium,  whilst  the  metallic  fluoride  previously  in  com- 
bination with  the  fluoride  of  silicon,  either  remains  unaltered,  or  gives  up  its  fluorine 
also  to  the  potassium.  The  action  of  iron  at  a  red  heat  is  similar  to  that  of  potassium 
(Berzelius).  With  o;7  o/" <'iV/-iW,  the  silicofluorides  at  first  evolve  gaseous  fluoride  of 
silicon  with  effeixescence ;  then,  at  a  temperature  which,  in  the  case  of  the  calciimi  and 
barium-compound,  exceeds,  100°,  anhydrous  hydrofluoric  acid  is  evolved.  Hydro- 
chloric and  nitric  acids  expel  only  a  part  of  the  hydrofluosilicic  acid.  The  silicofluo- 
rides are  decomposed  by  excess  of  alkali,  silica  being  precipitated,  and  a  metallic 
fluoride  remaining  in  solution  :  e.g. — 

2KF.SiF'  -1-  4KH0    =    SiO^  +  6KF  -i-  2H20. 

Silicofluorides  of  the  Alkali-metal s. — The  ammonium-salt,  (NWySiF^  = 
2NHT.SiF*,  is  produced  by  neutralising  silicofluoric  acid  with  ammonia,  avoiding  an 
excess.  The  fiUered  liquid  yields  the  salt  by  spontaneous  evaporation,  in  large,  trans- 
parent, shining,  four-  or  six-sided  prisms,  containing  water  of  crystallisation. 

The  lithium-salt,  2LiF.SiF^,  crystallises  from  solution  in  silicofluoric  acid  in  small 
transparent  grains,  which  under  the  microscojse  present  the  appearance  of  six  sided 
prisms.  It  has  a  slightly  acid  and  bitter  taste,  melts  at  a  red  heat,  and  obstinately 
retains  its  fluoride  of  silicon.  Pure  water  dissolves  it  very  slowly ;  acidulated  water 
more  readily. 

The  pofassiiim-salf,  2KF.SiF'',  is  obtained  as  a  transparent  gelatinous  precipitate, 
when  silicofluoric  acid  is  added  to  any  salt  of  potassium  ;  when  dry  it  forms  an  earthy- 
looking  powder.  It  is  one  of  the  least  soluble  of  the  potassium-salts,  and  consequently 
silicofluoric  acid  is  often  used  to  precipitate  potassium  from  the  solutions  of  its  salts; 
in  this  manner  chloric  acid  is  sometimes  prepared  from  chlorate  of  potassium. 
According  to  Stolba  (J.  pr.  Chem.  xc.  193),  it  has  a  specific  gravity  of  2  6649 — 
2-665.5  at  17-5°,  and  dissolves  in  833-1  pts.  of  water  at  that  temperature,  and  in 
104-8  pts.  at  the  boiling  heat.  It  is  insoluble  in  alcohol.  The  salt  melts  at  a  low  red 
heat,  and  boils  at  a  higher  temperature,  slowly  evolving  gaseous  fluoride  of  silicon. 
Heated  with  potassium,  it  yields  silicon  and  fluoride  of  potassium. 

The  soditnn-saU,  2NaF.SiF^  resembles  the  potassium-salt,  and  is  obtained  in  like 
manner.  According  to  Stolba,  it  has  a  density  of  2-7547  at  17-6°,  dissolves  in 
153-3  pts.  water  at  that  temperature,  and  in  40-66  pts.  at  its  boiling  heat  (101°).  It 
has  a  great  tendency  to  form  supersaturated  solutions,  and  may  be  used  as  a  test  for 
potassium-salts  when  the  solutions  of  the  latter  are  not  too  dilute.  The  solutions 
of  the  potassic  and  sodic  silicofluorides,  -VN-hen  slowly  evaporated,  deposit  tho  salts  in 
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ring-shaped  crust's  on  the  side  of  the  vessel  (Stolba).  The  sodium-salt  is  insoluble 
in  alcohol,  whether  strong  or  dilute. 

Silicofluorides  of  the  Earth-metals. — The  bariim-salt,'Bs!'Y'.Q\E*,  is  produced 
on  adding  silicofluoric  acid  to  a  soluble  barium-salt,  and  is  quickly  deposited  in 
microscopic  crystals,  insoluble  in  excess  of  the  acid.  It  is  decomposed  by  ignition, 
fluoride  of  silicon  going  off  and  fluoride  of  barium  remaining. — According  to 
Fresenius  (Ann.  Ch.  Pharm.  lix.  117).  it  dissolves  in  3,802  pts.  of  pure  water,  and 
in  733  pts.  of  water  acidulated  with  hydrochloric  acid. — The  strontium-salt  separates 
from  a  solution  of  strontium-carbonate  in  silicgfluoric  acid,  on  evaporation  or 
cooling,  in  short  hydrated  rhombic  prisms,  with  dihedral  summits  resting  on  the  acute 
lateral  edges.  It  is  much  more  soluble  than  the  barium-salt,  so  that  silicofluoric  acid 
may  be  used  to  distinguish  barjum  from  strontium  in  solution. — The  calcium-salt 
crystallises  in  four-sided  obliquely  truncated  prisms,  which  are  decomposed  by  water, 
yielding  on  the  one  hand  an  insoluble  residue  of  silicon  and  fluoride  of  calcium,  and 
on  the  other  silicofluoric  acid,  by  which  the  remainder  of  the  silicofluoride  is  dissolved 
without  decomposition  (Berzelius). — The  gluci'imm-salt  is  easily  soluble  in  water, 
and  if  the  solution  contains  excess  of  acid,  it  remains,  after  the  volatilisation  of  the 
latter,  in  hard  white  masses  resembhng  porcelain  (Berzelius). — T\x(t  magnesium-salt, 
Mg'T'.SiP'',  is  a  transparent,  yellowish,  gummy  mass,  easily  soluble  in  water  (Ber- 
zelius).— The  yttrium-salt  is  insoluble  in  pure  water,  but  soluble  in  water  containing 
hydrochloric  acid,  andseparates  on  evaporation  (Berzelius) ;  decomposed  by  evapora- 
tion (Popp). — The  ::irconium-salt  forms  white  pearly  crystals,  very  soluble  in  water;  the 
solution  becomes  turbid  on  boiling,  but  the  greater  part  of  the  salt  remains  dissolved. 

Silicofluorides  of  Heavy  Metals. — Antimony-salt.  Asolution  of  antimonious 
oxide  in  silicofluoric  acid  crystallises  by  slow  evaporation  in  prisms,  which  crumble  to 
powder  when  dried  in  the  air,  and  dissolve  readily  in  excess  of  the  acid  (Berzelius), 
The  cadmium-salt  forms  long,  transparent,  efflorescent  prisms,  very  soluble  in  water. 
(Berzelius.) 

Chromic  salt. — Asolution  of  chromic  oxide  in  silicofluoric  acid,  yields  by  evaporation 
a  transparent,  green,  amorphous,  deliquescent  mass,  which,  if  it  contains  excess  of 
acid,  swells  up  in  the  fire  like  alum,  and  again  deliquesces  on  exposm-e  to  the  air. 
(Berzelius.) 

Cobalt-salt,  Co"F^.SiF'.7H'0. — Pale-red  rhombohedrons,  easily  soluble  in  water. 
(Berzelius.) 

Copper-salts. —  The  cuprous  salt,  2CuF.SlF^  is  copper-coloured,  resembling 
cuprous  fluoride,  and  behaves  like  the  latter  when  exposed  in  the  moist  state  to  the 
air.  When  somewhat  strongly  heated,  it  melts,  and  gives  oflT  fluoride  of  silica  with 
ebullitions.  (Berzelius.) 

Cupric  Silicofluoride  is  obtained  by  spontaneous  evaporation  of  a  solution  of 
cupric  oxide  in  silicofluoric  acid,  in  transparent  octahedrons  and  hexagonal  prisms, 
containing  Cu'T'-.SiF^.7H-0,  which  effloresce  in  the  air,  becoming  lioht-blue  and 
opaque,  and  giving  off  2  at.  water,  and  are  easily  soluble  in  water.  (Berzelius). 
Knop  and  Wolf  prepare  this  salt  by  adding  precipitated  cupric  oxide  in  slight  excess  to 
fluosilicic  alcohol  (p.  270),  diluted  with  3  or  4  times  its  volume  of  absolute  alcohol. 
A  pale-blue  crystalline  powder  is  thereby  produced,  the  filtered  aqueous  solution  of 
which  contains  pure  cupric  silicofluoride,  and  yields,  with  potassium  and  bariimi-salts, 
precipitates  having  the  usual  composition  of  the  silicofluorides,  M'F.SiF''.  But  by 
adding  precipitated  cupric  oxide  to  fluosilicic  alcohol  diluted  with  eight  times  its 
volume  of  water,  and  heated  to  50° — 60°,  a  solution  is  obtained,  which  yields  by 
double  decomposition,  compounds  containing  silicon  and  fluorine,  Init  of  more  complex 
constitution  than  the  ordinary  silicofluorides. — Another  series  of  fluosilicic  compounds 
is  obtained  by  decomposing  the  solution  of  cupric  silicofluoride,  or  of  flie  copper-salt 
last  described,  with  zinc  or  iron.  The  zinc  or  iron-salt  thus  obtained  yields,  by  double 
decomposition,  the  third  series  of  salts  just  mentioned.  (Knop  and  AVolf,  Jahresb. 
1861,  p.  207.) 

Silicofluorides  of  Iron. — The  ferrous  salt,  Fe'T^SiF",  is  obtained  by  spontaneous 
evaporation  of  a  solution  of  iron  in  silicofluoric  acid,  in  pale  bluish-green  six-sided 
prisms,  very  soluble  in  water. — The  ferric  salt,  2Fe"'F'.3SiF'',  remains  on  evaporating 
a  sohition  of  fen-ic  hydrate  in  silicofluoric  acid,  as  a  yellowish  jelly,  which  dries  up  to 
a  transparent  gummy  mass,  completely  soluble  in  water.  (Berzelius.) 

The  lead-salt,  Pb'T^.SiFS  dries  up  to  a  translucent  gum,  which  tastes  like  other 
lead-salts,  and  redissolves  completely  in  water.  (Berzelius.) 

The  maiiganous  salt,  Mn"F-.SiF'.7H^0,  crystallises  from  a  very  strong  solution  in 
long  regular  six-sided  prisms,  or  by  slower  evaporation  in  shorter  prisms  and  rhombo- 
hedrons. It  has  a  very  light-red  colour,  and  is  easily  soluble  in  water.  Wlien 
distilled,  it  first  gives  off  its  7  at.  water,  and  then  gaseous  fluoride  of  silicon.  (Ber- 
zelixis.) 
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Silicofliwrides  of  Mercury. — Tho  mcrcurous  salt,  2HgF.SiF*,  formed  by  digesting 
recently  precipitated  mercurous  oxide  with  siliculluurie  acid,  separates  on  evaporation 
ill  small  crystals,  sparingly  soluble  in  water. — The  mercuric  salt,  Hg"F-.>SiF', 
obtained  by  dissolving  mercuric  oxide  in  the  acid,  forms  small  pale-yellow  needles, 
which  when  distilled  give  off  first  gaseous  fluoride  of  silicon,  then  mercuric  fluoride. 
They  dissolve  completely  in  acidulated  water,  but  are  decomposed  by  pure  water, 
yielding  an  acid  solution  and  an  insoluble  basic  salt.  (Berzelius.) 

Silicoflvoridcs  of  Molyhdenum. — A  solution  of  molybdous  hydrate  in  excess  of 
6ilieofluoric  acid  dries  up  when  heated  to  a  black  neutral  compound,  which  redissolves 
in  the  aqueous  acid. — A  solution  of  molybdic  hydrate  in  silieofluorie  acid  acquires 
a  bluish  tinge  when  left  to  evaporate,  and  yields  a  black  uncrystaUisable  mass,  from 
which  water  dissolves  out  the  blue  salt,  leaving  the  neutral  compound  in  the  form  of  a 
jet-black  powder. 

The  yellowish  solution  of  molybdic  trioxide  in  silieofluorie  acid  leaves,  when 
evaporated,  a  lemon-yellow  opaque  substance,  which  redissolves  for  the  most  part  in 
water.  (Berzelius.) 

Platinic  Silicojlnoridc. — The  yellow  solution  of  platinic  hydrate  in  silieofluorie  acid 
dries  up  to  a  yellowish-brown  gum,  which  partly  redissolves  in  water,  leaving  a  brown 
basic  salt.  (Berzelius.) 

Silver-salt,  2AgF.SiF'. — A  solution  of  silver-oxide  in  silieofluorie  acid  yields  deli- 
quescent granular  crystals.  Ammonia  added  to  the  solution  throws  down  a  light- 
yellow  basic  salt,  which,  when  treated  with  excess  of  ammonia,  is  converted  into  silicate 
of  silver.  (Berzelius.) 

Stannic  Silicofluoride,  SnF*.2SiF',  crystallises  in  long  prisms,  very  soluble  in  water. 
(Berzelius.) 

Uranous  Silicofluoride  is  obtained  as  a  pale-green  gelatinous  precipitate  on  adding 
silieofluorie  acid  to  uranous  chloride.  When  heated  in  a  tube,  it  yields  water,  hydro- 
fluoric acid,  and  sublimed  silica.  (Rammelsberg.) 

Vcmadic  SUicoJlitoridcs. — The  blue  solution  of  vanadic  dioxide  in  silieofluorie 
aciil  leaves,  when  quickly  evaporated,  a  blue  substance,  which,  at  a  moderate  heat, 
swells  up  to  a  pale-blue  porous  mass.  The  solution,  if  left  to  evaporate  spon- 
taneously, turns  green,  and  leaves  a  syrupy  liquid  containing  crj'stals. — Vanadic 
trioxide  forms  with  silieofluorie  acid  a  red  solution,  which  leaves  on  evaporation  an 
orange-yellow  mass,  only  partially  soluble  in  water.  (Berzelius.) 

Silicofluoride  of  Zinc. — A  solution  of  zinc-oxide  in  silieofluorie  acid  yields,  by  evapo- 
ration at  a  high  temperature,  three-  and  six-sided  transparent  colourless  prisms, 
containing  Zn"F^.SiF',  permanent  in  the  air,  and  very  soluble  in  water.  (Berzelius.) 

SXX.XCOM',  HYDRXDS  OP.  SiH  (?).  Silicic  Hydride,  Ht/dric  Sdicide,  Sdici- 
uretled  Hydrogen.  (Wohler  and  Buff,  Ann.  Ch.  Pharra.  cii.  128  ;  ciii.  218  ;  civ.  94  ; 
evii.  112;  Jahresb.  1857,  p.  16fi ;  1858,  p.  142.) — Silicon  forms  with  hydrogen  a 
gaseous  compound,  which  is  not  known  in  the  pure  state,  but  is  obtained,  mixed  with 
a  large  quantity  of  free  hydrogen,  when  a  wire  or  plate  of  aluminium  containing 
silicon  is  connected  with  the  positive  pole  of  a  voltaic  battery  (a  Bunsen's  battery  of  8 
to  12  cells),  and  made  to  decompose  a  solution  of  chloride  of  sodium.  The  ahmiiniuni 
then  dissolves  as  chloride,  a  considerable  quantity  of  gas  is  evolved  at  its  surface,  and 
many  of  the  gas-bubbles,  as  they  escape  into  the  air,  take  fire  spontaneously,  burning 
with  a  white  light,  and  dilfusing  a  white  fume.  The  formation  of  the  siliciuretted 
hydrogen  appears  to  be  due  to  a  secondary  action  accompanying  the  electrolysis  of  the 
saline  solution.  The  aluminium  forming  the  positive  pole  of  the  battery  combines  with 
the  chlorine  and  dissolves  ;  but  the  quantity  of  aluminium  removed  is  about  one-fourth 
greater  than  that  which  is  equivalent  to  the  quiintity  of  chlorine  eliminated  from  the 
Solution.  This  excess  of  aluminium  is  found  to  be  removed  in  the  form  of  alumina, 
formed  by  the  combination  of  the  metal  with  oxygen  derived  from  the  water.  The 
equivalent  quantity  of  hydrogen  is  of  course  set  free,  and  part  of  it  enters  into  combi- 
nation with  the  silicon  contained  in  the  aluminium. 

Siliciuretted  hydrogen  is  likewise  produced  in  the  decomposition  of  certain  metallic 
silicides  by  hydrochloric  acid,  and  ly  the  action  of  heat  on  the  hydrates  of  silicon. 
The  best  alloy  for  pre]iaiing  it  is  a  silicide  of  magnesium,  obtained  by  intimately 
mixing  40  pts.  of  fused  chloride  of  magnesium,  35  pts.  dried  silicofluoride  of  sodium,  and 
10  pts.  fused  chloride  of  sodium,  stirring  the  mixture  in  a  warm  dry  tube  with  20  pts.  of 
sodium  in  small  fragments,  throwing  (he  whole  into  a  red-hot  hessian  crucible,  which 
is  to  be  immediately  covered,  and  heating  it  till  the  vapours  of  sodium  cease  to  burn. 
The  greyish-black  scoriaceous  mass  thus  produced  contains,  according  to  Wohler,  two 
silicides  of  magnesium,  one  of  which,  when  treated  with  hydrochloric  acid  or  solution 
of  sal-ammoniac,  gives  off  siliciuretted  hydrogen,  whilo  the  olher  yields  with  hydro- 
chloric acid  nothing  but  free  hydrogen  and  liyilrated  oxide  of  silicon. 

Vol.  V.  T 
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To  obtain  the  gas,  the  coarsely  pulverised  mass  is  introduced  into  a  two-necked 
bottle,  one  tubulure  of  which  is  fitted  with  a  straight  funnel- tube  reaching  to  the  bottom, 
while  the  other  is  provided  with  a  gas-delivery-tube.  The  bottle  is  filled  up  with  de- 
aerated  water,  and  the  delivery-tube  is  made  to  dip  under  water  in  the  pneumatic  trough, 
care  being  taken  that  not  a  bubble  of  air  shall  remain  either  in  the  bottle  or  in  the 
tube.  Strong  hydrochloric  acid  is  then  poured  in  through  the  funnel-tube,  and  the 
gas,  which  in  rapidly  evolved,  is  collected  in  a  glass  jar  filled  with  de-aerated  water. 
The  froth  which  passes  over  with  it  quickly  subsides,  so  that  the  pm-e  gas  may  be 
transferred  into  another  receiver,  and  dried,  if  necessary,  over  chloride  of  calcium. 

Siliciuretted  hydrogen  mixed  with  free  hydrogen  is  a  colourless  gas,  insoluble  in 
pure  de-aerated  water  and  in  salt  water ;  but  over  water  containing  air  it  is  decom- 
posed, forming  white  clouds  of  silica,  and  losing  its  spontaneous  inflammability.  If  it 
be  passed  into  the  air  in  single  bubbles,  each  bubble  takes  fire  spontaneously,  and  with 
explosion,  burning  with  a  white  flame  and  sejiaration  of  silica,  which  rises  in  beautiful 
rings,  often  coloured  bro^raish  by  admixture  of  amorphous  silicon.  When  set  on  fire, 
as  it  issues  from  a  tube,  it  burns  with  a  brilliant  wliite  flame.  On  opening  a  glass 
jar  filled  with  it  in  the  air,  it  takes  fire,  the  flame  gradually  passing  down  the  jar,  the 
inner  surface  of  which  becomes  coated  with  brown  silicon. 

The  gas,  when  heated  by  itself,  is  decomposed  into  amorphous  silicon  and  free  hy- 
drogen, and  at  the  same  time  increases  in  volume,  showing  tliat  the  hydrogen  in  the 
compound  is  in  a  condensed  state.  It  has  not  been  analysed  quantitatively.  A 
piece  of  porcelain  introduced  into  the  flame  becomes  coated  witli  brown  silicon; 
and,  on  passing  the  gas  through  a  glass  tube  heated  to  low  redness,  the  interior 
becomes  coated  with  a  dark-brown  opaque  mirror.  The  gas  is  easily  decomposed  by  chlo- 
rine. It  is  not  altered  by  dilute  hydrochloric  or  sulphuric  acids.  "When  shaken  up  with 
potash-ley,  it  is  decomposed  with  increase  of  volume ;  soda  and  ammonia  do  not  appear 
to  act  upon  it.  From  a  solution  of  cuprlc  sulphate,  siliciuretted  hydrogen  imme- 
diately precipitates  silicide  of  copper  (p.  266);  from  nitrate  of  silver  it  throws  down 
grey  metallic  silver  mixed  with  a  black  substance,  pi'obably  silicide  of  silver ;  from 
chloride  of  palladiimi  it  throws  down  black-grey  metallic  palladium,  free  from  silicon. 
It  does  not  precipitate  acetate  of  lead  or  chloride  of  platinum. 

SlXiXCOxr,  ZOSIBSS  or.  The  iodide  of  silicon,  corresponding  to  the  tetra- 
chloride, has  not  been  obtained:  silicon  does  not  unite  directly  with  iodine. 

Iodide  of  Silicon  and  Hydrogrn,  Si^H^'I"',  is  obtained,  like  the  corresponding  chlorine 
and  bromine  compounds  (pp.  267,  268),  bypassing  hydriodio  acid  gas  over  heated  crj-s- 
talline  silicon,  and  collects  at  the  colder  end  of  the  condensing-tube  as  a  dark-red  brittle 
mass,  which  fuses  readily,  and  solidifies  iii  the  crystalline  form  on  cooling.  At  a  stronger 
heat  it  boils,  and  distils  without  decomposition.  It  fumes  strongly  in  the  air,  assuming 
at  first  a  bright  vormillion  colour,  but  ultimately  becoming  snow-white.  In  water  it 
immediately  becomes  vermillion-eoloured,  but  is  only  slowly  decomposed.  Sulphide 
of  carbon  dis-iolves  it  in  large  quantity,  forming  a  blood-red  solution,  which,  when 
concentrated  in  a  retort,  deposits  the  compound  on  cooling  in  dark-red  crystals. 
Caustic  soda-solution  dissolves  it,  with  evolution  of  hydrogen.  (Wohler  and  Buff, 
Ann.  Ch.  Pharm.  civ.  99.) 

SI1.ICOW,  STITaiBB  or.    (Deville  and  Wohler,  Ann.  Ch.  Pharm.  civ. 

256  ;  ex.  248.) — Obtained  by  the  action  of  ammonia  on  silicic  chloride,  and  by  exposing 
crystalline  silicon  to  an  intense  heat  in  nitrogen  gas  or  atmospheric  air.  Its  composi- 
tion has  not  been  ascertained.  It  is  a  white  amorphous  mass,  infusible  and  unalterable 
at  the  highest  temperatures,  and  not  oxidised  even  by  ignition  in  contact  with  the  air. 
It  is  not  acted  on  by  any  acid  except  hydrofluoric  acid,  which  dissolves  it  with  forma- 
tion of  silicofluoride  of  ammonium.  When  strongly  ignited  in  a  stream  of  aqueous 
vapour  and  carbonic  anhydride,  it  is  decomposed,  yielding  carbonate  of  ammonium ;  it 
likewise  decomposes  slowly  in  moist  air,  as  indicated  by  the  odour  of  ammonia  which  it 
("■volves.  Aqueous  alkalis  do  not  act  upon  it,  but  when  fused  with  hydrate  of  potassium, 
it  forms  silicate  of  potassium,  with  evolution  of  ammonia.  Wlien  fused  with  carbonate 
of  potassium,  it  yields  silicate  and  cyanate  of  potassium;  also  cyanide,  if  the  nitride 
of  silicon  is  in  excess.  When  heated  with  red  oxide  of  lead,  it  reduces  the  lead  with 
incandescence,  and  forms  nitrous  anhydride. 

SIMCOlff,  OXIDES  ASTD  HYDRATES  OP.  The  only  known  anhydrous 
oxide  of  silicon  is  the  dioxide  or  silica,  SiO'-,  already  described  (p.  240).  There  is, 
however,  a  compound  of  silicon,  hydrogen,  and  oxygen,  Si^H^O*,  which  may  be  sup- 
posed to  contain  the  protoxide  of  silicon,  SiO,  and  two  others  (p.  275),  which  may  be 
formulated  as  hydrates  of  a  tetrasilicic  oxide — viz.,  Si^H^O'  =  Si^0.2H'^0,  and 
Si'H'O^  =  Si'0.4H^0. 


«.  Leucone,  Si^H^O'  =  3Si0.2lP0.  (Wohler  and  Buff,  Ann.  Ch.  Phai-m.  civ. 
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101. — Wohlor,  ibid,  cxxvii.  257.) — Produced  by  the  action  of  'water  on  tlio  corro- 
spouding  chlorine  or  bromine  componnd  (pp.  267,  268),  also  by  the  action  of  water  on 
chryseono  (infra)  under  the  influence  of  light.  The  best  mode  of  preparing  it  is  to  heat 
crystnlline  silicon  to  redness  in  a  stream  of  chlorine,  and  pass  tlie  residting  vapour  of  sili- 
cohydric  chloride  into  water.  It  must  be  washed  with  ice-cold  water,  strongly  pressed 
between  filtering-paper,  and  dried  over  oil  of  vitriol.  As  thus  obtained,  it  is  a  snow- 
white,  bulky,  amorphous  substance,  which  floats  on  water,  but  sinks  in  other;  by  tho 
action  of  water  on  chryseone,  it  is  obtained  in  laminse  having  tho  form  of  the  latter.  It 
is  permanent  at  ordinary  temperatures,  and  may  be  heated  to  300°  without  alteration  ; 
but  when  more  strongly  heated  out  of  contact  with  air,  it  gives  off  hydrogen,  sometimes 
mixed  with  siliciuretted hydrogen.  When  heated  in  the  air,  or  in  oxj-gen  gas,  it  glows 
with  a  bright  light,  and  leaves  silica  coloured  brown  by  amorphous  silicon,  if  the  supply 
of  oxygen  is  limited.  It  is  slightly  soluble  in  water,  but  the  solution  grax;lually  decom- 
poses, giving  off  hydrogen  gas.  Caustic  alkalis,  even  ammonia,  and  alkaline  carbo- 
nates, dissolve  it,  with  rapid  evolution  of  hydrogen  and  formation  of  alkaline  silicates. 
When  recently  prepared,  it  acts  as  a  powerful  reducing  agent,  separating  gold  and 
palladium  from  the  solutions  of  their  chlorides,  selenium  and  tellurium  from  selenious 
and  tellurous  acid,  &c.  In  solution  of  silver-nitrate  it  immediately  turns  light- 
brown,  and,  on  subsequent  addition  of  ammonia,  is  converted  into  black  silicate  of  silver. 

j8.  CAryscowfi,  Si'H'C  (?).  Silicone*  (Wohler,  Ann.  Ch.  Pharm.  cxxvii.  257  ; 
Jahresb.  1863,  p.  205.) — Produced  by  the  action  of  strong  hydi-ochloric  acid  on 
silicide  of  calcium  (p.  265).  The  finely  divided  silicide  is  digested  with  fuming 
hydi'ochloric  acid  in  a  cooled  vessel  and  in  a  dark  place  for  several  hours,  tiU  hydrogen 
is  no  longer  evolved  ;  the  liquid  is  diluted  with  6  or  8  vohimes  of  water,  and  filtered  ; 
and  the  washed  residue  is  di-ied  over  sulphuric  acid  in  a  vacuum,  and  in  the  dark.  If 
the  hydrochloric  acid  is  not  quite  concentrated,  tho  product  is  mixed  with  the  foUomng 
compound,  y. 

Chryseone  forms  bright  orange-coloured  lamina?,  which  are  psoudomorphs  aftei-  tlie 
crystalline  silicide  of  calcium.  It  is  insoluble  in  water,  alcohol,  tetrachloride  of  silicon, 
trichloride  of  phosphorus,  and  sulphide  of  carbon.  Wlien  heated  it  becomes 
transiently  darker,  and  at  a  higher  temperature  burns  with  a  slight  detonation  and  with 
scintillation,  leaving  silica  coloured  brown  by  amorphous  silicon.  Wlien  heated  in  a 
close  vessel,  it  gives  off  hydrogen,  likewise  leaving  silica  and  silicon.  If  mixed  with 
the  compound  7,  it  detonates  even  when  heated  in  a  tube,  and  gives  off  spon- 
taneously inflammable  siliciuretted  hydrogen.  Heated  to  100°,  by  itself  or  with  water, 
it  slowly  gives  off  hydrogen  &nd  becomes  paler;  heated  to  190°  with  water,  in  a  sealed 
tube,  it  is  quickly  and  completely  converted  into  laminar  silica,  while  the  tube  contains 
compressed  hyfli'ogen  gas.  In  the  dark  it  remains  unaltered  even  when  moist,  in 
difRised  daylight  it  becomes  continually  paler,  and  in  direct  sunshine,  even  underwater, 
it  is  quickly  converted  into  leucone,  with  evolution  of  hydrogen.  It  is  not  attacked 
by  chlorine,  fuming  nitric  acid,  or  strong  sulpihuric  acid,  even  when  heated.  With 
hydrofluoric  acid  it  becomes  hot,  turns  white,  and  finally  dissolves.  By  alkalis,  even 
by  very  dilute  ammonia,  and  more  slowly  by  alkaline  carbonates,  it  is  converted,  with 
rise  of  temperature  and  violent  evolution  of  hj'drogen,  into  silica.  In  presence  of 
alkali  it  reduces  the  salts  of  several  metals.  In  the  solution  of  a  coiipcr  or  silver-salt 
it  quickly  turns  black  ;  in  chloride  of  gold,  brown;  from  chloride  of  palladium,  osmie 
acid,  and  chloride  of  gold,  on  addition  of  alkali,  it  throws  down  black  or  violet-black 
powders,  probably  silicates  containing  lower  oxides  of  those  metals.  From  a  solution 
of  lead-oxide  in  soda-ley,  it  instantly  precipitates  the  lead  as  a  grey  mass. 

The  results  of  the  analysis  of  clu-yscone  correspond  partly  with  the  formida  Si''H''0', 
partly  with  Si''II''0^.  According  to  the  first  formula,  its  formation  from  silicide  of  cal- 
cium may  be  represented  by  the  equ;ition  : 

2CaSi-  -1-  4HC1  +  311-0  =  Si'II'O'  -1-  3H'  +  2CaCl-. 

7.  SiTT'O'. — Tin's  compomid,  containing  2ir-'0  more  than  the  pircceding,  is  produced 
by  tho  action  of  cold  dilute  hydrochloric  acid  on  silicide  of  calcium.  It  forms  colom-- 
less,  transparent,  nacreous  lamina?,  which,  after  washing  and  drying  in  a  vacuum,  take 
fire  .spontaneously  in  contact  with  the  air,  and  burn  with  flame,  leaving  brown 
silica. 

SlXalCOIf,  SSXiSIjTjLlSZ:  or.  The  solenide  of  silicon,  analogous  to  silica,  is  not 
known.  A  silicohydric  selenide,  analogous  to  the  oxygon-compound  last  de- 
Bcribfd,  is  produced  by  treating  silicide  of  calcium  with  a  mixture  of  selenious  and 
hydrochloric  acids.  It  is  a  cinnabar-coloured  substance,  which  smells  of  hydric  selenide 

*  Silicone  is  the  name  originnlly  pivcn  to  this  rompnund  by  Wohler.  but  it  is  objection.ible  in  Eng- 
lish on  account  of  its  similarity  to  silicon.  The  name  •.  lirysconCj  indicating  the  colour  of  the  compound, 
w.is  proposed  by  Ur.  Miller. 
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when  dry,  gives  off  hydrogen  in  contact  with  ammonia,  and  when  heated  by  itself 
evolves  hydi-ic  selenide  and  selenium,  without  explosion.  (Wohler.) 

SII.XCONr,  SUXiFBXSES  or.  The  disulphide,  SiS\  is  produced  by  tho 
action  of  carbonic  disulphide  on  silica  at  high  temperatures,  or  more  easily  by  passing 
tlie  vapour  of  carbonic  disulphide  over  a  heated  mixture  of  silica  and  carbon,  prepared 
by  moulding  a  mixture  of  silica  and  lampblack  with  oil  into  balls  and  igniting  them. 
The  sulphide  of  silicon  is  deposited  in  the  colder  parts  of  the  tube,  in  long,  white, 
silky,  flexible,  asbestiform  needles,  which  may  be  volatilised  in  a  stream  of  gas.  In 
contact  with  moist  air,  or  when  heated  in  aqueous  vapour,  it  decomposes  quickly  into 
sulphydric  acid  and  amorphous  anhydrous  silica,  ■«  hich  remains  in  the  form  of  the 
sulphide.  In  water  it  dissolves  completely,  with  evolution  of  sulphydric  acid,  and  tho 
solution,  left  to  evaporate  in  the  air,  deposits  the  silica  as  a  transparent  vitreous 
hydrate  resembling  opal.  Alcohol  and  ether  act  upon  sulphide  of  silicon  even  in  the 
cold,  forming  sulphuretted  organic  compounds.  It  is  not  decomposed  by  heating  in 
hydrogen  gas.  Nitric  acid  decomposes  it,  with  separation  of  sulphur,  and  formation  of 
sulphuric  acid  and  silica.    (Fr^my,  Ann.  Ch.  Phys.  [3]  xxxviii.  314.) 

Silicohydric  sulphide,  Si'H'0^  analogous  to  the  oxygen-compound  y,  is  pro- 
duced by  the  action  of  excess  of  aqueous  sulphurous  acid,  mixed  with  a  little  hydro- 
chloric acid,  on  silicide  of  calcium,  and  separates  in  reddish-Ijrown  laminae,  while  the 
liquid,  which  is  brownish  at  first,  suddenly  becomes  milky  from  separated  sulphui-. 
"Wlien  dried  in  a  vacuum  and  freed  from  sulphur  by  sulphide  of  carbon,  it  forms  alight- 
brown  powder  with  a  greenish  tinge.  It  smells  persistently  of  sulphj'dric  acid,  burns 
like  gunpowder  when  heated  in  the  air,  and  explodes  violently  when  heated  in  a  tube, 
with  incandescence  and  evolution  of  sulphydric  acid.  When  cautiously  heated  it  gives 
off  sulphydric  acid,  and  the  residue,  which  is  no  longer  explosive,  evolves  more  sulphy- 
dric acid  in  contact  with  water.  With  ammonia  it  rapidly  gives  off  hydrogen,  and  is 
converted  into  a  white  mixture  of  silica  and  sulphur.  (Wohler.) 

SlXiICOir,  StTI.PKOCHXiORZD&  OF.    Si'S'CP?  (Pierre,  Ann.  Ch.  Pharm. 

Ixix.  73.) — Obtained  by  passing  a  mixture  of  silicic  chloride  vapour  and  perfectly 
dry  sulphydric  acid  gas  through  a  red-hot  porcelain  tube,  collecting  the  product 
in  a  cooled  U-tube,  leaving  the  liquid  to  clarify,  then  distilling  it,  and  collecting 
apart  that  which  passes  over  between  90°  and  100°.  It  is  a  colourless,  transparent, 
mobile  liquid,  having  a  pungent  odour,  boiling  at  100°,  and  distilling  without  residue. 
Specific  gravity  =  1'45.  It  is  decomposed  by  water,  yielding  sulphydric  and  hydro- 
chloric acids,  silica,  and  free  sulphur. 

SZIiZCOM',  TEXiXitTKXDSS  OP.  A  si  1  i c o li y dr i c  t ell uride,  analogous  to 
the  sulphur-compound  above  described,  is  produced  by  treating  silicide  of  calcium  with 
a  dilute  solution  of  tellurous  acid  in  hydrochloric  acid.  It  is  a  greyish-black  powder, 
inodorous  after  drying.  When  heated  it  gives  otF  hydrogen  and  tellurium,  without 
explosion,  and  leaves  a  shining  black  residue,  probably  telluride  of  silicon,  which 
when  treated  with  ammonia  or  soda-ley,  gives  off  hydrogen  and  forms  a  purple-red 
solution  of  alkaline  telluride.  (Wohler.) 

SIX>IQt7A  DUZiCIS,  the  so-called  St.  John's-hread,  consists  of  the  pods  of  Cera- 
fonia  Siliqna  (L.),  a  tree  indigenous  in  the  South  of  Europe  and  the  Levant.  The 
kernels  are  enveloped  in  a  sweet  marrow-like  substance,  which  has  been  analysed  by 
Reinsch  (Jahrb.  pr.  Pharm.  v.  201)  and  Mercer  (Pharm.  J.  Trans.  1857,  p.  459), 
with  the  following  results : — 


Beinsch. 

Mercer. 

Glucose   

41-2 

47-5 

Albumin  

20-8 

3-2 

4-7 

Gum  ...... 

10-4 

Pectin  

7-2 

Tannin  ..... 

2-0 

Fibrin  

6-2  and  starch  21-5 

Water  ..... 

12-0 

210 

Chlorophyll,  Oil,  Starch,  and  Ash 

20 

2-0 

By  fermenting  the  pods,  Mercer  obtained  a  quantity  of  brandy,  amotmting  to  one- 
fourth  of  their  weight.  Redtenbacher  found  butyric  acid  in  the  pods.  Reinsch  found, 
in  160  pts.  of  the  kernels,  8  pts.  starch,  2  sugar,  1-5  fatty  oil,  together  with  albumin, 
fibrin,  wax,  colouring  matter,  woody  fibre,  and  other  substances. 

SIIiK.    The  fibrous  substance  in  wliich  the  silkworm  (the  larva  of  rhal<ena  Bumhyx 
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Mnri)  fiivplopos  itself  previous  to  passing  into  the  chrysalis  state.  Tliese  insects  possess 
a  glaiidiihir  apparatus  calioil  the  Scridnrmm,  serving  for  the  secretion  of  a  peculiar 
juice,  which  is  discharged  in  flue  threads,  through  two  small  apertures  near  the  lower 
lip,  and  quickly  solidifies  iu  contact  with  the  air.  The  solidified  fibre  consists  of  a 
tliread  of  s  eric  in  or  fibrin  (i.  645  ;  v.  235),  coated  with  a  yellowish  waxy  substance, 
the  removal  of  which  constitutes  an  important  part  of  the  process  of  silk-dyeing 
(i.  60.3  ;  ii.  352.) 

Silk  may  be  distinguished  from  cotton  and  linen  : — 1.  By  its  reaction  with  a  concen- 
trated a?nmomacal  solution  of  nickel-oxide,  which  dissolves  it  completely,  forming  a 
brownish-yellow  solution,  not  precipitated  by  alkahne  salts,  sugar,  or  gum  ;  acids, 
however,  precipitate  the  silk  completely  in  colourless  flocks.  Cotton,  linen,  and  other 
forms  of  cellulose,  on  the  contrary,  are  not  altered  even  by  .several  days'  immersion  in 
the  nickel  solution.  Silk  likewise  dissolves  in  a  concentrated  ammoniacal  solution  of 
cvpric  oxide,  and  is  but  incompletely  or  not  at  all  precipitated  therefrom  by  alkali-salts, 
sugar,  gum,  or  acids  :  cellulose,  on  the  other  hand,  is  completely  precipitated  from  the 
same  solution  by  these  reagents  (Schlossberger,  Ann.  Ch.  Pharni.  cvii.  21). — 2.  By 
immersing  the  fabric,  for  a  fow  minutes,  in  a  somewhat  dilute  solution  of  picric  acid 
and  then  washing  it  carefully  witli  water.  Sillc  and  other  animal  fibres  are  thereby 
turned  yellow,  whereas  vegetable  fibres  remain  wliite  (Polil,  Wien,  Akad.  Ber.  ix. 
386).  Strong  nitric  acid  also  turns  animal  flbres  yellow,  and  does  not  produce  that 
effect  on  vegetable  fibres. — 3.  A  solution  of  stannic  chloride  heated  to  130° — 150° 
turns  linen  and  cotton  black,  but  does  not  alter  the  colour  of  silk  or  wool.  Tliis 
test  is  of  course  applicable  only  to  light-coloured  fabrics  (Mailmen^,  Compt.  rend.  xxx. 
447). — On  the  silk  manufacture,  see  Urcs  Bictionari/  of  Arts,  &c.,  iii.  654. 

SIXiIiinXAIirXTE.  A  silicate  of  aluminium,  APO'-'.SiO-,  identical  in  composition 
with  cyanite  and  andalusite,  occiu'ring  in  veins  in  the  gneiss  of  Saybrook,  in  Chester 
County,  Connecticut,  also  at  Fairfield,  in  New  York.  It  forms  triclinic  crystals, 
usually  indistinct,  but  cleaving  perfectly  parallel  to  the  macrodiagonal ;  occurs  also 
compact  or  loose,  fibrous  and  columnar  massive.  It  is  brown,  yellowish-grey,  or 
colourless,  with  waxy  lustre,  vitreous  on  the  cleavage-faces.  Transparent  to  translu- 
cent on  tbe  edges  only.  Brittle.  Hardness  =  6 — 7.  Specific  gravity  =  3'2 — 3'3. 
Infusible  before  the  blowpipe.  Insoluble  in  acids  (Dana,  ii.  265).  For  analyses  see 
Silicates  (p.  255). 

Bucliohite,  from  Chester  County,  Pennsylvania,  and  other  localities  in  the  United 
States,  and  Fihrolite,  from  the  Carnatic,  are  fibrous  varieties  of  silliraanite,  of  greyish, 
whitish,  and  pale-brown  colour,  with  lustre  approaching  to  adamantine. 

SXI.VEn.    Argrnt ;  Silber.    Symbol,  Ag;  Atomic  vjeight,  108. 

Tliis  metal  is  remarkable  for  its  whiteness  ;  hence  its  Greek  name  &pyvpos  from 
&pyos,  v'hite.  It  is  harder  than  gold  and  softer  than  copper.  Its  lustre,  when  polished, 
is  nearly  as  great  as  that  of  steel.  Its  malleability  is  inferior  only  to  that  of  gold 
among  the  heavy  metals ;  it  may  be  hammered  into  extremely  thin  slieet  or  silvcr-lcaf, 
which  is  not  more  than  jgfpgjQ  of  an  inch  thick.  It  is  also  highly  ductile,  and  may  be 
drawn  into  very  fine  wire,  400  feet  of  which  weigh  only  one  grain.  By  hammering 
and  drawing,  however,  it  readily  becomes  brittle,  and  requires  to  be  more  fi-equently 
annealed  in  working  than  gold  does. 

Silver  lias  great  tenacity,  a  wire  two  millimetres  (0'0787  inch)  in  diameter  being 
capable  of  supporting  a  load  of  nearly  85  kilogi-ammes  ( 187  lbs.),  that  being  the 
breaking  weight.    (See  Baudrimont,  Ann.  Ch.  Phys.  [3]  xxx.  304.) 

The  specific  graAnty  of  silver  is  10'5,  after  being  melted.  (G.  Rose.)  Its  density 
is  increased  to  10-57  by  the  coining  process.  The  specific  gravity  of  the  finely  divided 
metal,  obtained  by  precipitation,  is  10'62. 

Silver  crystallises  in  forms  belonging  to  the  regular  system,  generally  in  cubes, 
sometimes  with  faces  of  the  octahedron. 

The  conductivity  of  silver  for  electricity  and  heat  is  greater  than  tliat  of  any  otlier 
metal.  (See  Elfx'tricity,  ii.  466  ;  Metals  iii.  936;  and  ante.  p.  71).  It  decreases  with 
the  temperature.  (See  Wiedemann  and  Franz,  Pogg.  Ann.  Ixxxix.  497  ;  Buff, 
Jahresb.  1847,  p.  286;  Becquerel,  Aun.  Ch.  Phys.  [3]  xvii.  242;  Langsdorff, 
Ann.  Ch.  Pharm.  Ixxxv.  155;  Matthiesen,  Pogg.  Ann.  ciii.  428;  Benedict, 
Wien.  Akad.  Ber.  xxv.  590  ;  Jacobi,  Petersb.  Acad.  Bull.  xvii.  321;  Arndtsen, 
Pogg.  Ann.  civ.  1  ;  Clausius,  -ibid.  p.  650).  The  specific  heat  of  silver  is  0'05701 
(Regnault);  0-05507  (Dulong  and  Petit).  The  latent  heat  of  fusion  is  21-07 
(Person,  Ann.  Ch.  Phys.  [3]  xxiv.  265).  Silver  mells  at  a  white  heat;  the  tem- 
perature of  fusion  has 'been  estimated  at  1000^  (Pouillet),  999°  (Prinsep),  and 
1034°(Guyton  Morveau).  The  melted  metal  gives  off  vapour  to  some  extent  at 
very  high  temperatures  (Lampadius,  J.  pr.  Chem.  xvi.  204;  Despretz,  Comptea 
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rend.  Lxviii.  3G2).  The  metal  is  volatilised  more  readily  in  the  presence  of  arsenical 
and  other  vapours  than  when  heated  alone. 

Silver  does  not  combine  with  oxygen  at  the  ordinary  temperature,  or,  under  ordinary 
circumstances,  when  heated  in  contact  witli  atmospheric  air.  When  the  metal  is 
melted  upon  ignited  charcoal  under  a  jet  of  oxygen,  it  burns  with  a  conical  flame, 
yellow  below,  purple  at  the  middle,  and  blue  above,  while  vapours  of  silver  oxide  are 
produced  (Vauquelin).  Silver  is  also  oxidised  under  the  influence  of  the  electric 
spark ;  and  when  pulverulent,  it  is  converted  into  peroxide  by  ozonised  oxygen 
(Schonbein).  When  silver  is  melted  in  contact  with  alkaline  or  earthy  sdieates,  it  is 
oxidised  to  some  extent  and  dissolved  by  the  melted  silicate.  This  is  also  the  case 
when  the  finely  divided  metal  is  ignited  with  cupric  oxide,  or  with  arsenic  or  antimony: 
in  the  former  case,  cuprous  oxide  is  formed ;  in  the  latter  case,  the  silver-oxide  com- 
bines with  some  arsenic  or  antimonic  acid,  and  the  more  minutely  the  silver  is  divided 
the  more  readily  does  this  oxidation  take  place.  It  is  probable  that  silver  is  also 
oxidised  to  some  extent  in  cupellation,  and  that  the  loss  of  silver  experienced  in  that 
operation  is  mainly  due  to  oxidation,  the  silver-oxide  being  in  part  volatilised,  together 
with  the  lead  fumes,  and  in  part  dissolved  by  the  melted  lead-oxide,  and  absorbed  by 
the  cupel. 

Silver  imdergoes  no  change  when  heated  in  contact  with  melted  alkaline  nitrates  or 
caustic  alkalis,  and  for  tliis  reason  silver  crucibles  are  very  useful  in  chemical  opera- 
tions with  those  substances  which  react  with  platinum  under  similar  conditions. 

When  Sliver  is  kept  melted  for  some  time,  at  a  high  temperature,  in  contact  with 
atmospheric  air,  it  absorbs  oxygen  gas,  and  holds  it  in  solution  until  just  before  the  metal 
begins  to  solidify  on  cooling.  The  gas  is  then  suddenly  disengaged  with  effervescence, 
and  particles  of  the  metal  are  liable  to  be  spirted  or  projected  out  of  the  crucible. 
The  presence  of  a  small  amount  of  copper  in  the  melted  metal  prevents  the 
absorption  of  oxygen.  Silver  is  capable  of  dissolving  in  this  way  22  times  its  volume 
of  oxygen. 

Silver  combines  readily  with  sulpJiur,  selenitm,  phosphorus,  and  arsenic.  It  de- 
composes sulphuretted  hydrogen  even  at  the  ordinary  temperature,  and  the  surface  of 
th«  metal  becomes  covered  with  a  brown  or  black  film  of  silver-sulphide.  The  dis- 
coloration of  silver  utensils  and  ornaments  by  exposure  to  the  atmosphere  generally 
consists  in  the  formation  of  such  a  film  of  sulphide  or,  in  some  instances,  of  phosphide. 
Such  stains  may  be  removed  by  moistening  the  surface  with  a  solution  of  alkaline 
cyanide  and  then  washing  well  with  water.  When  the  discoloration  is  very  consider- 
able, it  may  be  removed  by  immersing  the  metal  in  a  boihng  saturated  solution  of 
borax  or  strong  caustic  alkali,  and  placing  a  plate  of  zinc  in  contact  with  it  for  some 
time  (Bottger,  Dingl.  polyt.  Journ.  cxliii.  464).  Wlien  heat  can  be  applied  to 
the  discoloured  metal,  the  silver-sulphide  may  be  decomposed  by  heating  it  to  redness. 
The  best  mode  of  preventing  such  discoloration  of  silver  articles  when  not  in  use,  is  to 
wrap  them  in  paper  coated  with  white  lead. 

Chlorine,  brmnine,  and  iodine  combine  with  silver,  even  at  the  ordinary  temperature. 
Hydrochloric  acid  in  solution  has  but  little  action  on  metallic  silver,  unless  it  be  heated 
to  the  boiling-point  with  the  very  finely  divided  metal ;  the  gas  is  decomposed  by  silver 
at  a  red  heat,  silver-chloride  being  formed.  Under  similar  conditions  the  vapours  or 
other  chlorides  are  decomposed  by  metallic  silver.  Sodium- chloride  ignited  with  pre- 
cipitated silver  is  decomposed,  and  the  silver  almost  entirely  converted  into  chloride  ; 
hut  when  the  metal  is  in  large  pieces,  the  formation  of  silver-chloride  is  merely  super- 
ficial, unless  the  salt  is  melted,  and,  by  the  consequent  solution  of  the  cliloride,  a  fi'esh 
Burfaeo  becomes  exposed.  Silver  keptmelted  under  sodium-chloride,  gradually  decreases 
in  weight,  owing  to  the  formation  of  silver-chloride,  and  in  two  or  three  hours  the  loss 
may  amount  to  2  or  3  per  cent.  (G.  Kose).  If  alkaline  carbonate  be  mixed  with  the 
sodium-chloride,  this  reaction  is  prevented.  Aqueous  solutions  of  alkaline  chlorides 
gradually  react  with  silver,  producing  silver- chloride,  which  dissolves  in  the  form  of 
a  double  chloride.  Solutions  of  cupric  chloride  and  other  chlorides  convert  silver 
into  chloride. 

Dilute  sulphuric  acid  does  not  react  with  silver,  but  strong  sulphuric  acid  is  decom- 
posed when  heated  with  it,  yielding  sUvor-sulphate  and  sulphurous  acid  gas.  Nitricacid 
reacts  with  silver,  even  at  the  ordinary  temperature,  dissolving  it  and  yielding  silver 
nitrate  and  nitric  oxide.    It  is  the  best  solvent  of  silver. 

The  saline  compounds  of  silver  are  mostly  colourless,  except  when  the  electro-negativo 
constituent  they  contain  is  coloured.  Both  the  soluble  and  insoluble  compounds  of  this 
metal  are  blackened  by  sunlight  and  decomposed,  some  silver  being  reduced.  Most 
silver  compounds  arc  decomposed,  with  reduction  of  the  metal,  by  the  action  of  heat. 

Occurrence. — Silver  occurs  both  in  the  metallic  state,  and  in  combination,  chiefly 
with  sulphur,  also  with  chlorine,  other  metals,  &c.  Ores  of  other  metals  frequently 
contain  silver  (Malaguti  and  Durocher,  Compt.  rend.  xxix.  689;  Ann.  Min. 
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[4]  xvii.  245).  It  has  also  boen  detected  in  sea-water.  (Anu.  Ch.  Pbytri.  [3]  xxvii. 
129.) 

Native  Silver  is  sometimes  crystallised  in  cubes,  octahedrons,  and  related  forms; 
sometimes  in  laminated  or  filamentous  masses,  and  sometimes  very  minutely  dissemi- 
nated throughout  other  minerals.  It  is  very  rarely  pure,  containing  either  gold,  copper, 
or  other  metals. 

Silver-sulphide  occurs  as  silver-glance,  sometimes  crystallised,  hut  more  frequently 
massive.  It  has  a  dark  lead-grey  coloiu',  and  may  be  cut  with  a  knife.  Its  specific 
gravity  is  7'19G.  It  contains  87  per  cent,  silver.  Silver-sulphide  also  occurs  in  com- 
bination with  various  other  metallic  sulphides,  constituting  a  great  number  of  mineral.^, 
in  which  the  amount  of  silver  varies  from  10  to  upwards  of  60  per  cent. 

Si/ver-cMoride  occurs  as  horn-silver,  both  massive  and  earthy ;  sometimes  crystallised. 
It  has  a  pearl-grey  colour,  sometimes  passing  into  lavender  ;  it  is  translucent,  and  very 
soft.    Its  specific  gravity  is  5'552. 

Among  the  other  silver-compounds  which  occur  as  minerals,  the  iodide,  bromide, 
seleriide,  telluride,  antimonide,  arse?ride,  and  merciiridc  are  met  with  less  abundantly. 

SiVver-om  occur  almost  exclusively  in  lodes  traversing  gneiss,  mica-schist,  grauwaeke, 
clayslate,  &o.  They  consist  chiefly  of  metallic  silver,  silver-sulphide,  and  its  various 
compounds  (silver-chloride,  arsenide,  and  antimonide),  associated  with  lead  and  copper 
ores,  bleude,  pyrites,  spathic  iron,  brown  hEematite,  earthy  carbonates,  heavy  spar, 
quartz,  &c. 

Besides  what  may  be  properly  called  silver-ores,  galena  and  the  different 
varieties  of  grey  copper-ore  {cuivre  gris ;  fahlers),  often  contain  such  an  amount  of 
silver,  that,  from  the  greater  value  of  this  metal,  they  must  be  regarded  as  ores  of 
silver  as  much  as,  or  even  more  than,  lead  or  copper.  Such  ores  frequently  contain, 
in  the  ton,  from  2  to  10  ounces  of  silver,  sometimes  upwards  of  100  ounces.  Pyritic 
and  earthy  minerals  also  frequently  contain  a  small  amount  of  silver,  sufficient  to 
render  its  extraction  profitable. 

Preparation. — Pure  silver  is  best  obtained  by  decomposing  the  chloride,  the  in- 
solubility of  which  admits  of  other  metals  being  easily  separated  from  it  by  washing 
with  dilute  acid  and  water.  One  of  the  most  convenient  methods  is  to  cover  the 
moist  freshly  precipitated  chloride  with  dilute  sulphuric  or  hydrochloric  acid,  and  then 
to  place  upon  it  pieces  of  sheet  zinc  or  iron,  leaving  the  whole  at  rest  until  the  silver 
is  reduced  to  the  metallic  state.  With  zinc  the  reaction  is  represented  by  tlie 
equation : 

2AgCl  +  Zn    =    ZnCP  -1-  Ag. 

When  the  reduction  is  complete,  the  spongy  silver  should  be  thoroughly  washed 
with  dilute  acid  and  boiling  water;  then  dried,  and  molted  with  suflScient  alkaline  car- 
bonate to  cover  the  surface  of  the  metal,  and  prevent  contact  with  atmospheric  air.  The 
cliloride  may  be  mixed  with  about  70  per  cent,  of  chalk  and  4  per  cent,  of  carbon,  and 
gradually  heated  to  a  sufficient  temperature  for  melting  the  reduced  metal. 

Pkoduction  of  Silver  ok  the  lakge  scale. 

Although  silver-compounds  are  generally  decomposible  without  diflSculty  by  heat, 
with  reduction  of  the  metal,  the  extraction  of  this  metal  from  its  ores  is  not  by  any 
means  so  simple  a  matter  as  might  be  expected.  This  is  chiefly  owing  to  the  circum- 
stance that  argentiferous  minerals,  and  even  native  silver  itself,  often  occur  minutely 
disseminated  throughout  a  matrix  of  earthy  minerals,  or  intimately  mixed  with  com- 
pounds of  other  metals. 

Very  rich  silver-ores,  containing  from  90  to  50  per  cent,  of  silver,  may  be  smelted 
in  crucibles  with  lead  or  litharge,  and  proper  fluxes  for  converting  the  earthy 
admixtures  into  slag.  Ores  containing  40  per  cent,  and  less  may  be  smelted  witli 
granulated  lead,  litharge,  or  lead-ores  in  a  small  blast-furnace,  or  in  a  reverberatory 
furnace  with  a  concave  hearth  forming  a  kind  of  crucible.  Metallic  iron  is  sometimes 
added  when  the  ore  contains  sulphides.  This  method  is  practised  to  some  extent  in 
California  and  Nevada. 

Rich  silver-ores  arc  sometimes  smelted  by  adding  them  in  small  successive  portions 
to  load  which  is  undergoing  cupellation. 

Poor  argentiferous  ores  which  do  not  contain  any  large  amount  of  other  easily 
reducible  metals,  are  smelted  -^ilh  iron  pyrites  so  as  to  obtain  a  matt,  consisting  chiefly 
of  iron-sulphide  with  some  copper-  and  lead-sulphides,  and  containing  from  40  to  60 
otmces  of  silver  in  the  ton.  Such  ores  often  contain  pyrites  :  if  they  contain  too  much 
they  must  be  partially  roasted,  and  earthy  ores  require  pyrites  to  be  added.  The 
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proportion  of  pyrites  should  bo  stich  that  the  matt  produced  may  amount  to  from  30 
to  50  per  cent,  of  the  ore.  The  following  table  gives  the  composition  of  several  pro- 
ducts of  this  kind : — 


Composition  of  Argentiferous  Matts. 


Analyst 

Plattner. 

Conrad. 

r  ritZSCilCi 



Iron  .... 

57*333 

64-268 

57-781 

61-041 

66-610 

66-620 

Lead  .... 

8-863 

6-828 

4-996 

S-660 

6-489 

6-460 

Copper. 

3-273 

5-428 

4-416 

3-326 

6-587 

4-000 

Zinc  .... 

1-381 

3-633 

2-618 

0-667 

4-774 

3-000 

Silver  .... 

0-151 

0-086 

0-086 

0-065 

0-200 

0-117 

Nickel  .... 

0-515 

1-101 

1-312 

0-524 

0-525 

Antimony 

0-194: 

0-274 

1  0-583 

0-032 

Arsenic  . 

1-243 

0-387 

0-240 

Sulphur 

26-487 

27-042 

26-702 

27-652 

22-489 

19-963 

2-666 

The  silver  is  afterwards  extracted  from  these  matts  by  another  operation. 
Lead-ores  containing  silver  are  smelted  in  the  usual  manner  (see  Lead,  iii.  481 — 626), 
and  the  silver  is  separated  from  the  lead,  either  by  cupellation,  or  by  one  of  the  other 
methods  already  described  under  the  head  of  Lead. 

Argentiferous  copper-ores  are  also  smelted  in  the  same  -way  as  other  copper-ores  (see 
Copper,  ii.  24 — 32),  and  the  silver  is  extracted  either  from  the  matt  or  from  the  regulus 
by  one  of  the  methods  described  below. 

Separation  of  Silver  from  Copper  byEliquation  (liquation ;  Saigerung). — This  method 
is  based  upon  the  fact  that  -when  argentiferous  copper  is  melted  with  rather  more  than 
three  times  its  weight  of  lead,  the  silver  unites  with  the  lead,  and  this  alloy  separates 
from  the  copper  when  the  melted  metal  is  gradually  cooled.  lu  practice  the  melted 
metal  is  cast  into  disc-shaped  masses,  about  2  feet  diameter  and  3  inches  thick,  in  iron 
moulds  so  as  to  cool  it  rapidly.  A  number  of  these  cakes  are  placed  side  by  side  on 
their  edges  in  the  eliquation-hearth  {aire  de  liquation;  Saigerheerd),  fig.  744,  which  has 

two  long  cast-iron  plates 
fixed  above  the  open 
space  M,  and  at  a  little 
distance  apart.  The 
cakes  of  metal  are  laid 
upon  these  plates,  co- 
vered -tt-itli  iron  plates 
(FF)  and  charcoal,  and 
heated  for  some  time  to 
themelting  point  of  lead. 
The  alloy  of  lead  and 
silver  is  thus  melted, 
and  gradually  flows 
away  through  the  open- 
ing between  the  plates 
from  the  copper,  wiiich 
requires  a  much  higher 
temperature  for  melting,  and  remains  behind  as  a  porous  mass.  The  argentiferous 
lead  falls  into  a  gutter  (a)  on  the  floor  of  the  open  space  M,  and  collects  in  the 
well  c.    It  is  afterwards  submitted  to  cupellation  to  separate  the  silver. 

The  amoimt  of  silver  in  the  copper  to  be  treated  by  this  method  must  not  be  less 
than  from  80  to  90  ounces  per  ton,  nor  more  than  200  ounces  per  ton.  A  smaller 
amount  of  silver  would  not  repay  the  cost  of  the  operation,  and  a  larger  amount  would 
be  only  partially  separated  from  the  copper.  The  proportion  of  lead  should  not  be 
less  than  from  30  to  32  lbs.  to  the  ounce  of  silver. 

This  method  is  very  imperfect,  since  the  copper  always  retains  from  10  to  20  per 
cent,  of  silver,  and  a  number  of  bye-products  are  formed  containing  lead,  copper,  and 
silver,  which  require  further  treatment. 

Extraction  of  Silver  hy  Amalgamation. 

The  extraction  of  silver  from  its  ores  and  from  argentiferous  products  of  other 
metallurgical  operations,  is  very  frequently  effected  by  a  method  based  upon  the  easy 
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solubility  of  silver  in  mercury.  This  method  was  inTentpd  in  Mrxico  by  Barlholo- 
meo  de  Medina  about  the  year  1657  ;  and  being  specially  suited  to  that  country,  by 
reason  of  its  requiring  very  little  fuel,  it  soou  came  into  general  use,  and  is  now  exten- 
sively praetised,with  various  modificatious  and  improvements,  in  all  the  silver-producing 
countries  of  the  Western  Continent. 

The  amalgamation  of  silver-ores  differs  from  the  amalgamation  of  gold-ores,  which 
contain  gold  in  tlie  metallic  state,  in  requiring  a  preliminary  treatment  of  the  ores  for 
the  purpose  of  bringing  the  silver  they  contain  into  such  a  condition  that  it  can  be 
dissolved  by  mercury.  Silver-ores  contain  not  only  metallic  silver,  but  silver-sulphide 
and  other  compounds  which  are  not  acted  upon  liy  mercury.  Silvor-chloride,  however, 
is  decomposed  by  mercury  with  formation  of  morcurous  cliloride: 
AgCl  +  Hg    =    HgCl  -I-  Ag. 

Consequently  the  first  step  in  the  operation  is  to  convert  all  the  silver-compounds 
into  chloride. 

1.  Mixicmi  method. — In  the  treatment  of  silver-ores  by  this  method,  silver-chloride 
is  produced  in  the  wot  way  by  the  reaction  of  cupric  and  ferric  or  ferrous  salts  with 
silver-sulphide,  in  the  presence  of  sodium-chloride  in  excess.  The  precise  nature  of 
the  reactions  which  take  place  is  not  well  understood.  When  silver-sulphide  is  digested 
with  solution  of  cupric  or  ferric  chloride,  no  reaction  takes  place  ;  but  when  it  is  mixed 
with  cupric  sulphate  or  ferrous  sulphate  and  sodium-chloride  in  the  moist  state, -some 
silver-chloride  is  formed  after  a  time  (Karsten).  A  solution  of  cupric  chloride  with 
excess  of  sodium-chloride,  digested  with  silver-sulphide  for  some  da3's  at  the  ordiniiry 
temperature,  is  gi'adually  decolorised,  and  the  products  of  the  reaction  are  cupric 
sxilphide  with  silver-chloride  and  cuprous  chloride,  which  are  partly  dissolved  by  the 
excess  of  sodium-chloride.  Sulph\ir  is  also  said  to  be  separated  (Bou  ss  ingault).  In 
this  case  the  reaction  is  probably  as  follows : 

618  •2Sn„  6-18  128  128,,  32 

3Ag'g  +  4CuCP    =    6AgCl  +  2CuCl  +  2CuS  +  S. 
The  cuprous  chloride  produced  would,  in  the  presence  of  sodium-chloride,  be  capable 
of  converting  a  further  quantity  of  silver-sulphide  into  chloride  as  follows,  being  itself 
converted  into  cuprous  sulphide  : 

2IG  128  216  128 

Ag^S  +   2CuCl    =    2AgCl  +  Cu^S. 
The  production  of  cuprous  chloride  may  also  be  determined  by  the  presence  of 
metallic  silver  in  the  ore  by'the  following  reaction  : 

CiCP  +  Ag    =    AgCl  +  CuCl. 

Heat  facilitates  the  production  of  chloride,  and  the  silver-sulphide  is  more  readily 
converted  into  chloride  when  it  is  combined  with  antimonial  sulphide. 

In  order  to  submit  the  ores  to  this  preliminary  treatment,  they  are  ground  very  fine 
with  water  in  a  mill  resembling  a  porcelain  mill.  The  sludgy  mass  is  laid  out  on  a 
paved  floor  in  heaps  called  torta  or  motitone,  upon  which  from  1  to  5  per  cent,  of 
common  salt  is  sprinkled,  and  the  whole  well  stirred  together  either  with  shovels  or 
by  treading  under  the  feet  of  mules.  Some  days  .afterwards  it  is  mixed  with  from  0-5 
to  1  per  cent,  of  magistral,  consisting  essentially  of  cupric  and  ferrous  or  ferric 
sulphates,  and  prepared  by  roasting  cuprous  pj'rites.  Sometimes  roasted  iron-pyrites 
is  used,  but  a  magistral  containing  copper  is  preferred.  At  this  stage  of  the  process 
chemical  action  takes  place  ;  pai-t  of  the  sodium-chloride,  reacting  with  the  sulphates 
of  the  magistral,  yields  sodium-sulphate,  with  cupric  and  ferric  or  ferrous  chlorides, 
which  give  rise  to  the  formation  of  silver-chloride  as  above  described. 

The  decomposition  of  the  silver-cldoride  is  effected  by  means  of  mercury.  The 
quantity  employed  for  this  purpose  and  for  the  actual  amalgamation  of  the  silver 
generally  amounts  to  about  six  times  the  weight  of  the  silver  in  the  ore.  It  is  added 
in  three  equal  piortions  at  intervals  of  15  or  20  days,  and  is  thoroughly  incorporated 
with  the  mass  of  ore.  The  daj'  after  the  first  portion  of  mercury  has  been  added,  the 
mass  is  tested  by  washing  a  portion  of  it  with  water,  to  ascertain  from  the  appearance 
of  the  amalgam  whether  the  process  is  going  on  properly.  It  is  essential  to  the 
success  of  the  operation  that  tliere  should  not  be  any  cupric  chloride  remaining  wlien 
tho  mercury  is  added  to  the  heap,  because  the  reaction  which  would  take  place  lietween 
it  and  the  mercury,  resulting  in  production  of  mercurous  chloride,  would  unnecessarily 
augment  the  waste  of  mercury.  If  the  mercury  appears  veiy  grey  and  mueli  sub- 
divided, too  much  magistral  has  been  used,  and  consequently  tlie  mass  contains  a 
large  amount  of  mercurous  chloride :  in  that  case  chalk  is  added.  If.  on  the  contrary,  the 
mercury  is  very  brilliant  and  liquid,  there  is  not  enough  magistral,  and  more  has  to  be 
added.  When  the  mercurj'  sep.nrated  in  tlie  test  presents  a  slightly  grey  dull  appearance, 
and  runs  together  rapidly  when  separatid  into  globuhs,  the  process  is  going  on  well. 
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About  fifteen  days  after'  the  fijst  portion  of  mercury  has  been  added,  it  will  have 
combined  -with  enough  sUver  to  form  a  pasty  amalgam ;  then  a  further  quantity  is 
added,  and  after  another  interval  of  rest,  the  third  portion  is  added.  This  operation 
lasts  altogether  two  or  three  months,  according  to  the  nature  of  the  ore,  the  tempera- 
ture, &c.  If  the  amalgam  is  pasty  at  the  end  of  the  operation,  a  further  quantity  of 
mercury  is  added  to  liquefy  it,  and  the  whole  mass  is  washed  with  water  in  large 
wooden  vats  fitted  with  paddles  on  vertical  shafts.  The  amalgam  thus  separated  is 
pressed  in  sacks  to  strain  o&  excess  of  mercury,  and  then  distilled. 

At  some  places  this  method  of  treatment  is  practised  without  the  use  of  magistral, 
and  merely  with  salt  and  mercury.  In  those  instances  it  is  probable  that  the  ores 
contain  sufficient  sulphides  for  the  production  of  cupric  or  ferrous  sulphates  by  the 
action  of  atmospheric  oxygen  during  the  mechanical  preparation  of  the  ore. 

The  ores  worked  in  this  way  in  South  America  and  Mexico  are  generallj'  sorted,  so 
as  to  contain  from  20  to  40  ounces  of  silver  to  the  ton,  the  richer  parts  being  picked 
out  and  smelted. 

The  consumption  of  mercury  in  decomposing  silver-chloride,  and  the  waste  attending 
the  several  operations,  are  said  to  amount,  in  the  Mexican  method,  to  about  twice  the 
weight  of  the  silver  obtained.  It  has  been  proposed  to  recover  the  mercury  left  in  the 
washed  residue  as  mercurous  chloride  by  treating  it  with  hypochlorite  of  calcium  or 
nitrate  of  sodium,  and  then  adding  excess  of  hydrochloric  acid  so  as  to  convert  the 
mercurous  chloride  into  mercuric  chloride,  which  could  be  washed  out,  and  the  mercury 
precipitated  by  copper,  while  the  solution  of  cupric  chloride  thus  obtained  would  serve 
in  the  place  of  magistral  for  subsequent  working. 

Since  the  decomposition  of  silver-cMoride  may  be  effected  in  the  wet  way  by  contact 
with  other  metals  besides  mercury,  the  consumption  of  niercm'y  in  that  way  might  be 
prevented.  With  this  object  De  Lecca  proposed,  in  1586,  to  modify  the  treatment  by 
using  iron  plates  together  with  the  mercury,  but  this  suggestion  was  little  regarded  at 
the  time. 

For  the  amalgamation  of  rich  ores,  Alonso  Barba  devised  a  method  with  the 
same  object,  which  consisted  in  grinding  the  ores  in  copper  pans  with  successive 
additions  of  salt,  magistral,  and  mercury.  The  silver-chloride  being  in  this  case 
decomposed  by  copper,  less  mercury  was  requisite ;  but  the  extraction  of  the  silver 
was  incomplete. 

2.  European  Amalgamation. — The  method  of  extracting  silver  from  its  ores  by  means 
of  mercury  was  made  known  in  Europe  about  the  middle  of  the  seventeenth  century, 
and  Barba's  modification  of  it  was  the  starting-point  from  which  it  came  to  be 
adopted.  The  first  attempts  to  work  silver-ores  by  amalgamation  were  made  in  the 
Austrian  States  by  v.Born,  and  after  successive  improvements,  works  were  also  erected 
at  Freiberg,  Neusohl,  and  other  places  on  the  Continent,  where  it  was  extensively 
practised. 

The  principal  points  of  difference  from  the  Mexican  method  are  : — 1.  The  conversion 
of  the  silver-compounds  in  the  ore  into  cliloride  by  treatment  in  the  dry  way  by 
roasting  with  salt ;  2.  The  decomposition  of  the  silver-chloride  by  copper  or  iron 
instead  of  mercury. 

The  silver  ores  which  are  treated  by  amalgamation  in  Saxony  contain  silver-sulphide 
combined  or  mixed  with  arsenical  and  antimonial  sulphides,  pyrites,  blende,  &c. 
Both  rich  and  poor  ores  can  be  worked  by  this  method  with  equal  advantage;  but 
since  the  proportion  of  salt  and  mercm-y  to  be  used  would  depend  upon  the  amount  of 
silver  in  the  ores,  and  since  this  varies  from  20  to  600  ounces  per  ton,  the  ore  is 
sorted,  so  that  the  mass  to  be  operated  upon  may  contain  from  60  to  70  ounces  of 
silver  per  tun,  and  a  uniform  mode  of  treatment  may  be  adopted. 

It  is  necessary  that  the  ore  shoidd  contain  sulphides  in  sufficient  amoiint  to  produce 
the  requisite  chemical  reactions  during  the  roasting,  and  to  ascertain  wliether  this  is 
the  case,  a  portion  is  melted  with  glass,  borax,  and  resin  in  an  assay-crucible  under  a 
cover  of  sodium-chloride.  It  should  yield  about  30  per  cent,  of  matt.  When  there  is 
a  deficiency  of  sulphides,  iron-pyrites  or  ferrous  sulphate  is  to  be  mixed  with  the  ore. 

In  the  preparatory  treatment,  the  finely-ground  ore  is  roasted  with  10  or  12  per  cent, 
of  common  salt  in  a  reverberatory  furnace.  The  charge  is  put  into  the  furnace  moist, 
gently  heated  at  first,  and  stirred  continually  until  it  is  dry,  so  as  to  prevent  its 
Ciiking  ;  it  is  then  raked  up  into  a  heap  along  the  hearth,  and  after  the  lumps  have 
been  broken,  it  is  spread  out  evenly,  and  stirred  about  while  the  heat  is  being  increased 
to  redness.  This  stage  of  the  operation  {Aiifeucrn)  generally  occupies  about  two 
hours.  Meanwhile  steam  and  some  vapours  of  arsenic  and  antimony  are  given  oflf. 
As  the  temperature  rises  to  redness,  the  sulphides  begin  to  be  decomposed  by  reacting 
with  atmospheric  oxygen,  and  then  the  combustion  of  the  sulphur  generates  so  much 
heat  that  no  fresh  fuel  is  required  to  keep  up  the  temperature  during  this  stage  of  the 
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process  (Abschvjcfiln),  wliich  also  lasts  about  two  hours.  The  disengagement  of 
sulphurous  acid,  together  with  arsenic  and  antinionial  vapours,  causes  the  mass  to 
become  pulverulent  and  porous,  and  when  it  ceases  the  temperature  begins  to  full. 
The  heat  is  then  raised  considerably,  for  the  purpose  of  decomposing  the  sulphates 
■which  have  been  produced.  A  fresh  evolution  of  sulphurous  acid  together  with 
chloride-vapours  then  begins,  causing  the  mass  to  swell  up.  During  this  stage  of  the 
process  (Gutrosten)  the  sulphates  react  with  part  of  the  sodium-chloride,  yielding 
sodium-sulphate,  ferric  chloride,  &c.,  while  some  hydrochloric  acid  and  chlorine  are 
disengaged,  and  the  silver  is  converted  into  chloride.  Care  must  be  taken  not  to 
continue  this  part  of  tho  operation  too  long,  since  the  silver-chloride  mitrht  be 
melted  or  decomposed,  an  l  thus  tlie  efficiency  of  the  subsequent  operations  would  bo 
interfered  with,  and  the  yield  of  silver  consequently  reduced.  After  about  an  liour, 
the  charge  is  drawn  from  the  hearth.  It  then  contains,  besides  various  oxides  and  the 
earthy  ingredients  of  the  ore,  silver-chloride,  cupric  and  ferric  chlorides  and  sulphates, 
sodium-chloride  and  sodium-sulphate,  and  some  unaltered  sidphides. 

During  the  roasting,  the  charge  loses  about  10  per  cent,  by  weight,  and  some  silver  is 
carried  away  in  the  vapour  given  off,  for  which  reason  the  smoke  is  passi'd  through 
eoot-ch ambers  and  condensers.  The  flue-dust  thus  deposited  contains  unaltered  par- 
ticles of  ore,  with  carbon,  various  saline  substances,  and  about  30  or  40  ounces  of  silver 
per  ton.  This  silver  is  often  in  tlie  state  of  antimoniate,  a  salt  which  is  always 
produced  when  argentiferous  and  antimonial  minerals  are  roasted  together  (Pla  ttn  er). 
The  formation  of  this  salt  causes  a  further  loss  of  silver,  from  the  fact  that  it  is  not 
convertible  into  chloride  by  means  of  chlorine,  but  only  by  hydrochloric  acid. 

The  roasted  ore  is  screened  and  sifted  from  the  lumps,  which  are  ground  and 
roasted  again  with  salt.  The  fine  powder  is  ground  in  a  mill,  and  passed  through  a 
bolting-cloth  to  reduce  it  to  an  extremely  fine  state  of  division.  This  mechanical 
treatment  is  of  great  importance  for  the  perfect  separation  of  the  silver  by  treatment 
with  mercury. 

Tho  decomposition  of  the  silver-cliloride  [AnquicJccn)  is  generally  effected  by  stirring 
tho  roasted  ore  with  water  and  iron  or  copper  in  strong  wooden  casks  moiiuted  horizon- 
tally in  a  framework,  and  made  to  revolve  by  machinery  : 

•216  56  "108  64 

2AgCl  -(-  Fe  =  Fe"Cl-  +  Ag ;  or  AgCl  -f  Cu  =  CuCl  +  Ag. 

This  reaction  is  greatly  facilitated  by  the  presence  of  an  acid,  and  when  two  metals 
act  simultaneously,  it  takes  place  more  rapidly  than  when  only  one  is  present.  In  this 
case  tho  more  elcctro-positiv6  metal  is  converted  into  chlorine  by  the  reduction  of  the 
silver.  Thus  when  copper  and  mercury  are  used  together,  mercurous  chloride  only  is 
produced.  Witli  iron  and  mercury,  on  the  contrary,  only  ferrous  chloride  is  produced, 
together  with  silver-amalgam. 

The  stirring  with  metallic  iron  or  copper  has  also  the  effect  of  converting  ferrie 
chloride  into  ferrous  chloride.  Cupric  chloride  is  decomposed  in  the  same  way,  and 
unnecessary  production  of  mercurous  chloride  is  thus  prevented. 

The  quantity  of  iron  consumed  in  this  process  is  more  than  equivrdent  to  the  silver- 
chloride  decomposed,  and  amounts  to  about  60  per  cent,  of  the  silver  obtained  :  the 
excess  being  partly  due  to  the  solvent  action  of  salts  in  the  roasted  ore,  and  partly  to 
the  precipitation  of  other  metals  besides  silver. 

When  copper  is  used  instead  of  iron,  a  much  purer  amalgam  is  obtained ;  but  copper 
acts  more  slowly,  and  even  when  used  in  large  proportion,  it  is  not  so  effective  as  iron 
in  extracting  the  silver. 

The  decomposition  of  silver-chloride  by  either  iron  or  copper  is  also  much  facilitated 
by  the  presence  of  alkaline  chlorides,  especially  when  the  solution  is  strong.  This  is 
most  probably  owing  to  the  solubility  of  silver-chloride  in  such  solutions,  and  to  the 
consequently  increased  chemical  action.  Tliis  silver-chloride  is  reduced  more  rapidly 
by  mercxtry,  in  the  presence  of  a  concentrated  solution  of  alkaline  chloride,  than  it  is  by 
either  iron  or  zinc  alone. 

After  this  operation  has  been  completed,  and  the  silver  has  been  reduced  to  the 
metallic  state,  a  quantity  of  mercury,  equal  to  aboTithalf  the  weight  of  the  roasted  ore, 
is  put  into  each  cask,  and  the  stirring  is  continued  again  for  about  twenty  hours. 
During  this  operation  the  contents  of  the  cask  are  examined  from  time  to  time,  to 
ascertain  whether  the  proper  quantity  of  water  has  been  added,  and  to  test  the  condition 
of  the  charge. 

The  casks  are  next  filled  with  water  and  made  to  revolve  slowly  for  about  two 
hours,  after  which  time  the  greater  part  of  the  amalgam  will  have  separated  from  tho 
sludgy  mass  and  collected  together,  so  that  it  can  be  drawn  from  tho  casks.  It  is 
filtered  through  canvas  bags  to  separate  excess  of  mercury',  and  distilled  in  iron  retorts. 

The  pressed  amalgam  contains  about  85  per  cent,  of  mercury,  and  from  10  to  12  per 
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cent,  silver,  with  varying  amounts  of  copper,  lead,  antimony,  &c.  The  strained  mer- 
cury contains  about  one  ounce  of  silver  in  the  hundredweight. 

The  sludgy  mass  {tailings)  remaining  in  the  amalgamating  casks  still  contains 
disseminated  particles  of  amalgam  and  mercury.  It  is  run  into  a  wash-tun  {agitator, 
Waschbottige,  cuve),  mixed  with  a  large  quantity  of  water  and  stirred  with  paddles. 
The  amalgam  which  collects  at  the  bottom  of  the  agitator  is  much  more  impure  than 
that  taken  direct  from  the  casks.  The  lighter  portion  of  the  tailings  is  run  off  from 
side-openings  at  different  levels  of  the  agitator,  and  the  heavier  portion  is  again  treated 
with  mercury  in  the  casks,  or  dried,  ignited,  and  used  in  the  smelting-works.  It 
sometimes  contains  140  ounces  of  silver  per  ton.  The  finer  portion  of  the  tailings 
also  contains  some  silver,  from  2  to  5  ounces  per  ton. 

The  mother-liquor  from  the  tailings  contains  sodium-chloride  and  sulphate,  with 
other  salts,  such  as  ferrous  and  manganous  sulphates,  small  quantities  of  phosphates, 
arsenates,  and  fluorides,  &c.  It  is  concentrated  in  leaden  pans,  or  frozen  in  winter  to 
obtain  the  sodium-sulphate. 

The  loss  of  silver  and  mercury  in  this  operation  is  subject  to  great  variation ;  the 
former  amounts  to  about  6  or  10  per  cent,  of  the  quantity  contained  in  the  ore.  Of 
this  from  2  to  4  per  cent,  is  either  volatilised  in  the  roasting,  or  lost  in  the  grinding 
and  sifting  of  the  ore,  and  in  melting  the  metal.  From  3  to  5  per  cent,  of  the  silver 
generally  remains  in  the  tailings.  A  small  portion  of  the  mercury  is  converted  into 
mercurous  chloride,  which  is  not  decomposible  by  iron.  Much  more  remains  mechani- 
cally disseminated  among  the  tailings,  and  is  washed  away  in  the  mother-liquor.  The 
presence  of  lead,  arsenic,  and  other  metals,  which  are  easily  reduced  and  amalgamated, 
augments  considerably  the  waste  of  mercury.  At  Freiberg  it  amounts  to  about  fifteen 
ounces  per  ton  of  ore,  and  87  per  cent,  of  that  is  washed  away  in  the  mother-liquors,  or 
remains  in  the  tailings. 

The  advantages  of  the  amalgamation  method  over  smelting,  consist  in  the  smaller 
loss  of  silver,  the  greater  simplicity  of  the  operations,  the  more  rapid  extraction  of  the 
metal,  saving  in  fuel,  and  the  absence  of  injurious  vapours.  On  the  other  hand,  it  is 
not  applicable  to  ores  containing  lead  or  copper.  Although  lead  amalgamates  very 
readily  when  in  the  metallic  state,  still  in  the  treatment  of  ores  containing  lead,  only  a 
small  part  of  this  metal  is  amalgamated.  This  is  probably  because  very  little  of  the 
lead  is  reduced,  the  greater  part  remaining  in  the  state  of  chloride  or  sulphate,  which 
are  not  decomposed  unless  there  is  a  very  large  excess  of  iron  in  the  amalgamating 
casks.  Copper  is  partly  taken  up  by  the  mercury,  and  part  remains  in  the  tailings.  If 
these  are  not  sufficiently  rich  to  be  worked,  that  portion  of  the  copper  is  lost.  Conse- 
quently, ores  containing  more  than  7  per  cent  of  lead  or  1  per  cent,  of  copper  are  not 
treated  by  the  amalgamation  method. 

Auriferous  silver-ores  likewise  cannot  be  advantageously  worked  by  this  method, 
because  the  greater  part  of  the  gold  remains  in  the  tailings  after  amalgamation,  and  is 
lost.  Comparative  trials  have  shown  that  silver  obtained  from  such  ores  by  smelting, 
contained  more  than  twice  as  much  gold  as  that  obtained  by  amalgamation.  The 
reason  of  this  is,  that  though  gold  amalgamates  very  readily  with  mercui-y,  still  in  tho 
treatment  of  silver-ores  by  this  method,  it  is  less  rapidly  acted  upon  than  the  silver, 
wliich  is  reduced  from  the  silver-chloride  in  a  finely-divided  spongy  state,  favourable  to 
its  amalgamation. 

The  nature  of  the  earthy  ingredients  of  the  ore  has  also  some  influence  on  the 
working  :  thus  clay  renders  the  mass  tenacious  in  the  amalgamation  ;  heavy  spar 
makes  it  dense;  calcareous  substances  reduce  the  consumption  of  iron  and  of  mercury 
by  decomposing  the  chlorides,  but  they  also  lessen  the  yield  of  silver.  In  this  respect 
a  judicious  admixture  of  quartzose  and  calcareous  ores  is  most  advantageous. 

The  method  of  amalgamation  is  applied  not  only  to  silver-ores  but  also  to  the  matt 
{Kupferstein)  and  the  coarse  co-p-per  {Schwartz/cu2}ft'r)  obtained  in  smelting  argenti- 
ferous copper-ores.    (See  Copper,  ii.  31.) 

In  the  Mansfield  district,  silver  was  formerly  extracted  in  this  way  from  copper- 
matt,  after  it  had  been  roasted  with  salt  to  convert  the  silvr  into  chloride.  The 
tailings  were  afterwards  smelted  with  quartz,  fluor-spar,  and  slag  to  obtain  the 
copper. 

At  Schmollnitz,  in  Hungary,  black  copper,  containing  from  85  to  89  per  cent  of 
copper,  and  200  or  300  ounces  of  silver  per  ton,  is  worked  by  amalgamation.  The 
metal  is  reduced  to  powder  by  stamping  while  red-hot  and  then  grinding.  It  is 
mixed  with  from  7  to  9  per  cent,  of  salt,  and  roasted  in  a  reverberatory  furnace.  The 
amount  of  sulphur  in  the  metal,  being  no  more  than  from  0-5  to  1  per  cent.,  would  be 
insufficient  in  this  case  to  determine  evolution  of  chlorine  by  its  oxidation  to  sulphuric 
acid  ;  consequently  the  production  of  silver-chloride  in  tho  roasting  must  he  effected 
chiefly  by  the  reaction  of  sodium-chloride  with  the  metal. 

Tho  silver-chloride  is  decomposed  by  means  of  copper,  and  the  amalgamation 
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otherwise  conducted  as  already  described  (p.  282).  If  iron  were  used  instead  of  copper 
to  decompose  tiie  chloride,  the  metal  obtained  would  contain  a  large  amount  of  copper. 

The  loss  of  silver  is  said  to  be  less  than  5  per  cent.,  and  the  waste  of  copper  about 
2  per  cent.  The  waste  of  mercury,  however,  amounts  to  40  ounces  per  ton  of  coarse 
copper. 

At  Cziklowa,  in  the  Bannat,  coarse  copper  containing  16  ounces  of  silver  per  ton  is 
roasted  with  10  per  cent,  of  salt  and  3  or  4  per  cent,  of  pyrites. 

At  Offenbanya,  in  Transylvania,  coarse  copper  containing  10  per  cent  of  lead  is 
roasted  for  six  hours  with  18  per  cent,  of  salt  and  3  per  cent,  of  nitre,  to  facilitate  tho 
production  of  lead-sulphate,  which  is  not  decomposed  in  the  amalgamation. 

The  compound  of  arsenic  and  antimony  with  nickel,  cobalt,  iron,  and  other  metals, 
■which  is  termed  sjjeis,  produced  in  lead-smelting,  and  especially  in  the  preparation  of 
smalt  from  nickeliferous  cobalt-ores,  often  contains  silver  which  is  extracted  by 
amalgamation. 

The  speis  from  the  Saxon  smaltworks  at  Schneeberg  contains  from  10  to  100  ounces 
of  silver  per  ton.  It  also  contains  bismuth  and  sulphur.  The  powdered  material  is 
roasted  to  oxidise  the  metals:  part  of  the  arsenic  is  volatilised  as  arscuious  acid;  a 
great  part,  however,  remains  in  the  state  of  arsenic  acid  combined  with  the  basic 
oxides.  The  roasted  product  is  sifted,  to  separate  any  melted  or  unoxidised  particles, 
then  ground  fine,  mixed  with  8  per  cent,  of  salt  and  2  per  cent,  of  ferrous  sulphate, 
and  again  roasted  to  convert  the  silver  into  chloride.  More  arsenious  acid  is  volatilised, 
and  probably  some  arsenic  as  chlurido.  Tho  product  of  this  roasting  is  grotmd  very 
fine,  and  treated  with  mercury  in  casks. 

The  amalgam  requires  to  bo  well  washed  ■with  water  to  remove  bismiith-oxide. 
The  tailings  contain  5  ounces  of  silver  per  ton,  and  are  smelted  for  nickel.  The  total 
loss  of  silver  is  said  to  be  about  15  per  cent. ;  the  waste  of  mercury  amounts  to  10  or 
15  ounces  per  ton. 

At  Poullaouen,  in  Brittany,  some  of  the  ores  from  the  Huelgoet  mines,  consisting  of 
metallic  silver,  antimonial  silver,  and  silver-chloride  disseminated  through  quartz, 
ochre,  and  clay,  are  treated  in  a  manner  which  combines  both  the  Mexican  and 
European  methods.  Aftrr  the  mechanical  preparation  of  tho  ore,  containing  about  20 
ounces  of  silver  per  ton,  it  ismixcd  with -water  and  10  per  cent,  of  magistral,  consisting 
chiefly  of  sodium-chloride,  with  some  ferrous  s'ulphate,  alum,  and  a  very  small  amount 
of  cupric  sulphate.  This  mixture  is  left  for  about  15  daj's  in  tubs,  to  allow  of  the  pro- 
duction of  silver-chloride,  and  the  subsequent  treatment  conducted  as  already  described. 

The  extraction  of  silver  is  etfected  to  within  3  ounces  to  the  ton. 

The  waste  of  mercury  amounts  to  from  10  to  80  ounces  per  ton  of  ore. 

The  amalgamation  method  is  now  largely  practised  in  California  and  Nevada  in 
working  silver-ores,  and  great  improvements  have  been  made  in  connection  with  it. 
Iron  pans  ■with  muUers,  for  grinding  the  ore  either  in  the  raw  or  roasted  state,  have 
been  substitvited  for  the  barrels  ■with  great  advantage.  By  this  means  the  silver  or 
silver-compounds  of  the  ore  are  more  elfectivoly  brought  in  contact  with  the  chemicals 
and  mercury,  and  the  amalgamation  is  much  facilitated.  The  application  of  heat  by 
steam-pipes  has  also  been  found  very  advantageous. 

One  of  the  most  troublesome  circumstances  connected  with  the  extraction  of  silver 
by  amalgamation  is  the  conversion  of  the  mercury  into  a  pulvendent  condition, 
known  as  "  flouring,"  when  it  is  liable  to  be  washed  awaj'  in  the  tailings,  together  with 
silver  it  has  combined  with.  Considerable  loss  may  be  caused  in  this  way  ;  and  as 
this  effect  is  due  to  the  combination  of  sulphur,  ox_ygen,  &c.  with  a  portion  of  tho 
mercury,  it  has  been  proposed  to  introduce  a  small  amount  of  sodium  into  the  mercury 
used  for  amalgamation.  Prom  the  great  chemical  affinity  of  this  metal  for  sulphur  and 
oxygen,  it  prevents  the  mercury  from  becoming  "floured,"  and  materially  reduces  tho 
waste  of  this  metal  and  the  loss  of  silver.  An  amalgam  containing  about  30  per 
cent,  of  sodium  is  used  for  the  purpose,  and  added  to  the  mercury  so  as  to  make  the 
propurtion  of  sodium  about  1  or  2  per  cent.  The  presence  of  sodium  in  the  mercury 
also  appears  to  facilitate  very  considerably  the  amalgamation  of  the  silver.  (See 
Crooke's  Specifications,  Nos.  391  and  2229,  dated  11th  Febmary  and  3()th  August, 
1865.) 

Tho  use  of  caustic  alkali  for  the  same  purpose  has  also  been  tried  and  found 
advantageous,  though  probably  in  a  less  degree  than  the  soilium-amalgam. 

Extraction  of  Silver  as  Chloride  a7id  Sidphatc. 

The  solubility  of  silver-chloride  in  a  strong  solution  of  sodium-chloride  has  been 
taken  advantage  of  for  the  purpose  of  e.xti'aeting  silver  from  copper  matts  and  ores 
without  the  aid  of  mercury.  The  silver  is  converted  into  chloride  by  roasting 
with  salt,  and  the  roasted  product  is  digested  with  a  concentrated  solution  of  salt  in 
wooden  vats.     The  silver-solution  is  drawn  off  and  passed  through  a  series  of 
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vats  containing  precipitated  copper,  which  separates  the  silver,  while  a  solution  of 
copper  is  produced,  from  which  the  copper  is  recovered  in  a  state  fit  to  beused  again,  by 
passing  through  another  series  of  vats  containing  iron.  The  liquor  from  which  the 
copper  has  been  precipitated,  is  left  for  some  time  exposed  to  the  air,  till  a  great  part 
of  the  iron  has  been  deposited  as  a  basic  ferric  salt;  it  then  contains  some  sodium- 
sulphate  produced  in  the  roasting,  and  is  either  evaporated  to  obtain  that  salt,  or 
treated  with  calcium-chloride  to  furnish  sodium-chloride  for  future  use.  (Augustin.) 

A  still  more  simple  and  inexpensive  method  of  extracting  silver  is  based  upon  the 
facts  that  silver-sulphate  is  soluble  in  water,  and  that  it  requires  a  higher  temperature 
for  decomposition  than  any  of  the  other  soluble  sulphates  containing  heavy  metals 
which  are  produced  during  the  roasting  of  copper-matt  or  of  silver-ores  with  pyi'ites. 
The  success  of  this  method  of  treatment  depends  mainly  on  the  proper  roasting  of  the 
material  from  which  silver  has  to  be  extracted,  so  that  the  whole  of  the  silver  may  be 
obtained  in  the  state  of  sulphate,  while  the  cupric  and  ferrous  or  ferric  sulphates  are 
decomposed.  In  the  roasting  the  heat  is  to  be  gradually  raised  during  the  space  of 
three  or  four  hours  to  dull  redness,  and  lastly  increased  within  about  two  hours  to  cherr^'- 
red.  The  progress  of  the  roasting  is  ascertained  from  time  to  time  by  testing  a 
portion  of  the  charge  with  water.  It  should  give  a  faintly  bluish  solation,  and  the 
amount  of  silver  rendered  soluble  may  be  estimated  volumetrically  with  a  salt-solution 
of  known  value.  "When  the  proper  condition  has  been  reached,  the  charge  is  drawn 
from  the  furnace  and  digested  with  water,  and  the  silver  is  precipitated  from  the  solution 
by  copper.  (Ziervogel.) 

The  average  loss  of  silver  by  this  method  is  said  to  be  only  8  per  cent. 

The  use  of  alkaline  hyposulphite  has  been  proposed  as  a  solvent  for  silver-chloride 
in  the  working  of  ores,  &c.,  the  silver  being  precipitated  from  the  solution  as  silver- 
sulphide  by  means  of  alkaline  sulphide,  while  a  solution  of  hyposulphite  is  repro- 
duced. (Percy.) 

In  the  case  of  very  poor  argentiferous  materials,  such  as  the  residue  from  the 
burning  of  pyrites  in  the  manufacture  of  sulphuric  acid,  it  has  been  proposed  to 
volatilise  the  silver  as  chloride,  and  collect  it  in  condensers. 

When  the  silver  obtained  by  this  method  is  very  impm-e,  it  is  sometimes  purified  by 
cupellation  with  lead.  Attempts  have  been  made  to  separate  the  metals  with  which 
the  silver  is  alloyed,  by  digesting  with  dilute  sulphuric  acid  in  leaden  pans,  the  residue 
left  by  distillation  after  it  has  been  heated  to  redness  in  contact  with  atmospheric  air. 
By  repeating  this  treatment  several  times,  a  large  portion  of  the  foreign  metals  are 
separated,  but  the  purification  is  incomplete  and  tlie  cost  is  considerable.  More  fre- 
quently the  silver  is  refined  by  melting  in  east-iron  crucibles.  By  this  means  the 
foreign  metals  are  oxidised  and  form  a  slag,  whieli  floats  on  the  surface  of  the  melted 
silver  and  is  skimmed  off.  Some  charcoal-powder  is  then  sprinkled  on  the  metal,  the 
crucible  covered,  and  the  heat  kept  up  for  a  time,  the  metal  being  stirred  in  the  mean- 
while with  an  iron  rod.  'Wlien  the  charcoal  is  consumed,  this  operation  is  repeated 
until  the  metal  exhibits  the  required  degree  of  pm'ity.  It  is  then  cast  into  ingots. 
This  refined  metal  ought  not  to  contain  less  than  70  per  cent,  silver,  and  the  alloy 
should  consist  entirely  of  copper. 

The  refuse  of  the  refining  is  melted  with  potash  and  some  nitre  under  sodium-chlo- 
ride, and  a  silver  regulus  is  obtained,  together  with  a  rich  matt,  which  is  mixed  with 
the  ore  for  amalgamation,  and  a  slag  which  is  sent  to  the  smelting-works.    B.  H.  P. 

SXZiVSR  A.ImJaO'^S,  For  most  of  the  useful  purposes  to  which  silver  is  applied, 
the  pure  metal  would  be  too  soft  to  resist  sufficiently  the  wearing-away  of  the  surface 
by  friction.  The  presence  of  a  small  amount  of  copper  in  the  metal  very  considerably 
increases  its  liavdness,  without  miich  affecting  the  colour,  and  consequently  silver  is 
generally  used  in  the  state  of  an  alloy  with  copper. 

Silver  may  be  alloyed  with  most  other  metals.  None  of  the  alloys  are  so  soft  and 
ductile  as  pure  silver,  though  generally  more  so  than  the  metal  with  which  it  is  alloyed. 
The  presence  of  small  quantities  of  other  metals — such  as  antimony,  arsenic,  bismuth, 
tin,  and  zinc  — renders  silver  brittle  and  liable  to  crack  when  rolled,  but  to  a  less  extent 
than  is  the  case  with  gold  or  even  with  copper. 

1.  With  Aluminium. — The  alloj's  of  these  metals  are  much  harrier  than  pure 
aluminium,  and  when  the  aluminium  amounts  to  twice  as  much  as  the  silver,  they  are 
even  more  fusible  than  aluminium,  and  may  therefore  be  used  for  soldering  that 
metal.  The  alloy  containing  3  per  cent,  of  silver  is  not  acted  upon  by  sulphuretted 
hydrogen  :  that  containing  5  per  cent,  of  silver  has  a  fine  white  colour,  takes  a  good 
polish,  has  about  the  same  degree  of  hardness  as  British  standard-silver,  and  is  tole- 
rably malleable.    Equal  parts  of  aluminium  and  silver  give  a  brittle  alloy. 

2.  With  Antimony.— A  very  small  proportion  of  antimony  alloyed  with  silver  is 
sufficient  to  render  the  metal  liable  to  crack  in  rolling.  Alloys  of  silver  and  antimony 
occur  as  minerals. 
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3.  With  Bismuth.— Equal  parts  of  silver  aui^  bismuth  form  a  crystalline  brittle 
alloy,  of  10-709  specific  gravity.  Bismuth-oxide  being  fusible,  this  metal  can  bo 
separated  from  silver  by  cupellation  in  the  same  way  as  lead. 

4.  With  Copper. — Silver  and  copper  may  be  melted  together  in  any  proportion. 
The  alloys  are  almost  as  ductile  as  silver;  and  they  have  much  greater  hardness  and 
elasticity,  and  are  capalilo  of  taking  a  much  higher  polish  than  pure  silver.  Those 
containing  less  than  half  their  weight  of  silver  are  white. 

The  most  important  alloys  of  silver  and  copper  are  those  employed  for  coinage,  and 
for  the  manufacture  of  silver  utensils  and  ornaments,  &e.  The  standard  value  of  the 
alloy  used  for  these  purposes  varies  in  dilferent  countries.  In  England  "  siandard 
silver"  contains  7'5  per  cent,  copper:  its  specific  gravity  is  10'20. 

In  France  there  are  three  standard  alloys  :  one,  containing  9.5  per  cent,  of  silver,  for 
medals  and  plate  ;  the  second,  containing  90  per  cent.,  for  coin  ;  and  the  third,  containing 
80  per  cent.,  for  jewelry-work. 

In  Germany  and  Austrui  there  are  two  standards  for  coin,  of  ditferent  values — ono 
containing  90  per  cent.,  the  other  87'5  per  cent,  silver.  The  alloy  used  for  silver- 
plate  varies  from  70  to  81  per  cent. 

Silver-solder  contains  about  66  per  cent,  silver  with  zinc  and  copper. 

AVhen  alloys  of  silver  and  copper  solidify  gradually,  they  do  not  remain  homoge- 
neous throughout.  According  to  the  amoimt  of  .silver  they  contain,  the  inner  or  outer 
portions  of  the  mass  contain  a  larger  proportion  of  silver  than  the  remainder.  Levol 
states  that  this  separation  does  not  take  place  with  the  alloy  consisting  of  71'9  per  cent, 
silver  and  28-1  copper.    (Ann.  Ch.  Phys.  [3]  xxxvi.  220.) 

Although  the  alloys  of  silver  with  copper  are  white,  even  when  containing  a  large 
amount  of  copper,  still  the  colour  is  not  so  fine  as  that  of  pure  silver.  Such  alloys, 
after  being  manufactured,  are  therefore  submitted  to  an  operation  by  which  the  copper 
is  superfi;-ially  oxidised,  and  dissolved  out,  so  as  to  leave  a  film  of  pure  silver.  This  is 
termed  whitening  (hlanchimcnt ;  Ansicdcii). 

5.  With  Gold.  This  metal  may  be  alloyed  with  silver  in  all  proportions.  Levol 
regai'ds  the  alloys  of  these  metals  in  equivalent  proport'ons  as  being  incapable  of 
separating  by  gradual  cooling.    (Ann.  Ch.  Phys.  [3]  xxxix.  163.) 

Alloys  of  gold  and  silver  in  various  proportions  occur  native.  (G.  Rose,  Pogg. 
Ann.  xxiii.  161. — Awdejew,  Had.  liii.  153. — Bou  ssingault,  Ann.  Ch.  Pliys. 
[2]  xxxiv.  408  ;  xlv.  440.— Handbook,  vi.  247.) 

(!.  AYith  Lead. — Silver  may  bo  melted  with  lead  in  all  proportions.  These  alloys 
M'lien  slowly  cooled,  separate,  so  that  the  interior  of  the  mass  contains  a  much  larger 
proportion  of  silver  than  the  outside.    (Levol,  Ann  Ch.  Phys.  [3]  xxxix.  163.) 

7.  Witli  Mercury. — This  metal  combines  with  silver  at  the  ordinary  temperature, 
forming  one  of  the  soft  alloys  called  amalgams,  which  mixes  with  an  excess  of  mercury, 
but  may  be  separated  as  a  pasty  mass  by  squeezing  in  wash-leather.  Silver-amalgam 
occurs  native,  sometimes  crystallised  (iii.  889). 

8.  With  Nickel. — The  alloy  containing  13-4  per  cent,  of  nickel,  is  greyish-white,  and 
takes  a  good  polish.  It  is  highly  magnetic.  The  alloy  used  for  coin  in  Switzerland 
contains  10  per  cent,  of  nickel.  It  is  vei-y  hard,  and  not  so  white  as  the  alloys  com- 
monly used  for  coin. 

9.  AVith  Platinum. — Alloys  of  silver  with  platinum  are  much  less  ductile  than  puro 
silver.  The  alloy  containing  64'3  per  cent,  platinum,  has  a  coloar  intermediate 
between  those  of  the  two  metals.  It  cannot  be  rolled  without  cracking.  Silver  con- 
taining only  0'07  of  platinum  is  very  brittle,  and  cannot  be  cupelled  ;  even  as  little  as 
0'05  greatly  impedes  tne  cupellation.  Sulphuric  acid  dissolves  the  silver  from  these 
alloys.  Nitric  acid  dissolves  part  or  all  of  the  platinum  as  well  as  the  silver,  according 
to  tiie  proportion  of  the  two  metals. 

10.  With  Tin. — Alloys  of  this  metal  with  silver  are  nearly  as  white  as  pure  silver. 
They  are  brittle  and  generally  hard,  that  containing  20  per  cent,  of  tin  being  about  as 
hard  as  bronze. 

11.  With  Zinc. — These  alloys  are  of  a  bluish-white  colour.  Doppler's  reflector  metal 
consists  of  80  pts.  silver  and  20  pts.  zinc. 

SILVBR  ABSA'H'.  The  estimation  of  the  amount  of  silver  in  coin,  alloys,  ores, 
&e.,  for  praelieal  purposes.  This  operation  may  be  conducted  either  in  the  wet  way, 
bv  ]iiveipitating  the  silver  as  chloride  from  the  solution  of  a  known  weight  of  the 
mViislance  to  lie  assayed  (see  Silver,  Detection  and  Estimation  of,  p.  298),  or  in 
the  dry  way  by  cupellation  with  lead,  so  as  to  obtain  the  pure  silver. 

In  operating  upon  ores  containing  metallic  silver  and  oxidised  silver-compounds, 
they  are  mixed  with  eight  or  ten  times  as  much  litharge,  and  twice  as  much  black  fiux, 
and  melted  in  earthen  crucibles.  The  lead  reduced  by  the  carbon  of  the  black  flux 
dissolves  the  f-ilvor,  and  collects  as  a  button  at  tlie  bottom  of  the  crucible,  while  the 
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remainder  of  the  litharge  and  the  alkaline  carbonate  combine  with  the  silieious  and 
earthy  ingredients  of  the  ore,  forming  a  slag. 

Ores  containing  sulphur  or  arsenic  may  be  melted  with  litharge  alone  in  sufficient 
proportion  to  oxidise  those  substances,  and  the  lead  reduced  at  the  same  time  will  be 
sufficient  to  dissolve  the  silver.  If  the  amount  of  sulphide  should  be  very  large  in 
proportion  to  the  silver,  it  is  better  to  separate  some  of  the  sulphur  by  roasting  the 
ore,  or  to  oxidise  it  by  melting  it  with  nitre  before  the  treatment  with  litharge. 

Argentiferous  galena  may  be  assayed  by  melting  it  with  one-and-a-half  times  its 
weight  of  black  flux,  and  about  one-fourth  its  weight  of  small  iron  nails,  to  obtain  a 
button  of  metal.  Or  it  may  be  melted  with  three  or  four-tenths  of  its  weight  of  nitre, 
which  oxidises  the  sulphur,  forming  potassium-sulphate,  while  the  lead  and  silver  are 
reduced.  The  addition  of  sodium-carbonate  or  litharge  as  a  flux  is  often  necessary  and 
convenient  in  moderating  the  reaction  between  the  nitre  and  sulphides. 

Tlie  button  of  metal  obtained  by  any  of  these  operations  consists  of  an  alloy  of 
silver  and  lead.  The  separation  of  these  metals  is  effected  by  cupcllation  {coupellation  ; 
Ahtrrihcn).  This  operation  is  founded  on  the  fact  that  when  such  an  alloy  is  melted 
and  exposed  to  a  current  of  atmospheric  air,  the  lead  is  oxidised,  while  the  silver 
remains  unaltered.  The  separation  of  the  lead  is  facilitated  by  melting  the  alloy  upon 
&  cupd  {coupelle ;  Cape/fc),  made  of  bone-earth  powder  compressed  so  as  to  be  suffi- 
ciently porous  to  absorb  about  its  own  weight  of  melted  lead-oxide,  which  is  thus 
removed  from  the  metal  as  the  oxidation  advances,  until  at  last  there  remains  only  the 
pure  silver. 

In  the  assay  of  argentiferous  copper-ores,  the  first  step  is  to  obtain  a  button  con- 
taining the  entire  quantity  of  both  metals.  For  this  purpose  ores  which  do  not  contain 
sulphur,  arsenic,  or  antimony,  but  consist  chiefly  of  oxygen-compounds  of  copper  with 
earthy  admixtures,  may  be  melted  at  once  with  black  flux  sufficient  to  reduce  the  metal, 
and  with  a  flux  to  convert  the  earthy  ingredients  into  liquid  slag.  Borax  or  litharge 
may  be  used  as  the  flux,  care  being  taken  to  avoid,  in  the  one  case,  loss  by  intumes- 
cence, and,  in  the  other,  the  reduction  of  much  lead  in  proportion  to  the  silver  and 
copper. 

Argentiferous  copper-ores  containing  sulphides  must  be  first  roasted  by  gradually 
heating  the  powdered  ore  in  a  shallow  capsule,  until  sulphurous  acid  is  no  longer  given 
off.  Great  care  must  be  taken  at  first  to  prevent  any  partial  fusion  of  the  ore,  and, 
when  arsenic  is  present,  it  must  be  very  slowly  volatilised — otherwise  the  vapour  may 
carry  away  some  silver.  After  the  ore  is  fully  oxidised,  the  heat  is  to  be  raised 
sufficiently  to  decompose  the  sulphates  produced.  The  roasted  ore  may  then  be  melted 
with  three  or  four  times  its  weight  of  black  flux.  The  button  of  copper  and  silver 
thus  obtained  is  cupelled  with  lead,  to  separate  the  copper  from  the  silver,  and  the 
silver  is  weighed. 

1.  Silver  Assay  in  the  dry  way:  Cupellatlon. — The  assay  of  alloys  of  silver  and 
copper  by  eupellation  is  of  considerable  practical  importance.  When  such  alloys  are 
melted  in  contact  with  atmospheric  air,  the  copper  is  oxidised,  as  in  the  case  of  an 
alloy  of  silver  and  lead  :  but  the  copper-oxide  being  infusible  at  the  temperature,  it 
cannot  be  absorbed  by  the  cupel,  and  its  separation  requires  a  solvent.  For  this 
reason  lead  is  added  in  the  eupellation  of  silver  alloj's  containing  copper :  it  serves  a 
twofold  purpose — facilitating  the  fusion  of  the  alloy  by  acting  the  part  of  a  solvent  to 
it  at  a  temperature  much  below  the  melting-point  of  either  silver  or  copper,  while  the 
oxide  it  yields  during  the  eupellation  melts,  and  dissolves  the  copper-oxide  produced 
at  the  same  time. 
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Absorbed  as  Oxides  by  the  Cupel. 
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Tlie  amount  of  copper  capable  of  being  dissolved  in  this  way  by  lead-oxide,  so  as  ro 
be  absorbed  by  tlie  cupel,  varies  according  to  the  temperature.  The  relative  propor- 
tions of  copper  and  lead  absorbed  as  oxides  by  the  cupel  also  vary,  oven  at  the  sume 
temperature,  according  to  the  proportion  of  these  metals  iu  the  alloy.  Karsten,  liy 
cupelling  copper  with  ditFeront  proportions  of  lead  at  one  and  the  same  temperature, 
obtained  the  results  given  in  the  preceding  table. 

Besides  these  total  ditferences,  the  proportion  of  copper-oxide  dissolved  when  an  alloy 
of  lead  with  excess  of  copper  is  cupelled,  varies  throughout  the  operation.  At  the 
commencement  it  amounts  to  only  0'13  of  the  lead-oxide,  and  at  the  end  to  0'36,  or 
more  than  a  third.  When  the  proportion  of  lead  to  cojiper  is  too  small,  the  melted 
oxides  are  not  sufficiently  liquid,  at  the  temperature  proper  for  cupellation,  to  be 
readily  absorbed  by  the  cupel.  In  this  case  the  oxide  accumulates  above  the  metal, 
and  eventually  stops  the  oxidation.  Tlie  assay  is  then  said  to  be  chilled  [iioi/e  ; 
ersaufen).  Therefore,  in  order  to  separate  the  whole  of  the  copper  from  an  alloy  of 
silver  with  this  metal,  it  is  necessary  to  use  enough  lead.  The  complete  separation 
would  always  be  eifected  with  any  alloy  by  using  the  maximum  proportion  of  lead,  or 
as  much  as  would  be  necessiixy  with  pure  copper.  But,  since  this  operation  is  always 
attended  with  a  loss  of  silver,  which  increases  in  proportion  to  the  time  it  lasts,  and  to 
the  amount  of  metal  oxidised,  it  is  indispensable  to  render  this  loss  as  small  as  possible. 
For  that  reason  only  so  much  lead  is  to  be  used  as  may  be  actually  necessary,  accord- 
ing to  the  amount  of  copper  in  the  alloy  to  be  assayed. 

The  proportion  of  lead  requisite  for  eiFecting  the  separation  of  copper  from  silver  by 
cupellation  is  to  some  extent  influenced  by  the  amount  of  silver  in  the  alloy.  Expe- 
rience has  shown  that,  in  cupellation,  copper  is  less  readily  oxidised  when  it  is  alloyed 
with  silver  than  when  pure  ;  and  that,  consequentlj',  a  larger  projiortion  of  lead  must 
be  used,  relatively  to  the  copper,  the  greater  the  amount  of  silver  in  the  alloy. 


Composition  of  Alloy. 

Quantitv  of  Lead  for  1  p.'Art 
of  Alloy. 

Ratio. 

Silver. 

Cn,,pc 

r. 

Lead . 

Copper. 

1000 

50 

0-3 

3 

60 

1 

900 

7 

70 

1 

800 

200 

10 

.50 

1 

700 

300 

12 

40 

1 

600 

400 

14 

3.5 

1 

500 

■500 

32 

1 

400 

600' 

27 

1 

300 

700 

23 

1 

■200 

800 

16—17 

20 

1 

100 

900 

( 

18 

1 

1000 

16 

1 

It  is  remarkable  that  when  the  copperaraounts  to  more  than  one-half  of  the  alloy,  the 
same  proportion  of  lead  is  necessary  for  all  alloys,  whatever  may  be  the  amount  of 
copper  they  contain.  Even  when  pure  silver  is  melted  on  a  cupel,  a  little  lead  must 
be  added  to  make  the  metal  form  a  button  ;  if  less  than  three-tenths  its  weight  of  lead 
is  used,  the  button  is  not  properly  formed,  and  the  lead  is  not  separated  unless  the 
heat  be  raised  considerably,  which  causes  great  loss  of  silver.  When,  on  the  contrary, 
more  than  that  proportion  of  lead  is  used,  the  cupellation  takes  place  readily,  Imt  the 
loss  of  silver  is  greater,  because  the  operation  lasts  longer. 

Tlie  furnace  in  which  cupellatiou-assays  are  made  is  represented  mfig.  745.  The 
most  important  part  of  it  is  the  muffle,  B.  This  is  a  semicylindrical  vessel  made 
of  clay,  and  closed  at  one  end.  It  is  fixed  in  the  furnace  in  such  a  manner  that 
it  can  be  entirely  surrounded  with  the  burning  fuel  when  the  furnace  is  in  use.  At 
the  sides  of  the  rnuffle  there  are  longitudinal  openings,  through  which  a  draught  is  pro- 
duced by  the  chimney ;  and  when  the  door  of  the  muffle  is  opened,  a  cm-rent  of  atmo- 
spheric air  is  tints  made  to  pass  through  the  muffle  over  the  cupels. 

In  using  this  furnace,  it  should  be  kept  entirely  filled  with  fuel  which  will  burn 
without  smoke;  and  when  tlie  temperature  has  been  raised  to  the  proper  degree,  it 
can  easily  be  regulated  according  to  requirement.  AVhen  the  cupels  have  become  hot, 
and  the  sides  of  the  muffle  are  at  a  briglit  red  heat,  verging  upon  white,  the  necessary 
quiintity  of  lead  is  first  placed  in  the  several  cupels  ;  and  when  it  is  melted,  the  weighed 
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quantities  of  the  alloys  to  be  assayed,  wrapped  in  thin  paper,  are  quickly  hut 
gently  slipped  into  the  melted  lead,  great  caro  being  taken  to  prevent  any  portif)n  of 

the  contents  of  the  cupels  being 
thrown  out. 

After  the  cupels  are  charged, 
the  mufBe  is  closed  for  a  few 
seconds,  that  the  pieces  of 
alloy  may  melt  and  dissolve 
in  the  lead.  At  the  moment 
the  door  is  removed,  the  con- 
tents of  each  cupel  should  pre- 
sent the  appearance  of  bright 
liquid  metal  with  a  convex 
surface. 

As  soon  as  air  is  admitted 
into  the  muffle,  oxidation  com- 
mences ;  white  fumes  of  lead- 
oxide  are  given  off;  and  the 
bright  surface  of  the  met;il 
becomes  covered  with  a  thin 
iridescent  film  of  melted  oxide, 
pi-esentingbrilliantspots,  which 
move  rapidly  about  over  it.  As 
the  oxidation  advances,  the 
melted  oxide  is  absorbed  by  the 
cup  el ,  produ  cin  g  round  th  e  m  etal 
a  dark  patch  ,which  gradually  ex- 
tends, while- the  metal  decreases 
in  bulk  and  becomes  more  globular.  At  the  end  of  the  process,  when  the  last  portion  of 
oxide  is  being  formed,  the  metal  appears  to  be  revolving  rapidly,  and  its  surface 
becomes  very  bright  and  iridescent ;  then  the  motion  suddenly  ceases,  and  the  irides- 
cence disappears  with  a  kind  of  flash,  during  which  the  button  is  scarcely  perceptible ; 
after  a  few  seconds  it  presents  the  appearance  of  pure  silver.  This  last  stage  of  the 
process  is  called  the  brightening  {eclair  ;  BlicJccn). 

Owing  to  the  fact  that  melted  silver  absorbs  oxygen  gas,  it  is  necessary  to  remove 
the  cupels  containing  the  buttons  of  silver  very  gradually  from  the  muffle,  in  order  that 
they  may  cool  slowly  and  not  spit  {rochcr  ;  spratzen),  since  this  might  occasion  some  loss. 

"Wlien  this  operation  has  been  well  performed,  the  button  of  silver  should  separate 
easily  from  the  cupel ;  its  upper  surface  should  be  bright  and  smooth  ;  the  under-sur- 
face,  dull  and  crystalline,  but  clean  and  compact.  When  the  button  is  bluish 
above  and  bright  underneath,  without  adhering  at  all  to  the  cupel,  it  contains  lead. 
When  the  upper  surfece  of  the  button  is  flattened,  dull,  and  wrinkled,  it  has  either 
spit,  or  too  little  lead  has  been  used  and  the  oxidation  has  not  been  complete. 

The  temperature  at  which  cupellation  is  conducted  has  a  great  influence  on  the 
result.  Since  silver  is  sensibly  volatilisable,  it  is  on  this  account  essential  that  the 
temperature  should  not  be  too  high.  On  the  other  hand,  the  heat  must  be  sufficient  to 
complete  the  oxidation  of  the  copper  and  lead,  and  to  render  the  oxides  perfectlj-  liquid 
and  capable  of  being  absorbed  by  the  cupel.  From  the  greater  length  of  time  occupied 
by  the  process  at  a  low  temperature,  the  loss  of  silver  by  volatilisation  might  be  as 
great  as  if  it  took  place  more  rapidly  at  an  excessive  heat.  Experience  has  shown 
that  the  heat  is  too  great  when  the  cupels  are  nearly  white  hot  and  scarcely  distin- 
guishable from  the  metal  they  contain,  and  when  the  fumes  appear  slight  and  rise 
quickly  to  the  crown  of  the  muffle.  In  this  case  the  oxide  would  be  too  hquid,  and 
would  carry  with  it  into  the  cupels  some  minute  particles  of  silver.  On  the  contrary, 
the  heat  is  too  low  when  the  fumes  appear  dense,  creeping  along  the  sole  of  the  muffle, 
and  when  the  oxide,  being  insuffieienlJly  liquid  to  be  absorbed,  collects  in  a  ridge  round 
the  metal.  In  tliis  case  the  loss  of  silver  is  less  ;  but  the  oxidation  is  incomplete,  and  the 
button  is  likely  to  contain  some  lead.  These  two  sources  of  error  always  obtain  simul- 
taneously, and  they  compensate  each  other  more  or  less  according  to  the  temperature 
at  which  the  operation  is  conducted.  The  best  results  are  obtained  when  tlie  cnpels 
are  only  red-hot,  and  when  the  melted  metal  is  distinctly  visible  and  much  more  lumi- 
nous than  the  cupel. 

The  rapidity  of  the  current  of  air  passing  through  the  muffle  also  influences  the 
result.  Too  quick  a  cuiTent  might  cause  the  formation  of  oxide  more  rapidly  than  the 
cupel  could  al)s(irb  it,  or,  by  lowering  the  temperature,  it  miglit  render  the  oxide 
insufficiently  liquid  to  be  absorbed  by  the  cupel ;  and  in  either  case  the  process  would 
be  interfered  with  in  the  same  manner  as  if  the  proportion  of  lead  to  copper  were  too 
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Email.  With  too  slow  a  current  of  air,  the  process  would  go  on  very  slowly,  and  there 
would  be  a  loss  of  silver  in  consequence  of  the  operation  lasting  too  long. 

The  most  oxidisable  of  the  various  metals  whieli  may  be  present  in  an  alloy  are 
chiefly  separated  during  the  first  stage  of  the  cupellation,  and  towards  the  end,  the 
lead-oxide  formed  may  be  almost  pure,  or  contain  only  cupric  oxide.  Iron,  tin,  and 
zinc  are  oxidised  with  such  rapidity,  that  alloys  containing  any  large  amount  of  these 
metals  cannot  be  cupelled  without  the  assay  becoming  chilled,  orincrusted  in  the  cupel. 

The  appearance  of  the  cupels  after  the  operation  affords  some  indication  of  the  kind 
of  metal  alioj'ed  with  the  silver.  Lead  gives  the  cupel  a  pale-yellow  colour;  bismuth 
gives  a  slightly  orange-yellow  ;  copper  gives  a  grey,  dirty  red,  or  brown  colour,  accord- 
ing to  the  quantity.  Iron  produces  black  scorite,  which  collect  at  the  commencement 
of  the  oxidation  about  the  edge  of  the  cupel.  Tin  gives  grey  scoriae,  and  causes  incrus- 
tation when  present  in  large  amount.  Zinc  produces  a  very  luminous  flame,  and 
leaves  a  yellowish  ridge  on  the  cupel ;  its  presence  causes  loss  of  silver,  by  augmenting 
the  volatilisation,  or  by  spitting.  Antimony  gives  a  yellow  scoria,  and  makes  the  cupel 
crack  when  present  in  any  large  amount. 

When  the  buttons  of  silver  have  solidified,  they  are  detached  from  the  cupels  with 
pliers,  brushed  to  clean  oif  fragments  of  bone-earth  or  oxide  adhering  to  the  under- 
side, and  then  weighed.  The  results  thus  obtained  give  the  amount  of  silver  in  the 
alloy  too  low,  because  there  is  always  a  loss  of  silver  in  cupellation,  which  in  the  casft 
of  ordinary  alloys  may  amount  to  as  much  as  0'005.  In  the  cupellation  of  alloys  con- 
taining a  large  amount  of  silver,  this  loss  is  proportionately  less  than  in  the  cupellation 
of  alloys  containing  but  a  small  amount  of  silver.  Consequently  it  is  necessary  to 
apply  a  correction  to  the  actual  results  of  the  assays,  according  to  the  value  of  the  alloy 
in  silver,  as  shown  in  the  foUowing  table : — • 


Actual 
amount 
ol  bilver. 

Amount 
found  by 
Cupellation. 

Correction 
fi>r  loss 
of  Silver. 

Actual 
amount 
of  Silver. 

Amount 
found  liy 
Cupell.itiiin. 

Correction 

lor  lo^s 
of  Silver. 

10(10 

998-97 

1-03 

500 

495-32 

4-68 

975 

973-24 

1-76 

475 

470-50 

4-50 

950 

94  7-50 

2-50 

450 

445-69 

4-31 

925 

921-75 

3-25 

425 

420-87 

4-13 

900 

896-00 

4-00 

400 

396-05 

3-95 

875 

870-93 

4  07 

375 

371-39 

3-61 

850 

845-85 

•  4-13 

350 

346-73 

3-27 

825 

820-78 

4-22 

325 

322-06 

2-94 

800 

795-70 

4-30 

300 

297-40 

2-60 

775 

770-59 

4-41 

275 

272-42 

2-58 

750 

745-48 

4-62 

250 

247-44 

2-66 

725 

720-36 

4-64 

225 

222  45 

2-55 

700 

695-25 

4-75 

200 

197-47 

2-55 

675 

670-27 

4-73 

175 

173-88 

212 

650 

645-29 

4-71 

loO 

148-30 

1-70 

625 

620-30 

4-70 

125 

123-71 

1-29 

600 

595-32 

4-68 

100 

99-12 

-88 

675 

570-32 

4-68 

75 

74-34 

•66 

650 

545-32 

4-68 

50 

49-56 

•44 

625 

620-32 

4-68 

25 

24-78 

•22 

This  loss  of  silver,  however,  is  not  constant  even  for  the  same  alloys,  but  varies 
according  to  the  mode  in  which  the  operation  is  conducted.  For  the  sake  of  greater 
certainty,  therefore,  a.  proof  assay  with  pure  silver,  or  with  an  alloy  of  known  value, 
should  be  made  with  each  batch  of  assays,  in  order  to  ascertain  whether  the  loss  of 
silver  be  really  the  same  as  that  indicated  in  the  table  for  that  alloy  or  for  pure 
silver.  The  correction  to  be  applied  to  the  results  of  the  assays  made  at  the  same  time 
is  then  to  be  regulated  according  to  the  result  obtained  with  the  proof-assay.  When 
the  operation  is  conducted  with  proper  care,  the  corrected  results  may  indicate  the 
amount  of  silver  in  the  alloys  to  within  2  or  3  pts.  in  a  thousand. 

In  many  instances,  cupellation  is  a  very  convenient  method  of  estimating,  approxi- 
mately, the  amount  of  silver  in  alloys  and  ores,  but  when  great  accuracy  is  required 
it  is  better  to  employ  the  wet  method  of  assay  devised  by  Gay-Lussac. 

2.  Silver  Assaij  by  the  icct  procebS. — This  mel  hod  of  estimating  silver  consists  in  pre- 
cipitating the  metal  as  chloride  from  the  solution  of  a  knoM-n  weight  of  the  alloy,  and. 
in  usinu  for  that  purpose  a  solution  of  common  salt  containing  a  known  amount  of 
salt,    fey  weighing  or  measuring  the  quantity  of  this  solution  which  is  just  sufficient 
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Fig.  746. 


w  convert  the  whole  of  the  silver  into  chloride,  it  is  easy  to  ascertain  the  amount  of 
silver  in  the  alloy.  Silver-chloride  separates  so  readily  from  a  liquid  containing  nitric 
acid  in  excess,  that  the  exact  point  at  which  all  the  silver  is  precipitated  may  be 
observed  with  great  precision,  and  much  more  accurate  results  may  be  obtained  in  this 
way  than  by  cupellation. 

The  normal  solution  is  made  of  such  a  strength  that  1000  grain-measures  are  equiva- 
lent to  10  grains  of  silver,  or  100.  cubic  centimetres  equivalent  to  1  gi-amme.  In  many 
instances  the  normal  solution  may  be  used  in  the  same  way  as  any  other  volumetric 
reagent,  by  simply  observing  the  volume  required  for  perfect  precipitation,  and  then 
multiplying  the  quantity  of  silver  represented  by  1  grain-measure  or  by  1  cubic  centi- 
metre by  the  nuinber  of  grain-measures  or  centimetres  of  solution  used.  The  amount 
of  silver  in  ores  and  other  substances  may  often  be  conveniently  estimated  in  this  way. 

For  the  purpose  of  attaining  a  greater  degree  of  accuracy  in  the  results,  another 
solution,  containing  only  one-tenth  as  much  salt  as  the  normal  solution,  may  be  used 
for  fompleting  the  precipitation.  For  greater  convenience,  in  shaking  the  liquid  to 
facihtate  the  separation  of  the  silver-chloride,  the  silver-solution  should  be  contained 
in  a  stoppered  bottle. 

In  the  valuation  of  alloys  containing  a  tolerably  constant  and  approximatively  known 
amoimt  of  silver,  such  as  silver  coin  and  the  bars  of  alloy  prepared  for  coining,  it  is  far 
preferable  to  take  a  quantity  of  the  alloy  which  will  contain  rather  more  than  10  grains, 

or  1  gramme  of  silver,  and  to 
add  to  the  solution  of  it  in  ni- 
tric acid  1000  grain-measures 
or  100  cubic  centimetres  of 
the  normal  solution  at  once. 
There  will  then  remain  only 
so  much  silver  in  solution  as 
there  have  been  in  excess  of 
10  grains  or  1  gramme.  The 
precipitation  of  this  portion 
of  the  silver,  wliich  should  not 
amount  to  more  than  2  or  3 
thousandth  parts,  is  to  be 
effected  with  the  decimal  solu- 
tion. 

The  apparatus  requisite  for 
this  operation,  when  a  large 
number  of  assays  have  to  be 
made,  is  shown  by  fig.  746. 
A  is  the  reservoir  for  hold- 
ing a  large  supply  of  the 
normal  solution,  which  can  be 
drawn  oif  as  required  by  the 
stopcock  c.  The  tube  h,  open 
at  both  ends,  passes  to  the 
bottom  of  the  reservoir,  and  is 
tightly  fitf  sdinto  the  neck  with 
a  cork,  so  that  there  cannot  be 
any  loss  by  evaporation,  and 
air  can  enter  the  reservoir  only 
through  the  tube  b. 

The  gauge  d  shows  the 
quantity  of  solution  in  tlio 
reservoir. 

The  pipette  . 9,  for  measuring 
the  normal  solution,  has  a  long 
narrow  neck  and  a  very  small 
aperture  at  the  lower  end, 
which  can  be  closed  with  the 
finger.  It  is  supported  on  a 
wooden  frame  firmly  fixed  to 
the  wall,  and  the  upper  end 
is  fitted  with  a  collar  having  a  conical  valve  (Z)  at  the  side.  Above  this  collar,  and 
forming  one  piece  with  it,  is  an  ordinary  stopcock  the  tube  of  which  extends  down- 
wards through  the  collar  into  the  neck  of  the  pipette,  as  shown  on  a  larger  scale  m 
fig.  747.  To  the  upper  side  of  the  stopcock  e  is  fitted  a  glass  tube  containing  a 
thermometer,  and  communicating  with  the  stopcock  c. 
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Wlien  the  left  forefinger  is  placed  on  the  beak  of  the  pipette,  and  the  cocks  c  and  e 
are  opened,  the  solution  cannot  flow  into  the  pipetto  unless  the  valve  f  is  opened  to 
rIIow  the  air  to  escape  from  the  pipette.  As  soon  as  the  pipette 
is  filled  to  a  little  above  the  mark  n  on  its  neck,  indicating  the 
requisite  volume,  the  cock  c  is  closed;  then  the  valve  /is  closed, 
and  the  finger  removed  from  the  beak  of  the  pipette. 

The  bottle  containing  the  solution  from  which  silver  is  to  be 
precipitated  is  put  into  the  holder  h,  which  is  fitted  to  a  metal 
plate  bearing  also  a  receptacle  i  for  waste  solution,  and  a  support 
for  a  piece  of  sponge  k.  This  metal  plate  slides  freely  between 
grooves  from  I  to  ?«,  in  such  a  way  that  the  sponge  or  the  mouth 
of  thebcttle  containing  the  silver-solution  may  be  brought  exactly 
under  the  beak  of  the  pipette.  To  run  oif  from  the  pipette  the 
excess  of  solution,  the  receptacle  i  is  placed  below  the  beak,  and  the 
valve  /  is  cautiously  opened  just  enough  to  lot  the  level  of  the 
solution  sink  to  the  mark  on  the  neck  of  the  pipette.  Then  the 
valve  is  closed  and  the  slide  moved,  so  that  the  sponge  is  brought 
against  the  beak  of  the  pipette,  to  wipe  off  the  drop  of  solution 
hanging  to  it.  As  soon  as  that  is  done,  the  slide  is  moved  back 
till  the  mo\.th  of  the  bottle  is  under  the  beak  of  the  pipette,  and 
by  opening  the  valve  /the  measured  solution  is  allowed  to  fall  into  the  bottle. 

These  assays  are  generally  made  in  series  of  ten,  the  bottles  and  stoppers  belonging 
to  them  being  numbered  and  placed  in  a  stand,  which  can  be  immersed  in  hot  water  to 
facilitate  the  solution  of  the 
alloy  in  nitric  acid.  After 
the  metal  has  completely  dis- 
solved, the  bottles  are  allowed 
to  cool,  and  the  nitrous  vapour 
is  displaced  by  blowing  into 
the  bottles  through  a  piece  of 
bent  tube.  The  proper  quan- 
tity of  normal  solution  is  then 
measured  into  each  bottle 
from  the  pipette ;  the  stoppers 
are  put  into  the  bottles ;  and 
they  are  transferred  to  an 
agitator(.%.  748),  whichholds 
ten  bottles,  and  is  sus- 
pended between  two  vulcan- 
ised caoutchouc  springs,  so 
that  the  whole  of  the  bottles 
may  be  shaken  at  once. 

After  shaking  the  bottles 
for  a  minute  or  two,  they  are 
taken  out  and  ranged  upon  a 
black  shelf,  with  ten  compart- 
ments numbered  to  corre- 
spond with  the  bottles.  When 
the  liquid  in  each  is  clpar,  the 
stoppers  are  taken  out  and 
hung  upon  wires  attached  to 
each  compartment,  and  a  cubic 
centimetre  of  the  decimal 
solution  is  run  into  each  bottle 
by  means  of  a  small  tubular 
pipette,  which  is  fitted  through 
a  cork  into  the  bottle,  a  {jig. 
749),  containing  the  decimal 
solution.  In  adding  the  de- 
cimal solution  it  should  be  al- 
lowed to  flow  gently  down  the 
sideof  the  bottle, after  placing 
the  beak  of  the  pipette,  b,  against  the  neck  of  the  bottle.  By  this  mrans  the  silver- 
chloride  in  the  bottle  is  not  disturbed,  and  if  the  liquid  contains  silver  it  is  at  once 
rendered  turbid. 

For  each  of  the  bottles  in  which  a  precipitate  is  produced  by  the  measure  of  decimal 
solution,  a  mark  is  made  on  its  conipartnunt  of  the  shelf;  the  bottles  are  again  sh:iken, 
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and  another  measure  of  decimal  solution  added — this  operation  being  repeated  until  no 
further  precipitate  is  produced.  Supposing  each  cubic  centimetre  of  decimal  solution  to 
be  equivalent  to  1  milligramme  of  silver,  and  100  cubic  centimetres  of  the  normal  solution 
to  precipitate  exactly  1  gramme  of  silver,  the  quantify 
of  silver  would  be  found  by  adding  to  1000,  the  number 
of  cubic  centimetres  of  decimal  solution  requisite  to 
complete  the  precipitation.  If,  for  instance,  a  certain 
quantity  of  alloy(2)  I'equires,  overandabove  the  100  cubic 
centimetres  of  normal  solution,  5  cubic  centimetres  of 
decimal  solution,  then  the  quantity  (x)  of  silver  would  be 
1  -005  grm.  The  percentage  (x )  of  silver  in  the  alloy  may 
then  be  found  by  a  simple  calculatior  : 

x'  :  1000  =  X  :  q 

And  when,  as  in  the  assay  of  alloys  that  are  supposed  to 
be  tolerably  imiform  in  value,  5  is  a  constant  quantity  con- 
?  taining  as  a  minimum  1  grm.  of  silver,  a  table  may 
»  be  constructed  wliich  will  indicate  the  silver  value  of 
the  alloys  in  thousandths,  by  reference  to  numbers  cor- 
responding with  the  number  of  cubic  centimetres  of  de- 
cimal solution  used  in  each  instance. 
The  quantity  (j)  of  alloy  containing  1  grm.  of  silver  will  of  course  vary  according  to 
the  silver  value  of  the  alloy,  and  the  tables  will  relate  only  to  particular  alloys.  In 
this  country  the  standard  of  silver  coin  is  925  parts  of  silver  in  1000  parts  of 
alloy,  and  consequently  1'081  grm.  should  contain  1  grm.  of  silver.  The  quantity  of 
alloy  taken  for  the  assay  is  1'085  grm.,  which  at  the  exact  standard  would  contain 
l'00362o  grm.  of  silver,  and  would  then  require  3"5  cubic  centimetres  of  decimal 
solution  to  complete  the  precipitation,  and  less  or  more  according  as  the  amount  of 
silver  in  the  alloy  were  below  or  above  the  standard.  The  following  table  expresses 
the  value  of  the  alloy,  according  to  quantity  of  decimal  solution  used,  within  the  limits 
of  variation  allowed  for  standard-silver : 

Quantity  of  Alloy  for  Assay  1-085  gramme. 
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The  numbers  in  the  first  and  last  columns  express  fractions  of  thousandths,  which  it 
is  quite  possible  to  estimate,  after  some  practice,  from  the  density  of  the  last  precipitate 
produced  by  the  decimal  solution. 

Supposing,  as  in  the  example  above  given,  the  quantity  of  decimal  solution  used 
were  5  measures,  then  the  silver  value  of  the  alloy  in  thousandths  would  be  found  at 
the  top  of  the  column  under  5,  or  926-2.  If  the  fifth  measure  of  decimal  solution  gave 
a  precipitate  equal  to  only  -0005  instead  of  -001  grm.  silver,  then  the  silver  value 
of  the  alloy  would  be  rather  less,  and  it  would  be  found  in  the  third  line  of  the  column 
under  4,  corresponding  to  4-50  or  925-8  thousandths. 

If  the  amount  of  silver  in  any  one  of  the  alloys  is  so  much  below  the  standard  that 
the  measure  of  normal  solution  is  rather  more  than  sufficient  to  precipitate  all  the 
silver,  the  first  measure  of  decimal  solution  will  not  of  course  give  any  precipitate. 
It  is  customary  in  such  cases  to  add  two  or  three  measures  of  a  solution  of  silver, 
which  is  exactly  equivalent,  measure  for  measure,  to  the  decimal  solution  of  salt ; 
marking  the  number  on  the  board  with  a  minus  sign  before  it,  and  then  adding  deci- 
mal salt  solution.  A  better  plan  is  to  repeat  the  assay  with  a  rather  larger  quantity 
of  alloy. 

Since  it  is  difficult,  by  reason  of  evaporation  and  change  of  temperature,  to  ensure 
the  constant  equivalence  of  the  measure  of  normal  solution  to  the  quantity  of  silver 
which  it  is  prepared  to  precipitate,  it  is  best  never  to  attempt  doing  so,  and  accurate 
results  may  be  obtained  with  greater  certainty  otherwise.  For  this  purpose  the  exact 
value  of  the  measure  of  normal  solution  is  estimated  from  time  to  time  with  each  set 
of  assays  by  means  of  pure  silver,  of  which  1-001  grm.  is  dissolved  and  treated  with  a 
measure  of  normal  solution  as  a  ^;-oo/ assay. 

If  a  measure  of  the  normal  solution  should  happen  to  be  exactly  equivalent  to 
1  grm.  of  silver,  then  the  first  measure  of  decimal  solution  will  produce  a  precipitate  in 
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this  proof-assay,  but  the  second  measure  ■will  not  produce  any.  If,  however,  a  second 
and  third  measure  of  decimal  solution  Le  i-equired  to  complete  the  precipitation  in  the 
proof-assay  with  the  TOOl  grm.  pure  silver,  then  the  measure  of  normal  solution  at 
the  time  will  be  only  equivalent  to  1  001  —  -003  =  '998  grm.  silver,  and  a  corre- 
sponding vdnus  correction  must  be  applied  to  all  the  other  assays.  Thus,  for  instance, 
in  the  ease  of  one  which  requires  5  measures  of  decimal  solution  to  complete  precipi- 
tation, only  3  measures  would  relate  to  the  quantity  of  silver  over  and  above  1  grm. 
Tlie  actual  quantity  of  silver  would  be  1-003  grm.,  and  the  silver  value  of  the  alloy,  in 
thousandths,  92-1-t.  If,  on  the  contrary,  the  first  measure  of  decimal  solution  gave  only 
a  very  slight  precipitate  in  the  proof-assay,  equal  to  '00020,  then  the  measure  of  normal 
solution  would  be  equivalent  to  1'0075  gi-m.  of  silver,  and  a  2'f>'s  correction  of  0-75 
woidd  have  to  be  applied  to  the  results  of  the  assays,  before  reading  off  the  silver 
values  of  the  alloys  from  the  table,  as  already  described. 

With  the  exception  of  mercury,  other  metals  do  not  interfere  with  the  acciu-acy  of 
the  result  obtainable  by  this  method. 

The  approximate  estimation  of  the  silver  value  of  the  alloy,  which  is  necessary  in 
this  method  of  assay,  may  be  made  by  cupellation,  or  with  a  salt  solution  and  liurette 
in  the  usual  way.  B.  H.  P. 

SILVER,  BIsmUTHIC.    See  BisMUTH-SiLVEE  (i.  597). 

SIIiVEIi,  BI.ACK. 

SILVER,  BRITTLE  SVLPBIBE  OF. 


See  Stepiianitb. 


SILVER,  BROnilBES  OF.  The  protobromide  or  argentic  bromide, 
AgBr,  occurs  native  as  bromargyrite,  hromyrite,  or  hromic  silver,  in  the  district 
of  Plateros,  and  at  the  mine  of  San  Onofre  in  Mexico ;  also  with  chloride  of  silver 
at  Chanareillo  in  Chile,  and  at  Huelgoet  in  Bretagne.  It  is  usually  found  in  small 
concretions,  rarely  in  cubo-octahedrons.  Hardness  =  1 — 2.  Specific  gravity  = 
5'8 — 6.  It  is  sectile,  has  a  bright  yellow  or  greenish  colour,  and  splendent  lustre. 
The  Mexican  mineral  contains  57'56  per  cent,  silver  (Berthier) ;  the  Chilian  57'43 
per  cent.  (Field) ;  calc.  57'-15  silver  and  42-55  bromine. 

Argentic  bromide  is  formed  artificially  by  precipitating  nitrate  of  silver  with 
bromide  of  potassium.  The  precipitate  is  yellowish-white,  curdy,  insoluble  in  water 
and  in  acids,  soluble  in  ammonia,  but  much  less  so  than  the  chloride:  according  to 
Pohl  (Wien.  Akad.  Ber.  xli.  627),  100  pts.  of  aqueous  ammonia,  of  specific  gravity 
0-986,  dissolve  0-051  pts.  of  silver-bromide  at  80°.  It  dissolves  in  concentrated 
aqtieous  bromide  of  potassium  and  in  other  alkaline  bromides;  also  in  hyposulphite 
of  sodium,  but  not  so  readily  as  the  chloride,  and  is  precipitated  from  the  solution  by 
bromide  of  potassium. 

Argentic  bromide  melts  below  a  red  heat.  It  is  coloured  greyish-violet  on  exposure 
to  light,  but  not  so  strongly  as  the  chloride.  According  to  H.  Vogel  (Jahresl).  1861, 
p.  281),  the  product  consists  of  argentous  bromide,  Ag-Br.  The  reduction  is  retarded 
by  free  nitric  acid,  but  greatly  accelerated  by  nitrate  of  silver,  the  argentous  bromide 
being  then  mixed  with  metallic  silver,  resulting  from  reduction  of  tiie  nitrate  itself. 
Argentic  bromide  is  not  decomposed  by  acids,  but  chlorine  converts  it  into  chloride  of 
silver,  with  evolution  of  bromine. 

The  h em i  bromide,  or  argentous  bromide,  is  produced,  as  above  mentioned,  by 
the  action  of  light  on  argentic  bromide  ;  also  by  treating  the  corresponding  oxide,  -'Vg'O, 
■with  hyth'obromic  acid.    (H.  Vogel.) 

SILVER,  CARBIBES  OP.  The  compound  Ag-'C  is  said  by  Gay-Lnssac  to 
be  formed  when  silver  is  fused  in  a  crucible  in  contact  -vvith  lampblack.  Other  com- 
pounds of  silver  and  carbon  are  obtained  as  residues  in  the  ignition  of  organic  silver- 
salts,  viz.  Ag-C  as  a  yellow  residue  from  cuminate  of  silver  (Gerh  ardt  and  Call  ours, 
Ann.  Ch.  Phys.  [3]  1.  76) ;  also  as  a  dull  white  fused  metallic  mass,  by  intense  ignition 
of  silver-cyanide  (Liebig  and  Eedtenbacher,  Arm.  Cli.  Pharm.  xxxviii.  129). 
According  to  Thaulow,  however  (Berz.  Jalircsb.  xxxiii.  81,  228),  this  last  product 
consists  of  paracyanide  of  silver  (iv.  342).  The  compound  AgC  remains  as  a  grey 
powder  when  aqueous  pyroracemate  of  silver  is  heated  for  some  time  in  the  water- 
bath.  The  residue  left  in  the  dry  distillation  of  the  same  salt  appears  to  be  a  mixture 
of  Ag^C  and  AgC  (Berzelins,  Pogg.  Ann.  xxxvi.  28).  According  to  Eegnault 
(Ann.  Ch.  Pharm.  xix.  153),  the  monocarbide  AgC  is  likewise  obtained  by  heating 
maleate  of  silver. 

The  carbides  of  silver  are  dissolved  by  nitric  acid,  with  separation  of  carbon,  and 
leave  metallic  silver  when  subjected  to  prolonged  ignition  in  contact  with  the  air. 

SILVER,  CHLORIDES  OF.  Silver  forms  two  chlorides  analogous  to  the 
bromides.     The  pro t oc hlori d e  or  argentic  chloride,  AgC'l,  occurs  native  as 
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horn-si! vcr  or  Icerargyrite,  sometimes  in  cubes,  octahedrons,  regular  dodecahedrons, 
and  other  monometric  forms,  but  more  frequently  in  waxy  masses,  sometimes  columnar; 
no  cleavage.  Hardness  =  1 — 1-5.  Specific  gravity  =  5'31 — 5-43  (Domeyko).  It 
has  a  pearl-grey,  greenish,  or  whitish  colour,  turning  brown  on  exposure,  and  a  resinous 
lustre  passing  into  adamantine.  Streak  shining.  Translucent  in  various  degrees. 
Fracture  somewhat  conchoidal,  sectile.  Klaproth  found,  in  specimens  from  various 
localities,  73-6  to  76  per  cent,  silver:  the  formula  requires  7o'25  per  cent.  Horn- 
silver  occurs  in  veins  of  clay-slate,  accompanying  other  ores  of  silver;  also  with  several 
copper  ores,  calcspar,  heavy  spar,  &c.  It  is  most  abundant  in  Peru,  Chile,  and 
Mexico  ;  it  was  formerly  obtained  in  the  Saxon  mining  district,  but  is  now  rare ;  it  also 
occurs  in  Siberia,  at  Kongsberg  in  Norway,  in  Alsace,  in  Cornwall,  and  at  Huelgoet  in 
Bretagne.  At  Andreasberg,  in  the  Hartz,  an  earthy  variety  is  met  with  called  buttermilk 
ore,  which,  according  to  Klaproth,  contains  2i-Q\  per  cent,  silver,  8'28  hydrochloric 
acid,  and  67'08  alumina. 

Argentic  chloride  is  thrown  down  as  a  white  precipitate,  at  first  very  bullcy  and 
curdy,  when  hydrochloric  acid  or  a  soluble  chloride  is  added  to  any  soluble  salt  of 
silver  except  the  hyposulphite ;  also,  together  with  argentic  hypochlorite,  by  passing 
chlorine  gas  into  a  solution  of  argentic  nitrate.    (Naquet,  Jahresber.  1860,  p.  201.) 

Precipitated  argentic  chloride  has  a  specific  gravity  of  5-7  (F.  Mohi',  Pogg.  Ann. 
cxiii.  655).  It  is  wholly  insoluble  in  water,  so  that  the  minutest  quantity  of  a  soluble 
chloride  in  aqueous  solution  may  be  detected  by  adding  to  it  a  drop  of  solution  of 
silver-nitrate.  The  precipitate  is  likewise  quite  insoluble  in  nitric  acid,  even  on 
boiling,  also  in  dilute  hydrochloric  acid.  Strong  hydrochloric  acid,  however,  dissolves 
it,  and  the  solution,  when  left  to  evaporate,  deposits  the  argentic  chloride  in  octa- 
hedrons. The  chloride  dissolves  easily  in  ammonia,  and  crystalhses  therefrom  as  the 
ammonia  evaporates.  According  to  Pohl  (Wien.  Akad.  Ber.  xh.  627),  100  pts.  of 
aqueous  ammonia  of  specific  gravity  0'986,  dissolve  r492  pts.  argentic  chloride  at  80". 
Argentic  chloride  dissolves  in  strong  solutions  of  aUcaline  chlorides,  forming  cr3-stallis- 
able  double  salts,  which  are  decomposed  by  water,  the  silver-chloride  being  then 
precipitated.  It  dissolves  easily  also  iu  sodic  hyposulphite,  and  is  not  precipitated 
therefrom  by  chloride  of  potassium ;  but  bromide  or  iodide  of  potassium  added  to  the 
solution,  throws  down  bromide  or  iodide  of  silver  (Field,  Zeitschr.  Ch.  Pharm.  1861, 
p.  126).  The  chloride  is  likewise  converted  into  iodide  or  bromide  of  silver  by 
digestion  with  solution  of  bromide  or  iodide  of  potassium,  and  on  this  reaction  Field 
has  founded  a  method  of  determining  the  proportions  of  chlorine,  bromine,  and  iodine 
when  they  occur  together  in  a  mixture  (see  Bromine,  Estijlvtion  of,  i.  678).  Cyanide 
of  potassium  dissolves  chloride  of  silver,  foi-ming  chloride  of  potassium  and  argento- 
potassic  cyanide.    Soluble  sulphites  also  dissolve  argentic  chloride. 

Argentic  chloride  melts  at  aboxit  260°,  forming  a  transparent  yellowish  liquid, 
which,  on  cooling,  solidifies  to  a  horny,  translucent,  sectile  mass.  It  is  not  decomposed 
by  heating  with  charcoal,  but  is  easily  reduced  by  heating  in  a  current  of  hydrogen, 
hydrochloric  acid  being  evolved,  and  metallic  silver  separated ;  also  by  ignition  with 
(dkaline  carbonates,  an  alkaline  chloride  being  then  formed,  and  a  mixture  of  oxygen 
and  carbonic  anhydride  evolved  :  e.g. — 

4AgCl  +  2Na^C0'    =    4NaCl  -t-  200'  +  0-  +  2Ag2 

Zinc,  iron,  and  other  easily  oxidisable  metals,  in  contact  with  water,  quickly  reduce 
precipitated  argentic  chloride  to  the  metallic  state,  still  more  quickly  if  the  water  is 
acidulated  with  sulphuric  acid.  Even  the  fused  chloride  laid  upon  a  plate  of  zinc  or 
ii'ou,  and  covered  with  acidulated  water,  is  converted  after  a  few  days  into  a  spongy 
mass  of  metallic  silver.  Weak  alkaline  leys  do  not  act  upon  argentic  chloride,  but 
when  it  is  boiled  with  a  strong  solution  of  potash,  chloride  of  potassium  is  formed, 
and  dense  black  silver-oxide  is  produced ;  the  addition  of  glucose  to  the  mixture 
quickly  reduces  the  oxide  to  the  metallic  state.  A  similar  reduction  takes  place  when 
the  chloride  is  boiled  with  glucose  and  aqueous  carbonate  of  sodium;  and  this  process 
is  recommended  by  Bottger  (Compt.  rend.  xl.  969)  for  obtaining  pure  silver  from 
the  chloride,  instead  of  the  reduction  by  zinc  above  mentioned,  inasmuch  as,  if  the  zinc 
contains  lead,  which  is  frequently  the  case,  that  metal,  being  insoluble  in  dilute 
Bidpluu-ic  acid,  will  remain  mixed  with  the  silver.  Bruuner  (J.  pr.  Chem.  xci.  254) 
adds  chloride  of  silver  dissolved  in  ammonia,  by  drops  or  in  a  fine  stream,  to  a  clear 
boiling  solution  of  1  pt.  glucose  and  3  pts.  crystallised  sodic  carbonate  in  40  pts. 
water,  keeping  up  the  boiling  without  intermission.  C.  A.  Miiller  (Jahresber.  1864, 
p.  285)  effects  the  reduction : — a.  By  boiling  6  pts.  silver-chloride  for  half  an 
hour  with  9  pts.  soda-ley,  of  1-333  specific  gravity,  \^  pts.  clarified  honey,  and  8  pts. 
water;  b.  By  digesting  6  pts.  silver-chloride  iu  the  cold  with  9  pts.  soda-ley,  4 J  pts. 
honey,  and  4i  pts.  ammonia  (specific  gravity  0-925) ;  or  c.  By  digesting  5  or  6  pts. 
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silver-chloride  at  25°  for  a  month  with  60  pts.  ammonia  and  9  pts.  honey.  (See  also 
H.  Vogel,  J.  pr  Chem.  Ixxxvi.  321  ;  Jahresk  1862,  p.  223.) 

Argentic  chloride  quickly  acquii-es  a  dark  greyish-violet  colour  when  exposed  to 
light,  the  change  being  due  to  a  partial  or,  according  to  some  aiithoritie.s,  a  total  separa- 
tion of  the  chlorine.  The  most  probable  view,  first  projoounded  by  Wetzlar  {Gmdin'a 
Handbook,  vi.  161),  is  that  the  reduction  is  only  partial,  resulting  in  the  formation  of 
a  snbchloride  of  silver.  According  to  H.  Vogel  (I'ogg.  Ann.  cxix.  497  ;  Jaliresb.  1861, 
p.  285),  the  dark-coloured  compound  is  the  hemichloride,  Ag^Cl,  and  is  exactly 
similar  to  the  product  obtained  by  treating  argentous  oxide,  Ag^O,  with  hydrochloric 
acid.  The  reduction  is  retarded  by  strong  sulphuric  or  nitric  acid,  and  by  ferrous  salts 
(which  absorb  the  chemical  rays),  and  completely  arrested  by  fuming  sulphuric  acid  or 
mercuric  chloride.  In  a  solution  of  argentic  nitrate,  on  the  contrary,  it  takes  place 
more  quickly  than  in  the  air  or  under  pure  water,  and  the  reduced  chloride  is  mixed 
with  a  small  quantity  of  metallic  silver,  resulting  from  reduction  of  the  aqueous  nitrate. 
Paper  charged  with  argentic  chloride  is  very  sensitive  to  light,  and  is  the  material  used 
for  positive  pihotographs,  the  unaltered  chloride  being  afterwards  removed  by  a  solution 
of  sodic  hyposulphite  (iii.  693  ;  iv.  625). 

Ammonio-chloridc  of  Silver. — Dry  chloride  of  silver  slowly  absorbs  ammonia-gas  to  the 
amount  of  17  per  cent.,  forming  the  compound  3NH'.2AgCl,  which  easily  gives  off  its 
ammonia  when  heated,  and  may  therefore  be  used  for  the  preparation  of  pvire  am- 
monia-gas— or  of  liquid  ammonia,  if  heated  in  a  sealed  tube.  Fused  chloride  of  silver 
takes  up  only  a  very  small  quantity  of  ammonia  (H.  Eose). — A  saturated  solution  of 
argentic  chloride  in  ammonia,  left  to  stand  in  a  vessel  not  perfectly  closed,  deposits 
rliombic  ci-ystals  of  the  ammonio-ehloride,  often  a  quarter  of  an  inch  long.  A  dilute 
solution  deposits  pure  argentic  chloride  (Faraday).  The  ammoniacal  solution  is 
quickly  reduced  by  zinc  and  copper,  the  silver  separating  as  a  grej'  mossy  powder. 
Lead  acts  in  the  same  manner,  but  slowly  ;  antimony  and  cadmium  imperfectly ;  iron, 
bismuth,  and  mercury,  not  at  all.  (Fischer.) 

Chloride  of  Silver  and  Ammonium,  or  Ammovio-argcntic  Cldoride,  (NH^)Cl.AgCl,  may 
be  obtained  in  crystals  by  placing  a  solution  of  sal-ammoniac  in  one  arm  of  a  U-tube, 
a  solution  of  argentic  nitrate  in  the  other,  the  two  being  prevented  from  mixing  by  a 
plug  of  asbestos  in  the  bond  of  the  tube,  and  connecting  them  by  an  arc  of  silver  plate 
or  wire  ;  the  end  dipping  into  the  sal-ammoniac  becomes  covered  after  a  while  with 
tetrahedral  crystals  of  the  double  salt  (Becquerel,  Gmclin's  Handbook,  \.  AQl).  A 
solution  of  argentic  chloride  in  boiling  aqueous  sal-ammoniac  deposits,  on  cooling, 
nothing  but  argentic  chloride. 

Bario-  and  Potassio-arqentic  Chlorides  are  likewise  obtained  in  tetrahedral  crystals 
by  the  electrolytic  method  just  described.  (Becquerel.) 

Sodio-argeniic  Chloride  separates  on  cooling  froni  a  solution  of  argentic  chloride  in  a 
hot  saturated  solution  of  common  salt,  in  cubes,  having  the  same  form  and  aspect  as 
those  of  common  salt,  but  blackening  when  exjiosed  to  light.  A  more  dilute  salt-solu- 
tion likewise  dissolves  chloride  of  silver  when  hot,  but  deposits  it  unchanged  on  cooling. 
The  crystals  of  the  double  salt  are  resolved  by  a  sufficient  quantity  of  water  into  ar- 
gentic chloride,  and  a  solution  of  sodic  chloride.  (Wetzlar.) 

Osmio-argentic  chloride,  2AgC1.0sCl*,  is  produced  on  adding  silver-nitrate  or  an 
ammoniacal  solution  of  silver-chloride  to  a  solution  of  sodio-osmic  chloride  (iv.  243),  as 
a  dingy  greyish-green  precipitate,  whieli,  in  contact  with  ammonia,  is  converted  into 
the  minium-coloured  compound  2AgC1.0sCl'.21SIH'.  (Glaus,  Jahresb.  1860,  p.  216  ; 
1863,  p.  299.) 

Hemicliloride  of  Silver,  or  Argrentous  Chloride,  Ag-'Cl. — This  compound  is 
most  readily  fonned  by  treating  argentous  oxide  with  hydrochloric  acid,  or  by  precipi- 
tating a  soluble  argentous  s.alt  (the  citrate,  for  example)  with  common  salt.  Its  for- 
mation by  the  action  of  light  on  argentic  chloride  has  been  ah-eady  mentioned. 
According  to  Wetzlar,  silver-leaf  immersed  in  solution  of  ferric  or  cupric  chloride  is 
quickly  converted  into  brown  laminfe  of  argentous  chloride,  which  must  bo  immediately 
taken  out  of  the  liquid  and  wasiicd  with  water,  as  otherwise  they  will  be  converted 
into  argentic  chloride.  Ai'gentous  chloride  is  also  formed  on  bringing  silver  in 
contact  with  solution  of  sal-ammoniac,  or  of  cupric  chloride  containing  that  salt. 

Argentous  chloride  heated  to  the  tempei-atui'e  at  which  argentic  chloride  melts,  is 
resolved  into  the  latter  compound  and  metallic  silver;  the  same  docomjiosition  is 
quickly  produced  by  the  action  of  ammonia. 

SlliVSIi,  CHIiOROBROIVXXQlS  OP.  The  chloride  and  bromide  of  silver  occur 
crystallised  together,  in  various  proportions,  in  cubes  and  cubo-octahedrons,  also 
massive.  The  minerals  thus  constituted  vary  in  hardness  from  1  to  I'O  ;  in  specific 
gravity  from  about  5'75  to  6'2  ;  and  have  an  olive  or  greyish-green  colour,  with  resinous 
and  somewhat  adamantine  lustre. 
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Ayudyses. — a.  Emholite  from Chanareillo,  in  Chile  (Field,  Chem.  Soe.  Qu.  J.  x.  239). — 
h.  The  same  (Field). — c.  The  same,  from  the  Colorado  mine,  near  Copiapo  :  regularly 
crystallised;  specific  gravity  =  5'8  (Plattnex,  Pogg.  Ann.  lxx^•ii.  134;  Ixsviii. 
417). — d.  Chaiiareillo  (Field). — e.  Meffahrotnite,  fvom  Chile  :  ci^stallised  in  cubes  and 
octahedrons  ;  green  ;  specific  gravity  =  6-234  (Eichter,  Eamm.  Mineralch.  p.  989). — 
/.  Microbromite,  from  Copiapo ;  grey-green,  becoming  darker  on  exposure  to  light  ; 
specific  gravity  =  5'75 — 576  : — 


a. 

A.  c. 

d. 

e. 

/• 

Ag'BrCP 
16-84 
14-92 
68-22 

Ag^Br^CP 
19-82  20-09 
13-18  13-05 
66-94     66  86 

Ag'Br'Cl 
33-82 
5-00 
61-07 

Ag'Br'Cls 
26-49 
9-32 
64-19 

Ag^BrCP 
12-40 
17-56 
70-04 

99-98 

99-94  100-00 

99-89 

100-00 

100-00 

SXX.VER,  BETECTIOW  AWD  ESTinXATIOK  OP.  1.  Beactions  in  the 
dry  way. — Silver  compounds  mixed  with  sodio carbonate, heated  upon  charcoalhy 
the  inner  flame  of  the  blowpipe,  are  reduced,  yielding  brilliant  white  metallic  globules, 
without  any  incrustrtion  of  the  charcoal.  Heated  -with  borax  in  the  outer  flame  on 
platinum-wire,  they  are  partly  reduced  and  partly  dissolved,  yielding  a  white  opaline 
glass.  With  microcosmic  salt  they  yield  in  the  outer  flame  a  yellowisli  glass,  which 
becomes  opaline  when  the  amount  of  silver  is  large.  By  daylight  this  glass  appears 
yellowish,  and  by  candlelight  reddish. 

2.  Reactions  in  Solution. — The  most  characteristic  reaction  of  saline  silver- 
compounds  in  solution,  is  the  formation  of  silver-chloride.  Silver-salts  which  are 
insoluble  in  water  may  generally  be  dissolved  by  nitric  acid,  and  the  solution  gives  the 
same  reactions  as  the  soluble  salts. 

Hydrochloric  acid  and  soluble  chlorides  produce  a  white  curdy  precipitate  of  silver- 
chloride,  which  is  insoluble  in  boiling  water  and  in  dilute  nitric  acid,  but  is  readily 
dissolved  by  ammonia.  On  exposure  to  light  it  gradually  acquires  a  -violet  tinge,  and 
eventually  becomes  black.  The  admixture  of  a  small  proportion  of  mercurous  chloride 
prevents  or  retards  the  coloration  of  silver-chloride  on  exposure  to  light.  In  very 
dilute  solutions  of  silver,  the  separation  of  the  chloride  precipitate  takes  place  but  slowly, 
and  they  present  for  some  time  a  whitish  opalescent  appearance. 

A  precipitate  of  lead-chloride  is  distinguishable  from  silver-chloride  by  its  solu- 
bility in  boiling  water ;  a  precipitate  of  mercurous  chloride  is  distinguishable  by  its 
insolubility  in  ammonia,  and  by  turning  black  with  that  reagent. 

Potassium-iodide  produces  a  slightly  yellowish- white  precipitate  of  silver-iodide,  which 
is  soluble  in  excess  of  the  reagent,  very  sparingly  soluble  in  ammonia,  and  insoluble  in 
dilute  nitric  acid. 

Potassium-cyanide  produces  a  white  curdy  precipitate  of  silver-cyanide,  which  is 
readily  soluble  in  excess  of  the  reagent,  and  insoluble  in  dilute  acids. 

Sul2jhydric  acid  and  amfnonium-sidphide  produce  a  black  precipitate  of  silver- 
sulphide,  which  is  insoluble  in  ammonium-sulphide,  in  dilute  acids,  and  in  am- 
monia. 

Ammonia  or  potash  produces  in  neutral  silver-solutions  a  brown  precipitate  of  silver- 
oxide,  which  dissolves  very  readily  in  ammonia  and  in  ammoniacal  salts. 

Alkaline  carbonates  produce  a  white  precipitate  of  silver-carbonate,  which  is  soluble 
in  ammonia  and  carbonate  of  ammonium. 

Sodic  phosphate  produces  in  neutral  solutions  a  yellow  precipitate  of  tribasic  silver- 
phosphate,  which  is  soluble  in  ammonia  and  nitric  acid. 

Oxalic  acid  produces  in  neutral  solutions  a  white  precipitate  of  silver-oxalate,  which 
is  soluble  in  ammonia,  and  sparingly  in  nitric  acid. 

Votassiuyn-chromate  produces  a  dark-brown  precipitate  of  silver-chromate,  which  is 
slightly  soluble  in  water,  and  soluble  in  ammonia  and  dilute  nitric  acid. 

Stannous  chloride  in  excess  produces  a  brownish-black  precipitate  of  metallic 
silver. 

Ferrous  sidphate  produces  in  neutral  solutions  a  white  precipitate  of  metallic 
silver. 

2i«c  produces  a  precipitate  of  metallic  silver ;  it  also  separates  silver  from  silver- 
chloride  in  presence  of  water. 

3.  Estimation  and  Separation. — Silver  maybe  separated  fi-om  most  other 
metals,  and  estimated  with  great  precision  as  chloride.  For  this  purpose  the  sub- 
stance is  to  be  dissolved  either  in  water  or  nitric  acid;  the  solution  mixed  with  a  slight 
excess  of  nitric  acid,  and  with  hydrochloric  acid,  as  long  as  any  precipitate  or  milkiness 
is  produced,  then  warmed  in  a  dark  place  until  the  precipitate  has  separated,  and  the 
liquid  has  become  perfectly  clear.    The  chloride  is  then  collected  upon  a  filter  of  known 
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weight,  washed  with  acidulated  water,  dried,  and  weighed.  This  is  the  most  accurate 
but  also  the  most  troublesome  plan  of  weighing.  The  filter  may  be  burnt,  but  in  that 
case  it  is  necessary  to  burn  it  after  having  separated  the  precipitate  from  it,  so  as  to 
prevent  as  much  as  possible  the  reduction  of  silver.  The  small  portion  of  chloride 
which  cannot  be  detached  from  the  paper  is  decomposed,  and  remains  as  silver  in  the 
filter-ash.  The  slight  error  which  would  be  caused  by  weighing  this  as  chloride  can 
be  rectified  by  warming  the  ash  in  a  porcelain  crucible  with  a  few  drops  of  nitric  acid 
for  some  minutes,  then  adding  hydrochloric  acid,  and  evaporating  to  dryness.  Tlie 
remainder  of  the  chloride  may  then  be  added,  the  whole  heated  till  it  begins  to  melt, 
and  then  weighed.  (Compare  i.  904.) 

Silver  may  also  be  estimated  as  cyanide  by  adding  potassium-cyanide  to  the 
solution,  until  the  precipitate,  which  is  at  first  produced,  is  redissolved ;  tlien  adding 
nitric  acid  in  slight  excess,  and  warming.  The  precipitated  silver-cyanide  is  collected 
on  a  weighed  filter,  di'ied  at  100°,  and  weighed. 

Estimation  as  Metallic  Silver. — In  tlie  case  of  silver-salts  from  which  the  metal  is 
reduced  by  simply  heating  them,  this  method  of  estimation  may  be  conveniently 
adopted.  The  substance  should  be  gradually  heated  in  a  porcelain  crucible  till  the 
whole  of  the  carbon  is  burnt. 

Volumetric  Estimation  of  Silver. — The  readiness  with  which  silver-chloride  subsides 
in  a  liquid  from  which  it  is  precipitated  admits  of  the  point  of  perfect  pre^pitation 
being  observed  with  great  precision.    (See  Silver  Assay.) 

The  separation  of  silver  from  other  metals  and  their  salts  is  generally  unattended 
with  any  difficulty.  From  solutions  containing  sine,  maiiganese,  iron,  nickel,  cobalt, 
copper,  bismuth,  cadmium,  gold,  p'atinum,  it  may  easily  be  separated  by  precipitation 
as  chloride.  From  Icael  it  may  be  separated  in  the  same  way,  when  the  proportion  of 
lead  to  silver  is  not  large.  Or  both  metals  may  be  precipitated  as  cyanides,  the  silver- 
cyanide  dissolved  by  an  excess  of  the  reagent,  the  insoluble  lead-cyanide  separated 
by  fikration,  and  the  silver-cyanide  precipitated  from  the  solution  by  nitric  acid.  Or 
the  neutral  solution  may  be  heated  with  an  alkaline  formiate,  until  there  is  no  longer 
any  evolution  of  carbonic  acid.  Silver  only  is  reduced,  and  may  be  collected  by 
filtration,  ignited,  and  weighed. 

From  mercury  in  the  state  of  mercuric  salts,  silver  may  be  easily  separated  as 
chloride.  Wlien  silver  is  associated  with  mercurous  compounds,  it  is  best  to  convert 
them,  by  heating  with  nitric  acid,  into  mercuric  compounds,  and  then  precipitate  the 
silver  as  chloride. 

From  tin,  antimony,  arsenic,  or  mercury,  the  best  method  of  separation  is  to  pre- 
cipitate the  metals  as  sulphides,  and  heat  the  precipitate  carefully  in  an  atmosphere 
of  chlorine  gas,  gradually  raising  the  temperature  to  dull  redness,  so  as  to  distil  oif 
the  volatile  chlorides.  The  silver-chloride  remaining  may  be  weighed,  or  the  silver 
reduced  by  heating  it  in  a  current  of  hydrogen  gas. 

4.  The  atomic  weight  of  silver  has  been  determined  in  connection  with  those  of 
chlorine  and  potassium  (i.  903).  Stas  obtained,  as  the  mean  of  a  great  number  of 
experiments  conducted  by  different  processes,  the  number  107'943  (i.  456).    B.  H.  P. 

SII.VER,  See  Tethahedkite. 

SITiVEE,  FliVOaxSi:  or.  Argentic  Fluoride,  AgF.  Produced  by  dissolving 
argentic  oxide  or  carbonate  in  aqueous  hydrofluoric  acid.  The  solution  when  evaporated 
in  a  vacuum,  or  concentrated  over  the  water-bath,  and  then  left  to  stand,  deposits  large, 
transparent,  colourless,  liard  prisms,  mostly  aggregated  lengthwise,  consisting  of  the 
hydrated  fluoride,  AoF.2II-0  (Fremy,  .Jahresber.  1856,  p.  87.— Pfaundler,  ilnd. 
1862,  p.  306).  Marignac,  on  the  otlier  hand  (ibid.  1857,  p.  I'iO),  obtained  the 
fluoride  in  quadratic  octahedrons,  containing  AgF.H-0.  The  dehydrated  crystals  are 
deliquescent,  and  when  left  over  oil  of  vitx'iol,  especially  in  a  vacuum,  give  off  water 
and  hydrofluoric  acid,  and  are  converted  on  the  surface  into  a  yellow  oxyfluoride 
(infra).  When  fused,  they  give  off  their  water  and  leave  the  anhydrous  fluoride  AgF — • 
not,  however,  quite  pure,  inasmuch  as  hydrofluoric  acid  and  oxygen  are  given  off  at 
the  same  time  (Pfaundler).  Wlien  chlorine  gas  is  passed  over  fused  silver-fluoride, 
chloride  of  silver  is  formed,  and  fluorine  is  set  free  (ii.  673).  The  aqueous  solution  of 
silver-fluoride  gives  with  hydrochloric  acid  a  precipitate  of  chloride,  and  with  potash  a 
precipitate  of  oxide  of  silver.  It  is  easily  decomposed  also  by  organic  acids,  yielding 
precipitates  of  the  corresponding  silver-salts,  which  are  in  this  way  more  easily  pre- 
pared than  froiu  the  ordinary  sokition  of  argentic  nitrate,  inasmuch  as  tliey  are  much 
less  soluble  in  free  hydrofluoric  than  in  nitric  acid.  (Pfaundler.) 

Argentic  Oxf/Jhtoride,  Ag'F'O.H-0  or  AgF.AgHO. — Tliis  compound  is  formed 
when  a  solution  of  the  fluoride  is  strongly  concentrated  over  the  water-bath ;  also,  as 
already  observed,  when  the  crystals  of  the  hydrated  fluoride  are  left  to  stand  over  oil 
of  vitriol.    It  forms  brass-yellow  crystalline  spangles,  which  dissolve  in  water  with 
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separation  of  argentic  oxide.  The  solution  gives  with  carbonic  acid  a  precipitate  of 
argentic  carbonate,  wliereas  a  solution  of  the  fluoride  is  not  precipitated  by  a  stream 
of  the  gas.  (Pfanndler.) 

SXXaVER,  FUZiIMCZSrATXN'G.  A  detonating  compound,  discovered  by  Ber- 
thoUet.  To  prepare  it,  silver-oxide  recently  precipitated  from  the  nitrate  by  Ume- 
water,  and  freed  from  excess  of  moisture  by  pressure  between  filtering-paper,  is  treated 
with  strong  aqueous  ammonia,  and  left  to  itself  for  twelve  hours ;  more  ammonia  is 
then  poured  upon  it,  to  dissolve  the  film  which  has  formed  on  its  surface ;  the  liquid  is 
decanted;  and  the  still  moist  fulminating  silver  is  divided  into  very  small  portions, 
and  left  to  dry  (Berthollet).  Faraday  prepares  the  compound  by  treating  silver- 
oxide  with  a  mixture  of  caustic  potash  and  ammonia.  It  is  also  said  to  be  obtained 
by  precipitating  a  saturated  ammoniacal  solution  of  silver-chloride  with  caustic  potasL 
It  is  an  exceedingly  dangerous  compound,  exploding  with  the  greatest  violence,  when 
dry,  on  the  slightest  friction,  and  often  even  in  the  moist  state,  from  unknown  causes. 
Hence  its  composition  has  not  been  ascertained  with  certainty.  By  some  it  is  sup- 
posed to  be  a  compound  of  argentic  oxide  and  ammonia,  while  others  regard  it  as  an 
amide  or  a  nitride  of  silver. 

The  ammoniacal  liquid  decanted  from  fulminating  silver  sometimes  deposits  black, 
metallic-shining,  explosive  crystals.  These  are,  perhaps,  the  pure  fulminating  silver, 
the  ordinary  pulverulent  product  containing  also  admixed  silver-oxide  or  metallic  silver. 
(Handw.  d.  Chem.  vii.  961.) 

SXXiVSR,  HORU.    Native  chloride  of  silver. 

SIIiVER,  IODISES  OP.  There  appears  to  be  but  one  compound  of  silver  and 
iodine,  viz.  argentic  iodide,  Agl.  This  compound  occurs  native  as  ?Wa?;(7//riVtf  or 
iodyrite,  in  hexagonal  crystals,  exhibiting  the  combination  oP  .  ccP  .  4P  .  2P  .  -^P. 
Length  of  principal  axis  =  0-814.38.  Angle  oP  :  P  =  136°  46'.  Cleavage  basal, 
highly  perfect.  It  occurs  also  in  thin  flexible  plates,  with  lamellar  structure.  It  is 
soft  and  sectile  ;  has  a  specific  gravity  of  5-504  ;  yellow  or  yellowisli-green  colour, 
yellow  streak  and  resinous  to  adamantine  lustre  ;  translucent.  It  melts  easily  before 
the  blowpipe  to  a  greyish-yellow  mass,  colouring  the  flame  red,  and  on  charcoal  leaves 
a  bead  of  silver.    (De  scloizeaux,  Ann.  Ch.  Phys.  [3]  xl.) 

Iodyrite  is  found  at  Abarradon  in  Mexico,  at  Los  Algodones  in  Coquimbo  and  at 
Chaiiareillo,  Chile,  and  at  Guadajara  in  Spain.  The  following  are  analyses  of 
specimens  from  Los  Algodones:  a.  by  Domeyko  (Ann.  Miu.  [4]  vi.  153);  b.  by 
Damour  {ibid.  [5]  iv.  329);  c.  and  d.  by  Smith  (J.  pr.  Chem.  Ixiii.  457): 

a.              b.  c.  d.  calc. 

Iodine      ...         —         64-03  52  93  53-11  54-03 

Silver      .       .       .       46  25       45-72  46-52  46  38       45  97 

99-75  WiE  99-49  100  00 

Argentic  iodide  is  produced  by  heating  silver  -with  iodine,  and  as  a  precipitate  on 
mixing  a  sohition  of  argentic  nitrate  -with  hydriodic  acid  or  a  soluble  iodide ;  also  by 
the  action  of  iodine  on  a  solution  of  argentic  nitrate. 

AVhen  strong  hydriodic  acid  is  poured  upon  silver,  the  metal  dissolves,  -with  evolution 
of  hydrogen,  till  the  acid  is  saturated  :  on  heating  the  Uquid  the  action  begins  again, 
and  the  solution  on  cooling  deposits  large  colom-less  crystalline  laminae  of  hydro- 
argentic  iodide,  Agl.HT,  which  however  quickly  decompose  on  exposure  to  the  air. 
The  decanted  mother-liquor  yields,  on  standing,  hexagonal  prisms  of  argentic  iodide 
very  much  like  the  native  compound.  When  sUver  is  immersed  in  a  mixtiu'e  of 
hydriodic  and  hydrochloric  acid,  nothing  but  argentic  iodide  is  formed;  the  same 
compound  is  also  formed,  with  rise  of  temperature  and  evolution  of  hydrochloric  acid, 
when  argentic  chloride  is  immersed  in  concentrated  hydriodic  acid.  AVhen  silver  is 
plunged  into  iodide  of  potassium  melted  in  a  porcelain  crucible,  argentic  iodide  is 
formed ;  and  the  potassium  is  partly  oxidised,  and  dissolves  a  portion  of  silica 
from  the  crucible;  sometimes  also  tlie  potassium  reduces  a  small  quantity  of  silicon. 
(H.  St.  Claire  Deville,  Compt.  rend.  xlii.  894.) 

Precipitated  argentic  iodide  has  a  specific  gravity  =  5-02  (Karsten)  ;  5-61 
(BouUay).  When  precipitated  with  excess  of  potassium-iodide,  it  has  a  pale- 
yellow  colour,  and  is  scarcely  affected  by  light ;  but  when  precipitated  with  excess  of 
silver-nitrate,  its  colour  is  darker,  and  is  changed  by  light  to  a  pale-grey,  or,  in 
presence  of  silver-solution,  to  a  deep  greenish-black  grey.  This  change  of  colour  is 
not  attended  with  liberation  of  iodine,  and  does  not  indeed  appear  to  depend  on  a 
chemical  action.  It  is  retarded  by  acids  ;  and  nitric  acid  restores  the  original  colour  of 
the  iodide  without  dissolving  out  any  silver :  the  colour  is  also  restored  by  iodide  of 
potassium  (Vogel,  Jahresb.  1863,  p.  28  i).  On  the  use  of  argentic  iodide  in  photo- 
graphy, see  Light,  Chemicai/  Action  of  (iii.  693),  and  Photography  (iv.  625). 
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Argentic  iodide  resembles  the  bromide  and  cliloride  in  most  of  its  chemical 
relations.  It  is  insoluble  in  water  and  dilute  acids,  and  scarcely  soluble  in  ammunia, 
1  pt.  of  it  requiring,  for  solution,  2,600  pts.  of  aqueous  ammonia  of  specific  gravity 
0'96  (Martini).  It  is  insoluble  in  cold  solutions  of  aUcalinee  chlorides,  and  hot 
solutions  dissolve  only  traces  of  it;  in  concentrated  solution  of  potassium-iodide,  on 
the  contrary,  it  dissolves  almndantly,  the  solution  when  diluted  with  water  yielding  a 
precipitate  which  contains  the  whole  of  the  silver  ;  it  dissolves  slightly  in  hi/posu!]>hitc 
of  sodium,  and  is  precipitated  therefrom  by  iodide  of  potassium.  (Field,  Zeitsehr.  Ch. 
Pharm.  1861,  p.  126.) 

Ai'gentic  iodide  assumes  a  deep  yellow  colour  when  heated,  becoming  pale  again  on 
cooling.  At  a  low  red  heat,  it  melts  easily  to  a  dark  red  liquid,  which,  on  cooling, 
solidifies  to  a  dingy  yellow  translucent  mass,  exhibiting  a  granular  fractxire. 

Chlorine  passed  over  argentic  iodide  at  ordinary  temperatures  immediately  turns  it 
white ;  and  on  gently  lieating  it,  iodine  is  given  oiF,  and  pure  argentic  chloride 
remains  behind.  The  iodide  is  not  decomposed  by  phosphoric  or  by  dilute  nitric  acid, 
but  when  heated  with  strong  'nitric  or  sulphuric  acid,  it  gives  off  iodine.  It  dissolves 
easily  in  solution  of  mcrcurous  nitrate.  By  fusion  with  alkalis,  and  by  the  action  of 
zinc,  &c.  in  presence  of  dilute  acids,  it  is  decomposed  in  the  same  manner  as  the 
chloride. 

Argentic  iodide  heated  with  solution  of  argentic  nitrate  forms  the  two  double  salts, 
AgI.2AgN0'  and  Agl.AgNO^  (iv.  105). 

Argentic  iodide  (not  fused)  absorbs  3-6  per  cent,  ammonia  gas,  forming  the  compound 
2AgI.NlP  or  AgI.(NIl'Ag)I,  which  gives  off  its  ammonia  again  on  exposure  to  the  air. 
(Eamm  el  sb  erg.) 

Argento-pvtassia  Iodides. — A  hot  concentrated  solution  of  potassic  iodide  partially 
saturated  with  argentic  iodide,  solidifies  on  cooling  to  a  crystalline  mass  of  the  salt 
AgI.2KI ;  but  if  the  solution  be  completely  saturated  with  argentic  iodide  at  the 
boiling  heat,  it  deposits  the  salt  Agl.KI,  which  may  be  crj'stallised  from  hot  alcohol 
without  decomposition.  The  crystals  turn  yellow  in  drying,  and  blue  on  exposure  to 
light  (BoUay,  Ann.  Ch.  Phys.  [2]  xxiv.  377).  Both  these  salts  are  decomposed  by 
cold  alcohol  and  by  water. 

SXIiVZSR,  OF.    Said  to  oeciu-  native  in  Chile.    (Dana,  ii. 

flOO.) 

SIXiVEK,  NATIVE.  Silver  occurs  in  the  metallic  state  more  or  less  alloyed  with 
gold,  platinum,  copper,  and  other  metals,  in  cubes,  octahedrons,  and  nionometric  forms  ; 
also  in  masses,  or  in  arborescent  and  filiform  shapes,  traversing  calcspar,  quartz, 
gneiss,  slate,  &c.  Hardness  =  2'5 — 3.  Specific  gravity  =  lO'l — ll'l.  Lustre 
metallic.  Colour  and  streak  silver-white,  becoming  greyish-black  by  tarnishing.  It 
is  mcst  abundant  in  Peru,  where  indeed  most  of  the  silver  occurs  in  this  state :  found 
also  in  Mexico,  and  in  smaller  quantities  at  several  localities  in  the  United  States. 
Very  fine  specimens  are  found  at  Kongsberg,  in  Norway.  It  occurs  also  in  some  of 
the  Saxon  and  Bohemian  mines,  and  in  small  quantities  at  Andreasberg  in  the  Hartz. 
in  Suabia  and  Hungary,  at  Allemont  in  Danphiny,  near  Beresof  in  the  Ural,  at 
Schlangenbei-g  in  the  Altai,  and  in  some  of  the  Cornish  mines.  Horn-silver  and 
silver-glance  occur  as  pseudomorphs  after  native  silver.   (Dana,  ii.  lu). 

SXXiVSIl,  NITRIBE  OP.  Berthollet's  fidminating  silver  is  sometimes  re- 
garded as  a  nitride  or  amule  of  silver  (p.  300). 

SIIaVSK  OltSSS.  Minerals  containing  silver  as  an  essential  constituent,  and 
avaihible  for  the  mctallurgio  extraction  of  silver  when  they  occur  in  sufficient  quantity. 
Such  are : — 


Bromargyrite  or  Bromvrite,  AgBr 

Brongniardite,  2(Pb ;  Ag-)S  .  Sb^S' 

Discrasite,  Ag^Sb 

Embolito,  Ag(Cl ;  Br) 

Eukairite,  (Ag- ;  Cu-).Se 

Freibergite,  4Ag^S  .  Sb-S^,  and  other  so- 
called  Fahl-ores,  containing  silver  to- 
gether with  copper  and  lead. 

Freioslebenite,  5(Ag-  ;Ph)S  .  2Sb-S^  and 
the  allied  miner.il  Kenngottito. 

Hessite  or  Telluric  Silver,  Ag-Te. 

Horn-silver,  AgCl. 

lodargyrite,  Agl. 

Miargyrite,  Ag-S  .  Sb-S',  and  the  allied 
minerals  Hj'pargyrite,  and  tlie  Fire- 
blendes. 


Naumannite,  Ag'Se. 

Polybasito,  9Ag-S  .  Sb'S'. 

Proustite,  3Ag^S  .  As=S'. 

Pyrargyrite,  3A£i-S  .  Sb'-S'. 

Selbito,  Ag-'O.CO^. 

Silver-amalgam,  Ag-Hg. 

Silver-glance  or  Argentite,  Ag-S ;  also 
Acanthite,  which  the  .same  compo- 
sition, but  crystallises  in  trimetric  forms. 

Stephanite,  6Ag'S  .  Sb-S^ 

Sternbergite,  3(Fe  ;       )S  .  Fe^S'. 

Stromeyerite,  or  Silver-copper-glance 
(Ag'';  Cu--)S. 

Xantlnicone,  3Ag=S.  As"S-  +  3Ag-S  .  As'S^ 
or  Ag^AsS-'  .  Ag'AsS',  and  the  allied 
mineral,  PnttingiTite. 
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Many  other  minerals — as  lead,  copper,  iron-ores,  &c. — are  also  regarded  as  silver- 
ores,  when  they  contain  a  sufficient  quantity  of  silver  for  profitable  extraction  (p.  279). 

SIZiVER,  OXZDBS  OP.  Silver  forms  three  oxides,  represented  by  the  formiilae 
Ag'O,  Ag^O,  and  Ag-0'^. 

Hemiozide  of  SiIver,or  Ar§rentoas  Oxide,  Ag*0.  Suboxide  or  Quadrantoxide  of 
Sih'i r. — This  oxide,  discovered  by  Wohler  in  1839  (Ann.  Ch.  Pharm.  xxx.  1),  is  ob- 
tained by  passing  hydrogen-gas  over  argentic  oxalate,  mellitate,  or  citrate  heated  to 
100°,  half  the  acid  being  then  set  free,  and  a  dark-brown  argentous  salt  remaining. 
The  free  acid  may  be  removed  by  water,  wliich  dissolves  only  a  small  quantity  of  the 
argentous  salt,  but  forms  a  brown-red  or  portwine-coloured  solution.  Argentous  salts 
are  also  produced  in  some  instances  by  passing  hydrogen  into  ammoniacal  solutions 
of  argentic  salts  (Wohler,  Ann.  Ch.  Pharm.  cxiv.  119).  From  the  solid  salts  or  their 
solutions,  the  argentous  oxide  is  separated  by  caustic  potash  as  a  black  precipitate. 
According  to  Geuther  {ibid.  cxiv.  121),  argentous  oxide  is  formed  by  the  action  of 
cuprous  hydrate  on  solution  of  argentic  nitrate.  Wohler  {ibid.  ci.  363)  has  also 
obtained  it,  mixed  with  metallic  silver,  by  repeatedly  boiling  argentic  arsenite  with 
soda-ley. 

Argentous  oxide,  when  pure,  does  not  change  colour  in  drying,  and  does  not  acquire 
metallic  lustre  under  the  biirnisher.  Hydrochloric  acid  and  hydrobromic  acid  convert 
it  into  argentous  chloride  and  bromide  respectively.  By  oxygen-acids  and  by  ammonia 
it  is  resolved  into  argentic  oxide  and  metallic  silver. 

According  to  Faraday  (Ann.  Ch.  Phys.  [2]  ix.  107),  a  solution  of  argentic  oxide  in 
ammonia  deposits,  on  exposure  to  the  air,  a  body  which  is  grey  by  reflected  light,  bright 
yellow  in  thin  layers  by  transmitted  light,  and  melts  when  heated,  giving  off  oxygen, 
and  leaving  metaUie  silver. 

Protoxide  of  Silver  or  Arg'entic  Oxide,  Ag^O.  This  oxide  is  obtained  in  the 
pure  state — 

1.  By  heating  argentic  carbonate  to  200^. 

2.  By  decomposing  a  solution  of  silver-nitrate  with  caustic  alkalis,  certain  precautions 
being,  however,  necessary  to  prevent  the  simultaneous  formation  of  carbonate,  a.  The 
silver-solution  is  poured  into  a  hot  saturated  solution  of  baryta,  in  such  quantity  as  to 
leave  the  liquid  with  a  distinct  alkahne  reaction ;  and  the  precipitate  is  left  to  settle  in 
a  corked  flask,  then  drenched  with  cooled  de-aerated  water,  in  closed  vessels.  The 
oxide  thus  obtained  is  a  brown  powder,  becoming  black  when  dried  at  60°  or  70°. — 
/3.  By  mixing  concentrated  hot  solutions  of  potash  and  argentic  nitrate,  the  oxide  is 
at  once  obtained  in  the  form  of  a  black  powder,  which  settles  down  quickly  and  is  easy 
to  wash. 

3.  By  precipitating  a  cold  solution  of  argentic  nitrate  witli  hydrochloric  acid,  washing 
the  precipitated  chloride  with  cold  water — then  levigating  it  with  a  small  quantity  of 
water,  and  pouring  it  into  boiling  potash-ley  of  specific  gravity  1'25  to  1'3,  so  slowly 
as  not  to  interrupt  the  boiling,  the  argentic  chloride  is  decomposed,  and  the  pure  oxide 
is  obtained  as  a  soft  bluish-black  powder.  If  it  be  not  completely  soluble  in  nitric 
acid,  it  must  be  triturated  in  a  porcelain  mortar  with  fresh  potash-ley  and  again 
boiled. 

4.  Argentic  oxide  is  also  formed  when  silver  is  very  strongly  heated  in  the  oxy- 
hydrogen  flame,  or  in  the  electric  arc. 

Argentic  oxide  is  a  brown  or  black  powder  of  specific  gravity  7'143  (Herapath), 
7'250  (Boullay).  According  to  Bineau  (Compt.  rend.  xli.  509),  it  dissolves  in  3,000 
pts.  of  water,  forming  a  solution  which  yields  a  precipitate  with  chlorides  and  phosphates, 
has  a  faint  alkaline  reaction,  and  a  nauseous  metallic  taste.  Argentic  oxide  is  a  strong 
base,  and  neutralises  acids  completely,  forming  the  argentic  salts.  According  to  H. 
Rose  (Pogg.  Ann.  Ixxxv.  304),  the  recently  precipitated  andstill  moist  oxide  absorbs 
carbonic  acid  from  the  air.  After  drying  at  60°  or  70°,  it  is  anhydrous.  It  gives  off 
a  certain  quantity  of  oxygen  at  100°,  also  when  exposed  to  sunshine;  but  whether 
argentous  oxide  or  metallic  silver  is  thereby  produced  is  not  exactly  known.  At  a 
stronger  heat  it  is  quickly  resolved  into  metallic  silver  and  oxygen. 

Argentic  oxide  is  easily  reduced  by  oxidable  substances.  According  to  Bo ttger 
(J.  pr.  Chem.  xc.  32),  the  following  substances  are  set  on  fire  wlien  triturated  with  it 
in  the  di'y  state,  even  on  paper : — sulphide  of  gold,  black  sulphide  of  antimony,  realgar, 
orpiment,  milk  of  sulphur,  selenium,  amorphous  phosphorus,  and  tannic  acid.  Creosote 
also  burns  with  scintillation  when  dropped  on  dry  argentic  oxide.  The  oxide  is  reduced 
to  metallic  silver  completely  by  aqueous  phosphorous  acid,  partially  by  aqueous  sul- 
phurous acid,  with  simultaneous  formation  of  argentic  phosphate  or  sidphate.  Under 
water  it  is  reduced  to  metal  by  contact  with  zinc,  tin,  or  copper,  but  not  by  iron  or 
mercury  (Fischer").    Aqueous  hypoehlorous  acid  converts  it  into  argentic  chloride, 
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with  evolution  of  oxygen  (Balard).  It  is  not  yltered  by  potash-ley  or  soda-Ioy, 
but  strong  aqueous  ammonia  converts  it  into  fulminating  silver  (p.  300.) 

Peroxide  of  Silver  or  Argentic  Bioxide,  Ag-0-.— Discovered  by  Eitter  in 
1S14.  It  is  formed  when  a  concentrated  sulutiuii  of  argentic  nitrate  is  electrolysed, 
Willi  two  thick  platinum-wires  for  poles,  and  is  deposited  in  crystals  on  the  positive 
pole,  while  metallic  silver  separates  at  the  negative  pole.  The  crystals,  however,  always 
contain  argentic  nitrate,  either  in  combination  or  mechanically  enclosed  (Fischer,  J. 
pr.  Chem.  zxxii.  108. — Gmolin  andMahla,  Ann.  Ch.  Pharm.  Ixxxii.  289).  Accord- 
ing to  Schonbein  (J.  pr.  Chem.  xli.  321;  Ixxiv.  324),  pure  argentic  dioxide  may  be 
prepared  by  the  action  of  ozone  on  pulverulent  silver.  It  dissolves  in  cold  nitric  acid, 
to  a  deep  brown  liquid,  which  remains  undecomposed  at  ordinary  temperatures,  deposits 
the  dioxide  when  considerably  diluted  with  water,  and  is  resolved  by  heat  into  oxygen 
and  argentic  nitrate. 

Argentic  dioxide,  when  cautiously  heated,  gives  off  oxygen,  and  leaves  the  protoxide; 
but  when  quickly  heated  to  IIC^,  it  suddenly  gives  off  oxygen  with  slight  explosion. 
Hydrochloric  acid  converts  it  into  argentic  chloride,  with  evolution  of  chlorine.  When 
thrown  into  ammonia,  it  rapidly  eliminates  nitrogen  gas,  and  runs  about  in  the  liquid 
till  it  is  dissolved.  Sulphuric  and  nitric  acid  convert  it  into  argentic  salts,  with 
evolution  of  oxygen.  Hydrogen  reduces  it  only  when  heated,  but  then  with  slight 
explosion.  When  thrown  into  hydrie  peroxide,  it  is  quickly  resolved  into  metallic 
silver  and  oxj-gcn. 

SXZiVZB,  OXYCEir-SAIiTS  OF.  Silver  forms  two  classes  of  oxygen-salts, 
corresponding  with  the  argentic  and  argentous  oxides.  The  argentic  salts  are 
formed  by  dissolving  metallic  silver  in  oxidising  acids,  or  by  double  decomposition.  The 
nitrate,  chlorate,  and  perchlorate  are  easily  soluble  in  water;  the  rest  are  insoluble  or 
sparingly  soluble.    Their  reactions  have  already  been  described  (p.  298.) 

Argentous  salts  arepi-oduced  by  the  action  of  reducing  agents  on  argentic  salts. 
Wohler  o-iginally  prepared  them  by  gently  heating  argentic  salts  in  a  current  of  hy- 
di'ogen  (p.  309).  In  many  cases,  however,  they  are  more  easily  obtained  by  passing 
hych'ogen  gas  into  an  amraoniacal  solution  of  an  argentic  salt  heated  to  about  90° ;  iu 
this  manner  Rautonberg  (Ann.  Ch.  Pharm.  exiv.  119)  has  obtained  the  chromate, 
molybdate,  and  tuugstate. — Argcniom  chromate  is  thus  produced,  even  at  ordinary 
temperatures,  mixed,  however,  with  a  little  metallic  silver  (to  which  it  is  completely 
reduced  at  50°).  It  is  a  black  powder,  which  is  immediately  reddened  and  dissolved 
by  strong  nitric  acid  ;  dilute  nitric  acid  dissolves  it  with  green  coloui-,  the  chromic  acid 
being  reduced  to  chromic  o.^ide. — Argentous  molyhclafc,  Ag'0.2MoO^  has  been  already 
described  (iii.  1041). — Argentous  iungstate,  Ag'0.2W0^,  is  a  black  glittering  powder, 
which  imder  the  microscope  exhibits  crystals  apparently  with  rhombic  faces.  Nitric 
acid  dissolves  the  silver  from  it,  separating  yellow  tungstic  acid  ;  potash,  on  the  other 
hand,  extracts  the  tungstic  acid,  and  separates  argentous  oxide.  An  ammoniacal  solu- 
tion of  argentic  arsenate  is  turned  brown  by  hydrogen  gas,  and  very  slowly  deposits  a 
small  quantity  of  a  black  powder.  A  solution  of  ferrous  sulphate  iminediately  reduces 
argentic  arseniate  and  triargentic  phosphate  to  a  black  powder,  consisting  of  argentous 
oxide  mixed  with  metallic  silver ;  argentic  oxalate  is  reduced  by  the  same  solution  to 
metallic  silver.    (Jahresb.  1860,  p.  200.) 

A  solution  of  are/ci/toKS  citrate  or  mclliialc  decomposes  gradually  on  exposure  to  the 
air,  and  immediately  on  boiling  into  metallic  silver  and  argentic  salt.  The  same  salts 
dissolve  easily  in  ammonia,  forming  a  yellowish-red  liquid.  Common  salt  added  to 
thi  ^c  sohitions  throws  down  brown  argentous  chloride. 

SilaVER,  PHOSPHIDE  OP.  When  phosphonis  is  thrown  upon  melted  silver, 
a  phosphide  is  formed,  from  which  part  of  the  phosphorus  separates  as  the  fused  mass 
solidifies,  and  then  burns  in  the  air.  Phosphide  of  silver  is  also  formed  by  fusing 
silver  with  glacial  phosphoric  acid  and  charcoal  (Pelletier),  or  argentic  phosphate 
with  chai'coal  (Land grebe).  The  phosphide  obtained  by  the  first  and  second 
methods  is  white,  granular,  and  crystalline,  splits  under  the  hammer,  but  may  be  cut 
with  a  knife;  it  contains  20  per  cent,  phosphorus  (AgP  requires  22-3  per  cent.). 
That  prepared  by  Landgrel)e's  method  is  scoriaceous,  brittle,  sectile,  exhibits  a 
silvery  lustre  when  filed,  and  contains  33'2  per  cent,  phosjihorus  (AgP-  requires  3G'4 
per  cent.). 

When  finely  divided  silver  is  gently  heated  in  phosphorus-vapour,  a  blackish-grey 
phosphide,  Ag-P^,  is  obtained,  of  speciiicgravity  4-1)3,  easily  soluble  in  dilute  nitric  acid, 
ins'iluble  in  hydrochloric  acid:  it  is  difficult  to  prepare,  as  if  the  heat  applied  is  rather 
too  high,  some  of  the  phosphorus  is  driven  off".  When  a  solution  of  silver-nitrate  is 
treated  with  phosphoretted  hydi'ogen-gas,  a  precipitate  is  formed,  which,  according  to 
Laudgrebe's  soinewliat  doubll'iil  statements,  is  a  phospliide  containing  15-5  per  cent. 
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phosphorus,  agreeing  nearly  with  the  formula  Ag^P'^.  According  to  H.  Rose,  howerer, 
it  consists  of  pure  silver.    (Handw.  d.  Chem.  vii.  966.) 

SXXiVER,  RES,  or  RUBT.  This  name  includes  two  silver-ores,  both  consisting 
of  argentic  sulphantimonites — viz.,  dark-red  silver-ore,  or  pyrargyrite,  2Ag-S.Sb"S', 
(iv.  740),  and  light  red  silver-ore  or  proustite,  2Ag-S.Sb-S^  (iv.  764). 

SXXaVSR,  SEIiESriDE  OS*,  Ag^Se.  Silver  acquires  a  black  tarnish  by  contact 
■with  the  vapour  of  selenium,  selenious  acid,  or  selenhydric  acid.  The  compound  is 
easily  formed  by  melting  silver  and  selenium  together.  Selenhydric  acid  passed  into  a 
solution  of  silver,  forms  a  black  precipitate,  which  becomes  dark-grey  when  dry,  and 
melts  without  decomposition  at  a  red  heat,  forming,  when  cold,  a  silver-white  somewhat 
malleable  mass.  It  is  not  completely  deprived  of  its  selenium  by  roasting,  or  even  by 
fusion-  with  alkalis  or  borax  ;  iron  unites  with  it,  forming  a  dark-grey  compound. 
Selenide  of  silver  dissolves  in  boUiug  nitric  acid,  the  solution  containing  argentic  selenite. 
On  fusing  the  precipitated  selenide  with  more  selenium,  it  is  converted  into  the 
di  selenide,  Ag-S^,  which  melts  to  a  specular  mass,  retaining  its  selenium  on  ignition, 
but  giving  it  up  when  roasted. 

Sdenide  of  Silver  and  Lead. — The  mineral  naumannite,  found  at  Tilkerode  in  the 
Hartz,  consists  of  isomorphous  mixtures  of  the  selenides  of  lead  and  silver.  It  occurs 
in  cubes,  with  perfect  cubic  cleavage  ;  also  massive,  granular,  and  in  thin  plates ;  hard- 
ness =  2-5  ;  specific  gravity  =  8'0  ;  lustre  metalhc,  splendent ;  colour  and  streak  iron- 
black.  A  specimen,  analysed  by  G-.  Hose,  contained  23'o3  per  cent.  Se,  6o'56  Ag,  and 
4'91  Pb  ;  another,  analysed  by  Rammelsberg,  gave  26'52  Se,  11-67  Ag,  and  60-15 
Pb  (  =  98-34).    The  first  is  nearly  PbSe.lSAg^Se  ;  the  second  (4— 5)PbSe.Ag=Se. 

Selenide  of  Silver  and  Copper,  AgCu'Se  or  Ag-Se.Cu^Se. — This  is  the  composition  of 
eukairite  from  SmSland,  Sweden  (ii.  605). 

SXliVER,  SEXiEXTIOCJrAirATE  OP.    See  Sklenioctanates  (p.  220). 

SIX.VSR,  SUI.PHXSE  OF.  Argentic  Sidpkide,  Ag^S.— This,  which  is  the  only 
known  compound  of  silver  and  sulphur,  occui'S  native  as  silver-glance  or  argy  rose, 
in  cubes,  octahedrons,  rhombic  dodecahedrons,  and  intermediate  forms,  occasionally  also 
with  faces  of  the  trapezohedron  and  triakis-octahedron  (ii.  125,  126).  The  crystals 
are  often  distorted  and  irregularly  developed,  or  aggregated  in  tooth-shaped,  step- 
shaped,  dendritic,  striated,  filiform,  or  capillary  groups  ;  it  also  occui's  in  amorphous 
masses,  and  as  an  earthy  deposit.  The  crystals  exhibit  cubic  and  dodecahedral 
cleavage.  Hardness  =  2-5.  Specific  gravity  =  7'196 — 7"365.  Lustre  metallic; 
coloiu?  and  streak  blackish  lead-grey ;  opaque ;  fractm-e  small,  concho'idal,  xmeven. 
Before  the  blowpipe,  on  charcoal,  it  melts,  swells  up  strongly,  gives  off  sidphurous 
anhydride,  and  finally  leaves  a  fused  button  of  silver.  Silver-glance  occurs  in 
veins  traversing  gneiss,  granite,  mica-slate,  &c.,  and  often  in  very  large  masses,  in 
Saxony,  Bohemia,  Hungary,  Norway,  Siberia,  Mexico,  Peru,  Chile,  and  other  localities. 
It  is  seldom  found  quite  pure,  being  usually  more  or  less  mixed  with  the  sulphides  of 
lead,  copper,  and  iron.  Pure  argentic  sidphide  contains  87'1  per  cent,  silver. 
Klaproth  found  in  a  crystallised  specimen  from  Freiberg  85-3,  and  in  a  massive  variety 
from  Joaehimsthal  85  per  cent,  silver.  Lindaker  found  in  a  crystallised  variety  from 
the  same  locality,  14-46  per  cent,  sulphiu',  77'58  silver,  3'681ead,  1-53  copper,  and  2-02 
iron  (=  99-27). 

Acanthite  is  a  trimetric  variety  of  argentic  sulphide  occurring  at  Joaehimsthal  in 
the  Erzgebirge,  in  small  crystals  of  specific  gravity  7'3 1 — 7'36,  isomorphous  with  copper- 
glance  (ii.  76). 

Argentic  sulphide  is  formed  artificially  by  fusing  silver  witli  excess  of  sulphur. 
According  to  Durocher  (Compt.  rend,  xxxii.  8'23),  it  may  be  obtained  in  the  crystalline 
state  by  mixing  sulphydric  acid  gas  with  the  vapour  of  argentic  chloride.  Becquerel 
also  obtained  it  crystallised  by  filling  one  arm  of  a  U-tube  with  solution  of  potassic 
Eulphydrate,  the  other  with  argentic  nitrate,  and  connecting  the  two  liquids  by  an  arc 
of  silver.  The  end  dipping  into  the  alkaline  sulphydrate  then  became  covered  with 
beautiful  prisms  of  sulphide  of  silver  and  potassium,  which  were  gradually  decomposed 
by  the  nitric  acid  carried  over  to  them,  yielding  sulphate  of  potastium  and  octahedral 
crystals  of  argentic  sulphide.  The  compound  is  likewise  formed  by  the  action  of  sid- 
phydric  acid  on  metallic  silver  (p.  278),  and  as  a  brown  or  black  precipitate  when 
sulphydric  acid  gas  is  passed  into  silver-solutions. 

Artificial  argentic  sulphide  has  a  density  of  6-85  (Karston).  After  fusion,  it 
solidifies  to  a  lead-grey,  metallic-shining,  malleable  mass,  soft  enough  to  be  cut  with 
a  knife,  and  to  be  used  for  forming  medallions  with  the  die.  Faraday  supposed  that 
argentic  sulphide  conducts  electricity,  like  a  metal,  without  decomposition,  its  con- 
ducting power  however  increasing  with  rise  of  temperature,  like  that  of  an  electrolyte  ; 
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nittorf,  however,  has  shown  (Pogg.  Ann.lxxxiv.  1)  that  when  free  from  rnttallic  silver 
it  conducts  only  in  proportion  as  it  is  decomposed. 

Argentic  sulphide  is  insoluble  in  water,  ammonia,  cyanide  of  potassium,  and  dilute 
nitric  acid ;  strong  nitric  acid  however  dissolves  it,  with  se^^aration  of  sulphur.  It  is 
very  slowly  decomposed  by  ignition  in  the  air,  and  if  the  temperature  is  not  very 
high,  argentic  sulphate  is  produced,  which  requii-es  a  very  strong  heat  to  decompiose  it. 
When  ignited  in  hydrogen,  it  gives  off  sulphydric  acid,  but  it  is  difficult  to  remove  tho 
whole  of  the  sulphur  even  in  this  way.  Chlorine  gas  does  not  decompose  it  in  the 
cold,  and  acts  but  slowly  upon  it  when  heated  (H.  Hose).  It  is  not  decomposed  by 
solution  of  cupric  chloride,  unless  chloride  of  sodium  is  also  present,  in  which  caso 
argentic  chloride  and  cupi'ous  sulphide  are  produced. 

Argentic  sulphide  may  be  fused  in  all  proportions  with  metallic  silver.  The  fused 
sulphide  is  quickly  decomposed  by  iron,  with  formation  of  ferrous  sulphide  and 
separation  of  metallic  silver  containing  iron.  Lead  acts  in  like  manner,  the 
excess  of  lead,  however,  taking  up  the  whole  of  the  silver. 

Argentic  sulphide  is  used,  in  conjunction  with  other  metallic  sulphides,  for  producing 
black  designs  on  engraved  silver  ;  this  art  is  called  niello.  It  has  also  been  used  as 
a  hair-dye,  the  hair  being  washed  first  with  a  silver-solution  (generally  ammoniacal), 
and  then  with  a  solution  of  monosulphide  of  potassium. 

Arffento-cu2>'>'ous  Suljikide,  AgCuS  or  Ag'S.Cu-S.  Arcfentiferous  Copper- 
glance.  Stromeyerite. — A  mineral  intermediate  in  composition  between  argentic 
sulphide  and  copper-glance,  and  crystallising  in  trimotric  forms,  isomorphous  with  the 
latter;  also  occurring  massive  and  embedded.  Hardness  =  2'5  to  3-0.  Specific 
gravity  =  6'2  to  6'3.  It  is  sectile,  has  a  dark  steel-grey  colour,  shining  streak, 
and  subconehoidal  fracture.  It  melts  before  the  blowpipe  to  a  grey  semi-malleablo 
bead,  gives  with  fluxes  the  reactions  of  copper,  and  when  cupelled  with  lead,  leaves  a 
liutton  of  silver. 

Analyses  :  a.  From  Schlangcnberg  in  the  Altai:  massive  (Strom  ey  er,  Schw.  J.  xix. 
325). — b.  From  Eudelstadt  in  Silesia:  crystallised  (Sander,  Pogg.  Ann.  xl.  313): 

a.  b.  Calculated. 

Sulphur    .       .       15-78  15-92  S        32-0  15-73 

Silver       .       .       52-27  52-71  Ag    108-0  53-08 

Copper     .       .       30-48  30-95  Cu      63-4  31-19 

Iron         .       .         0-33  0-24  203-4  10(H)0 

98-86  99-82 

Several  massive  grey  silver  and  copper  ores  occurring  in  Chile  appear,  from  the 
following  analysis  of  Domeyko,  to  consist  of  this  mineral  mixed  with  copper-glance : 

San  Pedro.  Casenia.  S.  Pedro. 

Ag=S.3Cu"S  Ag2S.4Cu=S  Ag-S.BCu^S  Ag^S.9Cu'S 

Sulphur       .       17-83  19-93  20  53  21-41  20  79 

Silver          .       28-79  24-04  16-58  12-08  2-96 

Copper        .       53-38  63-94  60-58  63  98  75  51 

Iron            .      _^  ^  2-09  2-31  _2-53  0  74 

100-00  100-00  100-00  100^00  100^ 

Argentic  sulphide  occurs  in  combination  with  the  trisulphides  of  arsenic  and  antimony, 
in  several  varieties  of  fahl-ore, — -viz.,  brongniardite,  freibergite,  freieslebenite,  poly- 
basite,  proustite,  pyrargyrite,  stephanite,  and  xanthocone.    (See  Sil-ver-oees,  p.  301.) 

SIXi-VER,  SXriiPHOC-SrATXATE  OP.    See  Sulphocyanates. 

SIXiVER,  SUXiPHO-HYFOPHOSPHXTE  and  SVXiPHOPHOSPHXTE  OF. 
See  PuosPHOiius,  Sulphides  of  (iv.  6ul,  602). 

SIXiVER,  TEXiIiURXDE  OP,  Ag-Te. — This  compound  occurs  native  as  Hessite 
or  Telluric  Silver,  in  coarse-gi-ained  masses  apparently  monomctric  and  granular. 
Hardness  =  2 — 3-5.  Specific  gravity  =  8-3 — 8-9.  It  is  slightly  malleable,  has  a 
lead-grey  or  steel-grey  colour,  and  metallic  lustre.  Heated  in  an  open  tube,  it  melts 
but  does  not  fume.  Before  the  blowpipe  on  charcoal,  it  melts  at  a  bright-red  heat, 
leaving  a  somewhat  brittle  button  of  silver.  With  fluxes  it  forms  in  the  outer  tlame  a 
yellowish,  in  the  inner  flame  a  dark-red  glass,  becoming  grey  on  cooling.  It  dissolves 
in  nitric  acid,  the  solution  depositing  crystallised  argentic  tellurite. 

Analyses:  a.  From  the  Savodinskoi  mine  in  the  Altai  (G.  Kose,  Pogg.  Ann.  xviii. 
64). — b.  Nagyag  in  Transylvania:  specific  gravity  =  8-31 — 8-45  (Petz,  ibid.  Ivii. 
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470). — c.  Eetzbanya  in  Hungary;  a. 
(Kammelsb  erg): 


a. 

Tellurium 

36-96 

Silver 

62-42 

Gold 

Iron 

0-24 

99-62 

massive;  ;8.  granular,  with  green  deposit 
b.  c. 


36-89  37-76  33-0 

62-32  61-55  66-28  64-5 
.    .  0-69 

0-50   

99-71  100-00  9^3 


The  formula  Ag'Te  requires  37-27  per  cent,  tellurium  and  62-73  silver. 

Argento-auric  Telluride,  4Ag2Te.Au^Te,  of  specific  gravity  8-72 — 8-83,  found  at 
Nagyag,  contains,  according  to  Petz,  34-98  per  cent,  tellurium,  46-76  silver,  and  18-26 
gold. 

Sylvanite  {q.  v.)  or  Graphic  TeHurium,  and  Nagyagite  ot  Foliated  TeUurhim  (iv.  1), 
are  likewise  tellurides  of  gold  and  silver,  but  contain  lead  and  antimony  in  addition. 
SIZi-VEH,  -VITRSOUS.    Native  argentic  sulphide. 

SXX.VER-ACSTVZ.,  C-Ag^H.  (Berthelot,  Bull.  Soc.  Chim.  1866,  i.  180.)— An 
organic  radicle,  the  compounds  of  which  are  obtained  by  the  action  of  acetylene  on 
ammoniacal  solutions  of  silver  salts.f 

The  chloride,  C-Ag^HCl,  is  a  white  curdy  precipitate,  decomposed  by  boiling  nitric 
acid,  with  formation  of  argentic  chloride.  Boiling  hydrochloric  acid  decomposes  it,  re- 
producing acetylene.    It  does  not  dissolve  perceptibly  in  ammonio-nrgentic  chloride. 

The  oxide,  (C''Ag^H)^0. — This  compound  (hitherto  regarded  as  acetylide  of  silver  or 
silver-acetylene,  C-Ag-)  is  produced  by  the  action  of  acetylene  on  an  ammoniacal 
solution  of  the  nitrate  or  other  oxysalt  of  silver,  washing  the  precipitate  with  ammonia, 
then  with  'distilled  water,  &c. 

Phosphate  of  Silver-acctyl  is  a  yellow  curdy  precipitate,  decomposed  by  hydrochloric 
acid,  -with  formation  of  acetylene  and  argentic  chloride ;  nitric  acid  reproduces  phos- 
phoric acid.  The  sulphate  is  a  greyish-white  precipitate,  exhibiting  analogous  reactions. 
An  ammoniacal  solution  of  argentic  benzoate  treated  with  acetylene  yields  a  yellow 
precipitate  which  turns  white  during  washing,  and  is  found  to  consist  entirely  of  oxide 
of  silver-acetyl. 

SIX.VE»-CI.AI9'CS.    Native  argentic  sulphide  (p.  304). 

SIXaVER-PURPZiE.  A  dilute  neutral  solution  of  argentic  nitrate  mixed  with 
stannous  nitrate,  or  an  ammoniacal  solution  of  argentic  nitrate  mixed  with  stannous 
chloride,  yields  a  brown  or  purple-brown  precipitate,  the  so-called"  silver-purple,"  the 
colour  of  which  varies  according  to  the  mode  of  preparation.  It  contains  tin,  silver, 
and  oxygen,  and  is  perhaps  an  argentous  stannate.  (Haudw.  d.  Chem.  vii.  966.) 

SZIiVSR-VITRZOSi.    Argentic  sulphate. 

SIIUCARITBil..  The  bark  of  Simaruba  officinalis,  Dec.  {Quassia  Simaruba,  L.)  has 
long  been  used  in  medicine.  It  contains  a  bitter  principle,  like  that  of  quassia-bark, 
and  a  trace  of  essential  oil.  According  to  Buchner,  the  alcoholic  extract  is  poisonous, 
and  acts  in  the  same  manner  as  the  extract  of  quassia-bark :  two  grains  killed  a 
rabbit  in  twenty-four  hours. 

SXnXTXaOR.    An  obsolete  name  for  an  alloy  of  zinc  and  copper  containing  from 
6  to  9  pts.  copper  to  1  pt.  zinc  (ii.  49), 
CN  ) 

SXir AnxXM-E,    C 'H^N^  =  C'H^  In.— A  basic  compound  discovered byKobiquet 
H  ) 

and  Bussy  in  1839  (Ann.  Ch.  Phys.  [3]  Ixxii.  328),  and  further  examined  by  "Will 
(Ann.  Ch.  Pharm.  lii.  1).  It  contains  the  elements  of  thiosinamine  minus  1  atom  of 
sulphydric  acid,  (CH^N'^S  —  H'S),  and  may  be  regarded  as  ammonia,  NIP,  in  which 
1  at.  H  is  replaced  by  cyanogen,  and  another  by  allyl.  It  is  produced  in  the  decomposi- 
tion of  thiosinamine  by  various  metallic  oxides  :  e.g.  — 

C'H»N-S  +  PbO    =    C^H'N^  +  PbS  +  H^O. 

Thiosinamine.  Sinamine. 
Preparation. — 1.  One  part  of  thiosinamine  and  5  pts.  of  mercuric  oxide  are  rubbed 
together,  without  application  of  heat ;  the  mass  when  cold  is  exhausted  with  ether ; 
the  filtrate  evaporated;  the  viscid  residue  dissolved  in  hot  water;  and  the  solu- 
tion left  to  crystallise  (Robiquet  and  Bussy). — 2.  Pulverised  thiosinamine  is 

•  After  deduction  of  15'25  per  cent,  insoluble  matter. 

t  Ammoniacal  Kolutious  of  cuprous  salts  treated  with  acetylene,  yield  in  like  manner  salts  of  c  u  p  r  o  s- 
acetyl,  C^Cu-H. 
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triturated  with  recently  precipltatid  and  well-washed  hydrate  -of  lead  ;  the  mixrure 
is  heated  in  the  water-bath,  till  a  sample  diluted  with  water  and  filtered  no  longer 
pruduces  a  black  coluur  with  fresh  oxide  of  lead  and  potash  ;  the  entire  mass  is  then 
repeatedly  boiled,  first  with  water  and  then  with  alcohol,  because  the  sinamine  is  obsti- 
nately retained  by  the  sulphide  of  lead;  the  whole  of  the  decoctions  are  evaporated 
to  a  syrup ;  and  the  crystals,  which  form  after  several  months,  are  taken  out,  and  freed 
from  the  syrup  by  gentle  pressure  between  paper  (Will).  The  syrup  is  distinguishtxi 
from  the  crystals  by  its  smaller  amount  of  water;  if  the  hydrate  of  lead  obtained  from 
the  acetate  was  not  well  washed,  the  syrup  contains  also  basic  acetate  of  lead.  (Will) 

Properties. — The  crystals  of  sinamine  contain  2C'H''N'^.H-0;  they  rre  white,  shining 
triclinic  prisms,  which  lose  their  lustre  in  vacuo  over  sulphuric  acid.  At  lUO^they  melt, 
and  give  off  two-thirds  of  their  water,  the  melted  mass  forming  when  cold  a  syrup, 
whicli  slowly  reerystallises.  By  longer  exposure  to  100°,  the  whole  of  the  water  is 
driven  off,  and  on  cooling,  anhydrous  sinamine  remains,  as  a  white,  opaque,  slightly 
crystalline  mass.  It  is  inodorous,  but  tastes  strongly  and  persistently  bitter.  It 
dissolves  in  water,  alcohol,  and  ether.  The  aqueous  solution  has  a  strong  alkaline 
reaction,  and  is  precipitated  by  tannin. 

Decompositions. — -1.  Sinamine  heated  in  a  retort  in  the  oil-bath,  gives  off  ammonia 
from  160°  to  200-',  without  blackening,  and  leaves  a  yellow  resinous  body  almost  in- 
soluble in  water,  but  dissoh-ing  sparingly  in  alcohol,  and  forming  an  alkaline 
solution.  Its  solution  in  hydrochloric  acid  becomes  milky  when  mixed  with  am- 
monia, and  if  subsequently  heated,  again  deposits  resinous  matter;  the  hydrochloric 
acid  solution  forms  a  white  precipitate  with  mercuric  chloride,  and  yellow  with  platinic 
chloride  (Will). — 2.  A  cold  mixture  of  aqueous  sinamine  and  hydrochloric  acid  does 
not  give  off  ammonia,  or  become  turbid  on  the  addition  of  potash;  but  after  the  hydro- 
chloric acid  has  been  boiled,  potash  eliminates  ammonia  from  it,  and  throws  down  a 
basic  substance,  which  behaves  like  the  resinous  body  remaining  when  sinamine  is 
heated  (Will).  Hydrocidorlc  acid  gas  passed  over  the  crystals  is  absorbed  without 
fusion  ;  the  resulting  mass,  when  gently  heated,  suddenly  emits  thick  white  fumes  of  sal- 
ammoniac,  and  leaves  a  tumefied  residue  (Will). — 4.  The  hydrated  crystals,  exposed  to 
a  stream  of  sidphydric  acid  gas,  quickly  assume  a  sulphur-yellow  colour,  wathout  losing 
water;  and  if  then  gently  heated,  melt  to  a  transparent  liquid,  which  takes  up  an  ad- 
ditional quantity  of  sulphydric  acid,  and  becomes  liver-coloured  ;  but  if  still  subjected 
to  the  action  of  heat,  not  however  rising  to  100°,  gives  off  the  water  of  crj'stallisation, 
together  with  sulphydrate  of  ammonium.  Ultimately  there  remains  a  transparent, 
liver-coloured,  inodorous  mass,  amounting  in  weight  to  94'88  per  cent,  of  the  crystals. 
This  mass  forms,  with  water  or  alcohol,  a  solution  which  colours  lead-salts  light-red, 
and  does  not  precipitate  sulphide  of  lead  till  it  is  boiled.  (Will.) 

.Sinamine  -  salts. — Sinamine  expels  ammonia  from  ammoniacal  salts  ;  it  also  preci- 
pitates the  salts  of  lead,  iron,  and  copper.  Nevertheless,  it  does  not  form  solid  salts 
with  any  acid  except  oxalic  acid,  with  which  it  slowly  yields  crystals  (Will).  The 
acid  solutions  impart,  a  yellow  colour  to  fir-wood.  (Ho  f  man,  Ann.  Ch.  Pharm.xUdi.  55.) 

Sinamine  with  Mercuric  Chloride,  C^H''N^.Hg"CP. — The  solution  of  sinamine  in 
aqueous  hydrochloric  acid  forms,  with  excess  of  aqueous  mercuric  chloride,  a  precipitate 
which,  on  account  of  its  tendency  to  decompose  in  washing,  must  be  merely  collected  on 
a  filter,  strongly  pressed,  and  dried  in  vacuo  over  oil  of  vitriol. 

Platinum-compound. — Aqueous  sinamine  mixed  with  a  small  quantity  of  hydrochloric 
acid,  forms,  with  platinic  chloride,  yellowish-white  flakes,  which  settle  down  slowly, 
so  that  the  filtered  liquid,  after  standing  for  several  hours,  yields  a  fresh  precipitate, 
the  fiUrate  from  that  yields  another,  and  so  on.  All  the  precipitates  exhibit  about  the 
same  amount  of  platinum  (viz..  about  39'6  per  cent.)  after  drying  in  a  current  of  air  at 
115°  ;  hence  the  precipitate  is  perhaps  C^H«N2.2HCl.Pti'Cl\  (Will.) 

Sinamine  forms  a  resinous  precipitate  with  nitrate  of  silver.  (Will.) 

CN  ) 

Etbylslnamine,  or  Sinetbylamlne,  CH'^N^  =  C^HyN.  (Hinterberger, 

Ann.  Ch.  Pharm.  Ixxxiii.  348.) — Produced  by  decomposing  thiosinethylamine  with 
hydrate  of  lead.  Wirn  the  two  substances  are  heated  together  till  a  filtered  sample 
no  longer  blackens  on  tiie  addition  of  lead-hydrate  and  potash,  the  resulting  mass 
boiled  with  water  and  then  with  alcohol,  and  the  solutions  evaporated,  a  d:irk-yelIow 
syrupy  residue  is  obtained,  which  becomes  almost  wholly  crystalline  after  a  few 
months,  and  when  pressed  between  bibulous  paper  and  recrystallised  from  etiier,  yields 
pure  sinethylamine. 

Sinethylamine  crystallises  in  needles  arranged  in  dendritic  groups  :  it  tastes  very 
bitter.  At  100°  it  melts  to  a  colourless  liquid,  which  when  touched  with  a  cold  body, 
quickly  solidiiios  in  a  crystalline  mass,  the  crystallisation  spreading  from  the  point  of 
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contact.  It  is  insoluble  in  water,  but  dissolves  in  alcohol  and  ether,  forming  solutions 
which  have  an  alkaline  reaction. 

Mercury-compound,  2C''H'"N^.3Hg"CP. — A  solution  of  sinethylamine  forms,  with 
aqueous  mercuric  chloride,  a  white  flocculent  precipitate,  which,  when  heated  over 
the  water-bath,  melts  to  a  yellow  resinous  mass,  solidifying  in  the  crystalline  state  on 
cooling. 

Platimim-cor.ipoimd,  2C'H"'N2.2HCl.Pti'Cl'.— A  solution  of  sinethylamine  in  hy- 
drochloric acid  forms,  with  platinic  chloride,  reddish-yellow  feathery  crystals,  yielding 
by  analysis  31 '55  per  cent,  platinum,  the  formula  requiring  31 '24  per  cent. 

SIKAFXC  ACID,  C"H'-0*  =  ^P" 1 0'.    (Von  Babo  and  Hirsch- 

brunn,  Ann.  Ch.  Pharm.  Ixxxiv.  19.) — An  acid  produced,  together  with  sinealine,  by 
boiling  sulphocyanate  of  sinapine  with  potash  or  baryta-water : 

C'^H^'NO'.CNHS  +  3KH0    =    C"H'»K20^  +  C^H'^NO  -h  CNKS  +  2H-0. 

Sulphocyanate  of  Sinapate  of  Sinealine.  Sulphocy- 

Sinapine.  Potassium.  anale  oV 

Potassium. 

The  best  mode  of  preparing  it  is  to  boil  the  sulphocyanate  of  sinapine  with  potasli- 
ley,  supersaturate  with  hydrochloric  acid,  and  purify  the  resulting  precipitate  by 
crystallisation  from  alcohol  of  60  per  cent.  By  boiling  the  sulphocyanate  with  baryta- 
water,  the  acid  is  obtained  as  an  insoluble  barium-salt,  from  which  it  may  be  separated 
by  sulphuric  acid  and  alcohol. 

Sinapic  acid  crystallises  in  small  prisms,  sparingly  soluble  in  cold,  somewhat  more 
freely  in  hot  water,  slightly  in  cold,  easily  in  hot  alcohol,  insohible  in  ether.  It  is  nearly 
insoluble  in  most  other  acids :  nitric  acid,  however,  dissolves  it,  with  red  colour, 
apparently  forming  oxalic  acid  and  a  nitro-compound.  Chlorine-water  colours  it,  first 
rose-red,  then  purple-red,  without  dissolving  it. 

Sinapic  acid  melts  between  150°  and  200°,  and  solidifies  from  fusion  in  the  crystalline 
state.  When  subjected  to  dry  distillation,  it  turns  brown,  and  yields  a  colourless  oil, 
which,  as  well  as  the  residue,  forms  with  ammonia-gas  a  yellow  body,  slightly  soluble 
in  water. 

Sinapates. — Sinapic  acid  forms  easily  soluble  salts  with  the  alkalis,  sparingly 
soluble  salts  with  the  earths  and  other  metallic  oxides.  All  the  sinapates,  excepting  the 
barium-salt,  decompose  with  great  facility.  The  solution  of  sinapic  acid  in  potash-  or 
soda-ley  quickly  turns  red  on  exposure  to  the  air,  the  colom'  afterwards  changing  to 
green  and  brown.    The  ammoniacal  solution  turns  red-brown  on  exposure. 

A  neutral  solution  of  potassic  sinapate  forms  white  precipitates  with  chloride  of 
calcium,  and  with  solution  of  alum ;  the  latter  precipitate,  treated  with  chlorine-water, 
assumes  first  a  rose-red  and  then  a  dirty-red  colo^ir.  With  ferric  chloride  it  forms  a 
rose-red  or  sometimes  a  purple-red  precipitate,  with  foi-mation  of  ferrous  oxide.  From 
solution  of  copper-  and  lead-salts,  it  throws  down  precipitates  which  soon  turn  blue- 
green  ;  with  mercuric  and  silver-salts,  white  precipitates  which  decompose,  with  sepa- 
ration of  metal,  especially  on  addition  of  more  alkali. 

Sinapate  of  Potassium  is  precipitated  from  the  aqueous  solution  by  absolute  alcohol 
in  iridescent  laminae,  which  soon  change  after  the  alcohol  has  been  poured  olF. — The 
harium-salt,  C"H"'Ba"0',  is  prepared  by  precipitating  the  neutral  ammonium-salt  with 
chloride  of  barium  (avoiding  an  excess  of  the  latter,  which  would  redissolve  a  portion 
of  the  precipitate),  or  by  boiling  sulphocyanate  of  sinapine  with  baryta-water,  out  of 
contact  with  air.    The  precipitate  is  to  be  washed  with  water  free  from  carbonic  acid. 

SnrAPIM-E,  C'lI-'NO^  (0.  Henry  and  Garot,  .T.  Pharm.  xvii.  1  ;  xx.  63.— 
Pelouze,  Ann.  Ch.  Phys.  [2]  xliv.  214;  J.  Pharm.  xvii.  271. — Boutron  and  Robi- 
quet,  J.  Pharm.  xvii.  279. — Faure,  iMd. —  0.  Hen ry  and Pli  sson,  Ann.  Ch.  Phys. 
[2]  xlvi.  198. — Winckler,  Eepert.  Pharm.  xli.  169;  Lxvii.  257. — Simon,  Pogg. 
Ann.  xliii.  651 ;  xliv.  593. — Boutron  and  Fremy,  J.  Pharm.  xxvi.  50. — v.  Babo 
and  Hi  rschbrun  n,  Ann.  Ch.  Pharm.  Ixxxiv.  10. — Gm.  xiv.  524.) — An  organic  base, 
existing  as  a  sulphocyanate  in  white  mustard-seed.  Tliis  salt  was  first  extracted 
from  the  fatty  oil  of  white  mustard  by  Henry  and  Garot  in  1825,  who  at  first  regarded 
it  as  an  acid,  and  called  it  sulphosiyiapic  acid,  ;  afterwards,  however,  they  found  that  the 
pure  substancewas  neutral,  and  namcdit  sulphosiiiajnsin.  Berzelius  called  it  sinapine. 
Its  true  nature  was  first  recognised  by  v.  Babo  and  Hirscl.bruim,  who  assigned  to  the 
base  contained  in  it  (the  true  sinapine)  the  formula  C^-H'^NO^",  which  was  altered  by 
Gerhardt  to  C^^'H^NO",  or  C"iH■^^NO^ 

Sinapine  is  known  only  in  aqueous  solution  and  in  combination  with  acids.  The 
aqueous  solution  is  obtained  by  gradually  adding  baryta-water  to  an  aqueous  solution 
of  the  acid  sulphate  as  long  as  a  precipitate  is  thereby  formed :  an  excess  of  baryta 
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must  be  carefully  avoided,  as  it  would  immediately  induce  the  decomposition  of  the 
base  into  sinapie  acid  and  sincaline  (p.  308).  The  aqueous  solution  of  sinapine  has 
a  deep  yellow  colour,  a  distinct  alkaline  reaction,  and  is  not  precipitated  either  by 
alcohol  or  by  ether.  When  evaporated  it  assumes  a  dark-brown  colour,  and  leaves  a 
perfectly  amorphous  residue.  The  solution  forms  precipitates  with  many  metallic 
salts — green  with  cupric,  yellow  with  mercuric,  grey-brown  with  argentic  salts  :  these 
precipitates,  on  standing  or  warming,  are  reduced  to  the  metallic  state.  From  solution 
of  auric  chloride,  sinapine  immediately  precipitates  metallic  gold. 

Salts  of  Sinapine. — These  salts  are  colourless  and  more  stable  than  the  free 
base.  Their  solutions,  mixed  with  potash  or  baryta-water,  turn  yellow,  and  the 
sinapine  thereby  separated  is  instantly  resolved  into  sinapie  acid  and  sincaline. 

H n  dr  ochlor  ate  of  Sinapine,  obtained  by  decomposing  the  sulphate  with  chlo- 
ride of  barium,  crystallises  in  needles  very  soluble  in  water.  The  solution  mixed 
with  pldiiiiic  cldoridc,  forms  a  resinous  precipitate  which  immediately  tm-ns  brown 
when  slightly  heated. 

The  ?! 27rai!(',  obtained  also  by  double  decomposition,  crystallises  in  very  soluble 
needles. 

Sulphates. — The  rtf?c?  s!(/;i7?(7^r,  C"*H''^'N0MI'S0'.4aq.,  is  produced  on  adding  a 
small  quantity  of  strong  sulphuric  acid  to  a  hot  concentrated  solution  of  theaulphocyanate 
in  alcohol  of  90  per  cent.,  and  separates  on  cooling  in  considerable  quantity,  so  that 
the  liquid  appears  completely  filled  witli  it.  The  crystals  may  be  freed  from  adhering 
sulphuric  and  sulphocyanie  acids,  by  washing  with  absolute  alcohol.  It  forms  rectan- 
gular plates,  having  a  strong  acid  reaction,  easily  soluble  in  water  and  in  boiling 
alcohol,  nearly  insoluble  in  ether.  The  crystals  give  ofif  their  water  at  IOC. — The 
neutral  salt,  obtained  by  neutralising  the  acid  salt  with  baryta-water  and  evaporating 
the  filtrate,  is  a  crystalline  easily  soluble  mass. 

Sulphocyanate  of  Sinapine,  O'll^^-QO"  =  C"'ff'NO^CNHS.  Sinapine  oi 
Berzelius  ;  Sulp/iosinapisin  of  Henry  and  Garot. — This  salt,  as  already  observed, 
exists  ready-formed  in  white  mustard-seed  ;  also,  according  to  Henry  and  Garot,  in  the 
seed  of  black  mustard  and  of  Turritis  glabra. 

Preparation. — 1.  Dry  mustard-powder,  exhausted  with  ether  and  thereby  freed 
from  fixed  oil,  is  treated  with  cold  absolute  alcohol  as  long  as  the  alcohol  acquires  a 
reddish-yellow  colour;  the  residue  is  boiled  with  alcohol  of  90  per  cent.;  then  pressed; 
and  the  boiling  and  pressing  are  repeated  twice  more.  The  hot-filtered  tinctures 
yield,  after  half  the  alcohql  has  been  distilled  off,  colourless  crystals  of  sulphocyanate 
of  sinapine,  an  additional  quantity  of  which  may  be  obtained  from  the  mother-liquors 
by  further  evaporation  and  addition  of  sulphocyanate  of  potassium.  Sidphocyanate 
of  potassium  likewise  precipitates  sulphocyanate  of  sinapine  from  the  above-mentioned 
extracts  prepared  ■with  cold  alcohol. 

2.  Mustard-flour,  freed  from  fixed  oil  by  pressure  in  the  oil-mill,  is  exhausted  with 
cold  and  then  with  hot  alcohol  of  80  per  cent.  ;  and  about  half  the  alcohol  is  distilled 
from  the  united  tinctures  in  a  salt-bath,  or  so  much,  tliat  a  sample  of  the  residue 
separates  on  cooling  into  two  equal  layers,  consisting  of  oil  and  sulphocyanate  of  sinapine. 
If  the  concentration  is  carried  too  far,  the  sulphocyanate  of  sinapine  no  longer  crystallises; 
and,  on  the  other  hand,  if  a  sufficient  quantity  of  the  alcohol  be  not  distilled  off,  part 
of  the  sinapine  remains  dissolved  in  the  alcoholic  oily  layer,  and  is  somewhat  difficult 
to  obtain  in  the  form  of  crystallised  sulphocyanate  ;  the  best  way  of  effecting  this  is 
to  add  a  small  quantity  of  alcoholic  sulpliocyanate  of  potassium.  The  upper  layer  is 
removed  ;  the  lower  watery  liquid  is  either  left  to  itself  for  a  week,  or  as  long  as  sul- 
phocyanate of  sinapine  continues  to  crystallise  from  it ;  and  the  crystals  are  collected 
on  linen,  separated  from  the  viscid  mother-liquor  by  means  of  a  centrifugal  machine, 
moistened  with  alcohol,  strongly  pressed  between  filtering-paper,  and  recrystallised 
from  alcohol  of  90  per  cent.,  then  from  a  small  quantity  of  boiling  water,  with  addition 
of  animal  charcoal ; — or  better,  the  lower  watery  layer  is  mixed  with  alcoholic  sulpho- 
cyanate of  potassium,  and  the  crystals  which  separate  are  pimfied  as  above.  The 
mother-liquors  also  yield  an  additional  quantity  of  sulphocyanate  of  sinapine  on 
addition  of  sulphocyanate  of  potassium,    (v.  Babo  and  Hi  rschbrunn.) 

3.  Bruised  white  mustard-seed,  freed  from  the  greater  part  of  the  fixed  oil  by  pres- 
sure at  50°,  is  exhausted  with  ether  ;  the  residue  is  digested  with  7  pts.  of  alcohol  of 
80  per  cent.,  then  with  2  pts.  more;  the  alcohol  is  distilled  off  from  the  tinctures  till 
the  resiiue  is  reduced  to  one-fourth  of  the  weight  of  mustard-powder  used;  this  resi- 
due is  set  aside  for  14  days  to  crystallise;  and  the  crystals,  after  lieing  freed  by  ether 
from  a  red-brown  matter,  are  purified  by  repeated  crystallisation  from  water  and  alco- 
hol, with  addition  of  animal  charcoal.  (Winckler.) 

Winckler  also  digests  white  mustard  with  3  pts.  of  alcohol  of  80  percent. ;  evaporates 
the  tincture  to  half  the  weight  of  mustard  used  ;  treats  the  residue,  which  is  covered 
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■with  oil-di'ops,  ■with  ether,  as  long  as  the  ether  is  thereby  coloured ;  and  purifies  the 
residual  sulphocyanate  of  sinapine  by  solution  in  water  and  recrystaUisation  as  above. 
A  similar  process  is  adopted  by  Simon,  who  however,  at  each  extraction  of  the  mus- 
tard-fliour,  uses  only  enough  alcohol  to  moisten  it,  and  subjects  the  whole  to  strong 
pressure ;  by  this  treatment,  the  exhaustion  is  effected  more  quickly  than  ■when  a 
larger  quantity  of  alcohol  is  used. 

Properties. — Sulphocyanate  of  sinapine  crystallises  in  loose  tufts  of  white  pearly 
needles  (Henry  and  Garot);  in  colourless,  nearly  transparent,  glassy  prisms, 
mostly  rectangular,  truncated,  grouped  in  stars  and  thin  nodules  (Winckler).  It  is 
neutral,  inodorous,  tastes  bitter,  and  afterwards  hot  like  mustard.  It  melts  when 
heated  (at  130°,  according  to  v.  Babo),  forming  a  yellow  liquid,  ■which  solidifies  to  a 
gummy  mass  on  cooling  (Winckler).  It  dissolves  ■with  yellow  colour  in  M'a^er  and  in 
alcohol,  in  greatly  increased  quantity  ■when  the  liquid  is  hot,  and  crystallises  on 
cooling;  also  in  ether,  sul2)hide  of  carbon,  and  oil  of  turpentiyie.  (Simon.) 

Decompositions. — 1.  Sulphocyanate  of  sinapine  decomposes  when  strongly  heated, 
giving  off  stinking  products,  and  leaving  charcoal  (Henry  and  Garot);  also  com- 
bustible gases  (Winckler).  The  vapours  do  not  smell  of  sulphuretted  hydrogen, 
sulphide  of  carbon,  or  hydrocyanic  acid.  In  the  course  of  the  decomposition,  volatile 
bases  are  evolved,  together  with  gases  and  empyreiimatic  oils,  which  burn  withluminous 
flame  and  formation  of  sulphurous  acid  (v.  Babo  and  Hirsehbrunn). — 2.  It  dissolves 
readily  in  oil  of  vitriol,  with  greenish-yellow  colour  and  slight  rise  of  temperature,  turns 
bro^wn  ■when  the  solution  is  heated,  and  then  chars  (Winckler).  Sulphocj'anic  acid 
is  like-wise  evolved  (v.  Babo  and  Hirsehbrunn). — 3.  In  contact  -with  iodine,  it  im- 
mediately assumes  a  light  yellow-bro-wn  colour,  and  when  heated  melts,  gives  off 
iodine,  and  leaves  a  brown-red  brittle  resin  (Winckler). — 4.  Its  aqueous  solution  is 
coloured  by  chlorine,  first  bro^wn-red,  then  red,  and  finally  yellow,  with  formation  of 
sulphuric  and  evolution  of  hydrocyanic  acid  (Henry  and  Garot).  According  to 
V.  Babo  and  Hirsehbrunn,  no  formation  of  hydrocyanic  acid  takes  place  in  this  and 
similar  cases. — 6.  With  nitric  acid  of  specific  gravity  1-4,  or  less,  it  immediately 
assumes  a  deep  red  colour,  giving  off  red  vapours,  and  when  heated  turns  yellow,  with 
formation  of  sulphuric  acid(Henry  and  Garot,  and  others). — 6.  Wlien  sulphocyanate 
of  sinapine  is  boiled  with  peroxide  of  manganese  and  dilute  sulphuric  acid,  the  distillate 
contains  hydrocyanic  acid,  and  the  residue  contains  a  substance  which  dissolves  in 
water,  with  dark  brown-red  colour  (Winckler). —  7.  It  dissolves  with  yellow  colour 
in  caustic  fotash-ley,  and  if  the  liquid  be  immediately  supersaturated  ■with  hydrochloric 
acid,  separates  out  unaltered,  provided  the  solution  is  sufficiently  concentrated  ;  but 
when  boiled  with  potash,  soda,  or  baryta-water,  it  is  resolved,  as  above  mentioned 
(p.  308),  into  sinapic  acid,  sinealine,  and  sulphocyanic  acid  (v.  Babo).  It  is 
likewise  coloured  yellow  by  ammonia,  strychnine,  morphine,  and  quinine,  but  not  by 
narcotinc  or  salicin  (Winckler).  A  trace  of  tobacco-smoke  is  sufficient  to  produce 
this  coloiu-ing  (v.  Babo  and  Hirsehbrunn). — 8.  The  behaviour  of  sulphocyanate 
of  sinapine  to  dilute  acids  and  saline  solutions  is  the  same  as  that  of  other  sulpho- 
cyanates.  Ferric  salts  are  for  the  most  part  immediately  reddened  by  it,  but  some- 
times it  is  obtained  in  a  peculiar  condition,  in  which  it  does  not  redden  ferric  salts  till 
heat  is  applied.    (Will ;  v.  Babo,  and  Hirsehbrunn.) 

SXITAPIS.    See  Mustaed  (iii.  1067). 

SXN'APISIsa'S.  The  name  given  by  E.  Si  m on  (Pogg.  Ann.  xliii.  652;  xliv.593; 
1.  379),  to  a  white,  scaly,  crystalline  substance,  which  he  obtained  from  blaek  mustard- 
seed,  by  extraction  with  alcohol  and  ether.  The  examination  made  of  it  was,  however, 
very  imperfect,  and  the  later  statements  contradict  the  earlier. 

smA.POI.IN'S.  Diallyl-carbamidc.  Bialhjl-urca.  C'H'^N'O  =  (cS'^l^ju^.— 

An  organic  base  discovered  by  Simon  (Pogg.  Ann.  1.  377),  and  further  examined  by 
Will  (Ann.  Ch.  Pharra.  lii.  26).  It  is  formed  from  cyanate  of  allyl,  by  addition  of 
water  and  elimination  of  carbonic  anhydride,  in  the  same  manner  as  urea  is  formed  from 
cyanic  acid: 

2CNH0    +    H-0     =     CN'H^O    +  CO^ 

Cyanic  acid.  Urea. 

2CN(C»H^)0      +     WO     =     CN2(C'H=)'^H=0    +  CO^ 

Cyanate  of  Allyl.  Diallyl  urea. 

It  may  be  obtained  very  pure  by  boiling  cyanate  of  allyl  with  water,  but  is  more 
generally  prepared  from  sulphocyanate  of  allyl  (oil  of  mustard)  by  the  action  of  hydrate 
of  lead  or  baryta- water : 

2CN(C»H»)S   +    SPbH^O^    =    CN=(C'H*)''H'0    +    2PbS  +   PbCO^    +  2W0 
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Tlie  oil  of  mustard  is  digested  in  tho  water-bath  with  recently  precipitated  and  well- 
WMshed  liydrate  of  lead,  till  the  latter  is  no  longer  blackened.  The  residue  is  treated 
witii  boiling  water,  and  the  solution  is  filtered  from  the  insoluble  sulphide  and  car- 
bonate of  lead:  the  sinapoline  then  crystallises  on  cooling. 

Tho  oil  of  mustard  may  also  be  boiled  with  baryta- water ;  the  liquid  evaporated  to 
dryness  when  quite  free  from  odour;  and  the  sinapoline  extracted  from  tho  residue  by 
alcohol  or  ether.  Potash  or  soda  acts  in  a  similar  manner,  but  gives  rise  also  to 
secondary  products. 

Sinapoline  crystallises  from  aqueous  solution  in  shining  laminae,  unctuous  to  the 
touch,  fusilile  at  the  temperature  of  boiling  water,  soluble  iu  alcohol  and  ether.  Tho 
aqueous  solution  is  alkaline  to  test-paper. 

Sinapoline  does  not  dissolve  in  aqueous  potash  at  ordinary  temperatures,  but  at  the 
boiling  heat  of  the  liquid,  it  melts,  without  giving  off  ammonia,  to  an  oil  which  solidifies 
on  cooling  and  is  soluble  in  water. 

Sinapoline  does  not  lose  weight  at  100°  ;  at  a  higher  temperature  it  partly  volatilises 
and  partly  decomposes. 

Salts  of  Sinapoline. — Sinapoline  dissolves  easily  in  acids,  and  is  separated  from 
the  solutions  by  ammonia.  In  dry  hydrochloric  acid  gas  it  melts  without  wanning ; 
and  is  converted  into  a  thick  mass  of  the  hydroMoraie,  C'H'^N^O.HCl,  which  gives  off 
vapours  of  hydrochloric  acid  ou  exposure  to  moist  air,  and  is  partially  decomposed  by 
water,  with  separation  of  sinapoline. 

The  aqueous  solution  of  sinapoline  forms  precipitates  with  mercuric  and  platinic 
chloride. 

SlWCAilSTE,  C^H'^NO.  (v.  Babe  and  Hirsehbrunn,  Ann.  Ch.  Pharm.  Ixxxiv. 

22.) — An  alkali  produced,  together  with  sinapic  acid,  by  boiling  sulphocyanateof  sinapiuo 
with  potash  or  baryta  (p.  308).  To  prepare  it,  sulphocyanate  of  sinapine  is  heated 
with  barj'ta- water,  till  tho  sinapateof  barium  is  completely  separated ;  the  filtrate,  mixed 
with  a  slight  excess  of  dilute  sulphuric  acid,  is  freed  from  sulphocyanic  acid  by  pre- 
cipitation with  aqupoiis  sulphate  of  iron  or  copper  :  the  liquid  is  filtered  from  the  pre- 
cipitated sulphocyanate  of  copper  ;  the  filtrate  precipitated  by  baryta-water ;  carbonic 
acid  is  passed  through  it ;  and  the  solution  filtered  from  tho  carbonate  of  barium  is 
evaporated  on  the  water-bath:  carbonate  of  sincaline  then  remains  behind.  By 
neutralising  the  carbonate  with  aqueous  hydrochloric  acid,  digesting  tho  hydroehlorate 
with  oxide  of  silver,  and  evaporating  the  solution  filtered  from  the  chloride  of  silver  and 
excess  of  oxide,  in  a  vacuum  or  on  the  water-bath,  sincaline  is  obtained  as  a  colourless 
or  brownish  crystalline  mass. 

Sincaline  does  not  volatilise  witho  it  alteration :  when  distilled  it  gives  off  combustible 
vapours  having  an  odour  of  niethylamine,  and  leaves  a  carbonaceous  residue.  It  has 
a  strong  alkaline  reaction,  and  when  exposed  to  moist  air,  becomes  heated,  deliquesces, 
and  rapidly  absorbs  carbonic  acid.  It  precipitates  most  metallic  oxides  from  their 
solutions,  even  lime,  baryta,  and  mercuric  oxide.  The  pirecipitates  which  it  forms 
with  alurainic  and  chromic  salts  redissolve  in  excess  of  sincaline,  and  the  chromic  pire- 
cipitate  is  reprecipitatcd  on  boiling,  like  a  solution  of  chromic  oxide  in  potash. 

Sincaline  dissolves  stdjihur,  and  on  adding  a  mineral  acid  to  the  solution,  sulphydric 
acid  is  given  off,  and  sulphur  is  precipitated,  which  renders  the  liquid  milky. 

Salts  of  Sincaline. — The  carho)iat/\  h?/droc!iloriiie,  and  nitrate  are  G.<tremely 
deliquescent.  Tho  chluro-auratc,  C^II"NO.HCl.AnCF,  is  pirecipitated  as  a  yellow 
crystalline  powder  slightly  soluble  in  cold  water.  It  dissolves  easily  in  boiling  water, 
and  crystallises  on  cooling  in  tufts  of  needles.  The  chlurophiiinate,  2C^H'^N0.2I1C1. 
Pt''Cl  ',  is  obtained  by  evaporating  a  mixture  of  the  hydrochlorato  and  platinic  chloride, 
in  s|il('ndid  orange-coloured  prisms  or  hexagonal  plates. 

snuSSXC  ACID.  The  name  given  by  Lewy  (Ann.  Ch.  Phys.  [3],  xiii.  446) 
to  a  fatty  acid  which  he  obtained  by  heating  Chinese-wax  with  potash-lime,  and  to 
which  he  assigned  the  formula  C-'H'"0^. 

SIWETHYI.A1WITIS.    Syn.  with  ExnyLSiNAMiNE  (p.  307). 

SXTflSTSirT^    This  name  was  given  by  Marquart  (Ann.  Ch.  Pharm.  x.  91)  to 

inulin  prepared  from  dahlia-roots  by  boiling  with  water,  because  it  turns  the  plane  of 
polarisation  to  the  left :  it  appears,  under  the  microscope,  to  consist  of  opaquo  white 
spherules,  disintegrates  quickly  in  cold  water,  and  dissolves  to  a  colourless  liquid  at 
75'-'.  Inulin  prepared  from  tho  roots  by  washing  with  cold  water  is  called  by  Mar- 
quart  synantherin:  it  exhibits  under  the  microscope  transjiarent  spherules,  and 
dissolves  when  boiled  with  water,  leaving  a  few  thin  films.  In  other  respects  it 
resembles  sinistrin. 

SINWAMIUS.    Syn.  with  Sinamine, 
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SINOPITE— SKOLOPSITE. 


SIN'OFITE.  Bole  of  Sinope.  Rithrica. — A  ferruginous  bole  occurring  in  masses 
with  fire  earthy  fracture,  in  Cappadocia.  It  is  of  brick-red  colour,  spotted  with  white, 
dull,  opaque,  friable,  adheres  sti'ongly  to  the  tongue,  and  breaks  up  in  wafer  into 
coarse  lumps,  without  becoming  plastic  like  clay,  or  crumbling  to  a  sandy  powder  like 
fuller's  earth.  It  was  used  in  ancient  times  as  a  pigment.  Contains,  according  to 
Klaproth's  analysis,  32  per  cent,  silica,  26'5  alumina,  2\  0  ferric  oxide,  17'0  water, 
and  1-5  (=  97'0)  chloride  of  sodium.    Before  the  blowpipe  it  burns  hard  and  black. 

SXI7TBXC.  A  name  applied  to  incrustations,  on  rocks  or  elsewhere,  from  mineral 
waters.  According  to  the  nature  of  the  deposit,  it  is  distinguished  as  calcareous  sinter 
(calcspar  or  arragonite),  silicious  (quartz  or  opal),  ferruginous  (pitticite),  arsenical 
(scorodite),  &c. 

SXPEERXITE.  Sipirine,  Sepeerine.  An  alkaloi'd  existing,  together  with  bebirine, 
in  the  bebeeru  or  greenheart-tree  {Nectandra  Bodirei),  a  lauraceous  tree  growing  in 
Gruiana.  It  was  discovered  by  Rodie  in  1834,  and  examined  more  partieidarly  by 
Maclagan  (Ann.  Ch.  Pharm.  xlviii.  106).  [For  the  mode  of  preparation  see 
Bebirine,  i.  626.] 

Sipeerine  forms  a  dark  red-brown,  shining,  non-crystalline,  resinous  mass,  separat- 
ing from  the  vessel  in  which  it  is  prepared  in  scales.  It  is  very  slightly  soluble  in 
water,  easily  in  alcohol,  either  anhydrous  or  hydrated,  but  is  insoluble  in  ether.  It 
neutralises  acids,  forming  olive-brown  salts. 

SXPOPXBA,  or  SEBZPIBA.  The  commercial  name  of  the  bark  of  Sehlpira  major, 
a  tree  growing  in  Brazil.  The  bark  contains  tannin,  fat  oil,  resin,  sugar,  &c.  (Haudw. 
d.  Chem.  vii.  730.) 

SISmO^rDinr.  a  mineral  resembling  chloritoi'd,  occurring  in  the  chlorite-slate 
of  St.  Marcel  in  Piedmont.  Melts  with  great  difficulty  before  the  blowpipe  to  a 
blackish  glass.  Analysed  by  Delesse  (Ann.  Ch.  Phys.  [3]  ix.  388), and  v.  Kobell 
(J.  pr.  Chem.  Iviii.  40): 

Undecom- 

SiO^.       APO'.       FeO.     MgO.       H^O.  posed. 

24-  1       43-2       23-8       —       7-6       —     =    987  Delesse. 

25-  75      37-50     21-00    6  20      7-80    0-50    =    98-75  v.  Kobell. 

The  magnesia  appears  to  have  been  overlooked  in  the  first  analysis. 

SXSSERSKXTE.  The  name  given  by  Haidinger  to  iridosmine  from  Sissersk  in 
the  Ural,  having  nearly  the  composition  IrOs'  or  IrOs^  to  distinguish  it  from  the 
variety  found  at  Newjansk,  the  composition  of  which  may  be  represented  by  IrOs". 
As,  however,  the  two  varieties  crystaUise  in  the  same  form,  it  is  probable  that  they 
are  not  distinct  mineral  species,  but  that  osmium  and  iridium  crj'stallise  together 
isomoi-phously  in  various  proportions. 

SXSYMBRIunx.  Hedge-mustard  (Skymhrium  officinale)  contains,  according  to 
Pless,  allylic  sulphocyanate  unmixed  with  oxide. 

SXTXC  ACID.    The  name  given  by  Berzelius  to  Liebig's  oenauthic  acid  (iv.  174). 

SXXE.    Gmelin's  name  for  propylene,  C^H". 

SKAPOIiXTE.    Syn.  with  Scapolite. 

SKI.EBETXNITE.    Syn.  with  Sculeeetinite  (p.  204). 

SKIiEBOCIiASE,  or  SCIiEBOCXiASE,  The  name  applied  by  v.  Waltershausen 
to  diplumbic  sulpharsenite,  2PbS.AsS',  which  he  regards  as  one  of  the  constituents  of 
binnite  (i.  588). 

SKOGBOXiXTE.  Nordenskiold's  name  for  the  tantalite  of  Skogbiile  in  Finland, 
distinguished  by  a  comparatively  high  specific  gravity,  small  proportions  of  man- 
ganese and  tin,  and  dark  bro-wn  colour  of  its  powder. 

SBOIiECXTE.    Syn.  -with  Scolecite. 

SKOXiOPSXTE.  A  silicate  from  tlie  Kaiserstulil  in  the  Breisgau,  occurring  in 
lumps,  with  granular  structure  and  splintery  fracture.  Hardness  =  6-0  nearly. 
Specific  gravity  =  2-53.  Colour  smoke-grey,  greyish,  or  reddish-white.  Translucent 
on  the  edges.  Slightly  brittle.  Before  the  blowpipe  it  fuses  like  vesuvian,  with 
intumescence  and  spluttering,  to  a  shining  greenish-white  glass  enclosing  small  bubbles. 
Witli  borax  it  slowly  forms  a  colourless  bead  ;  with  phosphorus-salt  the  same,  and  a 
skeleton  of  silica;  -with  soda  it  yields  the  reaction  of  sulphur.  In  the  pulverulent 
etate  it  is  easily  decomposed  by  hydrochloric  acid,  with  separation  of  gelatinous  silica. 
It  contains,  according  to  the  mean  of  v.  Kobell 's  analyses  (J.  pr.  Chem.  xlvi.  484), 
44-1  per  cent,  silica,  17-9  alumina,  2-5  ferric  and  ferrous  oxides,  8-9  manganous 
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oxide,  15'5  lime,  2-2  magnrsia,  ir5  soda,  1'3  potash,  4'1  sulphuric  anhydride,  and 
(J'9  chloride  of  sodium,  which  nuiy  bo  approxim;itely  represented  by  the  funnuhi 

Na-'SO*  .  6(M^M")SiO^  .  AbSi'O'-- 

SKORIAM'.  Breithaupt's  name  for  a  variety  of  spinel,  closely  allied  to  hercinite, 
and  containing,  according  to  John,  63-0  per  cent,  alumina,  23-0  ferrous  oxide,  6  0 
magnesia,  6-0  silica,  together  with  magnesia  and  other  constituents  not  determined. 
It  occurs  at  Bischofsheim  in  the  Ehongebirge,  and  at  Hinter-HermsJorf,  near 
Schandau  in  Sa.xony.   (Handw.  vii.  999.) 

SKORIXiXTX:.  A  scoriaceous  mineral  from  Juan  del  Rio  del  Calvaxio  in  Mexico, 
containing,  according  to  R.  Thomson  (J.  pr.  Chem.  viii.  606),  58-0  per  cent,  silica, 
16'8  alumina,  13'3  ferrous  oxide,  8'6  lime,  and  2  0  water.  It  occurs  in  brown  masses, 
containing  numerous  cavities.  Streak  white.  Hardness  =  2-0.  Specific  gravity  = 
ryo.  Bi'forc  the  blowpipe  it  becomes  lighter  in  colour,  but  does  not  melt.  With 
Huxes  it  gives  the  iron  reaction. 

SKORODXTE.    Syn.  with  Scoeodite. 

SKORZA.,  or  SCORZA.    A  variety  of  Epidote  (ii.  489). 

SKOTIIT.    Syn  with  Bucklandite,  or  lime  and  iron  epidote. 

SKXTTTERUDITB.  An  arsenide  of  cobalt,  CoAs',  occurring  at  Skuttcmd,  near 
Modum,  in  Norway  (i.  1012). 

SIiXBOWXTZ.  Slihowitsa,  Slivotuiiz.  An  ardent  spirit,  prepared  in  Bohetnia 
and  Hungary,  by  distilling  the  fermented  juice  of  plums. 

SXiOAiriTX:.  A  mineral  from  the  gabbro  of  Tuscany,  occurring  in  radiated 
masses,  cleaving  distinctly  parallel  to  the  faces  of  an  orthorhonibie  prism  of  105°.  It  is 
white,  opaque,  with  pearly  lustre.  Hardness  =  4'5.  Specific  gravity  =  2'441.  Melts 
before  the  blowpipe,  with  intumescence,  to  a  white  enamel.  Dissolves  in  acids,  witli 
separation  of  gelatinous  silica.  Contains,  according  to  Bechi  (Sill.  Am.  J.  xiv.  G4), 
42-2  per  cent,  silica,  Sij'O  alumina,  8'1  lime,  27  magnesia,  0'3  sodit  and  potash,  and 
12'o  water:  probably  a  decomposed  zeolite. 

snSAIiT.  A  beautiful  blue  glass,  prepared  (chiefly  in  Saxony)  by  melting  roasted 
cobalt-ore  with  silica  and  potash.  The  ore  (arsenide  or  sulpharsenide  containing 
nickel,  copper,  and  iron)  is  first  roasted  to  such  a  degree  as  to  oxidise  the  cobalt  and 
leave  the  nickel,  iron,  and  copper  in  combination  with  ai-senic  and  sulphur.  Four  or 
five  parts  of  this  roasted  ore  are  then  mixed  with  10  pts.  of  ground  calciued  quartz  and 
4  pts.  of  potassic  carbonate,  and  the  mixture  is  slowly  melted  in  pots  arranged  on  a 
furnace  resembling  that  used  in  glass-houses.  The  oxide  of  cobalt  then  unites  with 
the  fused  potassic  silicate,  forming  a  deep  blue  glass,  while  the  mixed  arsenides  and 
sulphides  of  nickel,  copper,  and  iron  fuse  and  collect  at  the  bottom  of  the  pot,  in  the 
form  of  a  brittle  metallic-looking  mass  called  speiss,  which  is  used  for  the  prepara- 
tion of  nickel.  The  pot  is  then  skimmed,  and  the  glass  is  ladled  out  and  poured  into 
cold  water,  by  which  it  is  split  into  innumerable  fragments.  The  broken  glass  is 
stamped  to  powder  and  ground  under  water  between  granite  stones,  in  a  vessel  through 
which  a  gentle  stream  of  water  is  constantly  flowing.  The  water  carrying  the 
powdered  smalt  in  suspension  is  made  to  pass  through  a  number  of  depositing  vessels, 
so  arranged  that  the  overflow  of  each  shall  pass  into  the  next.  Moreover,  each  of 
these  vessels  is  larger  than  the  one  which  precedes  it,  so  that  the  time  during  which 
the  washings  are  retained  in  them  goes  on  progressively  increasing,  and  the  deposited 
particles  continually  increase  in  the  minuteness  of  their  subdivision,  the  colour 
becoming  less  intense  the  greater  the  degree  of  subdi^^sion  of  the  particles.  {Mdlirs 
Elements  of  Chemistry,  3rd  edit.  ii.  555.  For  further  details,  see  Urds  Dictionary  of 
Arts,  &c.  i.  784,  -AYiii Handw.  d.  Chem.  vii.  1000.) 

Smalt  is  essentially  a  potassio-cobaltous  silicate,  sometimes  approaching  neirly  to 
the  formula  (K-O.Co"0).6SiO-.  Its  composition  is,  however,  subject  to  considerable 
variation,  as  the  following  analyses  by  Ludwig  (J.  pr.  Chem.  li.  129)  will  show:— 
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SMALTINE— SOAP. 


SMAZiTnrE.    Native  cobaltous  arsenide,  Co"As'  (i.  1041). 

SIWABAGDXTE.  A  granular  actinolite  of  emerald-grepn  or  grass-green  colour, 
sometimes  occurring  intergro\\'u  witli  augite  of  similar  colour.  Mixed  with  garnet  it 
forms  the  rock  called  eclogite,  and  occurs  also  in  gabbro  mixed  with  saussurite  or  labra- 
dorite. 

Sinil.BAGBOCHA.X.CXT&.    Syn.  with  Atacamite  (i.  429). 

SMECTITE.  A  term  sometimes  used  as  a  synonym  of  fuller's  earth ;  applied 
also  more  particularly  to  an  argillaceous  mineral  from  Cilly  in  Lower  StjTia,  analysed 
by  Jordan,  and  another  from  Conde  in  France,  analysed  by  Salvetat.  (See  Silicates 
OF  Aluminium,  p.  259.) 

SDSSIiXTE.  An  aluminic  silicate  from  Telkebanya  in  Hungary.  (See  Silicates, 
loc.  cit.) 

SnXXZiACHIIir.    The  name  given  by  Eeinsch  (Eepert.  Pharm.  Ixxxii.  145)  to  a 

crystiilline  substance  which  he  obtained  from  the  root  of  Smilax  China  {L.). 
SMIIiA.CIia'.    Syn.  with  Saksaparillin  (p.  198). 

sraXTHSOirXTE.    Syn.  with  Calamine,  or  native  carbonate  of  zinc  (i.  713). 

SOAP.  Savon.  Seife. — In  ordinary  language,  the  term  soap  is  applied  only  to 
the  potassium-  and  sodium-salts  of  the  fat-acids — stearic,  palmitic,  oleic  acid,  &c., — 
produced  by  the  action  of  potash  and  soda  upon  the  fats  ;  but  in  scientific  language, 
the  same  term  is  extended  to  all  the  metallic  salts  of  the  fat-acids,  among  which  the 
lime-soap  obtained  as  a  secondary  product  in  the  stearic  acid  manufacture,  and  the 
pharmaceutical  preparation  called  lead-soap  or  lead-plaster,  obtained  by  heating  olive- 
oil  with  oxide  of  lead,  may  be  particularised  as  being  of  practical  importance. 

The  ordinary  neutral  fats — such  as  tallow,  palm-oil,  olive-oil,  cocoanut-oil,  &c. — are 
the  glyeeryl-salts  or  glyceric  ethers  of  the  fat-acids  (see  Gltceeides,  ii.  881) ;  and 
their  conversion  into  soaps,  or  saponification,  by  the  action  of  alkalis  or  other 
bases,  is  the  converse  of  the  process  of  etherification,  consisting  in  the  separation  of  the 
glyceryl  and  the  acid-radicle,  and  an  interchange  between  the  glyceryl  and  the  metal 
of  the  alkali,  resulting  in  the  formation  of  an  alkaline  salt  of  the  fat-acid — that  is 
to  say,  a  soap — and  glycerin  :  thus  with  stearin  (neutral  glycerylic  stearate)  and 
potash : 

(c>«H^->0)3>Q3  .  K»?o3  _   (.cmrio.  +  (C''H"0)'(o« 

(CTP)'"  \^    ^  ~  )  K'  ■ 

stearin.  Potassic  Glycerin.  Potassic  stearate 

hydrate  (3  .at.).  (3  at.). 

The  ordinary  method  of  saponifying  neutral  fats  consists  in  boiling  them  with  solu- 
tion of  caustic  potash  or  soda.  Most  fats  require  long-continued  boiling  with  excess 
of  alkali  to  convert  them  completely  into  neutral  soaps ;  some,  however  (as  lard,  beef- 
marrow,  and  oil  of  sweet  almonds),  maybe  saponified  by  agitation  with  caustic  alkali  at 
ordinary  temperatures.  Alkaline  carbonates  also  decompose  the  neutral  fats  when 
boiled  with  them ;  but  the  process,  when  conducted  under  the  ordinary  atmospheric 
pressure,  is  very  tedious,  and  does  not  yield  a  perfect  soap.  Complete  saponification 
may,  however,  be  effected  by  boiling  neutral  fats  with  solutions  of  alkaline  carbonates 
under  increased  pressure,  as  in  the  apparatus  patented  by  Tilghmau  (ii.  886),  in 
which  a  mixture  of  the  neutral  fat  and  alkaline  solution  is  forced  by  a  pump  through 
a  long  coil  of  iron  tubing  heated  to  350° — 400"^  F. 

The  fat-acids  (stearic,  oleic  acid,  &c.),  when  already  separated  from  glycerin,  are 
easily  saponified  by  the  action  of  alkaline  carbonates ;  in  this  manner  soap  is  exten- 
sively prepared  from  the  crude  oleic  acid  or  red  oil  (iv.  192),  obtained  as  a  bye-product 
in  the  manufacture  of  stearic  acid.  Resins  also,  which  are  chiefly  mixtures  of  acid 
compounds,  easily  decompose  alkaline  carbonates  and  form  soaps. 

As  the  neutral  fats  occurring  in  the  vegetable  or  animal  body  are  not  simple  gly- 
cerides,  but  mixtures  of  several  compounds  of  that  class  (stearin,  palniitin,  olein,  &c.) 
it  follows  that  the  soaps  resulting  from  their  saponification  will  be  mixtures  of  the 
potassium-  or  sodium-salts  of  two  or  more  of  the  corresponding  fat-acids,  the  soap 
being,  cmtcris  jmribus,  more  solid  in  proportion  as  the  acids  of  higher  melting-point  and 
atomic  weight  predominate  in  it. 

The  properties  of  soap  depend  also  in  great  measure  on  the  alkaline  base  contained 
in  it.  Potash-soaps  are  deliquescent,  and  do  not  dry  up  when  exposed  in  solution 
to  the  air,  but  retain  so  much  water  as  to  form  a  soft  slimy  jelly  :  when  artificially 
dried  they  absorb  a  large  quantity  of  moisture,  and  likewise  become  converted  into 
a  jelly.  This  kind  of  soap  is  called  soft  soap,  in  contradistinction  to  the  soda- 
soap,  or  hard  soap.  The  latter  neither  retains  so  much  water,  nor  does  it  absorb 
to  much  as  to  render  it  soft ;  but  hardens  when  exposed  to  the  air,  and  with  a 
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certain  amount  of  watpr  forms  a  perfectly  solid  mass,  in  -which  it  is  difficult  to  make 
impressions  with  the  iingor. 

100  parts  of  dry  potassic  oloate  absorb  from  the  air  162  parts  of  water. 
100     „       „       „       palmitate     „        „  35       „  „ 

100      „        „        „        stearate        „         „  10        „  „ 

100      „        ,,        sodic  stearate       „         ,,  7|-      „  , 

Soft  soap  is  made  from  train-oil  and  the  drying  vegetable  oils,  such  as  linseed  oil, 
hard  soap  from  tallow,  and  tlie  non-drying  vegetable  fats  and  oils,  and  mixtures  of 
these  with  rosin.    Rosin  by  itself  forms  a  soft  soap,  either  with  potash  or  with  soda. 

Every  kind  of  soap  found  in  commerce  contains  a  varialdc  quantity  of  water,  partly 
in  chemical  combination.  Hard  soap  becomes  harder  by  drying,  so  that  at  last  it  can 
be  pulverised.  Potash-soap  decomposes  the  salts  of  .sodium,  e.g.  common  salt,  or  sul- 
phate of  sodium,  forming  chloride  or  sulphate  of  potassium,  and  a  soda-soap.  It  i.s, 
indeed,  in  this  indirect  manner  that  hard  (soda)  soap  is  sometimes  manufactured  in 
Germany. 

Soap  is  perfectly  soluble  in  alcohol  and  in  hot  water.  The  aqueous  solution  is  more 
tliickly  fluid  and  slimy  than  the  alcoholic  solution,  but  both  solidify  to  a  jelly  at  a 
certain  stage  of  concentration  ;  opodeldoc  is  soap  mixed  with  alcohol  in  this  state  of 
concentration.  Potash-soap  is  more  readily  soluble  in  water  than  soda-soap.  This  is 
better  seen  with  the  sails  of  the  pure  fatty  acids  than  with  ordinary  soap.  Stearate 
of  sodium  undergoes  hardly  any  change  when  brought  togctlier  with  10  parts  of  water, 
whilst  stciU'ate  of  potassium  is  converted  by  it  into  a  thick  jelly.  Ole.ate  of  sodium  is 
soluble  in  10  parts  of  water,  oleate  of  potassium  in  4  parts,  and  forms  a  jelly  even 
with  2  parts  of  water;  palmitate  of  potassium  is  converted  by  10  parts  of  water  into 
a  stiff  transparent  jelly. 

Cold  water  does  not  dissolve  the  alk.aline  oleatcs,  palmitates,  and  stearates,  wliich 
constitute  ordinary  soap,  without  decomposition,  the  neutral  salts  being  thereby  resolved 
into  alkali  which  dissolves,  and  into  an  acid  salt  which  is  precipitated.  The  same 
decomposition  occurs  when  hot  solutions  of  soap  (particularly  weak  solutions)  are 
cooled. 

This  reaction  explains  why,  in  using  soap,  even  with  the  purest  water,  a  wliitish 
turbidity  {soapiiuch)  is  always  obtained;  the  alkaline  property  of  soapsuds  is  due 
solidy  to  the  liberation  of  a  portion  of  caustic  potash  or  soda,  wliich  removes  the  fatty 
impurities  in  water. 

Soap  is  quite  insoluble  in  4  solution  of  common  salt  containing  more  than  1  part  of 
salt  in  400  of  water:  hence,  on  adding  a  certain  quantity  of  salt  to  the  contents  of  the 
Boajj-pan,  consisting  of  soap  already  formed  mixed  with  glycerin  and  excess  of  alkali, 
and  continuing  the  boiling  for  a  cerUiin  time,  the  soap  ultimately  separates  completely 
from  the  watery  liquid,  and  rises  to  the  surface,  in  the  form  of  a  granular  mass  or  curd, 
while  the  glycerin  and  alkaline  salts  remain  dissolved  at  the  bottom  of  the  pan,  consti- 
tuting what  are  called  "  spent  leys,"  and  may  be  drawn  oif  or  pumped  out.  The  soap 
may  then  be  ladled  out  or  run  off  into  iron  or  wooden  frames,  and  left  to  cool  and  solidify. 

All  varieties  of  soap  are  not  separated  with  the  same  ease  from  their  solutions,  by 
means  of  salt. ,  Thus  soap  made  from  eocoanut-oil  reqiiires  a  much  larger  quantity  of 
salt  to  separate  it  from  solution  than  soap  made  from  tallow,  the  former  being  soluble 
in  saline  solutions,  in  which  the  latter  is  perfectly  insoluble,  liosin-soap  is  affected 
by  common  salt  in  the  same  manner  as  the  soaps  from  fat. 

The  same  results  as  those  obtained  by  the  use  of  common  salt  are  also  produced, 
although  in  a  less  energetic  manner,  by  chloride  of  potassium  (which  acts  but  slightly), 
alkaline  carbonates,  sulphate  of  sodium  (also  very  weak  in  its  action),  acetate  of  potas- 
sium, and  s,al-ammoniac.  In  weak  caustic  ley,  soap  is  perfectly  soluble  :  in  strong  ley, 
on  the  contrary,  or  when  the  concentration  of  the  ley  is  increased  by  boiling,  the  soap 
separates  in  the  same  manner  as  from  a  solution  of  common  salt.  For  tliis  reason, 
soap-boilers  are  in  the  liabit  of  using  weak  ley,  particularly  in  the  beginning  of  tlieir 
operations,  as  stronger  ley,  in  separating  the  soap,  would  prevent  the  necessary  amount 
of  contact  amongst  the  ingredients,  and  very  much  retard  the  process  of  saponification. 

It  is  impossible,  .during  the  preparation  of  soap,  entirely  to  avoid  the  presence 
of  earths  and  metallic  oxides.  These,  consequently,  decompose  a  small  portion 
of  the  soap,  combining  with  the  fatty  acid,  which  they  take  fi-om  the  alkali. 
Portions  of  lime  and  magnesia  constantly  accompany  the  cau.^tic  ley,  and  are  brought 
with  it  into  the  boiling-pan,  and  the  sides  of  the  vessel  are  always  sufficiently  acted 
upon  to  impart  a  visible  trace  of  iron  or  copper  to  the  soap.  The  soaps  formed  with 
lime,  magnesia,  iron,  and  copper  are  not  soluble,  and  they  are  much  less  rajiidly 
softened  by  heat  than  the  corresponding  alkaline  compounds.  They  are  disseminated, 
however,  in  such  a  minute  state  of  division  throughout  the  mass  of  hot  soap,  as  almost 
amouuts  to  solution.  As  the  soaps  of  iron  and  copper  possess  the  colours  peculiar  to 
the  salts  of  those  metals,  the  whole  mass  of  soap  acquires  by  their  presence  a  uniform 
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greenish  or  blue  colour,  partly  caused  by  the  sulphur  eontaiued  in  the  ley  (particularly 
in  soda-ley),  forming  sulphide  of  iron  or  copper.  When  a  soap  of  this  kind  is  allowed 
to  cool  rapidly,  the  cut  surface  presents  a  uniformly  coloured  appearance,  something 
like  wet  slate.  If  the  mass,  however,  cools  slowly,  the  soaps  of  the  earths  and  metallic 
oxides  separate  from  the  great  bulk,  and  collect  into  larger  or  smaller  groups  in  different 
parts  with  a  certain  degree  of  regularity,  giving  a  marbled  or  mottled  appearance  to  the 
cut  surface.  The  substances  which  impart  the  mottled  appearance  to  soap,  are  only  held 
in  suspension  in  consequence  of  its  thick  state  of  fluidity.  The  mottled  appearance  may 
therefore  be  entirely  removed,  and  white  soap  produced,  by  adding  a  certain  quantity 
of  water,  so  that  those  substances  may  subside,  while  the  soap  is  still  in  a  perfectly 
liquid  state  in  the  boiling-pan.  This  additional  quantity  of  water  is  not  again  separated, 
but  remains  with  the  soap.  Great  importance  was  formerly  attached  in  commerce  to 
the  mottled  appearance  of  the  soap,  as  affording  a  sure  indication  that  the  amount  of 
water  in  the  soap  cannot  exceed  a  certain  limit.  Methods  have,  however,  been  dis- 
covered of  imparting  any  kind  of  mottled  appearance  to  soap  containing  much  more 
water  than  the  ordinai-y  curd-soap,  by  mixing  mineral  colours  with  it  when  it  has  at- 
tained a  certain  stage  of  hardening.  The  dark-coloured  mass  formed  by  the  sub- 
sidence of  the  impurities  above  mentioned  is  technilly  called  "  niger  "  or  "  nigra,"  and 
is  sometimes  used  for  mottling  other  soaps. 

Hard  Soaps. — These  soaps,  as  already  observed,  are  made  with  non-drying  oils,  or 
solid  fats,  and  soda.  Their  hardness  is  in  proportion  to  the  amount  of  stearic  and  pal- 
mitic acid  which  tliey  contain.  Soda-soaps,  made  with  drying  oils,  such  as  linseed-oil, 
are  pasty,  and  easily  liquefied  by  a  small  quantity  of  water ;  in  fact,  they  approach  to 
the  character  of  soft  soaps  made  with  potash. 

The  most  important  kinds  of  hard  soap  are  those  made  with  tallow  and  with  olive- 
oil,  the  former  material  being  used  in  England  and  other  northern  countries,  the  latter 
in  the  South  of  Europe. 

The  following  description,  by  Mr.  Go  s  sage,  of  the  English  method  of  making  hard 
soap,  is  taken  from  Richardson  and  Watts'  Chemical  Technology  (i.  [3]  679) : — 

"  The  fatty  and  oily  materials  which  are  used  for  the  production  of  hard  soaps  in  this 
country  are  tallow,  palm-oil,  and  cocoanut-oil,  also  rosin,  the  whole  of  which  are 
saponified  by  soda. 

"  The  manufacturer  provides  himself  with  solutions  of  caustic  soda  of  various 
strengths,  called  '  leys,'  these  being  obtained  by  boiling  together  a  solution  of  carbo- 
nate of  soda  and  slaked  hme,  running  off  the  first  solutions,  and  washing  the  residual 
carbonate  of  lime  with  several  affusions  of  water — the  last  liquors  thus  obtained  being 
used  for  dissolving  a  fresh  batch  of  carbonate  of  soda. 

"It  is  a  well-known  fact  that  lime,  in  whatever  proportion  it  maybe  used,  does  not 
effect  the  perfect  decomposition  of  carbonate  of  soda,  unless  the  latter  is  present  as  a 
weak  solution.  And  as  any  alkali  in  the  state  of  carbonate  which  may  be  introduced 
into  the  soap-copper  is  incapable  of  decomposing  the  neutral  oils  or  fats,  it  becomes 
wasted ;  therefore  the  manufacturer  uses  solutions  of  CEirbonate  of  soda  of  such  strength 
as  will  yield  leys  (solutions  of  caustic  soda)  having  a  specifi.c  gravity  not  exceeding 
1-090. 

"  Soap-pans  are  made  of  various  sizes,  some  being  as  large  as  16  feet  diameter  and  15 
feet  deep,  capable  of  yielding  25  to  30  tons  of  finished  soap  in  one  operation.  They  are 
at  the  present  time  constmeted  of  wrought-iron  plates  joined  together  by  rivets.  The 
contents  of  these  pans  are  usually  caused  to  boil  by  the  injection  of  free  steam  through 
a  number  of  small  holes  in  a  circular  bent  pipe,  which  is  in  connection  with  a  steam- 
boiler.  The  pans  are  also  sometimes  heated  by  means  of  fires  placed  underneath  the 
lower  part,  or  by  steam-chambers  formed  round  the  lower  part  of  the  pans. 

"  The  manufacturer  charges  his  soap-pan  at  the  commencement  with  a  quantity  of 
neutral  oil  or  fat,  and  adds  to  this  weak  leys  having  a  specific  gi-avity  of  about  1-050°. 
He  causes  steam  to  be  injected  to  produce  ebullition  and  mixing.  If  the  process  goes 
on  properly,  the  oil  or  fat  which  was  previously  floating  on  the  surface  of  the  ley 
becomes  speedily  combined  therewith,  producing  a  uniform  milky  emulsion, from  which 
no  watery  particles  separate  on  cooling.  If  this  combination  does  not  take  place,  the 
operator  adds  either  water  or  weaker  ley,  and  continues  the  boiling  until  the  perfect 
emulsion  is  produced;  at  this  period  all  taste  of  alkali  in  the  compound  has  passed 
away — the  tongue  being  used,  in  place  of  turmeric-paper,  to  ascertain  the  presence  of 
free  alkali.  The  combination  of  the  oil  or  fat  with  the  mineral  alkali,  or  the  displace- 
ment of  the  glycerin,  having  been  thus  fairly  put  in  _  progress,  the  operator  makes 
repeated  additions  of  stronger  leys,  continuing  the  boiling  until  he  finds  the  presence 
of  free  alkali  in  the  compound  ;  he  then  adds  more  oil  or  fat,  or  some  rosin ;  he  also 
continues  to  make  repeated  additions  of  stronger  leys.  In  this  part  of  the  operation 
he  takes  care  that  there  shall  be  no  excess  of  alkali  present  in  tlie  compound  at  the 
period  -when  the  soap-pan  has  become  nearly  filled  by  the  repeated  addition  of  oils  or 
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fats  and  leys.  He  then  adds  common  salt  to  the  mixture,  which,  by  its  superior  alBniJy 
for  water,  us  compared  with  that  of  the  saponaceous  compound,  effects  the  decompo- 
sition of  the  emulsion,  and  causes  this  to  be  separated  into  soap  combined  with  a  defi- 
nite quantity  of  water,  but  not  having  its  full  proportion  of  alkali,  and  a  solution  of 
common  salt,  which  latter  contains  the  glycerin  of  the  fats  or  oils  employed.  The 
soap  floats  in  a  granulated  stiite  on  the  surface  of  the  solution,  which  is  then  called 
'spent  leys,'  and  should  contain  no  fi-ee  alkali.  After  a  few  hours  for  subsidence, 
the  exhausted  solution  or  .spent  ley  is  withdrawn  from  the  soap-pan  from  luider  the 
imperfectly  made  soap,  and  is  rejected  as  worthless. 

"  The  workman  commences  his  second  operation  by  the  addition  of  some  weak  ley  to 
the  imperfect  soap,  and  by  boiling  he  brings  the  contents  of  his  pan  again  into  a  state 
of  homogeneous  mixture, — called  the  '  close  state'  as  contradistinguished  from  the 
condition  in  which  the  soap  is  granulated  and  separated  from  the  liquid  contents  of  the 
pan  ;  and  if  he  has  not  already  added  his  full  complement  of  oils  or  fats,  he  completes 
the  addition  of  these,  adding  also  strong  leys,  until  he  finds  the  mixture  has  acquired 
a  strongly  alkaline  taste.  He  then  adds  suflicient  common  salt  to  cause  the  separation 
of  the  soap  from  the  alkaline  solution,  and  boils  the  soap  for  some  hours  in  the  presence 
of  the  alkaline  solution,  to  ensure  the  whole  of  the  fatty  matter  being  combined  with 
alkali.  If  it  is  intended  that  the  product  should  be  framed  as  a  '  curd  '  soap,  it  is 
allowed  to  remain  quiescent  for  a  few  hours,  so  that  the  leys  may  subside  ;  and  the 
soap  is  then  skimmed  off  and  transferred  to  the  '  frames,'  in  which  it  solidifies  by 
cooling,  and  is  then  divided,  by  cutting  with  wires,  into  slabs  and  bars  ready  to  be 
delivered  to  consumers.  If  the  soap  contains  rosin  as  part  of  its  acid  constituents,  it 
requires  a  further  operation  before  framing.  This  consists  in  melting  the  curd-soap 
(after  abstraction  of  the  alkaline  leys  from  the  lower  part  of  the  pan)  with  the 
addition  of  water,  and  boiling  the  mixture  by  steam  or  fire,  or  both  steam  and  fire,  so 
as  again  to  produce  a  homogeneous  compound,  containing  an  indefinite  proportion  of 
water,  and  allowing  this  compound  to  remain  quiescent  for  two  days,  when  a 
separation  takes  place,  resulting  in  the  elimination  of  a  definite  compound,  containing 
about  65  p.c.  of  fatty  acids,  G-5  of  soda,  and  28'5  of  water.  This  forms  the  upper  stratum 
of  the  contents  of  the  soap-pan,  underneath  which  is  an  indefinite  compound,  technically 
called  '  nigre,'  containing  a  much  larger  proportion  of  water.  When  it  is  judged 
that  the  separation  of  these  compounds  has  been  well  effected  by  subsidence,  the  upper 
portion,  or  the  definite  compound,  is  usually  taken  out  of  the  soap-pan  by  ladling, 
and  transferred  to  frames,  to  solidify  by  cooling.  The  residual  portion,  which  contains 
an  excess  of  alkali  as  well  as  of  water,  is  boiled  up  with  salt  and  the  addition  of  f.itty 
materials,  to  form  part  of  the'succcediug  boil  of  soap. 

"  The  nigre,  removed  as  above  described,  is  particularly  well  adapted  for  making 
mottled  soap.  For  this  purpose  it  is  treated  with  the  usual  finishing  ley  for  a  mottled 
soap,  and  boiled  till  it  is  fit  to  be  transvased  into  the  frames.  The  quantity  of  nigre 
obtained  from  one  fitting  or  purifying  operation  is  not  enough  to  be  conveniently 
boiled  by  itself;  it  should  therefore  be  saved,  and  six  or  more  batches  operated  upon 
at  a  time.  Occasionally  a  portion  of  bone-fat  may  be  added,  and  the  soap  finished  as 
ordinary  mottled  soap." 

The  method  of  making  olive-oil  soap,  as  practised  in  France  and  Italy,  and  the 
modern  German  method  of  making  tallow-soap,  are  similar  in  principle  to  the  above. 
The  old  German  method  consisted  in  saponifying  the  tallow  with  potash,  and  converting 
the  resulting  potash-soap  into  a  soda-soap  by  decomposition  witli  common  salt.  This 
method,  brought  to  great  perfection  by  long  experience,  enabled  the  manufacturer  to 
prepare  an  excellent  soap  from  very  impure  materials  ;  but  the  increasing  price  of  potash, 
and  the  cheapening  of  soda,  have  caused  it  to  be  nearly  abandoned  for  the  modern 
method  of  saponification  by  soda  alone.  For  details  of  these  methods,and  for  figures  and 
desci'iptions  of  the  machinery  used  in  soap-making,  see  Chemical  Technology,  vol.  i.  pt.  3. 

Cocoanut-oil  Soap;  Marine  Soap. — Cocoanut-oil  differs  in  constitution  from  other 
vegetable  oils  and  from  tallow,  and  its  reaction  with  saponifying  agents  is  also  quite 
peculiar.  The  soap  prepared  from  it  can  only  be  separated  from  solution  by  very 
strong  solutions  of  common  salt ;  in  fact,  it  is  soluble  in  dilute  brine,  and  is  therefore 
serviceable  for  washing  in  saltwater:  hence  the  name  Marine  Soap. 

Cocoanut-oil  soap  is  prepared  with  the  strongest  soda-ley,  of  specific  gravity  ri6 
(20°  Bm.),  and  by  using  perfectly  pure  and  caustic  ley,  and  avoiding  excess  as  much 
as  possible,  the  process  of  salting  out  may  be  dispensed  with.  The  saponification  is 
facilitated  by  the  addition  of  potash  to  the  soda. 

Pure  cocoanut-oil  soap  hardens  much  too  quickly  to  exhibit  any  distinct  formation 
of  curd,  and  is  consequently  incapable  of  marbling  by  itself :  it  is  very  white,  translu- 
cent like  alabaster,  exceedingly  light,  and  forms  a  good  lather,  but  always  possesses  a 
disagreeable  savour.  No  means  have  as  yet  been  made  known  to  remove  this  smell, 
although  it  appears  that  several  manufacturers  are  possessed  of  the  secret.  An  important 
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property  of  coeoanut-oil  soap  is  its  power  of  combining  with  more  water  than  can 
ever  be  communicated  to  tallow-soap,  and  this  property  of  the  soap  frequently 
gives  rise  to  dishonest  trafBe.  Coeoanut-oil  actually  produces  no  greater  quantity 
of  soap  than  an  equal  weight  of  tallow,  but  the  soap  from  the  former  can  easily  be 
made  to  absorb  one-third  more  water  or  ley.  Ordinary  soap  treated  in  the  same 
manner,  or  containing  the  same  quantity  of  water,  would  be  so  soft  that  it  would 
yield  easily  to  the  pressure  of  the  thumb ;  but  cocoanut-oil  soap  neither  exhibits 
any  want  of  consistence  or  softness,  nor  does  its  appearance  in  any  way  indicate  the 
fraudulent  practice  which  has  been  adopted  in  its  manufacture. 

A  remarkable  fact  observed  by  soap-boilers,  but  by  no  means  satisfactorily  ex- 
plained, is  that  coeoanut-oil  is  saponified  with  so  much  the  more  difiBculty  the  more 
rancid  it  has  become. 

In  general,  cocoanut-oil  is  not  saponified  alone,  but  is  employed  as  an  addition  to 
tallow,  &c.,  for  the  piirpose  of  producing  quickly-solidifying  soaps  containing  a  large 
proportion  of  water,  which  could  not  be  obtained  from  taUow  alone.  It  is  even  pos- 
sible to  prepare  soap  on  a  large  scale  in  a  few  hours,  without  salt,  and  almost  without  fire, 
by  the  use  of  cocoanut-oil  and  tallow,  which  are  merely  warmed  together  with  strong 
ley  sufficiently  to  melt  the  fat,  and  kept  in  a  constant  state  of  agitation. 

The  different  kinds  of  cocoanut-oil  soap,  which  all  belong  to  the  class  of  soaps  con- 
taining a  considerable  quantity  of  water,  are  marbled  artificially.  Marbling  or 
mottling  of  this  kind  is  not  dependent  upon  the  production  of  Curd  and  Flux,  but  is 
simply  a  mechanical  effect,  carried  out  in  the  following  manner  : — The  blue  or  red 
colour  (bole,  &c.)  is  rubbed  up  with  a  residue  of  the  soap,  or  better  with  a  separate 
portion  of  good  cocoanut-oil  soap,  until  the  whole  acquires  a  uniform  red  or  blue  colour. 
This  is  now  scooped  into  the  form  in  alternate  layers  with  the  colourless  soap,  and  by 
stirring  the  mass  together,  streaks  and  veins  are  produced  in  all  directions. 

Castor-oil  Soap. — Castor-oil  is  readily  saponified  by  strong  soda-ley.  The  product 
is  white,  amorphous,  and  translucent,  and  possesses  considerable  hardness,  even 
when  it  contains  as  much  as  70  per  cent,  of  water.  (Soeber,  Dingl.  polyt.  J.  cxxxviii. 
306.) 

Palm-oil  Soap. — This  soap  is  boiled  with  caustic  soda,  nearly  in  the  same  manner 
as  tallow-soap.  It  has  an  agreeable  but  powerful  smell,  and  a  yellow  colour  when 
the  oil  is  used  in  an  unbleached  stat*,  but  is  white,  with  a  very  slight  odour,  when 
the  oil  has  been  bleached.  Palm-oil  is  seldom  used  as  soap-stock  without  the 
addition  of  some  other  fat :  3  lbs.  of  palm-oil  to  1  lb.  of  tallow  forms  a  good  soap. 
An  inferior  article,  called  "  demi-palme,"  is  obtained  from  1  lb.  of  palm-oil  with  4  lbs. 
of  tallow. 

Palm-soap,  when  carefully  prepared  from  pure  materials,  possesses  emollient  pro- 
perties, which,  combined  with  an  agreeable  odour,  render  it  well  adapted  for  toilet  pur- 
poses. In  France  a  good  toilet-soap  is  prepared  from  a  mixture  of  9  parts  of  palm-oil 
and  1  part  of  cocoanut-oil;  and  a  derai-palme  soap,  also  for  the  toilet,  with  11 
parts  of  white  tallow,  3  parts  of  palm-oil,  1  part  of  cocoanut-oil,  and  1  part  of  puri- 
fied yellow  resin. 

Bosin  (or  Yellow)  Soap. — Colophony  at  the  boiling  temperature,  when  it  is  perfectly 
fluid,  combines  with  the  alkalis  much  more  rapidly  and  with  greater  ease  than  the 
fats  themselves.  The  soap  separates  on  the  surface,  when  an  excess  of  carbonate  is 
used,  or  in  presence  of  common  salt,  as  a  thick  slimy  brown  mass,  smelling  strongly 
of  rosin,  and  containing  16'8  per  cent,  of  dry  soda.  The  amount  of  water  in  this  soap, 
although  not  exceeding  27  to  30  per  cent.,  is  nevertheless  sufficient  to  communicate  to 
the  soap  a  smeary  viscid  consistence,  which  is  not  altered  by  long  exposure  to  the 
air.  The  attraction  of  the  soap  for  water  is  so  great,  that  it  becomes  liquid  on  expo- 
sure, after  having  been  previously  dried  artificially. 

Although  rosin-soap  by  itself  is  thus  unfitted  for  use,  an  excellent  and  perfectly  firm 
product  is  obtained  by  its  combination  in  certain  proportions  with  tallow  and  palm-oil 
soap.  The  amount  of  rosin  in  this  mixture  should  not  exceed  one-third  of  the  fat;  15 
per  cent,  of  rosin  makes  a  good  soap,  but  bej'ond  tliat  limit,  the  soap  is  depreciated  in 
colour  and  firmness.  The  grease-stock  of  which  this  kind  of  soap  is  generally  made 
consists  of  kitchen-fat,  bone-fat,  and  red  oil. 

The  best  plan  of  preparing  this  soap,  is  to  saponify  the  rosin  and  tallow  separately, 
and  to  mix  the  two  soaps  in  the  boiler,  where  they  are  retained  in  a  state  of  ebullition 
for  some  time,  until  a  uniform  mixture  has  been  effected;  salt  is  then  added,  and  the 
soap  brought  into  tlie  moulds.  It  is  not  advisable  to  mix  the  separate  soaps  in  the 
moulds,  which  is  a  plan  sometimes  adopted.  In  this  country  and  in  America,  where  rosin- 
soap  was  first  manufactured,  it  is  usual  to  add  the  rosin,  in  the  form  of  coarse  powder, 
with  the  last  quantity  of  ley,  to  the  fatty  (palm-oil  or  tallow)  soap,  consequently 
before  the  boUing  is  finished  ;  and  to  boil  the  mixture  with  the  necessary  addition  of 
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ley  for  completing  the  formation  of  the  resinous  compound.  Thi  point  is  attained 
•when  a  cooled  specimen  presents  the  proper  consistence,  and  leaves  no  film  of  rosin  when 
used  for  washing  the  hands.  The  boiling  finishes  with  the  addition  of  some  weak  ley 
to  the  soap,  whieh  has  already  separated  from  the  under-ley  ;  this  addition  is  made  in 
order  to  facilitate  the  deposition  of  the  impurities  with  which  commercial  colophony  is 
always  mixed  ;  the  soap  is  then  carefully  filled  into  the  moulds. 

Rosin-soap  thus  prepared  has  a  brownish  colour,  which  passes  into  that  of  yellow 
wax  when  palm-oil  is  used,  and  this  of  course  requires  no  previous  bleaching.  It  is 
very  firm,  somewhat  rough  to  the  touch,  and  very  translucent.  The  best  quality 
exhibits  on  the  cut  surface  a  fibrous  structure  like  that  of  wood.  It  produces  an  excel- 
lent lather,  but  always  retains  the  smell  of  rosin.  The  low  price  of  rosin  renders  this 
soap  cheap,  and  for  common  washing  purposes,  where  the  smell  is  not  an  objection,  it 
is  a  highly  useful  product. 

Eed  -Oil  or  Oleic  Soap. — This  oily  acid  is  much  used  for  the  manufacture  of  soap,  the 
saponification  being  easily  effected,  inasmuch  as  the  acid  is  already  separated  from  the 
glycerin,  and  has  merely  to  enter  into  combination  with  the  alkali. 

It  may  be  prepared  by  boiling  1300  lbs.  of  soda-ley  of  18'^  B.  in  the  kettle,  and 
treating  it  in  separate  portions  during  stirring  with  1000  lbs.  of  red  oil  or  oleic  acid. 

Oleic  acid  is  also  frequently  used,  together  witli  tallow  or  beef-marrow— for  instance, 
3  pts.  of  oleic  acid  to  2  pts.  of  the  neutral  fat — also  with  rosin. 

Campbell  Murfitt  has  patented  a  process  (1858,  No.  688)  for  preparing  soap  with 
red  oil  or  other  fat-acid  and  carbonate  of  soda,  in  the  form  of  barilla,  kelp,  irona,  sal- 
soda,  soda-ask,  bicarbonate  of  soda,  &e. 

The  red  oil,  or  other  fatty  acid,  is  poured  into  an  open  pan  with  a  fire  beneath,  or, 
preferably,  into  a  kettle  or  tub.  which  it  fills  to  one-third  of  the  depth,  and  agitated 
and  heated  by  steam  twirl.  If  it  is  desired  to  make  a  grade  of  soap  lower  than 
toilet-soap,  rosin  is  to  be  added  in  small  lumps  as  soon  as  the  oil  has  become  hot. 
The  proportion  of  rosin  may  range  from  6  per  cent,  of  the  fat-acid  \ised  and  upwards. 
When,  after  continued  heating  and  stirring,  the  rosin  becomes  entirely  dissolved, 
carbonated  alkali,  finely  powdered,  is  to  be  added  portionwise  to  the  homogeneous 
mixture  of  fat  and  rosin,  while  the  twirl  is  kept  slowly  revolving.  When  all  the 
alkali  is  in,  and  the  intumescence  has  subsided,  the  paste  will  begin  to  thicken,  and 
will  promptly  assume  the  condition  of  soap.  At  this  stage  it  is  shovelled  out  into  the 
frames,  and  left  to  settle. 

For  neutral  soaps,  the  quantity  of  carbonated  alkali  should  only  slightly  exceed  the 
chemical  equivalent  proportion,  and  must  be  detemiined  by  calculation  from  the  com- 
bining number  of  the  fat-acid  which  constitutes  the  "stock."  For  strong  soaps,  the 
quantity  may  be  increased  several  per  cent,  beyond  that  proportion.  For  toilet-soaps 
the  rosin  is  omitted. 

The  relative  proportions  of  fat,  rosin,  alkali,  and  water  in  this  soap  being  ad- 
justed at  the  beginning,  there  is  no  waste  ley  or  any  other  residue  ;  and  the  soap 
is  said  to  come  out  promptly,  and  in  greater  perfection  than  can  be  readily  obtained 
by  the  usual  method  of  boiling  soap  upon  caustic  ley.  The  soap  is  always 
uniform  in  appearance  and  composition,  and  does  not  shrink  or  deteriorate  by 
time  and  atmospheric  influence.  It  wastes  slowly  in  water,  gives  a  rich  lather,  and 
whitens  the  clothes. 

Soft  Soap.— The  substance  commonly  called  "  soft  soap  "  is  a  more  or  less  impure 
solution  of  potash  soap  in  caustic  ley,  forming,  at  orduiiirv  temperatures,  a  trans- 
parent smeary  jelly.  If  an  attempt  were  made  to  separate  this  soap  from  the  ley  by 
means  of  salt,  the  potash-soap  would  be  converted  into  hard  soda-soap  by  the  chloride 
of  sodium. 

The  materials  employed  in  this  country  for  making  soft  soap  are  whale-oil,  seal-oil, 
linseed-oil,  and  tallow  ;  on  the  Continent,  hemp,  linseed,  camelina  oil,  and  poppy-oil 
(which  belong  to  the  class  of  drying  oils,  and  do  not  become  solid  at  0°  C.)  are  used ; 
also  the  different  varieties  of  rapeseed-  and  train-oils,  whieh  do  not  dry  up,  anc" 
become  partially  solid  at  0°  C.  The  former  produce  a  softer  kind  of  soap,  the  lattei 
soap  of  firmer  consistence  ;  it  is  therefore  usual  to  mix  the  oils  in  dilferent  proportions, 
according  to  the  season  of  the  year,  choosing  the  drying  oils  in  the  winter,  and  the 
others  for  the  summer,  when  the  market-price  admits  of  this  selection  being  made. 

In  boiling  soft  soap,  the  weaker  leys  from  9°  to  11°  B.  (specific  gravity  1'06  to 
1'08)  are  first  used,  and  a  moderate  heat  is  applied,  and  kept  up  until  complete  com- 
bination is  effected, — i.e.,  until  a  thick  sticky  fluid  falls  in  streaks  from  the  stirrers ; 
this  ought  to  possess  a  shining  appearance,  and  although  it  may  be  somewhat  turbid, 
should  not  resemble  soap  separated  by  means  of  salt. 

As  soon  as  these  characters  clearly  appear,  the  clarification  is  commenced  by  the 
gradual  addition  of  stronger  ley.  This  is  kept  up  at  intervals  until  the  mass  of  soap 
assumes  the  appe;irance  of  a  transparent  slime,  a  drop  of  which  let  fall  on  a  glaus  plate 
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remains  clear  on  cooling  without  exliibiting  any  fatty  border,  which  would  indicate 
incomplete  saponification  :  if,  on  the  other  hand,  there  is  an  excess  of  ley,  the  drop  is 
granular  without  lustre,  and  a  grey  skin  gradually  spreads  over  its  whole  surface. 
When  the  right  proportions  have  been  attained,  the  excess  of  water  is  removed  by 
evaporation,  the  fire  being  increased  and  the  evaporation  accelerated  by  beating  the 
froth  with  stirrers,  so  as  to  renew  the  air  over  its  surface.  As  evaporation  proceeds,  the 
soap  becomes  thicker,  its  colour  becomes  darker,  and  less  froth  is  produced.  At  last 
the  froth  is  so  much  diminished  that  the  soap  sinks,  and  the  bubbles  are  so  far  larger 
that  they  resemble  films  or  lamellae,  which  overlap  and  cover  each  other  upon  the 
surface.  This  is  what  the  soapboilers  term  the  lamination,  and  the  noise  occasioned 
by  the  process  gives  rise  to  the  saying,  "  The  soap  talks."  The  soap  is  now  really 
finished,  but  another  specimen  or  test  is  taken  before  it  is  scooped  out  into  the  moulds. 
When  this  no  longer  shows  any  opaque  zone,  after  having  cooled  for  some  time,  or 
only  in  a  very  slight  degree,  it  may  be  safely  concluded  that  the  proportions  in 
the  pan  have  been  properly  attained.  The  fire  is  then  extinguished,  the  soap  is  left 
for  some  time  longer  in  the  pan  to  cool,  and  packed  in  small  casks  for  sale. 

There  are  two  kinds  of  soft  soap  known  in  commerce,  the  composition  of  which  is  as 
follows : — 

First  Second 
quality.  quality. 

Fat-acids  ....  600  40-0 
Potash         .       .       .       .       11-5  9-5 

Water,  &c   38-5  50-5 

100-0  100-0 

Some  kinds  of  oil,  hempseed-oil  for  example,  impart  to  the  soap  a  green  colour, 
which  is  much  prized  by  consumers :  hence  it  is  often  artificially  produced,  by  mixing 
the  soap  with  indigo  precipitated  by  potash  from  its  solution  in  sulphuric  acid. 

A  so-called  corn  or  grain  is  sometimes  produced  in  soft  soap  by  the  addition  of 
tallow.  The  soap  then  retains  its  ordinary  character,  but  fine  granular  particles  of  a 
crystalline  structure  are  observed  in  it,  consisting  probably  of  salts  of  stearic  and 
palmitic  acids.  The  formation  of  this  grain  requires  a  certain  degree  of  heat,  and  can 
only  be  effected  in  the  colder  seasons  of  the  year,  at  temperatures  between  9°  and  15°  C. 
(48°  and  59°  F.).  This  process  is  called  "  figging ; "  it  is  practised  merely  from 
habit,  and  no  useful  object  is  gained  by  it.  Attempts  have  been  made  to  imitate  this 
useless  appearance  in  a  manner  calculated  to  injure  the  quality  of  the  soap.  Thus, 
for  instance,  slaked  lime  has  been  used,  with  the  production  of  a  lime-soap,  and  even 
starch  has  sometimes  been  mixed  up  with  the  soap. 

All  kinds  of  soft  soap  exhibit  a  strong  alkaline  reaction,  and  are  characterised  by  a 
penetrating  disagreeable  odour,  which,  however,  does  not  necessarily  resemble  that  of 
the  fats  employed.  The  smell  is  most  perceptible  in  soaps  prepared  from  train-oil, 
and  is  due  to  the  presence  of  potassic  valerate. 

Soft  soap  is  used  to  some  extent  for  washing  coarse  linen,  but  it  is  of  far  greater 
importance,  as  an  indispensable  and  powerful  detergent,  in  the  linen-bleaching  works. 

Soda  Soft  Soaps. — According  to  Gentele's  recent  experiments  on  a  large  scale,  the 
potash-base  of  soft  soaps  may  in  part  be  replaced  by  soda,  without  disadvantage  to 
the  resulting  soap.  The  product  has  the  characteristics  of  soft  soap,  but  contains  a 
little  more  water.  The  leys  must  be  free  from  salt  and  other  saline  impurities,  as 
they  prevent  the  clarifying  of  the  soap.  The  best  proportion  is  1  pt.  of  soda  to  4  pts. 
of  potash-ley.  A  mixture  of  100  lbs.  of  red  oil,  50  lbs.  of  tallow,  and  3,750  lbs.  of 
hempseed-oil  makes  a  good  stock  for  this  soap. 

All  the  soft  soap  (savon  vert)  made  in  Belgium  and  Germany  contains  about  equal 
proportions  of  soda-  and  potash-soaps. 

A  soft  soap  of  firm  consistence  (white  soft  soap)  may  also  be  made  by  melting 
together  75  pts.  of  tallow  or  tallow-oil,  and  25  pts.  of  cocoanut-oil,  and  boiling  the  mix- 
ture with  ley  till  the  paste  sharply  bites  the  tongue.  At  this  stage,  salt  solution  of 
20°  B.  is  added,  to  give  consistence  to  the  paste,  and  the  soap  on  cooling  is  then  ready 
to  be  barrelled. 

Toilet  Soaps. — These  soaps  consist  either  of  very  pure  ordinary  ciird-soap,  or  of 
Koaps  prepared  by  the  cold  process  (p.  314)  with  lard,  beef-marrow,  or  sweet-almond 
oil,  and  perfumed  in  either  case  with  various  essential  oils.  To  refine  an  ordinary 
soap — which  should,  of  course,  be  as  free  as  possible  from  colour  and  impurity — for 
toilet  purposes,  it  is  reduced  to  shavings,  and  melted  over  a  water-bath  with  rose  and 
orange-flower  water  and  salt,  24  lbs.  soap  being  thus  mixed  with  4  pints  of  rosewater, 
4  pmts  of  ovange-flower  water,  and  two  large  handfulsof  salt.  The  next  day,  if  entirely 
cooled,  the  soap  is  cut  up  into  small  bars  and  dried  in  a  shady  place,  then  melted  anew 
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in  the  same  quantities  of  rose  and  orange-flower  water,  and  strained  ;  afterwards  cooled 
Mild  dried  again.  This  done,  the  soap  will  be  free  from  bad  odour.  It  must  be 
powdered,  and  exposed  for  several  days  to  the  air,  but  protected  from  dust.  It  is 
then  ready  to  receive  the  intended  perfume,  and  to  be  moulded  and  pi-essed  into  the 
desired  forms. 

Another  method  is  to  melt  6  lbs.  of  best  white  soap  in  3  pints  of  water,  and  when 
liquid  to  strain  it  through  a  linen  cloth.  It  is  then  placed  in  a  kettle  with  a  pint  of 
v\ater  and  a  tablespoonful  of  salt ;  a  brisk  tire  is  kindled  under  it ;  and  the  contents 
are  whipped  or  stii'rod  to  make  them  foam  and  froth.  The  fire  is  then  put  out ;  the 
liaUiug  continued  till  the  mass  is  sufficiently  inflated ;  the  fire  again  kindled  ;  and  the 
kettle  kept  on  till  its  contents  swell  and  foam.  It  is  then  emptied  into  the  cooling 
frames,  and  after  solidification  taken  out,  cut  into  cakes,  and  pressed. 

The  perfumes  used  are  chiefly  volatile  oils — viz.,  the  oils  of  roses,  bergamot,  mallow, 
lavender,  thyme,  rosemary,  lemon,  verbena,  vanilla,  bitter  almond ;  nitrobenzene  is 
also  used  instead  of  the  last  mentioned  oil. 

Toilet-soaps  are  coloured  blue  with  ultamarine,  red  with  Vermillion,  brown  with  an 
alkaline  solution  of  burnt  sugar.  A  peach-blossom  tint  is  said  to  be  produced  by 
adding  a  little  cream  of  tartar  to  soap  which  has  been  perfumed  with  bitter-almond 
oil. 

Tuih't  Soft  Soap,  or  Shaving  Cream,  is  made  by  gradually  beating  50  lbs.  of  lard 
with  75  lbs.  of  caustic  potash-ley  marking  17°  Bm. 

Glycerin  Soap,  which  is  used  as  a  toilet-soap  for  softening  the  skin,  is  made  by 
mixing  glycerin  with  ordinary  soap  when  transferred  to  the  frames. 

Light  or  Flotant  Soap. — This  soap  is  prepared  by  threshing  or  agitating  a  solution 
of  soap,  to  which  one-fifth  or  one-sixth  part  of  water  has  been  added,  with  a  rouser  or 
paddlewheel,  until  the  lather  has  risen  to  twice  the  height  of  the  soap-solution,  and 
then  transferring  it  to  the  moulds.  A  soap  is  thus  obtained  inflated  with  air,  which 
gives  it  sufficient  buoyancy  to  float  on  water. 

Transparent  Soap  is  prepared  by  drying  ordinary  soap  in  a  stove,  dissolving  it  in 
hot  alcohol,  leaving  the  solution  at  n  st  to  allow  the  impurities  to  settle  down,  or 
removing  them  by  filtration,  the  filter  being  supported  on  a  funnel  siuTounded  with 
hot  water,  then  distilling  off  the  alcohol  till  the  residue  acquires  such  a  consistence 
as  to  solidify  vhen  cooled  in  metallic  moulds. 

Silicated  Soaps. — Silicate  of  sodium  (soluble  glass)  is  a  compound  possessing 
considerable  detergent  power  ;  in  fact,  the  alkali  contained  in  it  is  hold  in  a  state  of 
feeble  combination,  similar  to  that  in  which  it  exists  in  soap  made  with  fat.  When 
mixed  with  ordinary  soap,  it  forms  a  mixed  soap  of  greatly  reduced  price,  and  very 
useful  as  a  cleansing  agent  for  domestic  use,  and  in  many  manufacturing  processes. 
Some  of  the  so-called  silicated  soaps,  however,  are  mere  mechanical  mixtures  of  silicious 
substances  (such  as  fine  sand,  alumina,  fuller' s-earth,  &c.)  with  ordinary  soap:  these 
are  comparatively  worthless. 

The  value  of  the  true  silicated  soaps  was  recognised  at  the  Great  International 
Exhibition  of  1862,  by  the  award  of  a  prize-medal  to  W.  Gossage  &  Sons,  for  "  Excel- 
lent Samples  of  Silicated  Soaps."  The  manufactiu'e  of  these  soaps  is  now  carried  out 
on  a  most  extensive  scale. 

For  hard  soaps,  the  soluble  glass  is  prepared  by  melting  together,  in  a  rever- 
beratory  furnace,  9  pts.  of  soda-ash  (containing  50  per  cent,  of  caustic  soda)  with  11 
pts.  of  clean  sand  ;  and  for  soft  soaps,  equal  weights  of  carbonate  of  potash  and 
sand.  To  effi=ct  solution,  the  glass,  after  being  drawn  off  into  moulds  and  quenched 
with  water,  is  either  ground  in  a  mill  and  then  boiled  with  alkaline  water  ;  or  it  is 
placed  in  lumps  in  an  iron  vessel  having  a  false  bottom,  and  water  is  poured  into  the 
vessel  in  sufficient  quantity.  The  mixture  of  the  soluble  glass  and  soap  is  effected  by 
a  mechanical  stirring  apparatus  worked  by  steam-power. 

When  it  is  desired  to  produce  a  compound  soap  having  less  detergent  power  than 
the  compound  soaps  obtained  by  mixing  genuine  soaps  of  ordinary  quality  with  solu- 
tions of  soluble  glass,  a  portion  of  the  alkali  contained  in  the  solution  may  be 
neutralised  by  combining  it  with  rosin  or  with  fatty  or  oily  acids.  The  combination 
is  effected  by  boiling  the  rosin  or  the  fatty  or  oily  acids  with  solution  of  soluble 
glass,  in  the  same  manner  as  rosin  and  other  soap-making  materials  are  combined  with 
alkali  in  the  ordinary  process  of  soap-making. 

Gossage  also  reduces  the  quantity'  of  free  alkali  in  his  silicated  soap  by  neutralising 
it  with  sidphuric,  hydrochloric,  sulphurous,  or  carbonic  acid,  added  either  before  or 
after  the  incorporation  of  the  glass  with  the  soap.  The  carbonic  and  sulphurous 
acids  are  passed  into  the  liquid  in  the  gaseous  fonn. 

mixed  Soaps  of  various  kinds. — Numerous  processes  have  been  devised  and 
pateuti  il  for  reducing  the  cost  of  soapi  by  mixing  it  with  various  substances— e.^.  gelatin 
Vol.  V.  Y 


322 


SOAP. 


ground  Lones,  dextrin,  oleaginous  seeds,  potatoes,  glue,  wool,  cotton,  &c.,  some  of  which 
are  said  by  the  inventors  to  increase  the  detergent  power  of  tlie  soap ;  also  for  tlie 
so-called  saponitieation  of  various  kinds  of  animal  refuse  (such  as  stale  fish,  intestines, 
skins,  hoofs,  &c.)  by  boiling  them  with  alkali  ;  but  most  of  the  soaps  thus  prepared 
are  worthless  articles,  or  if  they  have  any  value  at  all,  it  is  simply  in  proportion  to 
the  amount  of  genuine  soap  made  from  fat  contained  in  them. 

The  late  Dr.  Normandy  patented  several  processes  for  the  preparation  of  "  salinated 
soap."  This  soap  contains  the  sulphates  and  carbonates  of  sodium  and  potassium,  or 
sulphate  and  hydrosulphite  of  sodium,  added  while  the  soap  is  yet  in  paste.  One  pro- 
cess consists  in  adding  to  80  lbs.  of  soap,  28  lbs.  of  sulphate  of  sodium,  and  4  lbs.  of  car- 
bonate of  potassium,  or  2  lbs.  of  carbonate  of  potassium  and  2  lbs.  of  carbonate  of 
sodium.  Or,  if  the  substances  are  used  singly,  then  to  80  lbs.  of  soap  add  only  32  lbs. 
of  sulphate  of  sodium,  15  lbs.  of  carbonate  of  potassium,  or  10  lbs.  of  carbonate  of 
sodium.  As  this  soap  contains  an  excess  of  alkali,  it  may  perhaps  answer  well  for 
marine  use. 

The  addition  of  these  salts  renders  the  soap  harder,  and,  according  to  the  inventor, 
renders  it  possible  to  prepare  a  useful  soap  from  several  cheap  oils,  which  would  other- 
wise yield  a  soap  too  soft  for  ordinary  use.  Sulphite  and  hyposulphite  of  sodium  have 
also  the  property  of  removing  the  chlorine  which  bleached  fabrics  are  apt  to  retain, 
and  by  which  they  are  deteriorated. 

(For  further  details  respecting  these  mixed  soaps,  and  various  other  patent  soaps, 
see  Chemical  Technology,  i.  [3],  716.) 

Railway  and  Wag'groii  Grease. — The  grease  or  soap  used  for  diminishing 
friction  on  the  axles  of  carriages  is  of  two  kinds.  The  one,  called  "  locomotive  grease," 
adapted  for  high  velocities,  is  prepared  by  heating  palm-oil,  or  a  mixture  of  palm-oil 
and  tallow,  with  a  solution  of  sodic  carbonate,  whereby  an  imperfect  soap  is  produced. 
The  grease  thus  prepared  is  used  for  passenger-carriages,  and  lately  also  for  such 
goods  and  mineral  waggons  as  are  provided  with  axle-boxes. 

The  other  kind,  called  "antifriction  "  or  "waggon-grease,"  is  adapted  for  low  speed, 
and  is  used  for  waggons  having  no  axle-boxes.  It  was  originally  prepared  by  agitating 
rosin-oU  (obtained  by  distillation  of  colophony)  with  milk  of  lime  in  a  pulpy  condi- 
tion ;  but  the  present  high  price  of  rosin  has  compelled  manufacturers  to  employ 
several  cheaper  substitutes  for  it — such  as  paraffin  residues  mixed  with  coal-tar, 
residues  from  candle-making,  cotton-seed  oil,  fish-oil  or  footes,  pitch-oil,  the  heavier 
parts  of  American  petrole\vm,  &c.    (Chemical  Technology,  i.  [3],  742;  [5],  555.) 

Analysis  and  Valuation  of  Soap. 

The  value  of  soap  depends  mainly  on  the  amount  of  dry  soap  (the  dry  compound 
of  alkali  with  the  fatty  acid)  contained  in  it,  and  this  is  easily  ascertained  hy  ex- 
posing a  weighed  specimen,  in  the  fonn  of  thin  shavings,  to  the  heat  of  a  drying  stove 
or  over  oil  of  vitriol  till  its  weight  no  longer  diminishes.  The  residue  is  dry  soap, 
and  the  loss  of  weight  is  hygroscopic  water,  or  water  which  has  been  purposely  added  to 
the  soap,  either  in  the  pan  after  it  has  been  brought  to  the  state  of  curd,  or  after  its 
transference  to  the  frames. 

To  determine  the  proportion  of  fat-acid  and  alkali,  the  dried  soap  is  decomposed 
by  a  measured  volume  of  standard  sulphuric  acid,  and  the  fat-acids  and  rosiu  which 
rise  to  the  surface  are  collected  on  a  weighed  filter,  washed  with  hot  water,  dried  in  a 
vacuum,  and  weighed.  Tiie  weight  expresses  the  joint  amount  of  fatty  and  rosin-acids 
in  the  soap.  Cold  alcohol  will  dissolve  out  the  fatty  acid,  together  with  a  small 
quantity  of  rosin,  and  the  filter  dried  in  a  vacuum,  and  weighed  again,  gives  approxi- 
mately the  amount  of  rosin. 

The  nature  of  the  fat-acids  may  be  determined  by  their  consistency  and  melting- 
point.  If  oleic  acid  greatly  predominates,  so  that  the  fat-acids  show  but  little  tendency 
to  solidify,  the  quantitative  estimation  may  be  facilitated  by  the  addition  of  a  weighed 
quantity  of  white  wax. 

The  quantity  of  sulphuric  acid  neutralised  by  the  alkali  in  the  soap  is  deter- 
mined by  means  of  the  quantity  of  a  standard  solution  of  caustic  soda  required  to  neu- 
tralise the  excess  of  acid  remaining  after  the  decomposition  (see  Alkalimetey,  i.  117, 
261).  This  determines  the  quantity  of  alkali  in  the  soap;  and  the  total  amount  of 
water,  alkali,  and  fatty  acids  deducted  from  the  weight  of  soap  analysed,  gives  the 
quantity  of  foreign  matter  present,  which,  if  the  soap  is  unadulterated,  should  not 
exceed  1  per  cent. 

The  amount  of  alkali  in  soap  may  also  be  determined  by  incinerating  the  soap  in  a 
mufHe.  The  residue  then  consists  of  sodio  or  potassic  carbonate,  which  may  be  weighed, 
and  the  quantity  of  alkali  thence  calculated  if  the  soap  is  genuine,  or  determined  by  the 
alkalimetric  method  if  other  substances  are  likewise  present. 
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Cailletet  (Bull.  Soc.  ind.  de  Malhouse,  xxix.  8)  has  proposed  a  mithod  of 
analysis  by  which  only  one  weighing  is  required — viz.,  that  of  the  quautity  of  soap 
analysed.  The  soap  (U)  grammes),  in  thin  shavings,  is  decomposed  by  a  measured 
volume  of  sulphuric  acid  of  known  strength  in  presence  of  a  measured  volume  of 

011  of  turpentine.  The  fatty  acids  thus  liberated  dissolve  in  the  oil  of  turpentine 
and  increase  its  volume,  and  this  increase,  multiplied  by  the  specific  gravity  of  the 
fat-acid,  determines  its  weight.  The  amount  of  alkali  is  then  determined  in  the 
manner  just  described,  and  the  water  is  estimated  by  diiference  :  this,  of  course,  im- 
plies that  the  soap  is  genuine,  otherwiso  the  difierence  will  include  the  foreign  matter 
as  well  as  the  water. 

The  standard  acid  is  prepared  by  mixing  189'84  grammes  of  the  strongest  sulphuric 
acid,  H^SO^  with  sufficient  distilled  water  t'l  make  up  the  volume  to  a  litre  at  16°  C. 
Of  this  acid,  1 0  cubic  centimetres  neutralise  1  -2  grammes  of  soda  (Na-0),  and  are  therefore 
sufficient  to  decompose  10  grammes  of  soap,  the  amount  of  alkali  in  which  never  exceeds 

12  per  cent. 

10  cubic  centimetres  of  the  standard  acid  and  20  cubic  centimetres  of  oil  of  turpentine 
are  poured  into  a  tube  containing  50  cubic  centimetres,  and  divided  into  100  equal 
parts.  10  grammes  of  the  soap  in  thin  shavings  are  then  added,  the  tube  is  closed 
with  a  good  cork,  well  shaken  for  a  few  minutes  till  the  soap  is  dissolved,  and  then 
left  at  rest  for  a  quarter  of  an  hour,  till  the  oily  solution  of  the  fat-acids  has  com- 
pletely separated  from  the  watery  liquid. 

The  volume  of  this  oily  solution  is  uow  to  be  read  off,  a  deduction  of  half  a  division, 
or  ^  cubic  centimetre,  being  made  to  allow  for  the  diminution  of  the  capacity  of  the 
tube,  and  consequent  rise  of  the  level  of  the  oil,  occasioned  by  the  thin  film  of  watery 
liquid  which  adheres  to  the  inner  surface  of  the  tube. 

In  an  experiment  made  with  olive-oil  soap,  the  total  volume  of  liquid  in  the  tube 
after  agitation  and  standing  was  79'5  divisions,  and  that  of  the  watery  liquid  26  divi- 
sions :  hence  the  volume  of  the  oily  solution  was  79'5  —  26'.'j  =  53  divisions,  or  26  6 
cubic  centimetres.  Deducting  from  this  the  volume  of  turpentine-oil  added,  the  re- 
mainder ( =  6'5  cubic  centimetres),  is  the  volume  of  the  fat-acids  in  the  soap. 

To  determine  the  specific  gravity  of  these  fat-acids,  10  grammes  of  the  same  soap 
were  dissolved  and  decomposed  by  sulphuric  acid  ;  10  grammes  of  white  wax  were  then 
added.  The  union  of  this  wax  with  the  separated  fatty  acids  was  promoted  by  heating, 
the  whole  then  left  to  cool,  and  the  cake  of  wax  sejiarated  from  the  liquid,  dried  between 
filtering-paper,  and  weighed.  Its  weight  was  15'97  grammes,  which  diminished  by 
10  grammes,  the  weight  of  the  wax  added,  gives  5-97  grammes  as  that  of  the  fat- 
acids  in  the  soap :  and  this  divided  by  6-5  cubic  centimetres,  the  volume  of  the  fat- 
acids  obtained  from  the  same  quantity  of  soap,  gives  0-918  for  the  specific  gravity  ot 
these  fatty  acids.  By  similar  experiments  with  different  kinds  of  soap,  the  specific 
gravities  of  the  fat-acids  contained  in  them  were  found  to  be,  on  the  average : 


Specific  Gravity  of  Fat-Acids, 
Olive-oil  (Marseilles)  soap       ....  0-9188 
Cocoanut-oil  soap     .......  0-940 

Palm-oil  soap  0-922 

Tallow  soap  0-9714 

Soap  from  oleic  acid        ......  0-9003 


When  rosin-soap  is  shaken  up  vi'ith  dilute  sulphuric  acid  and  oil  of  turpentine, 
scarcely  any  of  the  rosin  is  dissolved.  If  fat-acids  are  likewise  present,  these  dissolve 
in  the  oil  of  turpentine ;  but  the  quantity  of  rosin  dissolved  is  only  sufficient  to  increase 
the  volume  of  the  turpentine-oil  (20  cubic  centimetres),  by  ^  cubic  centimetre.  The 
undissolved  rosin  collects  below  the  turpentine  as  a  bulky  layer,  so  that  in  this  way 
the  presence  of  rosin  in  a  soap  can  easily  be  detected. 

BoHcy's  Method. — One  gramme  of  t  he  soap  is  decomposed  in  a  small  beaker-glass  with 
ether  and  acetic  acid.  Two  layers  of  liquid  are  then  quickly  formed,  the  upper  being 
an  ethereal  solution  of  the  fat-acid  (or  rosin),  and  the  lower  an  aqueous  solution  of 
alkaline  acetate  and  of  the  salts  contained  in  the  soap,  whilst  insoluble  admixtures  are 
left  in  various  forms,  according  to  their  particular  nature.  The  two  liquids  are  sepa- 
rated by  a  pipette;  the  ethereal  solution  is  evaporated  in  a  tared  glass  over  the  water- 
bath,  and  the  residual  fat-acid  (or  rosin)  is  weighed. 

The  watery  liquid  is  evaporated  to  dryness  in  a  platinum-dish,  the  residue  is  ignited, 
and  the  amount  of  alkali  (remaining  as  cliloride  and  sulphate)  determined  by  the  usual 
method. 

Grdgcr's  Method. — The  soap,  cut  in  thin  shavings,  is  dissolved  in  alcohol  of  30  per 
cent.,  the  quantity  of  solvent  used  being  such  that  100  grammes  of  soap  shall  yield  a 
litre  of  solution.    All  impurities  are  then  left  behind,  together  with  a  certain  quantity  »*' 
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sodic  or  potassie  carbonate ;  10  cubic  centimetres  of  the  solution,  clarified  by  standing, 
are  then  diluted  with  watex',  and  precipitated  by  chloride  of  calcium.  The  precipitate, 
consisting  of  the  calcium-salts  of  the  fat-acids,  is  washed,  di'ied  at  100^  C,  and 
weighed.  100  parts  of  this  precipitate  correspond,  according  to  Griiger,  with  lOO'S 
parts  of  anhydrous  soap,  that  is  of  sodic  stearate,  the  result  not  being  perceptibly 
affected  by  the  fact  that  the  acid  of  soap  is  not  pure  stearic  acid,  but  likewise  contains 
palmitic  and  oleic  acids. 

The  extreme  limit  of  water  in  genuine  hard  soap  is  20  per  cent,  for  mottled,  2.5  for 
white,  and  30  for  yellow  soap.  The  proportion  of  alkaline  bases  is  mostly  from  8  to  9 
per  cent.,  and  that  of  the  fat-acids  from  60  to  70  per  cent.  In  yellow  soap,  part  of 
the  fat  is  replaced  by  10  to  20  per  cent,  of  rosin,  and  soaps  made  from  cocoanut-oil 
contain  a  much  larger  amount  of  normal  water  than  those  made  from  tallow  or  olive- 
oil.  But  the  above  proportions  may  be  regarded  as  standards  of  comparison  ;  and  any 
deviation  from  them  indicates  a  deterioration  in  the  quality  of  the  soap,  either  from 
excess  of  water,  or  from  the  substitution  of  some  foreign  substances  for  the  normal 
constituent  of  the  soap.    (See  further  Chemical  Technology,  i.  [3],  729;  [5],  318.) 

SOAPSTOITE,  Soap-rock.  Fierre  de  Savon.  Sdfenstein.  Steatite  in  part. — A 
soft  massive  mineral,  occurring  in  veins  in  serpentine  at  the  Lizard  Point  in  Cornwall 
and  elsewhere.  It  is  brittle  after  drying,  has  a  greasy  lustre,  and  white,  yellowish, 
bluish,  or  reddish  colour ;  does  not  adhere  to  the  tongue.  Specific  gravity  =  2'20. 
Before  the  blowpipe  it  gives  off  water  and  blackens  ;  thin  splinters  fuse  with  difficulty 
on  the  edges.    Perfectly  soluble  in  sulphuric  acid. 

Analyses. — a.  From  Lizard  Point  (Klaproth,  £eii!?-a^e,  ii.  180;  v.  22). — b.  From 
the  same  (Svanberg,  Pogg.  Ann.  liv.  267;  Ivii.  165). — c  Gae  Grease,  Cornwall 
(Haughton,  Phil.  Mag.  [3],  x.  253). — (I.  Kynance  Bay,  Cornwall  (Haughton). — 
e.  Frankenstein  in  Silesia  :  Kerolite  (Maak,  Schw.  J.  Iv.  304). — Svardsjoin  Dalarne, 
Sweden:  Pkitin  or  Saponite  (Svanberg,  loc.  cit.). — g,  h.  North  shore  of  Lake 
Superior:  Thalite  (Smith  and  Brush,  toe.  cit.): 


a. 

b. 

c. 

d. 

e. 

/. 

9- 

h. 

Silica 

45-00 

46-8 

42-10 

42-47 

37-95 

60-89 

48-89 

45-60 

Alumina  . 

9-25 

8-0 

7-67 

6-65 

12-18 

9-40 

7-23 

4-87 

Ferric  oxide 

1-00 

0-4 

2-06 

2-46 

2-09 

Magnesia  . 

24-75 

33-3 

30-57 

28-83 

18-02 

26-52 

24-17 

24-10 

Lime 

0-7 

0-78 

1-07 

Potash 

0-75 

:  :  \ 

0-81 

0-45 

Water 

18-00 

11-0 

18-46 

19-37 

31-00 

10-50 

15-66 

20-66 

98-75 

100-2 

98-80 

97-32 

99-15 

100-15 

99-22 

98^ 

These  analyses  cannot  be  reduced  to  any  single  formula :  indeed,  it  is  doubtful 
whether  any  of  the  minerals  to  which  they  refer  are  definite  compoxmds. 

SOilPWORT.  Saponaria  offici7udis. — The  root  of  this  plant,  which  contains 
saponin  (p.  192),  is  used  for  washing  and  cleansing  dresses,  &c.  (See  Urds  Dictionary  of 
Arts,  iii.  719.) 

SOSA.  This  term,  in  scientific  language,  is  applied  to  the  anhydrous  protoxide  of 
sodium,  Na'-O,  or  the  hydrate,  NaHO,  but  in  technological  language,  it  denotes  also  tlie 
neutral  carbonate,  Na^CO'  or  Na^O.CO^.  The  mode  of  occurrence  of  this  salt  in  nature 
and  its  properties  have  been  described  under  Caebonates  (i.  702).  It  was  formerly 
prepared  from  the  ashes  of  marine  plants,  chiefly  from  certain  species  of  salsola,  some 
of  which  (viz.,  Salsola  clavifolia  and  S.  Soda)  yield  an  ash  containing  more  than  40  per 
cent,  of  neutral  sodic  carbonate.  But  the  quantity  obtained  from  these  sources  at  the 
present  day  is  altogether  insignificant  compared  with  that  which  is  produced  from  com- 
mon salt  by  the  mode  of  decomposition  invented  by  Lablanc,  and  consisting: 

1.  In  converting  chloride  of  sodium  into  sulphate  by  heating  it  with  sulphuric  acid. 

2.  In  co?iverting  the  sulphate  into  carbonate  by  heating  it  with  chalk  or  limestone  and 
coal. 

A  brief  outline  of  this  process  is  given  under  Carbonates  (i.  702),  and  a  full  account 
of  it,  with  figures  and  descriptions  of  the  apparatus  used,  will  be  found  in  Richard- 
son and  Watts's  Chemical  Technology,  (i.  [3],  204—295  ;  [5],  234—265).  In  the 
present  article  we  shall  enter  somewliat  more  fully  into  the  theory  of  the  second  pai-t 
of  the  process,  the  "  balling  process  "  as  it  is  called,  especially  with  reference  to  recent 
investigations. 

Dumas  suggested,  for  the  explauation-of  Leblanc's  process,  a  theory  which  may  be 
expressed  by  the  equation: 

2Na^S0'    +    3CaC0'    +    C    =    2Na'C0'    +    Ca0.2CaS    +  lOCO. 
This  theory,  which  was  for  many  years  universally  received  as  correct,  supposes  that  the 
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Llaok  ash  or  ball-soda  contains  an  oxysulphide  of  calcium,  CaO.'2CaS.  This  compound 
has  never  been  isohited,  but  its  existence  was  assumed,  because  it  was  believed  that  if 
the  calcium  in  the  ball-soda  existed  as  oxide  and  sulphide  not  combined  together  in 
the  form  of  an  insoluble  oxysulphide,  the  carbonate  of  sodium  and  sulphide  of  calcium 
would,  when  brought  in  contact  with  water,  immediately  decompose  one  another, 
forming  sulphide  of  sodium  and  carbonate  of  calcium.  A  similar  theory  of  the  process 
was  given  by  linger  (Ann.  Ch.  Pharm.  Ixxxi.  328),  who  assigned  to  the  supposed 
oxysulphide  the  composition  Ca0.3CaS.  Kynaston  (Chem.  Soc.  Qu.  J.  xi.  155) 
supposed  the  ball- soda  to  co}itain  an  insoluble  compound  of  sulphide  and  carbonate  of 
calcium,  CaC0l2CaS. 

Gossage  however  pointed  out,  in  the  specification  of  a  patent  obtaim  d  in  1838  (No. 
7416),  that  the  undissolved  residue  remaining  from  the  lixiviation  of  black  ash  with 
water,  consists  almost  entirely  of  monosulphide  and  carbonate  of  calcium,  not  chemi- 
cally combined,  but  merely  jnixcd ;  further,  that  this  monosulphide  of  calcium  is  per- 
fectly insoluble  in  water,  and  therefore  does  not  decompose  the  sodic  carbonate  when 
the  black  ash  is  treated  with  water,  such  decomposition  taking  place  only  in  so  far  as 
a  portion  of  the  monosulphide  may  have  been  converted  into  a  soluble  polysulphide 
during  the  treatment  in  the  furnace. 

These  results  are  fully  confirmed  by  the  recent  experiments  of  Dubrunfaut  (Bull. 
Soc.  Chim.  18G4,  i.  240),  Sch eurer- Kes tn e r  (iliid.  169),  Pelouze  (Compt.  rend. 
[1866],  liii.  314),  and  especially  of  J.  Kolb  (Ann.  Ch.  Phys.  [4],  vii.  318;  Bull. 
Soc.  Chim.  1866,  ii.  11). 

Duljrunfaut,  by  heating  to  redness  a  mixture  of  1  at.  sulphide  of  sodium  and  1  at. 
chalk,  obtained  exactly  1  at.  sodic  carbonate  and  1  at.  calcic  monosulphide,  CaS. 

Kolb  treated  in  a  soda-furnace  two  series  of  mixtures  of  chalk,  carbon,  and  so<lic  sul- 
phate, the  first  series  being  in  the  proportions  corresponding  to  the  equation  of  Dumas 
above  given — the  second  corresponding  to  the  equation  : 

Na'SO'    +    CaCO'    h-    C      =      Na^CO'    +    CaS    +  4C0, 

in  which  itwill  be  observed  that  no  oxido  of  calcium  is  formed.  These  two  mixtures, 
when  calcined  and  afterwards  lixiviated  imder  similar  conditions,  yielded  exactly  the 
same  results.  Hence  Kolb  concludes  that  the  action  of  charcoal  on  a  mixtm'e  of  sodic 
sulphate  and  calcic  carbonate  in  equal  numbers  of  atoms  yields  sodic  carbonate  and 
calcic  sidphide,  easily  separable  by  lixiviation  at  ordinary  temperatures. 

In  this  operation  the  reduction  of  the  sodic  sulphate  by  the  carbon  may  be  explained 
in  two  ways: 

1.  According  to  the  ordinary  theor}',  the  exchange  takes  place  as  represented  by  the 
equation : 

Na=SO'    +    CaCO'      =      Na-CO»    +  CaSO^ 
the  carl.ion  then  acting  on  the  calcic  sulphate  so  as  to  reduce  it  to  sulphide. 

2.  The  charcoal  may  be  supposed  to  exert  a  direct  reducing  action  on  the  sodic 
sulphate,  double  decomposition  then  taking  place  between  this  compound  and  the 
calcic  carbonate. 

Tills  latter  view  is  confirmed  by  the  experiments  of  Kolb,  who  finds  that  a  mixture 
of  sodic  sulphate  and  chalk,  calcined  at  a  bright-red  heat,  yields  nothing  but  sodic 
sulphate  and  quicklime. 

The  reduction  of  the  sodic  sulphate  by  charcoal  might  take  place  in  two  ways,  viz. : 

(1)  Na=SO'    +    C      =      Na-S    +  4C0 

(2)  Na-SO'    +    C^      =      Na'^'S    +  2C0\ 

But  the  composition  of  the  gas  evolved  shows  that  the  reaction  takes  place  according 
to  the  second  of  these  equations,  and  accordingly  that  the  production  of  sodic  carbonate 
should  require  the  materials  to  be  in  the  proportions  deduced  from  the  equation  : 

Na-SO*    +     CaCO'     +     C^      ==      Na-CO'     +     CaS     +  2C0^ 

But  by  actual  experiment  with  these  proportions  in  the  soda-furnace,  it  is  found  that 
half  the  sodic  sulphate  remains  unaltered,  part  of  the  charcoal  being,  iu  fact,  employed 
in  decomposing  the  chalk  according  to  the  well-known  equation : 
CaCO'    -I-    C      =      CaO    -i-    2C0  ; 
so  that  the  action  of  the  carbon  is  divided  between  the  sodic  sulphate  a  chalk, 
in  the  manner  shown  by  the  equation  : 

Na=SO<    +    CaCO^    +  =      Na'S    +    CaO    -i-    2C0-    +  2C0. 

The  chalk  being  decarbonised  at  the  same  time  that  the  sodic  sulphate  is  reduced,  it 
follows  that  the  carbonic  acid  of  the  chalk  cannot  contribute  to  the  formation  of  the 
sodic  carbonate.  Kolb  has  in  fact  shown,  by  a  series  of  analytical  experiments,  that 
the  formation  of  sodic  carbonate  and  calcic  sulphide  in  tlie  balling  furnace  is  produced 
by  the  action  of  carbonic  acid,  parly  resulting  from  the  reduction  of  the  sodic  sulphide, 


326 


SODA. 


partly  existing  in  the  gases  of  the  furnace.  Accordingly,  when  the  mixture  is  heated  in 
crucibles,  so  that  it  is  not  much  exposed  to  the  furnace-gases,  a  higlily  sulphuretted 
soda  is  obtained,  whereas  when  it  is  heated  in  tubes  traversed  by  a  cuwent  of  carbonic 
acid  gas,  a  very  pure  sodic  carbonate  is  obtained. 

The  temperature  best  adapted  for  the  production  of  ball-soda  is  between  the  melting- 
point  of  bronze  and  of  silver.  Below  the  former,  the  reaction  is  incomplete ;  above 
the  latter  the  soda  is  "biu'nt," — that  is  to  say,  the  sodic  carbonate  is  decomposed,  as 
shown  by  the  following  equation,  yielding  oxide  and  sulphide  of  sodium : 

Na-CO'    +    0    =    Na^O    +    2C0 ;  and  Na=0    +    CaS    =    Na'S    +  CaO. 

Kolb  has  also  analysed  a  series  of  samples  of  ball-soda  in  the  manufacture  of  wliich 
the  coal  had  been  replaced  by  wood-charcoal,  peat,  wood-shavings,  &c.  All  these 
samples  yielded  similar  results,  whence  it  appears  that  the  proportion  of  carbonaceous 
matter  to  be  introduced  iuto  the  mixture  depends  wholly  upon  its  reducing  power, 
which  may  be  determined  beforehand  by  an  experiment  with  litharge. 

The  results  show  that  the  proportions  required  by  theorj-  are : 

Sodic  sulphate       .       .       .       .    100-0  parts 

ChaUc  70-4  „ 

Carbon  25'5  „ 

These  proportions  may,  however,  be  considerably  varied  without  sensibly  affecting  the 
result. 

Action  of  Air  and  Water  on  Black  Ash  or  Ball  Soda  (Kolb). — Dry  air  deprived  of 
carbonic  acid  has  no  action  on  ball-soda,  either  at  ordinary  temperatures  or  at  100°  ; 
but  at  a  red  heat  it  converts  the  sulphide  of  calcium  into  sulphate,  which  in  the  sub- 
sequent lixiviation  reconverts  a  certain  portion  of  the  sodic  carbonate  iuto  sodic  sul- 
phate, and  thereby  diminishes  the  percentage  of  alkali  in  the  product. 

Carbonic  anhydride  iu  the  dry  state  has  no  action  on  black  ash  (it  does  not  act, 
indeed,  either  on  Mme  or  on  sulphide  of  calcium) ;  but  in  presence  of  moisture,  it  tlrst 
converts  the  lime  into  carbonate,  and  then  acts  on  the  sulphide  of  calcium,  forming  car- 
bonate and  sulphydrate  of  calcium  : 

CaS  +  WO  +  C0=    =    CaCO'  +  WS ;  and  H'S  +  CaS    =  CaH'S^ 

When  black  ash  is  exposed  to  moist  air,  the  lime  contained  in  it  is  first  hydrated  by 
the  aqueous  vapour,  and  afterwards  converted  into  carbonate.  At  the  same  time,  any 
sulphide  of  sodium  that  may  be  present  iu  the  crude  soda,  is  converted  into  hyposul- 
phite, but  the  oxidation  does  not  go  any  further.  The  sulphide  of  calcium,  on  the 
other  hand,  is  oxidised  by  moist  air,  less  quickly  but  more  completely,  being  converted 
into  calcic  sulphate,  which,  as  already  observed,  decomposes  the  sodic  carbonate  during 
lixiviation,  and  thereby  diminishes  the  proportion  of  available  alkali. 

Another  cause  of  the  formation  of  calcic  sulphate,  and  consequent  deterioration  of 
the  ball-soda,  is  the  presence  of  iron  in  the  state  of  ferric  oxide  (not  sulphide),  which, 
in  presence  of  moist  air,  reacts  with  the  sulphide  of  calcium,  forming  lime  and 
sulphide  of  iron,  which  latter  becomes  oxidised  to  sidphate  ;  and  this  again  in  its  turn 
reacts  with  the  sulphide  of  calcium,  forming  ferrous  sulphide  aud  calcic  sulphate: 

Fe-012S0'  +  2CaS    =    2reS  +  2CaS0^  +  0. 

The  same  series  of  actions  therefore  recommences  indefinitely,  so  that  a  very  small 
quantity  of  ferric  oxide  is  sufficient,  under  the  influence  of  moist  air,  to  convert  a  large 
quantity  of  calcic  sulphide  into  sulphate.  Hence  the  ball-soda  should  not  be  left 
exposed  to  the  air  longer  than  is  necessary  for  the  partial  hydration  of  the  lime  con- 
tained in  it,  so  as  to  facilitate  its  disintegration. 

Action  of  Water.  — subjecting  a  given  weight  of  ball-soda  to  the  action  of  vari- 
able quantities  of  water  for  different  times  and  at  different  temperatures,  Kolb  has 
obtained  the  following  results  : — 

1.  A  given  quantity  of  crude  soda  yields  very  diflferent  proportions  of  caustic  soda 
and  sodic  sulphide,  according  to  the  quantity  and  temperature  of  the  water  with  which 
it  is  treated,  and  the  time  of  digestion. 

2.  The  degree  of  causticity  of  the  resulting  solution  is  not  sensibly  aflfected  by  the 
quantity  of  water  used,  but  increases  with  the  time  of  digestion  and  with  the  tempera- 
ture. 

3.  The  proportion  of  sodic  sulphide  increases  wii;h  the  quantity  of  water,  andmore 
particularly  with  the  time  of  digestion  and  the  temperature. 

4.  The  decrease  in  the  quantity  of  sodic  carbonate  not  only  corresponds  with  the 
quantity  of  caustic  soda  formed,  but  is  also  affected  by  the  variation  in  the  quantity  of 
sodic  sidphide  :  hence  it  would  appear  that  the  latter  is  formed  at  the  expense  of  the 
carbonate 
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5.  Thcquantities  of  caustic  soda  and  sodic  sulphide  do  not  appear  to  bear  any  definite 
relation  to  one  another. 

Kolb  has  likewise  examined  the  action  of  water  on  pure  sulphide  of  calcium,  alone, 
and  in  presence  of  .sodie  carbonate,  caustic  soda,  and  lime.    The  results  are  as  follows: 

a.  The  quantity  of  calcic  sulphide  dissolved  or  decomposed  by  water  is  very  small, 
but  increases  with  the  temperature  and  the  duration  of  the  digestion. 

/8.  Lime  has  no  sensible  influence  on  the  solubility  of  calcic  sulphide  ;  but  a  small 
quantity  of  caustic  soda  stops  the  solution  almost  entirely,  especially  at  common  tempe- 
ratures. 

7.  The  decomposition  of  sodic  carbonate  by  calcic  sulphide  :  Na^CO^  +  CaS  = 
Na"S  +  CaCO',  which  is  considerable  in  very  dilute  liquids,  diminishes  on  concen- 
tration, and  ceases  altogether  in  a  solution  saturated  with  sodic  carbonate. 

S.  The  presence  of  caustic  soda  in  small  quantity  (or,  what  comes  to  tho  same  thing, 
of  lime)  prevents  the  action  of  calcic  sulphide  on  sodic  carbonate. 

The  accordance  of  these  last  results  with  tlie  observed  action  of  water  on  ball-soda 
affords  a  strong  argument  against  the  supposition  that  this  substance  contains  an  oxy- 
sulphide  of  calcium. 

The  follo-\ving  table  exhibits  the  composition  of  black  ash,  as  determined  by  different 
analysts.  The  arrangement  of  the  basylous  and  acid  elements  in  compounds  is  of 
course  to  a  certain  extent  theoretical:  thus,  in  the  first tlu-ee  analyses,  the  oxide  and 
sulphide  of  calcium  are  regarded  as  combined  into  an  oxysulphide,  whereas  in  tho  last 
three  they  are  given  separately  : 

Composition  of  Black  Ask. 


Casscl. 

Gln.t^otr, 

Ncti'casfk. 

UngiT. 

Br,nvn. 

Ricliardson. 

Sulphate  of  Sodnim 

1'99 

1-16 

3-64 

Chloride  of  Sodium 

2-54 

1-91 

0-60 

Aluniiuate  of  Sodium  . 

2-35 

Carbonate  of  Sodiiim  . 

.  23-57 

35-64 

9-89 

Hydrate  of  Sodium 

.  1112 

0-61 

25-64 

Lime  ..... 

6-30 

Carbonate  of  Calcium  . 

12-90 

29-17 

15-67 

Oxysulphide  of  Calcium 

.  34-76 

1-13 

35-57 

Sulphides  of  Iron . 

2-45 

4-92 

1-22 

Silicate  of  Magnesium  . 

4-74 

3-74 

0-88 

Ultramarine 

0-29 

Carbon  .... 

.  i-s'o 

8-00 

4-28 

Sand  

.  2-02 

4-28 

0-44 

Moisture  .... 

.  2-18 

0-70 

2-17 

99^86 

100-20 

Livn-pool. 

100-00 

Carbonate  of  Sodium 

Kyriaston. 

Murphy.  Muspratt  and  Danson. 

36-879 

41-489 

28-89 

Chloride  of  Sodium 

2-628 

1-308 

3-07 

Sulphate  of  Sodium 

0-395 

0-748 

0-82 

Silicate  of  Sodium  . 

1-182 

1-162 

8-27  caustic  soda. 

Alimiinate  of  Sodium 

0-689 

0-392 

0-40 

Sulphide  of  Calcium 

28-681 

33-193 

25-86 

Carbonate  of  Calcium 

3-315 

0-857 

14-22 

Bisulphide  of  Calcium 

0-435 

Hyposuljihite  of  Calcium 

1-152 

Sulphite  of  Calcium 

2-178 

Caustic  Lime  .... 

9-270 

9-320 

9-24 

Magnesia  .... 

0-254 

2-03  as  silicate. 

Sulphide  of  Iron 

0-371 

Ferric  Oxide  and  Phosphate 

2-668 

3-020) 

of  Calcium  .... 

6-23 

Alumina        .       .       .  . 

1-132 

l-02of 

Charcoal        .       .       .  . 

7-007 

4-724 

Sand  

0-901 

2-259 

Ultramarine   .       .       .  . 

0-959 

Moist  lu'e        .       .       .  . 

0-219 

_0;;99 

100-205 

91^492 

100-02' 

SODA  AiUM.  NaAl"XSO')=.12H20.— Occurs  native  on  the  island  of  Milo 
tlie  Solfaiara  near  Najjles,  and  near  Mendoza,  ou  tho  east  of  the  Andes.    (See  s'l 
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SOJm.  COPPERAS.  A  soclio-ferric  sulphate  found  in  the  alum-slate  of  Modum 
in  Norway.    (See  Sulphates.) 

SODA  SPODTTMEITE.    Syn.  with  Oligoclase  (iv.  198). 

SODA-IiXnSE.  A  mixture  of  caustic  soda  and  quicklime,  used  chiefly  for  nitro- 
gen-determinations in  organic  analysis  (i.  245). 

SODAXiZTE.  A  sodio-aluminic  silicate,  containing  chlorine,  occurring  in  dodeca- 
hedrons and  other  forms  of  the  monometric  system,  with  dodccahedral  cleavage; 
sometimes  in  twin-crystals,  having  the  form  of  a  hexagonal  prism,  arising  from  the 
combination  of  two  dodecahedrons  ;  also  massive.  Hardness  =  5'5 — 6.  Specific 
gravity  2'26 — 2'37.  Lustre  vitreous,  inclining  to  greasy.  Colour  grey,  gi-eenish, 
yellowish-white,  and  sometimes  blue.  Subtransparent — subtranslucent.  Fracture 
conchoidal — uneven.    Before  the  blowpipe  it  melts  to  a  colourless  blistered  glass. 

Analyses  (the  chlorine  being  reckoned  as  chloride  of  sodium) :  a.  From  Vesuvius  : 
colourless;  specific  gravity  -=  2-136  (Kammelsberg,  Mineralch.  p.  702). — b.  From 
the  same :  green ;  very  rare  ;  small  dodecahedrons  with  cubic  faces,  occurring  in  a  lime- 
stone with  vesuvian  and  nephelin. — c.  Lamo  near  Brevig  in  Norway :  blue,  in  elfeolite 
(Bork,  Pogg.  Ann.  Ixxviii.  413). — d.  From  the  Ilmen  mountains  near  Miask  :  blue,  in 
elseolite  ;  specific  gravity  =  2-288  (E.  Hofmann  and  G.  Kose,  xlvii.  377). — 
e.  Lichfield,  Maine  :  blue,  in  elseolite  (Whitney,  ibid.  Ixx.  431) : 


b. 

d. 

Silica 

38°i2 

38-76 

38-86 

38-40 

37%6 

Alumina  . 

31-68 

34-62 

30-82 

32-04 

30-93 

Lime  (and  MgO) 

1-65 

0-32 

Soda  . 

18-49 

21-18 

16-39* 

18-24 

18-33 

Potash 

Sodium 

4-37 

1-67 

4-57 

4-63 

4-55 

Chlorine  . 

6-69 

2-55 

7-00  t 

7-10 

6-97 

99-35 

98-78 

99-29 

100-73 

98-24 

These  analyses  may  be  represented  by  the  formula  NaCl.M(NaAr"SiO'').  (compare 
the  formula  of  haiijTie,  iii.  15),  the  sodium-chloride  and  the  silicate  being  crystallised 
together  isomorphously  in  varying  proportions. 

Sodalite  occurs  in  mica-slate,  granite,  trap,  basalt,  and  volcanic  rocks.  In  Green- 
land it  is  foiind  in  mica-slate,  together  with  felspar,  hornblende  and  eudialyte. 

SOSAMIDE.  Olive-coloured  Sodium-compound. — When  a  quantity  of  sodium 
which  evolves  from  water  100  measures  of  hydrogen  gas,  is  heated  in  ammoniacal  gas, 
it  absorbs  tranquilly  between  142  and  163  measiu-es,  setting  100  measures  of  hydrogen 
free,  and  assuming  first  a  blue  and  afterwards  a  green  colour.  The  compound  is 
olive-green  and  fusible,  and  manifests  the  same  relations  as  the  corresponding  potas- 
sium-compound (iv.  695).  (Gay-Lussac  and  Thenard,  Eccherchcs,  i.  354;  H.  Davy, 
Phil.  Trans.  1810,  p.  24.) 

Sodamide  appears  to  be  capable  of  uniting  with  sodic  oxide.  Wlien  a  mixture  of 
oxygen  and  ammonia  gases,  the  latter  being  in  excess,  is  passed  over  sodixim,  sodamide 
alone  is  formed,  and  at  a  lower  temperature  than  with  pure  ammonia  gas ;  but  if  the 
quantity  of  oxygen  is  increased,  a  fused  ruby-coloured  mass  is  obtained,  consisting  of 
a  compound  of  sodic  amide  and  oxide.  This  compound  is  permanent  in  ammonia  ga.«, 
even  at  300°,  but  becomes  decolorised  when  air  or  oxj'gen  is  passed  over  it,  and, 
leaves  a  white  substance,  apparently  consisting  of  sodic  hydrate. — Potassium  treated  in 
like  manner  yields  a  similar  compound,  but  of  a  deep  blue  colour.    (W  ey  1.) 

SODAIHCaxOM-XTTIW.  NH'Na,  or  rather  N^H'^Na^?  (Weyl,  Pogg.  Ann.  cxxi. 
697;  Jahresb.  1864,  p.  163.) — This  compound  appears  to  be  formed  when  lumps  of 
pure  bright  sodium  are  placed  at  one  end  of  a  bent  tube,  a  quantity  of  silver-chloride 
previously  saturated  with  ammonia  gas  at  the  other,  the  tube  tlien  sealed,  the  end  con- 
taining the  silver-chloride  heated  in  a  ehloride-of-calcium-bath,  and  the  other  end 
immersed  in  cold  water.  The  sodium  then  swells  up,  and  is  converted  into  a  liquid, 
which  is  copppr-red  by  perpendicularly  reflected,  gi-oenish-yellow  by  obliquely  reflected 
light,  blue  in  tliin  films  by  transmitted  light.  As  the  silver-chloride  cools,  and  the 
ammonia  gas  is  reabsorbed,  the  sodammoniura  decomposes  and  pure  sodium  remnins 
behind,  having  a  dull  sui-face  and  spongy  texture.  By  again  heating  the  silver-chloride 
the  compound  may  be  reproduced  any  number  of  times. 

A  sod  ammonium-amalgam  appears  to  be  formed  by  exposing  in  like  manner  to  the 
action  of  ammonia  gas,  a  pulverulent  amalgam  of  nearly  equal  parts  of  sodium  and 
mercury.    After  two  hours'  action,  the  portion  of  the  mass  in  contact  with  the  surface 


•  Including  0'51  potash. 
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of  the  tube  exhibits  a  metallic  lustre  and  broiizc-rod  colour,  wliile  the  interior  is  dull 
and  brick-red.  This  product  can  likewise  exist  only  in  an  atmosphere  of  ammonia, 
being  resolved  in  a  few  hours  after  the  cooling  of  the  silver-chloride,  into  ammonia, 
free  mercury,  and  a  sodium-amalgam  containing  less  mercury  than  the  original  amal- 
gam. 

Potassa)mnonium,'if'li'''K.-?,  is  prepared  like  sodammonium,  and  exhibits  similar 
properties. 

Other  motallammoniums  may  bo  produced  by  the  decomposition  of  sodium-  or  potass- 
ammonium.  Thus  when  a  mixture  of  a  metallic  chloride  or  oxido  with  an  equivalent 
quantity  of  sodium  is  exposed  in  the  manner  above  described  to  the  action  of 
ammonia-gas,  the  gas  is  first  absorbed  by  the  metallic  chloride  (or  oxide)  and  after- 
wards by  the  sodium,  bhe  sodammonium  thus  formed  flowing  over  the  metallic  salt, 
and  reacting  upon  it  without  much  rise  of  temperature.  With  a  mixture  of  barium- 
chloride  and  sodium  the  reaction  appears  to  be  : 

N-H^Na  +  2NH3  +  Ba"CP  =  N'H'=Ba"  +  2NrPNaCl. 

Sodammo-  B.iram-  Chloride  of 

nium.  monium.  Sodammonium. 

Barammonium  forms  a  deep  blue  liquid  Iiaving  a  metallic  lustre. — Copper-,  Mer- 
cury-, and  Silver-ammoniuni  are  obtained  in  like  manner  from  the  respective  chlorides, 
and  :inc-wmmonium  from  the  oxide.  These  compounds  are  likewise  very  unstable, 
being  resolved,  even  in  the  sealed  tube,  into  metal  (which  appears  grey,  dull  and 
destitute  of  coherence)  and  ammonia.  If  in  the  arrangement  just  described  the 
metaUic  chloride  be  replaced  by  an  ammonium-salt,  e.g.  NH-iCl  or  (NIJ')-SO^  similar 
reactions  take  place,  and  the  tube  becomes  filled  with  a  blue  liquid  mixed  with  excess 
of  ammonia.  This  blue  liquid,  which  is  also  formed  by  the  action  of  potasisic  hydrate 
on  potassammonium,  appears  to  consist  of  aynmonium  itself,  N'^'H'.  It  is  even  more 
unstable  than  the  metallammoniums,  being  resolved  into  ammonia  and  hydrogen,  pai'tly 
even  before  the  reaction  botW(^en  the  ammonium-salt  and  the  sodammonium  is  completed. 

Tetrasodammonhim.  NNa'? — Monosulphide  of  sodium  brought  in  contact,  in  a 
sealed  tube,  with  liquid  ammonia,  is  converted  (with  transient  formation  of  liquid 
ammonium)  into  an  orange-yellow  substance,  which  soon  decomposes,  leaving  a  white 
substance  still  containing  ammonia.  This  residue  gives  off  ammonia  on  exposure  to 
the  air,  and  the  odour  of  ammonium-sulphide  when  heated.  It  is  perhaps  formed  in 
the  manner  represented  by  the  equation  : 

4Na'S  +  8NH'  =•  (NNa^)=S  +  3(NI1')-S. 
Tctrapotaftsaimnonium  appears  to  be  formed  in  a  similar  manner.  (Weyl.) 

SOLIUM.  Atomic  Weight  23.  Sipnbol  Na  (from  Natriinn).  Soda,  the  alkali 
containing  this  element,  was  formerly  confounded  with  potash,  but  was  proved  to  be  a 
distinct  substance  by  Duhamel  in  1736,  and  subsequently  by  Marggraf  iu  17oS. 
H.  Davy  first  obtained  the  metal  iu  tlio  year  1807. 

Sodium  is  a  very  abundant  element  and  very  widely  diffused.  It  occurs  in  larg(i 
q\iantities,  as  chloride,  in  rock-salt,  sea-water,  salt-springs,  and  many  other  mineral 
waters;  abundantly  also  as  nitrate,  forming  beds  several  feet  thick  on  the  dry  pampas 
of  Peru  ;  more  rarely  as  carbonate,  borate,  and  sulphate,  either  in  springs, 
lakes,  &c.,  or  in  the  solid  state;  as  sodio-aluminic  fluoride  in  cryolite  ;  and  as  silicate 
combined  with  earthy  silicates  in  chabasite,  analcime,  natrolite,  thomsonite,  eudialite, 
albite,  soda-spodumene,  labrador,  nepheline,  hauyne,  sodalite,  brewicite,  eancrinito.  and 
achmite  ;  in  very  small  quantity  also  in  bole,  pitchstonc,  pumice-stone,  obsidian,  ittnerife, 
andpinite.  Traces  of  sodium-salts  arc  found  in  coal,  in  all  kinds  of  limestone  and  dolomite, 
and  in  talc,  asbestos,  and  other  minerals.  In  the  vegetable  kingdom  it  occurs  as 
sulphate,  iodide,  and  chloride,  and  combined  with  vegetable  acids,  especially  in  plants 
growing  in  or  near  the  sea;  in  the  animal  kingdom,  combined  with  carbonic,  phosphoric, 
sulphuric,  hydrochloric,  and  various  organic  acids. 

Preparation  of  the  Metal.  The  preparation  of  sodium  is  similar  to  that  of  potas- 
sium. Davj'  first  obtained  it  by  the  eleetroljsis  of  the  hydrate;  Gay-Lussac  and 
Th^nard  afterwards  prepared  it  by  decomposing  that  compound  with  metallic  ii'on 
at  a  white  heat ;  and  Brunner  showed  that  it  may  be  prepared  with  much  greater 
facility  by  distilling  a  mixture  of  sodic  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is  much  easier  than  that 
of  potassium,  not  being  complicated,  or  only  to  a  slight  extent,  by  the  formation  of 
secondary  products.  Within  the  last  few  years  it  has  been  considerably  improved  by 
Deville  and  others,  and  carried  out  on  the  manufacturing  scale,  sodium  being  now 
employed  in  considerable  quantity  as  a  reducing  agent,  especially  in  the  manufacture  of 
aluminium  and  magnesium  and  iu  the  silver  amalgamation  process  (p.  286). 

The  sodic  carbonate  used  for  the  pn-paratiou  is  prepared  by  calcining  the  crystallised 
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neutral  carbonate.  It  must  be  thoroughly  dried,  then  pounded,  and  mixed  with  a 
slight  excess  of  pounded  charcoal  or  coal.  An  inactive  substance,  viz.  pounded  chalk, 
is  also  added  to  keep  the  mixture  in  a  pasty  condition  during  the  operation,  and  pre- 
vent the  fused  sodic  carbonate  from  separating  from  the  charcoal.  The  following  are 
the  proportions  recommended  by  Deville  : 

For  Laboratory  Operations.  For  'Manufacturing  Operations. 

Dry  sodic  carbonate    .       .    717  parts    Dry  sodic  carbonate    .       .    30  kilogr. 

Charcoal     ....    175  „        CoeiI  13  ,, 

Chalk  108   „        Chalk  3  „ 

These  materials  must  be  very  intimately  mixed  by  pounding  and  sifting,  and  it  is 
advantageous  to  calcine  the  mixture  before  introducing  it  into  tlie  distilling  apparatus, 
provided  the  calcination  can  be  elFected  by  the  waste  heat  of  a  furnace ;  tlie  mixtwe  is 
thereby  rendered  more  compact,  so  that  a  much  larger  quantity  can  be  introduced  into 
a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mercury  bottle  heated 
exactly  in  the  manner  described  for  the  preparation  of  potassium. 

For  manufacturing  opei'ations,  the  mixture  is  introduced  into  iron  cylinders,  which 
are  heatedin  a  reverberatory  furnace,  and  so  arranged  that,  atthe  end  of  the  distillation, 
the  exhausted  charge  may  be  withdrawn  and  a  fresh  charge  introduced  without  dis- 
placing the  cylinders  or  putting  out  the  fire.  The  receivers  used  in  either  case  are 
exactly  the  same  in  form  and  dimensions  as  those  employed  in  the  preparation  of 
potassium  (iv.  693). 

When  the  process  goes  on  well,  the  sodium  collected  in  the  receivers  is  for  the  most 
part  perfectly  pure,  the  carbonised  products  whicli  give  so  much  trouble  in  the  prepa- 
ration of  potassium  being  produced  in  very  small  quantity  only,  if  at  all.  Nevertheless 
a  small  quantity  of  somewhat  impure  sodium  alwaj's  remains  attached  to  the  inner 
surface  of  the  receivers ;  hence  when  a  receiver  has  been  used,  the  plates  should  be 
separated  and  scraped  before  they  are  used  again  ;  and  the  matter  scraped  off,  being 
received  under  naphtha,  may  be  collected  after  a  while  and  will  yield  by  distillation  a 
considerable  quantity  of  sodium.  Lastly,  the  pure  metal  obtained  by  this  and  by  the 
first  distillation  is  melted  under  a  thin  layer  of  naphtha,  which  is  decanted  as  soon  as 
the  sodium  becomes  perfectly  fluid,  and  the  metal  is  then  v\m  into  moulds  like  those 
used  for  casting  lead  or  zinc. 

The  degree  of  heat  absolutely  required  for  the  reduction  of  sodium  is  not  much 
higher  than  for  the  reduction  of  zinc  ;  but  the  distiUation  goes  on  better  and  a  larger 
product  is  obtained  when  the  temperature  is  raised  considerably  higher.  The  quantity 
of  sodium  obtained  in  a  well  conducted  operation,  is  about  one-third  of  the  weight  of 
the  calcined  mixture. 

[For  a  derailed  description  of  tlie  manuf;icture  of  sodium,  with  figures  of  the 
apparatus,  see  Chemical  Technolog}/,  i.  [4],  5  and  [5],  125.] 

Properties. — Sodium  has  a  high  lustre,  and  usually  a  silver-white  colour ;  according 
to  Long  however  (Chem.  Soc.  Q.  J.  xiii.  123),  its  surface  when  perfectly  clean  and 
metallic,  is  of  a  beautifid  rose  colour,  which  is  best  seen  when  a  ray  of  light  falling  on 
a  surface  of  the  metal  is  reflected  back  from  a  second  surface  and  again  reflected  from 
the  first. 

The  specific  gravity  of  sodium  is  0-9348  (Davy);  0-97223  at  15°  (Gay-Lussac 
and  Thenard) ;  0-985,  reduced  to  a  vacuum  and  compared  with  that  of  water  at  3-9 
(Schroder,  Jahresb.  1859,  p.  12).  It  is  rather  hard  at  -  20°,  very  ductile  at  0°,  of 
the  consistence  of  wax  at  common  temperatures,  semifluid  at  50°:  melts  completely  at 
97-6°  (Kegn  an  It,  Jahresb.  1856,  p.  43),  at  95-6°  (Buns  en,  ?'Wf?.  1863,p.l78).  When 
a  few  grammes  of  sodium  are  melted  in  a  sealed  tube  filled  with  coal  gas,  then  left 
to  cool  till  a  few  solid  points  appear  on  the  surface,  and  the  remaining  liquid 
suddenly  poured  off  by  inclining  the  tube,  the  solidified  portion  remains  in  shining 
octahedral  crystals  belonging  to  the  dimetric  system  and  having  the  plane  angles  at 
the  apex  =  50°  (Long).  Sodium  is  less  volatile  than  potassium  (Davy;  Gay-Lussac 
and  Thenar  d) ;  rather  more  so  (M  i  t  s  c  h  e  r  1  i  c  h).  Its  vapour  is  colourless.  Sodium 
is  an  excellent  conductor  of  heat  and  electricity. 

Sodiimi  when  exposed  to  the  air  oxidises  like  potassii\m,  but  not  quite  so  rapidly. 
When  heated  in  the  air  it  burns  with  a  yellowish  fiame,  forming  protoxide  and  dioxide 
of  sodium.  When  heated  in  oxygen  gas  till  it  no  longer  increases  in  weight,  it  is 
wholly  converted  into  dioxide.  When  dropt  upon  cold  water,  it  decomposes  a  portion 
of  the  water,  liberating  hydrogen  and  running  about  on  the  surface  \vitli  a  hissing 
noise,  but  the  gas  does  not  take  fire  unless  the  water  be  previously  heated. 

Sodium  is  a  monatomic  metal  belonging  to  the  group  which  includes  the  otlieralkali- 
nietals  and  silver.  With  chlorine,  bromine,  iodin(i  and  fluorine,  it  forms  the  compounds 
KCl,  KBr.  &c. ;  with  oxygen  it  forms  a  protoxide  Na'-'O,  the  corresponding  hydrate 


SODIUM  :  ALLOYS-  CHLORIDE. 


381 


NaHO,  and  a  dioxide  Na-0' ;  with  sulphur,  a  protosulphido  Na-S,  a  sulphydrato  NaHS, 
and  several  polysalphidos. 

SODIUM,  AXi][iOirs  or.  These  alloys  closely  resemble  those  of  potassium,  and 
are  prepared  in  like  manner  by  fusing  sodium  with  the  respective  metals.  The  amalcjam 
of  sodium  (iii.  889)  is  much  used  as  a  reducing  or  hj'drogenating  agent.  M.  Scholz 
(J.  pr.  Chem.  Ixxix.  441),  by  adding  sodium  to  mercury  in  such  quantity  that  the 
product  solidities  completely  on  cooling,  then  pressing  out  the  excess  of  mei'cury,  fusing 
the  remaining  amalgam,  and  leaving  it  to  cool  slowly,  obtains  a  sodium-amalgam, 
crystallised  in  fine  prisms,  often  an  inch  long,  which  may  be  kept  in  well  closed 
vessels  without  sensible  oxidisation,  and  are  easily  pulverised.  By  further  addition  of 
mercury,  this  amalgam  may  be  brought  to  a  more  or  less  fluid  state. — F.  Muhlh  iiuser 
(Zeitschr.  Ch.  Pharm.  1864,  p.  720)  heats  sodium  under  naphtha  to  90°,  and  allows 
mercury  to  How  into  it  in  a  fine  stream.  The  sodium  then  swells  up  and  ultimately 
foi-ms  a  solid  mass,  which  may  bo  left  to  cool  Tinder  naphtha. 

Kespeefing  the  alloys  of  potassium  and  sodium,  see  Potassium  (iv.  695). 

SOSIuno:,  AU'TXIVIOSI'IDE  or.  Preparedbydireotcombination  of  its  elements. 

lleseuibles  antinionide  of  potassium  (i.  317). 

SOSIUIVI,  ARSEI-IIBE  OP.  This  alloy,  which  is  used  for  the  preparation  of  the 
arsenides  of  ethyl,  methyl,  &c.,  is  prepared  by  gently  heating  finely  pulverised  metallic 
arsenic  in  a  furnace  having  a  good  draught  till  it  begins  to  fume,  and  then  introducing 
small  pieces  of  sodium  from  time  to  time  till  the  mixture  begins  to  assume  a  fluid 
consistence,  which  effect  takes  place  when  a  quantity  of  sodium  has  been  introduced 
about  equal  to  that  of  the  arsenic.  As  the  product  is  highly  combustible  it  is  neces- 
sary to  exclude  the  air,  for  which  purpose  the  arsenic  is  placed  in  a  piorcelain  crucible 
enclosed  within  a  hessian  crucible,  both  being  provided  -svith  closely  fitting  covers, 
which  must  only  be  removed  to  introduce  the  sodium,  or  to  stir  the  mixture  with  an 
iron  rod.  The  action  is  very  violent  and  attended  with  vivid  incandescence.  The 
alloy,  which  has  a  crystalline  fracture  and  silver-white  colour,  must  be  kept  in  closely 
stoppered  bottles  filled  up  with  sand.  It  decomposes  water  with  evolution  of  arsen- 
ett.ed  hydrogen,  an  effect  which  takes  place  even  in  damp  air :  hence  it  must  be 
handled  with  caution.    (Ijandolt,  Ann.  Ch.  Pharm.  Ixxxix.  201.) 

SOSXUM,  BROIM[I2>S  OP.  NaBr.  This  salt,  produced  by  saturating  hydro- 
bromic  acid  with  soda,  or  by  decomposing  ferrous  bromide  with  sodic  carbonate,  crystal- 
lises by  evaporation  at  temperatures  above  30°,  in  anhydrous  cubes,  at  lower  tempera- 
tures in  oblique  rhombic  prisms  containing NaBr.2H-'0  (Mitscherlich).  The  specific 
gravity  of  the  anhydrous  salt  referred  to  water  at  17'0°  as  unity  is  3'079  (Kr  emers, 
Jahresb.  1857, p.  69).  Itdissolves  easily  in  waterandin  alcohol.  The  following  table 
exhibits  the  specific  gravities  and  expansions  by  heat  of  solutions  of  various  strengths. 
(Kremers,  Jahresb.  1858,  41.) 


Vohancs  of  Aqueous  Bromide  of  Sodium  at  different  temperatures  (vol.  at  19-5°  =  1). 


Qii.intitj'  of  salt  in 
100  pait>  of  water 

j  20-4 

42-G 

62  3 

88-1 

Specific  pravitv  of 
soluti"n  at  18-.'i°. 

^  1-1150 

1-282G 

1  3885 

1-5(106 

0° 
19-5 
40 
60 
80 
100 

0-  99380 

1-  00000 
1-00852 
1-01858 
1  03021 
1-04347 

0-  99 189 

1-  00000 
1-00980 
1-02S32 
1-03178 
1-04421 

0-  99067 

1-  00000 
1-01032 
1-02108 
1-03249 
1-04453 

1-00000 
1-01076 
1-02164 
1-03-298 
1-04477 

A  saturated  aqueous  sohition  boils  at  121°.  (Kremers.) 


SODIUM,  CHZ.ORIDE  OF.  KaCl.  Common  salt,  CuJinary  salt.  Bock-salt, 
Sra-salt,  formerly  called  Mtiriale  of  Soda.  This  eompoimdis  formed  by  the  direct  union 
of  its  elements,  sodium  taking  fire  in  chlorine  gas.  It  may  likewise  be  obtained  pure 
by  neutralising  hydrochloric  acid  with  soda  or  sodic  carbonate  and  evaporating.  It 
occurs  verj'  abundantly  in  nature,  both  in  the  solid  state,  as  rock-salt,  forming  extensive 
beds  in  rocks  of  various  ages, — and  in  solution  in  sea-water,  salt-lakes,  and  brine- 
springs  ;  in  smaller  piroportion  also  in  river  water. 

In  Kiirope  common  salt  usually  occurs  in  the  new  red  sandstone,  or  associated  with 
red  marl,  but  it  is  not  confined  to  those  rocks.  In  Durham,  Northumberland,  and 
Leicestershii'e,  salt-springs  arise  from  the  carboniferous  series  ;  in  the  iVlps,  some  salt- 
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works  are  supplied  from  oolitic  rocks :  the  extensive  mines  of  Cardona  in  Spain  are 
referred  to  the  greensand  formation,  those  of  Wieliczka  in  Poland  to  tertiary  rocks. 
Salt-springs  occur  also  in  volcanic  regions.  In  the  United  States  the  brine  comes 
mostly  from  Silurian  sandstones.  Salt  occurs  also  as  efflorescences  over  the  dry 
prairies  of  the  Kocky  mountains  and  California  ;  and  in  most  desert  and  semi-desert 
regions  there  are  numerous  salt  lakes. 

The  principal  salt  mines  of  Europe  are  at  Wieliczka  in  Poland ;  at  Hall  in  the 
Tyrol,  and  along  the  range  through  Reichenthal  in  Bavaria,  Hallein  in  Salzburg,  Hal- 
stadt,  Ischl  and  Ebensee  in  Upper  Austria,  and  Aussee  in  Styria;  at  Stassfiirth  near 
Magdeburg;  in  Hungary  at  Marmoros  and  elsewhere;  in  Transylvania,  Wallachia, 
Gallicia  and  Upper  Silesia ;  at  Vic  and  Dreuze  in  France ;  in  the  valley  of  Cardona  and 
elsewhere  in  Spain  ;  at  Bex  in  Switzerland ;  at  Northwich  and  elsewhere  in  Cheshire; 
and  near  Belfast  in  the  north  of  Ireland.  At  AVieliezka  the  salt  deposit  is  500  miles 
long,  20  miles  broad,  and  not  less  than  1200  feet  thick  ;  at  Cardona,  the  salt  forms  hills 
300  and  400  feethigii.  Near  Northwich,  the  principal  deposit  of  rock-salt  in  England, 
the  mineral  occurs  in  magnesian  limestone,  in  two  beds  situated  one  above  the  other, 
separated  by  about  30  feet  of  clay  and  marl,  intersected  by  small  veins  of  salt,  the  two 
beds  together  being  about  60  feet  thick,  300  yards  broad,  and  a  mile  and  a  half  long. 

Rock-salt  occurs  also  near  lake  Oroomiah,  the  Caspian,  &e.,  forming  hills  and  extended 
plains ;  in  Algeria  abundantly ;  in  Abyssinia ;  in  India,  in  the  province  of  Lahore,  and  the 
valley  of  Cashmere  ;  in  Scinde,  where  there  is  said  to  be  an  immense  bed  of  it,  20  miles 
long,  15  miles  broad,  and  averaging  three  feet  in  tliickness ;  in  China  and  Asiatic  Russia  ; 
in  Peru  and  other  countries  of  South  America.  In  the  United  States  salt  has  been 
found  forming  beds  with  gypsum  in  Washington  county,  Virginia,  and  in  the 
mountains  of  Oregon.    (Dana,  ii.  9). 

The  mode  in  which  salt  is  obtained  from  these  deposits  depends  very  much  on  tho 
locality,  the  depth  of  the  deposit,  the  price  of  fuel,  &c.  In  some  places,  as  at  Wieliczka 
and  in  Cheshire,  it  is  a  mining  operation  and  is  carried  on  by  means  of  shafts  and 
horizontal  galleries.  At  Cardona  in  Spain,  where  the  great  body  of  the  salt  forms  a  rugged 
precipice  400  to  500  feet  high,  there  is  no  excavation,  but  the  salt  is  procured  by 
working  down  perpendicularly  as  in  an  open  quarry. 


Analyses  of  Bock-salt. 


Wie-  Berchtes-  Hall, 
liczka.     graden."  Tyrol. 


Chloride  of  Sodium 
,,  Potassium 
,,  Calcium 
„  Magnesium 

Sulphate  of  Sodium 
,,  Calcium 

Carbonate  of  Calcium 

,,  Magnesium 

Clay,  Ferric  oxide,  and  } 
other  insoluble  matter  \ 


100-00 


trace 


99-85 
trace 
trace 
0-15 


99-43 

trace 
025 
0-12 


0-20 


Hallstadt,  Schwa-  Wilhelms- 
Austria.  bisc,HaIl.  gluck. 


98-14 

trace 


1-86 


100  00    100-00  100-00  100-00    100-00  100-00 


99-63 

0-09 
0-28 


98-36 


0-03 
0-55 
0-52 
0-13 

0-53 


99-30 


0-50 


0-20 


100-00 


Chloride  of  Sodium 
„  Calcium 
„  Magnesium 

Sulphate  of  Sodium 
,,  Calcium 
„  Magnesium 

Carbonate  of  Calcium 

„  Magnesixim 

Clay,  Ferric  oxide,  &c 

Water.  . 


Algeria. 


Djebel  Ouled  Kebbah. 
Merah.  fibrous,  impure. 


97-0 


30 


98-89 


1-11 


72-16 
1-65 
5-57 


10-72 
206 
3-71 
2-89 
1-24 


Holsten, 
U.  S. 


99-55 
trace 


0-45 


Boring  at 
Stassfiirth. 


94-57 
0-97 
0-89 


3-35 
0-22 


100-00  100-00  100-00, 100-00  100-00 


25  09 


1-57 
1-23 
42  07 


1-83 
28-21 


100-00 


Cheshire. 


98-30 

0-  05 

1-  65 


100-00 


Car- 
dona. 


0-99 
0-02 


0-44 


100-00 
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Kock-salt  is  somptimes  so  piirn  and  white  that  it  requirps  no  prpparation  but 
grinding  to  convert  it  into  snow-whito  cuh'nary  salt ;  this  is  the  case  with  the  salt  of 
Cardona,  and  witli  some  of  that  occurring  in  Cheshire  and  other  localities.  More 
treciuontly,  however,  it  iscoloured  red  or  brown  from  the  admixture  of  clay  or  bitumen, 
and  particularly  of  tlio  kind  of  infusoria  that  are  now  found  inliabiting  salt  lakes :  it  then 
requires  to  bo  purified  by  solution  and  recrystallisation.  Frequently  also,  instead  of 
sinking  a  shaft  to  the  bed  of  salt  and  mining  it,  the  superior  strata  are  pierced  by 
a  bore  only  a  few  inches  in  diameter,  Ijy  which  water  is  admitted  to  the  bed,  and  tlie- 
brine  formed  is  drawn  off  by  a  pump. 

Sa/t  wells  or  spriin/s,  which  may  be  artificially  constructed  in  the  manner  above 
described,  are  also  frequently  found  ready  formed  in  nature  wherever  a  spring  during 
its  course  has  come  in  contact  with  a  bed  of  rock-salt.  These  however  are  rarely  so 
liighly  saturated  as  the  artificial  wells,  although  this  is  actually  the  case  with  that  of 
Liineburg,  which  contains  25  per  cent,  of  saline  matter  ;  but  they  are  for  the  most  part, 
only  slightly  impregnated,  or  have  become  weakened  by  subsequent  addition  of  fresh 
water.  This  difference  in  the  strength  and  the  composition  of  the  saline  constituents 
of  salt  springs  may  be  seen  from  the  following  table  (p.  334). 

The  water  of  the  stronger  springs  is  at  once  evaporated  by  heat  to  procure  the  salt, 
and  in  England  and  other  countries  where  cheap  fuel  can  be  obtained,  the  same  plan 
is  adopted  with  the  weaker  springs  ;  but  in  Germany,  where  fuel  is  scarce  and  clear, 
the  more  dilute  saline  waters  cannot  be  profitably  worked  in  this  way.  The  water  is 
therefore  first  concentrated  by  a  process  called  graduation,  which  consists  in  exposing 
the  brine,  diffused  over  a  large  surface,  to  the  air.  This  is  effected  by  pumping  it  to 
a  lioight,  and  then  allowing  it  to  trickle  slowly  over  large  stacks  of  faggots,  piled  in 
suitable  buildings,  screened  from  rain,  but  freely  exposed  .o  the  prevailing  wind.  After 
this  process  has  been  repeated  eight  or  ten  times,  the  solution  accjuires  a  density  of  about 
T'lO,  and  is  sufficiently  concentrated  to  allow  the  evaporation  to  be  finished  by  heal.  In 
the  first  evaporating  pan  an  insohibledoublesulphate  of  calcium  and  sodium  isdeposited, 
partly  in  the  form  of  mud  or  f:c/ilof,  as  it  is  called  in  Germany,  partly  as  a  hard  scale, 
which  adheres  to  the  bottom  of  the  pans  {Pfarinenstdn).  A  specimen  of  this  panstone 
from  Schonebeck  gave  by  analysis  : 

N:iCl.     N.i=SO'.     K'SO'.     C;i.SO'.    M-SO'.    MgCO-.    APO^  and  Fe^O^.   SiO^.  H=0. 
4-1-28     20-67       2-13      27-38      1-64      0-41  0  03  0-02  3-44  =  100 

When  the  liquor  reaches  a  density  of  1'236  it  is  decanted  into  another  pan  and  evapo- 
rated, the  crusts  of  salts  being  removed  as  they  form. 

The  appeai'ance  of  the  salt  varies  according  to  the  rate  at  which  the  evaporation  is 
conducted.  When  the  brine  is  boiled  down  rapidly,  it  furnishes  the  mealy  fine-grained 
salt  used  for  the  table ;  slower  evaporation  yields  the  hard  crystallised  salt,  generally 
used  for  salting  fish. 

Separation  of  Salt  from  Sea-water. — It  is  seldom  that  artificial  evaporation  is  em- 
ployed for  separating  the  salt  from  sea-water;  where  it  is  practised,  the  same  mode  is 
adopted  as  with  the  brine  springs  ;  sometimes,  as  in  Siberia,  frost  is  made  subservient 
to  this  object — for  salt  water  separates  on  freezing  into  ice  (containing  no  salt),  and  a 
strong  saline  ley.  Dr.  Kane  states  that  if  the  cold  is  sufficiently  intense,  the  waterwhlch 
is  obtained  on  melting  the  ice  is  fit  for  drinking.  This  pilan  is  pursued  in  Prussia, 
Sweden,  and  other  northern  countries,  where  the  sea-water  is  frozen  in  reservoirs,  and 
the  concentrated  brine  liquor  is  boiled  do-\vn  to  salt.  The  salt  obtained  by  this  plan, 
however,  is  not  pure,  as  the  following  analyses  by  Hess  will  prove. 


Irkowtsk. 

Selen- 

Oust- 

Okliofzk. 

Constituents. 

guisk. 

koulsk. 

Is'  crystal- 
lisation. 

•inil  crystal- 
lisation. 

3rd  crystal, 
lisation. 

Chloride  of  Sodium 

.  91-5 

74-7 

76-3 

86-0 

77-6 

79-1 

,,  Aluminium 

2-G 

6-5 

1-2 

3-6 

6-2 

7-8 

,,  Calcium 

1-1 

1-4 

3-8 

0  9 

0-9 

0-7 

Magnesium 

.  2-0 

3-6 

3-6 

2-0 

1-7 

0-8 

Sulphate  of  Sodium  . 

.  2-8 

13-8 

12-6 

7-5 

13-6 

11-6 

2-5 

10(K) 

100-0 

l()(t-0 

100-0 

100-0 

100-0 

The  evaporation  of  sea-water  is  effected  wholly  or  partly  by  the  influence  of  the  air 
and  sun,  in  what  are  termed  in  some  localities  Salterns  or  Brine-pans.  Hayling 
Island,  near  Portsmouth,  has  been  celebrated  for  many  centuries  for  its  manufacture 
of  salt,  carried  on  ni  this  way  during  the  summer  months.  The  brine-pans  vary 
in  size  up  to  a  quarter  of  an  acre,  in  which,  in  favourable  weather,  the  sea-water 
becomes  brine  in  about  seven  days.  It  is  then  pumped  by  windmills  into  reservoirs  or 
pits,  whence  it  is  run  into  sheet-iron  pans,  and  is  boiled  for  twelve  hours,  during  which 
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it  is  skimmod  to  remove  impiirilios.  The  crystals  of  salt  begin  to  appear  towards  the 
end  of  the  day,  and  are  shovelled  out,  hot  and  wet,  into  wooden  troughs  "with  holes  iu 
the  bottom  to  allow  the  hitters  to  run  off. 

A  somewhat  similar  plan  is  pursued  at  Lymington  in  Hampshire,  but  the  brine  is 
there  run  through  a  series  of  salterns  before  it  is  pumped  into  the  boiling-pans.  The 
drainings  from  the  troughs  drop  on  upright  stakes  of  wood,  on  which  stalactitic  masses 
accumulate  in  ten  or  twelve  days,  weighing  from  60  to  80  lbs. ;  these  masses  are  called 
Salt  cats.  The  residual  liquor  called  Bitters,  Bittern,  or  Bittini  liquor,  is  employed  in 
the  manufacture  of  the  carbonate  or  sulphate  of  magnesium. 

For  many  centuries  salt  was  also  obtained  from  sea-water  in  the  Firth  of  Forth  and 
other  places  on  the  east  coast  of  this  country,  by  evaporating  it  in  large  shallow  ii'on 
pans,  salt  works  of  this  kind  in  former  days  being  given  as  donations  to  abbeys. 

In  warmer  latitudes,  as  on  the  shores  of  the  Mediterranean,  the  evaporation  is 
carried  on  entirely  under  the  influence  uf  the  sun  and  air  iu  a  series  of  shallow  ponds, 
called  salt-gardens,  in  wliich  the  water  is  spread  over  a  very  large  surface.  As  tlie 
evaporation  goes  on,  salt  is  deposited  in  the  pools  farthest  from  the  sea,  while  the 
nearer  ones  are  constantly  receiving  fresh  supplies  of  salt  water. 

In  the  salt  works  of  the  Mediterranean,  the  greater  part  of  the  surface  is  aboiit  a  foot 
below  the  main  level  of  the  sea.  The  ponds  are  divided  by  small  banks  of  earth  two 
feet  high  and  from  one  to  two  feet  thick.  The  salt  water  is  admitted  by  a  small  flood- 
gate and  circulates  by  means  of  openings  in  the  banks.  It  enters  with  a  density  of 
1  •02.'),  and  continues  to  increase  in  density  by  evaporation  inider  the  influence  of  the  dry 
winds,  until  it  attains  a  density  of  1'143.  Its  volume  is  then  reduced  to  one-sixth  of 
its  first  proportions.  It  now  begins  to  deposit  sulphate  of  calcium,  till  the  density 
reaches  1'210.  It  is  then  conveyed  by  means  of  pumps,  worked  by  horse  or  steam 
power,  to  reservoirs  slightly  more  elevated,  the  bottoms  of  which  are  generally  composed 
of  hard  clay  well  beaten  in,  where  the  precipitation  of  the  salt  takes  place.  The  volume 
is  by  this  time  reduced  to  one-tenth  of  its  original  bulk.  From  the  density  of  1'210, 
representing  25°  on  Beaum6"s  hydrometer,  up  to  1'286,  equal  to  32°  on  the  same  scale, 
the  evaporation  takes  place  in  the  open  air,  the  liquid  constantly  depositing  chloride  of 
sodium  almost  pure,  which  goes  into  the  market  without  further  preparation.  In  order 
to  obtain  it  care  is  taken  to  run  off  the  liquor  marking  32°  B.,  which  covers  the  bed 
of  salt  about  two  inches  thick.  It  is  then  collected  by  means  of  shovels,  and  thrown 
into  heaps  called  in  the  south  of  France  CanicHs,  and  in  Italy  Cuimdi.  It  is  than 
allowed  to  drain,  after  which  it  is  ready  for  sale.  The  salt  thus  obtained  is  called 
bay-salt. 

The  mother-liquor  or  bittern  is  used  as  a  source  of  bromine.  It  also  contains 
considerable  quantities  of  sulphate  of  sodium,  and  of  the  sulphates  and  chlorides  of 
magnesium  and  potassium.  The  mode  of  treating  it  so  as  to  obtain  these  salts,  espe- 
cially the  chloride  of  potassium,  has  been  brought  to  great  perfection  by  Balard.  (See 

POTASSIUM-SALTS,  iv.  717,  also  SuLPJiiTES.) 

The  following  table  shows  the  uatiu'o  and  amount  of  the  impurities  in  several  kinds 
of  commercial  salt. 


Analyses  of  Common  Scdt. 


Schnnc- 

Stass. 

Diirren- 

Ludwigs- 

Cheshire. 

Lym.og. 
ton. 

St.  Malo. 

St.  Uber. 

Cadiz. 

beck. 

furth. 

berg. 

taall. 

stovtd. 

Cat-saU. 

Sca^satt. 

Sea-salt, 

Sea-salt. 

Chloride  oi  Sodium  . 

05M02 

97-094 

96'061 

9945 

98-2.'j0 

98-80 

60-00 

89-04 

„       Calciiiin  , 

0-025 

„  Magnesium 

6  080 

6-3« 

6-2 13 

0-075 

0-50 

0-30 

2-38 

Sul|>ii,ite  of  Sodiii  n  . 

C-05 

1-44 

0-99 

„      Potassium  . 

6-4I4 

6-300 

trace 

trace 

Calcium 

0'732 

0  727 

i-277 

ois 

i-jjo 

0  10 

2-35 

0  9S 

0-33 

„  Jlagncsium 

0  '171 

0  ISO 

0-279 

0  50 

0-45 

Silicato  of  Sodium  . 

0-02 

trace 

Nitrate  nf  Sodium 

trace 

lusol.  matter,  ferric 

0-n]5 

0-28 

0-27 

oxide,  alumina,  &c. 

Water 

2;ioi 

I -201 

2  155 

6-10 

6-30 

lOO'OOO 

ico-oro 

100  000 

loo-oco 

99*900 

99-90 

99-10 

100-25 

100-34 

Proprrties. — Pure  chloride  of  sodium  has  an  agreeable  saline  taste.  It  crystallises 
from  aqueous  solution  by  evaporation  at  ordinary  or  higher  temperatures,  in  colourless 
transparent  cubes,  which  are  anhydrous.  Kock-salt  is  otYen  found  crystallised  in  culies, 
octahedrons,  and  intermediate  forms,  and  occasionally  in  tetrakis-hesahedrons  (ii.  127)  ; 
it  exhibits  perfect  cubic  cleavage.    Specific  gravity  2-1 — 2-57.    Hardness  =  2-5.  It 
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often  occurs  in  large  erj'stalline,  transparent,  and  colourless  masses,  possessing  perfect 
diathermancy,  that  is  to  say,  it  is  equally  pen-ious  to  heat-rays  of  every  degree  of 
refrangibility  (p.  61).  An  aqueous  solution  of  sodic  chloride  exposed  to  a  tempera- 
ture of 'about  —10°  deposits  the  salt  in  hexagonal  plates  containing  NaC1.2H-0 ; 
but  as  the  temperature  rises,  the  water  of  crystallisation  is  expelled,  and  the 
crystals  fall  to  pieces,  being  converted  into  a  heap  of  minute  cubes.  The  anhj'drous 
salt,  when  rapidly  crystallised,  contains  mechanically  enclosed  water,  and  consequently 
decrepitates  in  the  fire.  Some  specimens  of  rook-salt  from  Wieliczka  decrepitate 
when  thrown  into  water,  owing  to  the  escape  of  condensed  gas,  consisting,  according 
to  H.  Eose,  of  CH». 

Cliloride  of  sodium  melts  at  a  red  heat,  and  forms  a  crystalline  mass  on  cooling.  It 
is  somewhat  less  volatile  than  chloride  of  potassium,  but  like  that  salt,  volatilises  at  a 
low  red  heat  in  open,  but  not  in  covered,  vessels  (H.  Rose) ;  at  a  white  heat  it  vola- 
tilises, even  in  closed  vessels.  Heated  with  potassium,  it  yields  chloride  of  potassium, 
and  metallic  sodium  (Davy).  When  heated  to  redness  with  silica,  it  yields  siliftite  of 
sodium  and  hydrocliloric  acid  gas,  the  decomposition  taking  place  rapidly  in  presence 
of  aqueous  vapour.  AVith  oil  of  vitriol  it  gives  sulphate  of  sodium  and  hydrochloric 
acid  gas.  According  to  BerthoUet,  it  also  evolves  a  small  quantity  of  hydrochloric  acid 
gas  by  distillation  with  oxalic  acid,  but  not  with  acetic  acid.  In  solution  it  is  decom- 
posed by  excess  of  lead-oxide,  into  soda  and  subchloride  of  lead,  Pb^CP  (Scheele), 
also  by  uiti-ate  of  ammonia.  (Karsten.) 

Anhydrous  chloride  of  sodium  dissolves  in  about  3  pts.  of  cold  water,  and  is  scarcely 
more  soluble  in  boiling  water.  Fuchs  states  that  100  pts.  of  water  dissolve  37  pts.  of 
it  at  all  temperatures ;  but,  according  to  Gay-Lussao  and  Poggiale,  the  solubility 
increases  shghtly  with  rise  of  temperature,  as  shown  by  the  following  table  : 

Poggiale.  Gay-Lussac. 

100  parts  of  water  at      0°    dissolve  of  NaCl      35-52  parts 
„  14  „  35-87 

^^  .  .  36 

„                 60  „  .     .  37 

„  „  100  „  36-61 

107§  „  .     .  40-38  „ 

„  „  110  „  40-35 

The  specific  gravity  of  the  solution  increases  with  its  strength  as  follows  (Gerlach, 
Jahresb.  1869,  p.  43) : 

Quantityof  NaCl  in)        ^  ,^  2^  25         26  395 

100  pts.  of  solution.  S 

^folufion  at Tfio'^  °^  |  ^'^^^^  ^'^^^^       ^'^^^^    ^'^^^^  ^'^^^^ 

The  number  26-395  represents  the  quantityof  anliydrous  sodium-chloride  in  a  saturated 
solution  at  15°.  For  an  extended  table  by  Gerlach  of  the  specific  gravities  of  salt- 
solutions  of  various  strengths  and  at  various  tempcratm'es  from  0°  to  100°,  see  Chemical 
Technology,  vol.  i.  part  5.  See  also  Schiff  (Jahresb.  1858,  p.  39) ;  and  W.  Schmidt 
(ihid.  1859,  p.  128). 

The  following  determinations  of  the  variations  in  volume  of  salt-solutions  at  different 
temperatures  are  by  Kremers  (Jahi-esb.  1867,  p.  68) : 


Volumes  of  Aqueous  Chloride  of  Sodium  at  different  temperatures  (vol.  at  19-5°  =  1). 


Quantity  of  salt  in 
100  pts.  water. 

4-7 

10-0 

15'4 

20-5 

2G-3 

31-4 

0° 

0-99639 

0 

99475 

0 

99371 

10 

0-99783 

0 

99715 

0 

99674 

0 

99644 

0 

99620 

0 

99604 

19-5 

1-00000 

1 

00000 

1 

00000 

1 

00000 

1 

00000 

1 

00000 

30 

1-00327 

1 

00381 

1 

00410 

1 

00435 

1 

00456 

1 

00464 

40 

1-00710 

1 

00790 

1 

00840 

1 

00878 

1 

00910 

1 

00928 

50 

1-00150 

1 

01246 

1 

01309 

1 

01353 

1 

01391 

1 

01412 

60 

1-01646 

1 

01748 

1 

01817 

1 

01860 

1 

01898 

1 

01919 

70 

1-02201 

1 

02303 

1 

02364 

1 

02400 

1 

02431 

1 

02454 

80 

1-02809 

1 

02889 

1 

02945 

1 

02971 

1 

02993 

1 

03006 

90 

1-03466 

1 

03524 

1 

03560 

1 

03576 

1 

03581 

1 

03591 

100 

1-04179 

1 

04209 

1 

04217 

1 

04214 

1 

04211 

1 

04190 
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Tlic  frfozing  and  boiling-points  of  tho  sohit.iou  rise  with  the  degree  of  concontration 
ill  the  manner  t^hown  in  tlie  following  table  (Karsten): — 

Tor  cent,  of  salt  1  6  10  15  20  25  29 

Freezing-point  .         0-76'=     3-78°      7-44°     10-99°      U-42°  1777° 
Boiling-point    .      100-21°  101-10°  102-38°  103-99°    106-46°  107-27°  108-83 

For  more  extended  tables  see  Cliemnical  Technology,  vol.  i.  part  5. 

Chloride  of  sodium  is  precipitated  from  its  aqueous  solution  bypassing  hydrochloric 
acid  into  the  liquid  till  it  is  satm-ated  ;  this  reaction  is  recommended  by  Margueritto 
for  separating  the  salt  from  brine-liquors.  Chloride  of  sodium  is  insoluble  in  pure 
alcohol,  but  is  taken  up  in  considerable  quantity  by  dilute  spirit. 

Cliloride  of  sodium  unites  with  other  metallic  chlorides,  forming  crystallisable  double 
salts  :  these  are  described  with  the  chlorides  of  the  several  metals. 

SODIUHI,  UETECTIOSJ  iLOTB  ESTIMATION  OP.  1.  Blorvinfc  Re- 
actions.— Sodium-compounds  impart  an  intense  j'ellow  colour  to  the  outer  blowpipe- 
flame,  which  quite  conceals  the  coloration  produced  by  any  other  metal.  Alcoholic 
solutions  of  sodium-salts  burn  with  a  yellow  tlame.  The  spectrum  of  sodium  is  dis- 
tinguished by  a  single  bright-yellow  line,  coinciding  with  the  dark  solar  lino  D. 

2.  Reactions  in  SobUion. — Sodium-salts  are  even  more  generally  soluble  than  potas- 
sium-salts. They  give  no  precipitate  yf\\.\i  jilatinum-cMoridc,  tartaric  acid ,01:  perchloric 
acid,  and  no  crystals  of  alum  with  sidphalc  of  aluminium.  Silicofluoric  acid  gives  a 
gelatinous  precipitate  in  concentrated  solutions. 

Acid  inetantimoncite  of  jiotassium  (i.  326)  gives  a  white  precipitate  of  metantimouate 
of  sodium,  flocculont  at  first  if  the  solution  is  not  very  dilute,  but  soon  becoming- 
crystalline.  It  is  produced  immediately,  in  solutions  containing  not  less  than  1  pt.  of 
sodium-salt  in  300  pts.  of  liquid.  In  more  dilute  solutions  the  precipitation  is  gradual, 
and  the  mctantimonate  of  sodium  is  deposited  in  crystals  on  the  sides  of  the  vessel, 
the  effect  lieing  apparent  after  12  hoiu-s,  even  in  solutions  containing  not  more  than 
iT^jTo  pt-  sndiuni-salt.  The  solution  of  sodium  to  be  tested  shoidd  be  neutral  or 
slightly  alkaUne,  for  free  acid  would  separate  antimonic  acid  from  the  reagent.  It  must 
also  be  free  from  salts  of  lithium,  ammonium,  and  the  earth-metals,  all  of  which,  when 
diluted  to  a  certain  extent,  yield  precipitates  of  similar  eharacter. 

3.  Estimation  and  Separation. — Sodium  is  estimated  as  sulphate  or  chloride,  in  the 
manner  already  described  for  potassium  (iv.  699). 

Sodium  is  separated  from  all  the  metals  of  Groups  i.  and  ii.  (Analysis,  i.  217),  by 
sulpliydric  acid  and  sulphide  of  ammonium  ;  from  tlie  alkaline  earth-metals  by  car- 
bonate of  ammonium  ;  from  magnesium  by  baryta-water  ;  from  potassiujn  by  platinic 
chloride  and  alcohol ;  from  lithium  by  the  solubility  of  lithium-chloride  in  alcohol  and 
ether. 

The  separation  of  sodium  from  potassium  is  best  effected  when  the  metals  are  in  the 
form  of  chlorides.  The  amount  of  potassium  being  determined  from  tiie  weight  of  the 
chloroplatinate,  that  of  sodium  may  frequently  be  estimated  by  diflFerence.  To  estimate 
the  sodium  directly,  the  filtrate  from  the  potassium-salt  must  be  evaporated  to  dryness 
at  a  very  gentle  heat,  and  the  residue  ignited  in  a  platinum  crucible  till  the  sodic 
cliloroplatinatc  and  the  excess  of  platinic  chloride  arc  entirely  decomposed ;  this  decom- 
position is  facilitated  by  adding  a  few  crystals  of  oxalic  acid  during  tlie  ignition.  The 
chloride  of  sodium  thus  formed  is  dissolved  out  by  water,  evaporated  to  dryness,  ignited, 
and  weighed.  Removing  the  plat  n^m  by  sulphydric  acid  does  not  give  good  results 
(H.  Rose).  The  indirect  method  of  analysis  (i.  224)  may  also  be  advantageously 
applied,  in  many  cases,  to  the  estimation  of  potassium  and  sodium  when  they  occur 
together. 

4.  Atomic  Weight  of  Sodium. — Berzelius  found  that  100  pts.  of  sodium-chloride, 
NaCl,  gave  by  precipitation  244-6  pts.  silver-chloride;  the  atomic  weight  of  sodium 
thence  deduced  is  23-17.  Penny  (Phil.  Trans.  1839,  p.  13),  by  determining  the 
quantity  of  sodic  nitrate  produced  by  decomposing  a  given  weight  of  sodic  chloride  with 
nitric  acid,  obtained,  as  a  mean  of  seven  closely-agreeing  experiments,  Na  =  23-(). 
Pelouz  e  (.\iin.  Ch.  Phann.  Ivi.  202 )  found,  as  a  mean  of  three  experiments,  that  100  pts. 
of  silver  required  for  precipitation  54-144  pts.  sodium- chloride  :  whence  Na  =  22-97. 
Pumas  {ihid.  cxiii.  31),  as  a  mean  of  seven  experiments  of  a  similar  kind,  found 
Na  =  23-fll  ;  and  Stas  found  Na  =  23-05.  The  atomic  weight  of  sodium  may  there- 
fore be  taken  as  23. 

SOUIUIW,  PLUOKIBB  OE".  NaF.  Obtained  by  satm-ating  hydrofluoric  acid 
with  carbonate  of  sodium.  It  crystallises  in  white  anhj'drous  cubes  or  octahedrons, 
soluble  in  25  pts.  of  cold,  and  not  much  more  soluble  in  hot  water;  the  solution  attacks 
glass.    The  fluoride  is  insoluble  in  alcohol. 

Sodio-ht/dric  fluoride,  NaF.HF,  crystallises  by  spontaneous  evaporation  from  a  solu- 
tion of  sodic  fluoride  supersaturated  with  hydrofluoric  acid,  in  small  rhombohedi-ons, 
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having  the  angle  of  the  terminal  edges  =  74°  36',  and  often  united  in  twins,  having 
oP  for  the  face  of  junction.    (Marignac,  Jahresb.  1857,  p.  128.) 

A  sulphato-fluoridc  of  sodmm,  NaF.Na^SO', -was  found  by  Marignac  {ibid.  18.59, 
p.  106)  to  separate  from  the  mother-liquor  obtained  in  the  preparation  of  sodium-fluoride 
with  hydrofluoric  acid  containing  a  little  sulphuric  acid,  in  small  hexagonal  plates, 
which  could  be  recrystallised  from  water  without  decomposition. 

Fluoride  of  Sodium  and  Aluminium.  Cryolite,  SNaF.AlF^  (i.  159). — This  mineral  is 
now  used  for  the  preparation  of  soda. 

SOdlUKK,  HY-SIiATS  OS".  NaHO  or  Na^O.H^O.  Caustic  Soda,  Hydratcd 
Oxide  of  Sodium,  Mi'ncral  Alkali,  Natronhydrat. — This  compound  is  formed  when  the 
protoxide  or  the  dioxide  of  sodium  is  brought  in  contact  \vit\i  water,  the  action  being 
attended  with  rise  of  temperature,  and,  in  the  latter  case,  with  evolution  of  oxygen. 
It  is  prepared,  like  caustic  potash,  by  decomposing  sodic  carbonate  with  lime  ;  3  pts.  of 
crystallised  sodic  carbonate  are  dissolved  in  15  pts.  of  boiling  water,  and  a  quantity  of 
cream  of  lime,  prepared  by  slaking  1  pt.  of  lime  witli  3  pts.  of  water,  is  added  by  small 
portions,  the  whole  being  boiled  for  some  time,  and  treated  as  for  potash  (iv.  700). 
The  hydrate  thus  obtained  may  be  purified  by  alcohol.  To  obtain  pure  caustic  soda 
without  the  use  of  alcohol,  Grager  (J.  pr.  Chem.  xcvi.  165)  treats  the  carbonate,  pre- 
viously purified  so  far  as  to  retain  only  a  trace  of  chloride,  with  carbonate  of  silver, 
then  boils  it  with  calcined  marble,  and,  lastly,  filters  the  solution  through  a  funnel,  the 
tliroat  of  which  is  stopped  with  lumps  of  marble  and  pulverised  marble,  previously 
■washed  with  distilled  water. 

In  preparing  caustic  soda  from  the  carbonate  on  the  large  scale,  it  is  of  importance 
to  recover  all  the  soda  which  remains  diffused  through  the  lime-mud.  In  some  manu- 
factories the  mud  is  washed  repeatedly,  and  the  weak  liquors  are  used  either  for 
dissolving  fresh  portions  of  carbonate,  or  for  diluting  the  black  ash-liquor;  in  other 
works  the  lime-mud  is  filtered  in  the  following  manner: — A  shallow  tank  of  stone  or 
flags  is  so  built  that  the  bottom  inclines  towards  one  part,  from  which  a  pipe  leads 
away  the  filtrate  :  rows  of  porous  firebricks  are  set  lengthways,  three  inches  apart  in 
tne  bottom  of  the  tank,  and  upon  these  are  laid  in  cement  porous  quarls,  which  form 
the  filtering-bed.  The  lime-mud  is  run  on  to  this  bed  and  allowed  to  filter  for  some 
time,  after  which  a  few  inches  of  water  are  gently  run  on  to  the  pasty  mass,  so  as  not 
to  disturb  the  piarticles.  When  this  is  properly  managed,  the  water  forces  a  strong  ley 
out  of  the  precipitate,  without  much  diminution  of  its  strength.  The  filtering-bed  may 
also  be  constructed  of  large  stones,  gravel,  and  fine  sand. 

Caustic  soda  is  now  made  in  large  quantity  from  black  ash-liquors.  For  this 
purpose  the  liquors  are  concentrated  in  a  fishing  or  boat-pan  30  feet  long,  8  feet  wide, 
and  2|  feet  deep  at  the  greatest  depth,  up  to  a  specific  gravity  of  1'40,  at  a  temperature 
of  260'-'  or  270°  F.,  whilst  a  little  nitrate  of  sodium  is  added  to  oxidise  the  sidphate  of 
sodium  in  the  black  ash.  The  separating  salts  are  fished  out,  and  the  hquor  is  run 
into  settlers,  where  more  salts  deposit  during  the  cooling.  The  liquor  is  now  run  into 
a  hemispherical  cast-iron  pot  (about  5  feet  diameter  at  the  top,  and  5^  feet  deep,  in- 
cluding a  cast-iron  ring  about  2i  feet  high),  and  more  nitrate  of  sodium  is  added.  It 
is  boiled  in  this  pot  from  12  to  24  hours,  during  which  a  further  deposit  of  salts  takes 
place,  which  are  fished  out.  The  liquor  is  then  transferred  into  another  similar  pot, 
called  the  "  finisher,"  and  boiled  until  it  contains  60  per  cent,  of  soda,  during  which 
more  nitrate  of  sodium  is  added,  while  a  thick  scum  which  forms  on  the  surface  is 
skimmed  oiF.  When  the  concentration  is  complete,  the  fire  is  withdi-awn,  and  the  melted 
mass  allowed  to  settle,  after  which  it  is  run  off  into  iron  casks,  or  on  to  plates,  to 
solidify. 

Arrott  proposes  to  produce  a  caustic  soda  from  sulphide  of  sodium,  with  the  aid  of 
the  oxides  of  ii-on  or  manganese.  Hunt  reco.^lmends  the  boiling  of  the  solution  of  sid- 
pliide  of  sodiimi  with  oxide  of  zinc  or  black  oxide  of  cupper.  Gossage  has  patented  the 
manufacture  of  caustic  soda  from  silicate  of  .sodium  by  decomposition  with  lime, 
and  proposes  to  employ  the  resulting  calcic  silicate  as  manure.  Any  of  tlie  other 
methods  described  for  the  preparation  of  caustic  potash  may  also  be  applied  to  soda. 
F.  0.  Ward  proposes  to  prepare  it  from  albite,  in  the  same  manner  as  potash  from 
orthoelase,  by  calcining  the  mineral  with  lime  and  fluor-spar.  According  to  another 
method,  patented  by  Newton,  felspar  is  heated  with  calcic  phosphate  and  lime,  all  in 
powder,  at  a  low  red  heat,  whereby  calcic  silicate  and  alkaline  phosphate  are  produced; 
and  when  the  mass  is  lixiviated  with  water,  the  lime  decomposes  the  alkaline  phosphate, 
reproducing  calcic  phosphate,  while  the  alkali  remains  in  solution. 

Cryolite  is  now  employed  as  a  source  of  soda  on  the  manufacturing  scale  in  several 
places  on  the  Continent  (Copenhagen,  Harbm'g,  &c);  the  old  process  was  to  treat 
the  finely -ground  cryolite  with  sulpluiric  acid,  but  tliis  plan  is  now  entirely  abandoned. 
The  cryolite  is  ground  to  powder  and  mixed  with  lime,  and  either  calcined  or  boiled 
with  as  much  water  as  will  form  a  milk.   The  boiling  must  be  continued  for  several 
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hours.  When  the  mixture  has  been  ciilciiied,  the  mass  mnst  be  exhausted  with  water. 
The  hydrofluoric  acid,  alumina,  and  lime  form  an  insoluble  compound,  while  the  caustic 
soda  remains  in  solution.    The  following  equation  shon^s  the  change  : — 

AlF^SNaF  +  SCd'WO-    =    SNaHO  +  Ar"H^O''  +  3Ca''F». 

Hydrate  of  sodium  is  a  white,  opaque,  brittle  substance,  having  a  fibrous  textiu-e,  and 
specific  gra\ity  =  2'00  (Dalton).  It  melts  below  redness,  but  is  less  volatile  at 
a  red  heat  than  hydrate  of  potassium.    It  colours  the  blowpipe-flame  intensely  yellow. 

Crystallised  Sodic  Hydrate.~Bodi-a,-\ey  of  specific  gi-avity  1'385,  cooled  to  0°,  yields 
large  glassy  crystals  of  a  hydrate  containing  '2iSfaH0.7H-0,  or  Na-0.8H-0.  It  melts 
at  6°  forming  a  liquid  of  specific  gravity  1'405;  absorbs  carbonic  acid  rapidly  from 
the  air,  water  more  slowly  ;  gives  off  half  its  water  in  a  vacuum  over  oil  of  vitriol.  It 
crystallises  also  very  pure  from  a  solution  of  caustic  soda  containing  sulphate  or  chlo- 
ride of  sodium  (Hermes,  Pogg.  Ann.  cxix.  17<l).  According  to  G.  Rose  (Jahresb. 
1863,  p.  179),  the  crystals  are  monoclinio,  exhibiting  the  combination  oP  .  ccP.  +P. 
—P.  +  2Pco  .  [  ooPco  ]  ;  tabular  by  predominance  of  oP.  Angle  ooP  :  coP  (clinod.) 
=  98°;  oP:the  elinodiagonal  prismatic  edge  =  104°;  2Poo  :  the  same  =  137'^; 
oP  :  ooP  =  98'-"  (approximately). 

Soda-Icy. — Prepared  as  above  from  the  carbonate,  or  by  dissolving  the  solid  hydrate 
or  anhydrous  sodic  oxide  in  water.  It  is  a  colourless  caustic  liquid.  A  saturated 
solution  at  common  temperatures  has  a  specific  gravity  of  1-500  (Dalton) ;  boils  at 
130°,  and  contains  36-8  per  cent,  of  soda.  1 00  pts.  of  water  dissolve,  at  18^,  60-53  pts. 
of  hydrate,  or  41-43  pts.  of  dry  soda;  at  32°,  72-91  hydrate  or  45-72  dry  soda  ;  at  55°, 
100  hydrate  or  63-53  dry  soda;  at  70°,  116-75  hydrate  or  71*98 di-y  soda;  and  at  80°, 
127-02  hydrate  or  78-3  dry  soda  (Osanu) : — 

Amount  of  Anhydrous  Soda  (Na^O)  in  a  Solution  of  Caustic  Soda,  according  to 

Tiinnerraann. 


Specific 
gravity. 

Per  cent. 

Specific 
gravity. 

Per  cent. 

Specific 
gravity. 

Per  cent. 

Specific 
gravity. 

Per  cent. 

1-4285 

30-220 

1-3198 

22-363 

1-2392 

15-110 

1-1042 

7-253 

1-4193 

29-616 

1-3143 

21 -894 

1-2280 

14-50 

1-0948 

6-648 

1-4101 

29-011 

1-3125 

21-758 

1-2178 

13-901 

1-0855 

6  044 

1-4011 

28-407 

1-3053 

21-154 

1-2058 

13-297 

1-0764 

5-44'l 

1-3923 

27-802 

1-2982 

20-550 

1-1948 

12-692 

1-0675 

4-835 

1-3836 

27-200 

1-2912 

19-945 

1-1841 

12-088 

1-0587 

4-231 

1-3751 

26-594 

1-2843 

19-341 

1-1734 

11-484 

1-0500 

3-626 

1-3668 

25-989 

1-2775 

18-730 

1-1630 

10-879 

1-0414 

3-022 

1-3586 

25-385 

1-2708 

18- 132 

1-1528 

10-275 

1-0330 

2-418 

1-3505 

24-780 

1-2642 

17-528 

114J8 

9-670 

1-0246 

1-813 

1-3426 

24-176 

1-2.^78 

16-923 

1-1330 

9-066 

1-0163 

1-209 

1-3349 

23-572 

1-251.5 

16-379 

1-1233 

8-462 

1-0081 

0-604 

1-3273 

22-967 

1-2453 

15-714 

1-1137 

7-857 

1-0040 

0-302 

(See  also  Eichtcr's  Tables,  Stoehiomctnc,  iii.  332;  Dalton's  Elements,  ii.  315). 

The  reactions  of  caustic  soda  are  the  same  as  those  of  potash,  excepting  that  it 
gives  no  precipitate  with  platinio  chloride,  tartaric  acid,  or  perchloric  acid.  It  is  very 
extensively  used  for  making  soap,  and  indeed  for  all  purposes  for  which  a  caustic 
alkali  is  required,  as  it  is  cheaper  than  potash,  weight  for  weight,  and,  moreover,  as  its 
combining  number  is  less,  a  smaller  quantity  suffices  to  do  a  given  amount  of 
•work. 

SODIUM,  IODZ9S  OP.  Nal. — This  salt  is  contained  in  the  mother-liquors  of 
kelp.  It  may  be  prepared  by  dissolving  iodine  in  a  strong  solution  of  soda,  evaporating, 
and  slightly  calcining  the  residue  to  decompose  the  iodate  formed  at  the  same  time. 
It  cry.stallises  from  aqueous  solution,  at  20°  and  upward.s,  in  anhydrous  cubes ;  at  lower 
temperatiu-es  in  hexagonal  plates  containing  NaI.2H-0.  Tlie  anhydrous  salt  melts 
wlien  heated,  and  volatilises  at  a  higher  temperature,  giving  off  part  of  its  iodine.  It 
is  deliquescent,  easily  soluble  in  water  and  in  alcohol;  100  pts.  water  at  14°  dissolve 
173  pts.  of  it.  Tlie  following  relations  between  the  specific  gravity  and  strength  of 
the  aqueous  solution  have  been  determined  by  Kremers  (Jahre.sb.  1858,  p.  40), 
the  specific  gravities  being  referred  to  water  at  19-5°  as  unity  : — 

^oo'^::^^:  2^-^  50-^    ^^-^  H9-7 

Specific  gravity  of  solution     1-1752      1-3362       1-4962       1-6650  1-8047 

z  2 
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The  following  table  exhibits  the  expansion  of  solutions  of  sodium-iodide  at  different 
temperatures  (Kremers,  Jahresb.  1859,  p.  49) : — 

Volumes  of  Aqueous  Sodium-Iodide  at  different  temperatures  (vol.  at  19'5°  =  1). 


Quantity  of  Salt  in 
100  pts.  of  Water. 

31-8 

C4-5 

99-9 

138-0 

Specific  gravity  at 
19-50 

1-2234 

1-4155 

1-5942 

1-7603 

0° 
19o 
40 
60 
80 
100 

0-  99272 

1-  0(1000 
1-00942 
1-02021 
1-03257 
1-04612 

0-  09030 

1-  00000 
1-01104 
1-02264 
1-03514 
1-04840 

0-  98934 

1-  00000 
101169 
1-02366 
1-03614 
1-04917 

0-  98918 

1-  00000 
1-01179 
1-02382 
1-03621 
1-04887 

A  saturated  aqueous  solution  of  sodium-iodide  boils  at  141°  (Kremers). 

A  compound  of  socZic  iodide  and  iodate,  3NaI.2NaIO'.20H^O,  crjst.iUises  in  hexa- 
gonal tables,  oK  .  coR  with  +R,  -  -i  R,  &o.  Angle,  oR  :  -i-R  =  115°  7';  oR  R 
=  133''  10'.    (Marignac,  Jahresb."  1857,  p.  124.) 

SOSIITKC,  OXXDES  Or.    Sodium  forms  a  protoxide  and  a  dioxide. 

The  protoxide,  Na'-'O,  or  anhydrous  soda,  is  produced,  together  with  the  dioxide, 
when  sodium  bfirns  in  the  air,  and  may  be  obtained  pure  by  exposing  the  dioxide  to  a 
very  high  temperature,  or  by  heating  sodic  hydrate  with  an  equivalent  quantity  of 
sodium  :  NaHO  +  Na  =  Na^O  +  H.  It  is  a  grey  mass,  having  a  conchoidal  fracture, 
melts  at  a  red  heat,  volatilises  -with  difiiculty,  is  a  non-conductor  of  electricity.  Specific 
gravity  =  2  805  (Karsten). 

Dioxide  or  Peroxide  of  Sodium,  Na'O',  is  obtained  by  igniting  sodium  in  oxygen- 
gas  till  its  weight  becomes  constant.  It  is  of  a  pure  white  colour,  but  becomes  yellow 
when  heated,  and  wliite  again  on  cooling.  When  exposed  to  the  air,  it  slowly  deli- 
quesces, and  after  a  while  resolidifies  as  carbonate.  On  mixing  it  with  water,  gre;it 
heat  is  produced,  and  a  small  quantity  of  gas  is  evolved  (arising  from  the  local  heating 
of  the  peroxide).  A  small  heap  of  it,  when  moistened,  becomes  yellow  with  heat,  and 
gives  off  a  considerable  quantity  of  oxygen.  If,  on  the  contrary,  it  be  thrown  into  water 
in  the  state  of  powder  by  small  portions  at  a  time,  it  dissolves  with  very  little  evolu- 
tion of  gas,  and  forms  a  solution  of  dioxide. 

A  solution  of  the  dioxide  evaporated  over  a  water-bath,  gives  off  oxygen  slowly  at 
first,  but  rapidly  as  the  solid  residue  begins  to  separate  ;  but  if  evaporated  slowly  over  oil 
of  vitriol  at  common  temperatures,  it  yields,  without  evolution  of  oxygen,  large  hexa- 
gonal tabular  crystals  of  a  hydrate,  containing  Na'0^.8H-0. 

These  crystals,  when  left  to  effloresce  over  oil  of  vitriol  for  nine  days,  lost  three- 
fourths  of  their  water,  and  yielded  another  hydrate  containing  Na^0-.2H-0. 

Iodine  decomposes  sodic  dioxide,  forming  an  oxj'iodide  and  liberating  o.xygen: 

Na^O^    +     P      =      Na=I-0     +  0. 

The  dioxide  absorbs  carbonic  oxide,  forming  sodic  carbonate : 
Na=^02    +    CO      =  Na^CO^ 

With  carbonic  anhydride,  the  same  compoiind  is  formed,  and  1  at.  oxygen  set  free. 
With  nitric  oxide  it  forms  sodic  nitrite : 

Na-O''    +     2N0      =  2NaN0'. 
With  nitrous  oxide  the  same  salt  is  formed,  and  2  at.  nitrogen  given  off: 
Na'0=    +     2N'0      =      2NaN0-    +  N^. 
(A.  Vernon  Harcourt,  Chera.  Soc.  J.  xv.  267.) 

SOBIirm,  OXYIODIDB  or.  Na=I-0,  or  Nal.NalO  ?— Produced,  as  above 
mentioned,  by  the  action  of  iodine  on  sodic  dioxide.  It  dissolves  in  acidulated  water 
with  sep.aration  of  iodine  : 

Na'PO    -I-    HCl      =      NallO    +    NaCl    +  I^ 

SODXUIUC,  SUIaPHXDES  Or.  Sodium  forms  with  sulphur  a  number  of  com- 
pounds eon-esponding  exactly  with  the  sulphides  of  potassium  (iv.  707),  and  prepared 
in  the  same  manner.  The  protosulphide,  Na'S,  crystallises  in  large  octahedrons,  and 
forms  a  large  number  of  sulphosalts,  most  of  which  are  crystallisable.    Hydrate  and 
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carbonate  of  sodium  react  with  sulphur,  both  in  the  wet  and  in  the  dry  wa}',  in  the 
same  manner  as  Ljdi-ato  and  carbonate  of  potassium. 

SODIUM,  TEIiXiURISS  OF.    Analogous  to  telluride  of  potassium. 

SOXI.S.  The  term  "  soil"  is  applied  to  the  upper  stratum  of  the  earth's  crust, — that 
whii-'h  is  available  for  the  growth  of  plants.  A  soil  consists  of  mineral  substances 
resulting  from  the  decomposition  or  weathering  of  rocks,  mixed  with  organic  matter — 
the  so-called  hionous  substances — produced  by  the  decay  or  putrefaction  of  plants 
which  have  grown  upon  it,  and  in  cultivated  soils,  with  the  various  substances,  organic 
and  inorganic,  added  in  the  form  of  manure.  The  stratum  immediately  below  the 
cultivable  soil,  consisting  of  disintegrated  rock,  not  touched  by  the  spade  or  plough, 
and  reached  only  by  the  deeper-rooting  plants,  is  called  the  "  subsoil." 

The  soil  is  the  source  whence  plants  derive  the  whole  of  their  mineral  food.  All 
plants  require  for  their  nutrition  phosphoric  acid,  sulphuric  acid,  alkalis,  lime,  magnesia, 
and  iron:  many  species  require  silica;  those  which  grow  on  the  seashore  require 
sodium-salts  and  metallic  iodides.  All  the  coinpounds  required  for  the  nutrition  of 
plants  are,  in  a  certain  sense,  of  equal  value :  if  one  of  them  is  wanting  in  tlie  soil,  or 
present  only  in  a  form  which  cannot  be  taken  up  by  the  roots,  the  plant  will  not 
flourish. 

The  organic  constituents  of  the  soil  servo  as  sources  of  carbonic  acid  and  ammonia. 
The  ammonia  is  pi-oduced  by  the  putrefaction  of  nitrogenous  matters — the  carlionic 
acid  by  the  oxidating  action  of  air  penetrating  the  soil  on  the  carbon  of  the  humous 
substances.  The  carbonic  acid  thus  produced  not  only  serves  as  a  source  of  carbon 
to  the  growing  pilant,  but  likewise  assists  in  tlie  disintegration  of  the  mineral  con- 
stituents of  the  soil,  by  dissoh-ing  the  earthy  phosphates  and  decomposing  the 
felspathic  minerals.  Chloride  and  nitrate  of  sodium  and  ammoniacal  salts  likewise 
dissolve  the  phosphates  of  calcium  and  magnesium,  and  thus  contribute  to  difl'use 
them  through  the  soil. 

It  was  formerly  supposed  that  the  constituents  of  a  soil  coiild  not  be  taken  up  by 
the  roots  of  plants,  unless  they  were  in  the  state  of  solution  ;  but  later  researches  have 
shown  that  this  is  not  the  case,  but  that  soils,  especially  those  which  contain  abundance 
of  decayed  vegetable  matter  or  humus,  have  the  power  of  absorbing  the  acids,  alkalis, 
and  salts  which  filter  thi'ough  tliem  in  the  state  of  solution,  and  retaining  these 
substances  in  a  state  of  loose  combination,  in  which  they  are  ready  to  be  taken  up  by 
the  roots  of  plants. 

In  1845  H.  S.  Thomson  (AgT.  Soc.  J.  si.  68)  obser^-ed  that  when  solutions  of 
sulphate  or  carbonate  of  ammonium  are  filtered  through  soils,  the  first  portions  of  the 
filtrate  contain  only  traces  of  ammonia,  but,  in  the  case  of  the  sulphate,  a  considerable 
quantity  of  gypsum.  Huxtable,  about  the  same  time,  found  that  dunghill  water 
filtered  through  a  loamy  soil  loses  its  colour  and  odour. 

These  observations  were  further  extended  by  AVay  (Agr.  Soc.  J.  xi.  313),  who 
showed  that  certain  constituents  of  farmyard  manure,  when  brought  in  contact,  in  the 
state  of  solution,  with  arable  soil,  lose  their  solubility,  and  unite  in  a  peetiliar  manner 
with  the  soil.  Caustic  ammonia,  and  sulphate,  nitrate,  and  chloride  of  ammonium, 
treated  in  aqueous  solution,  with  excess  of  soil,  give  up  their  ammonia  to  it  completely  ; 
while  the  sulphuric,  nitric,  or  hydrochloric  acid  unites  with  other  bases  (generally  lime) 
contained  in  the  soil,  forming  soluble  salts  which  filter  through.  A  similar  absorptive 
power  is  exerted  by  the  particles  of  a  soil  on  potash,  whether  in  the  caustic  state,  or  in 
the  form  of  potassic  sulphate,  nitrate,  or  chloride.  Solutions  of  sodium  and  magnesium- 
salts  likewise  give  up  their  bases  to  the  soil.  Phosphates,  however,  are  not  affected  by 
the  soil  in  the  same  manner  as  sulphates,  nitrates,  and  chlorides,  inasmuch  as  from 
solutions  of  sodic  phosphate,  or  from  a  solution  of  guano-ash  in  dilute  sulphuric  acid, 
the  phosphoric  acid,  as  well  as  the  base,  is  withdrawn  by  the  particles  of  the  soil. 
Way  likewise  found  that  putrid  urine,  the  retting  water  of  flax,  and  sewage-water,  are 
deprived  by  contact  with  soil,  of  their  ammonia,  potash,  and  phosphoric  acid. 

The  absorptive  power  of  asoil  for  potash,  ammonia,  and  phosphoric  acid  can  scarcely 
be  regarded  as  a  definite  chemical  action,  inasmuch  as  it  is  exerted  in  an  equal  degree 
by  soils  of  the  most  various  composition  :  a  soil  abounding  in  clay,  with  a  small  propor- 
tion of  lime,  piossesses  it  in  the  same  degree  as  a  lime-soil  containinc;  a  small  free  por- 
tion of  clay ;  it  is,  however,  considerably  affected  by  the  quantity  of  humus  present  in 
the  soil. 

The  absorptive  power  of  arable  soil  depends  very  much  on  its  degree  of  porosity;  a 
dense  heavy  clay-soil  and  a  loose  sandy  soil  possess  it  in  the  least  degree,  and  it  is 
most  strongly  exhibited  by  those  soils  which  have  a  light  porous  structure,  like  wood  or 
charcoal ;  in  fact,  it  is  similar  to  the  surface-attraction  exerted  by  charcoal  on  colouring- 
matters,  the  attracted  particles  not  entering  into  a  new  chemical  combination,  but 
retaining  their  original  piroperties.  When  a  salt,  such  as  sulphate  of  ammonium 
or  potassium,  gives  up  its  base  to  the  soil,  the  acid  separated  therefrom  enters  into 
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combination  witli  lime  or  magnesia  contained  in  the  soil.  The  attractive  force  of  the 
earthy  particles  for  the  alkali  would  probably  not  be  sufficient  in  itself  to  separate  it 
from  the  sulphuric  or  nitric  acid,  but  the  decomposition  talies  place  when  assisted 
by  the  additional  attraction  of  the  lime  or  magnesia  for  the  sulphuric  or  nitric  acid. 

Absorption  of  nutriment  from  the  soil  is  effected  by  the  extremities  of  the  roots, 
which  must  therefore  be  in  immediate  contact  with  the  nutritive  particles,  and  hence 
the  necessity  of  sufficient  porosity  in  the  soil  to  enable  the  roots  to  spread  and  ramify 
in  all  directions  through  it.  "  The  effect  produced  by  breaking  up  the  ground  with  the 
plough,  spade,  hoe,  harrow,  and  roller,  depends  upon  the  fact  that  the  roots  of  plants 
go  in  search  of  their  food,  that  the  nutritive  substances  have  no  locomotion  of  their 
own,  and  cannot  of  themselves  leave  the  places  in  which  they  are.  The  root,  as  if  it 
had  eyes  to  see,  bends  and  stretches  in  the  direction  of  the  nutriment;  so  that  the 
number,  thickness,  and  direction  of  its  filaments  indicate  the  precise  spots  where  they 
have  obtained  food."  (Liebig,  The  Natural  Laws  of  Husbandry,  London  1853, 
chapter  ii.) 

Analysis  of  Soils.* — The  method  at  present  adopted  for  the  analysis  of  soils  is 
essentially  the  same  as  that  described  by  Sprengel  and  Otto  in  Sprengel's  "  Boden- 
kunde  ;  "  depending  on  the  principle,  that  in  order  to  judge  of  the  fertility  of  a  soil,  it 
is  necessary  to  determine  not  only  what  are  its  elementary  constituents,  but  likewise 
the  manner  in  which  they  are  combined.  With  this  view,  Sprengel  and  Otto  treated 
a  sample  of  the  soil  successively  with  water,  dilute  hydrochloric  acid,  strong  sulphuric 
acid,  and  by  fusion  with  an  alkaline  carbonate.  The  constituents  of  the  soil  soluble 
in  water  were  supposed  to  be  actually  available  as  plant-food ;  those  which  were 
soluble  in  dilute  acids  as  available  for  that  purpose  after  being  subjected  to  the  action 
of  carbonic  acid  and  the  humous  acids  of  the  soil ;  the  rest  as  available  only  after 
the  soil  had  been  subjected  for  a  considerable  time  to  atmospheric  influences,  assisted 
by  the  mechanical  operations  of  tillage.  This  mode  of  proceeding  was  originally 
based  upon  the  supposition  that  the  constituents  of  the  soil  which  are  to  nourish  the 
plant  miist  be  presented  to  it  in  the  state  of  solution,  a  view  which,  as  already  observed, 
can  no  longer  be  regarded  as  correct.  Still,  as  the  several  constituents  must  be 
brought  into  the  state  of  solution  before  they  can  be  distributed  throiigh  the  soil,  and 
be  taken  xl^  by  its  particles  in  the  state  of  physical  aggregation  above  described,  the 
separation  of  the  soil  into  jjortions  soluble  in  water  and  acids,  and  an  insoluble  portion, 
is  still  capable  of  affording  useful  information  as  to  its  nutritive  properties. 

a.  Constituents  soluble  in  Water. — An  average  sample  of  the  soil  ha'S'ingbeen  obtained, 
and  freed  from  stones  and  the  coarsest  particles  by  sifting,  the  original  plan  was  to 
heat  a  considerable  quantity  of  it  (1000  to  2000  grms.)  with  water  nearly  to  the  boiling- 
point,  then  filter;  wash  the  residue  as  completely  as  possible  with  hot  water;  evapoi'ate 
the  entire  liquid  to  about  the  volume  of  the  water  first  employed ;  filter  again  to 
separate  any  deposit  that  may  have  formed  ;  then  determine  the  volume  of  the  filtrate  ; 
and  employ  measured  quantities  of  it  for  estimating  the  several  constituents. 

The  total  amount  of  the  constituents  soluble  in  water  is  obtained  by  evaporating 
a  measured  quantity  of  the  solution^to  dryness,  and  weighing  the  residue  when  it  no 
longer  loses  weight  at  100°.  The  dry  residue  is  then  gently  ignited  for  some  time  in 
contact  with  the  air,  and  weighed  after  drying  over  oil  of  vitriol,  the  loss  of  weight 
thus  determined  being  reckoned  as  organic  matter,  nitric  acid,  and  ammonia, 
supposing  the  presence  of  the  two  latter  substances  to  have  been  previously  ascertained 
by  qualitative  analysis.  The  ignited  residue  is  then  treated  with  hydrochloric  acid, 
and  evaporated  to  dryness ;  the  remaining  substance  is  exhausted  with  dilute  hydro- 
chloric acid,  and  the  undissolved  silica  separated  by  filtration. 

The  filtrate  is  next  treated  with  chlorine-water,  and  ammonia  is  added,  whereby  a 
precipitate  is  formed  containing  alumina,  ferric  oxide,  manganic  oxide,  and 
phosphoric  acid,  together  with  a  portion  of  the  lime  and  magnesia,  in  case  the 
quantity  of  phosphoric  acid  is  considerable.  This  precipitate  is  collected  and  weighed, 
and  its  several  constituents  are  separated  and  estimated  in  the  manner  already 
described  with  reference  to  the  ash  of  organic  bodies  (i.  419).  If  its  quantity  is  too 
small  for  the  estimation  of  all  the  constituents,  the  phosphoric  acid  should  at  least  be 
determined. 

The  filtrate  from  the  last-mentioned  precipitate  is  mixed  with  oxalate  of  ammonium 
to  separate  lime.  If  this  base  is  present,  the  solution  cannot  contain  any  more 
phosphoric  acid ;  it  is  then  to  be  filtered  and  evaporated,  the  residue  ignited  to  expel 
ammoniacal  salts,  then  dissolved  in  water,  and  treated  by  the  usual  methods  for 

*  SprenRel's  Bodenhunde,  1837.  p.  370 — Fre.ienius,  /tnleitwngzur  quantitalivt'n  Anirli/se,  4.  Aull. 

p.  ."ilS  Wiihler,  Ucbunsm  in  iter  Aunhjsc,  1853,  p.  167 — E.  Wolff,  Anlcitung  zur  Viilnrsnchung 

Icmdwirthsch.  wichliger  Slojf,\  1S57,  p,  71.— Kraas,  JJ;'c  Ntiiur  tier  Lnndti'iitlischnft,  18.57.  i.  I'.'S  — 
W.  Mayer,  Ergclmissc  Icitulwii t/isr/i.  u.  ngricidtur-chi-misclic  I't  rsnche,  iSliiiichen,"  Heft  i.  S.  127 — 
Boussi  n  gaul  t,  Comut.  rend,  xlvi.1126.— H.  Xlo  sc,C/:iiiiic  Anntytique,  ii.  'jZi.- Haudb.  d.  C/um.,  2te 
Aufl.ii,  [2]  246. 
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separating  the  magnesia,  potash,  and  soda.  If,  on  the  other  hand,  the  alkaline 
earths  have  been  wholly  precipitated,  together  with  phosphoric  acid,  in  the  liquid 
filtered  from  the  silica,  phosphoric  acid  may  still  be  present  in  the  filtrate  containing 
the  alkalis.  In  that  case  the  phosphoric  acid  may  be  separated  by  methods  already 
described  (iv.  549). 

Separate  quantities  of  the  aqueous  extract  of  the  soil  are  used  for  estimating  sul- 
ph  nric  acid  by  chloride  of  barium,  and  chlorine  by  nitrate  of  silver.  Carbonic 
acid,  if  present,  is  estimated  in  a  portion  of  the  extract  evaporated  to  a  small  bulk, 
by  tlie  method  given  under  Alkaiimetey  (i.  119). 

It  is  evident,  however,  that  an  aqueous  extract  prepared  as  above,  by  boiling  with 
distilled  water,  cannot  aiFord  an  exact  representation  of  that  solution  which  is  actually 
formed  in  the  soil  by  rain-water,  under  the  varying  atmosphei-ie  conditions  to  which 
the  soil  is  exposed  in  the  course  of  a  season.  To  obtain  such  a  solution,  an  instrument 
called  a  "lysimeter"  is  employed,  consisting  of  a  square  box,  usually  made  of  zinc, 
open  at  top,  closed  at  bottom,  and  having  an  internal  area  of  exactly  one  square  foot. 
At  the  depth  of  six  inches  from  the  upper  edge  is  placed  a  perforated  bottom;  the 
space  above  this  is  filled  with  earth,  and  the  box  is  sunk  in  the  ground  to  the  level  of 
the  upper  edge.  All  rain-water  which  falls  on  tliis  square  foot  of  surface  must,  there- 
fore, either  evaporate  or  filter  through  the  six-inch  layer  of  soil  and  collect  in  the  box 
below.  The  instrument  is  taken  up  and  emptied  every  three  months,  or  oftenerif  the 
amount  of  rain  is  greater  than  usual. 

The  following  table  contains  the  results  of  several  analyses  by  ZoUer  of  drainage- 
water  collected  in  the  lysimeter  : — 1.  From  manured  lime-soil  with  vegetation. — 
2.  Rough  clay-soil  with  vegetation. — 3.  Bough  clay-soil  without  vegetation. — - 
4.  Manured  clay-soil  without  vegetation. — 5.  Manured  clay -soil  with  vegetation  : — 


Lysimeter  Waters,  according  to  Zciller. 


A  million  parts  of  water 
contain  : 

1 

2 

3 

4 

5 

Solid  residue  at  100°  . 

472-32 

2.54-64 

292-64 

305-20 

291-50 

Ash  therein 

317-62 

176-74 

194-78 

214-50 

212-16 

Potash  . 

6-50 

2-37 

203 

5-46 

3-82 

Soda  .... 

7-]l 

5-60 

7-43 

23-74 

6-(l2 

Lime.       .  . 

145-86 

67-60 

70-80 

68-41 

92-34 

Magnesia  . 

20-52 

8-80 

1-32 

2-93 

5-12 

Ferric  oxido 

1-32 

6-35 

8-26 

6-76 

4-30 

Chlorine  . 

67-49 

9-52 

20-87 

39-46 

35-27 

Phosphoric  anhydride 

2-23 

Sulphuric  „ 

17-47 

27-13 

27-82 

29-30 

33-49 

Silicic  ,, 

10-46 

11-35 

17-46 

9-60 

9-34 

fi.  Estimation  of  the  constituents  soluble  in  dilute  Hi/drochloric  Acid. — This  is  the 
most  important  part  of  a  soil-analysis,  inasmuch  as  it  shows  the  total  amount  of  those 
constituents  of  the  soil  which  are  readily  available  as  plant-food.  It  was  formerly 
made  on  the  residue  loft  after  exhausting  the  soil  with  boiling  water;  but  as  this  mode 
of  extraction  is  no  longer  regarded  as  of  much  importance,  it  is  now  more  generally 
made  upon  the  soil  in  its  original  state,  after  mechanical  separation  of  the  stones  and 
coarser  particles. 

A  quantity  of  the  soil  (50  to  100  grms.)  is  mixed  with  water  to  a  thin  paste  in  a 
flask,  and  hj-th-ochloric  acid  is  gradually  added,  as  long  as  any  effervescence  is  thereby 
produced  ;  the  whole  is  then  warmed  for  a  time,  with  frequent  agitation,  then  filtered, 
and  the  insoluble  residue  thorotighly  washed.  The  filtered  solution  is  evaporated  to 
'''•vness,  after  .additiou  of  a  little  nitric  acid ;  the  silica  is  separated  by  filtration  and 
weighed;  and  the  filtrate  is  divided  into  several  portions,  which  are  measured  or 
weighed,  and  used  for  the  estimation  (1)  of  sulphuric  acid;  (2),  of  phosphoric 
acid,  alumina,  ferric  oxido,  manganous  oxide,  lime,  and  magnesia;  (3),  of 
the  alkalis.  A  separate  portion  serves  for  the  estimation  of  carbonic  acid,  and 
another  for  that  of  ferrous  oxide,  supposing  tliis  oxide  to  be  present  in  the  soil 
together  with  ferric  oxide.  For  this  latter  ptu-pose,  Fresenius  adopts  Margueritte's 
method  with  potassic  permanganate  (i.  263  ;  iv.  384),  which,  however,  is  not  apphcable 
when  organic  matter  is  present.  In  this  case  it  is  best  to  digest  the  soil  with  hydro- 
chloric acid  in  an  atmosphere  of  carbonic  anhydride,  then  nearly  neutralise  the  freo 
acid  with  sodium-carbonate,  and  add  levigated  barium-carbonate  in  excess,  which  will 
throw  down  the  whole  of  the  ferric  oxide,  leaving  the  fen-ous  oxide  in  solution.  Tha 
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liquid  is  then  filtered  m  ;ui  atmosphere  of  carLonic  anhydride  ;  and  the  iron  in  the  filtrate 
is  brought  to  the  state  of  ferric  oxide  by  chlorine-water  or  nitric  acid,  and  precipitated 
in  that  form  by  ammonia. 

7.  Portion  insoluble  in  dilute  Hydrochloric  Acid. — This  portion  of  the  soil  generally 
consists  of  clay  and  sand,  mixed  with  other  minerals.  By  heating  a  portion  of  it 
(5  to  lOgrms.)  with  several  times  its  weight  of  strong  sidphuric  acid,  till  the  greater 
part  of  that  acid  is  volatilised,  the  clay  is  decomposed,  the  other  constituents  remaining 
for  the  most  part  unaltered.  The  whole  is  left  to  cool,  the  nearly  dry  residue  is 
treated  with  dilute  hydrochloric  acid,  and  the  bases  are  detei'mined  in  the  filtered 
solution  in  the  way  already  indicated  (;3).  From  the  undissolved  residue,  the 
pulverulent  silica  separated  from  the  clay  may  be  dissolved  out,  though  with  consider- 
able difficulty,  by  repeated  boiling  with  strong  solutions  of  sodic  carbonate.  There 
then  remains  a  mixture  of  sand  and  other  minerals  not  decomposible  by  oil  of  vitriol, 
the  nature  of  which  may  generadly  be  determined  with  sufficient  accuracy  by  the 
microscope. 

S.  Estimation  of  Organic  Mcttter. — The  total  quantity  of  organic  matter  in  a  soil, 
consistingof  remains  of  plants  and  products  of  decay  (the  so-called  humous  substances), 
may  be  roughly  estimated  from  the  loss  of  weight  which  the  dried  soil  undergoes  when 
exposed  to  a  low  red  heat  not  strong  enough  to  decompose  the  earthy  carbonates. 
Many  soils,  however,  especially  those  containing  clay,  give  up  a  certain  portion  of 
water  only  at  a  red  heat ;  moreover,  ammonia  and  nitric  acid  may  be  included  in  the  loss 
of  weight  obtained  on  ignition.  Hence  it  is  better  to  determine  the  amount  of  carbon 
in  the  soil  by  combustion  wdtli  oxide  of  copper,  deducting  from  the  amount  of  carbonic 
anhydride  thus  obtained  that  which  exists  in  the  soil  in  the  form  of  carbonates,  ormaking 
the  combustion  on  a  portion  previously  freed  from  carbonates  by  treatment  with  dilute 
acid.  Another  method  is  to  digest  5  grms.  of  the  soil  with  10  c.  c.  water  and  15  c.  e. 
oil  of  vitriol,  allow  the  disengaged  carbonic  anhydride  to  escape,  then  add  5  grms.  of 
acid  potassic  chromate,  heat  the  liquid,  and  collect  the  carbonic  anhydride  thereby 
evolved.  (Wolff.) 

€.  Estimation  of  Nitrogen. — The  entire  quantity  of  nitrogen  existing  in  a  soil,  in  the 
form  of  ammonia,  of  nitric  acid,  and  of  organic  compounds,  may  be  estimated  by  com- 
bustion with  oxide  of  copper,  as  in  Dumas' s  method  (i.  24'i).  Todetermine  thenitric 
acid,  Wolff  exhausts  500  grms.  of  the  soil  with  cold  water;  evaporates  the  filtrate  to 
30  c.  c. ;  mixes  it  with  a  little  potash-ley,  and  boils  till  ammonia  is  no  longer  evolved ; 
then  reduces  the  nitric  acid  in  the  residual  solution  with  zinc-;  and'  estimates  it  in  the 
form  of  ammonia  (iv.  88,  89).  • 

No  exact  method  has  yet  been  discovered  of  determining  the  quantity  of  ammon  i  a 
existing  in  a  soil.  W.  Mayer  found  that  even  when  ammonia  was  added  to  a  soil,  it 
could  not  be  recovered  with  certainty  by  boiling  with  soda-ley. 

The  following  tables  exhibit  the  proportions  of  carbon  and  nitrogen  found  in  several 
soils  : — 


Sandy  soils  of  Saxony 
(Hitthausen). 

Scotcli  wheat-soils  (Anderson). 

Upper  soil. 

Subsoil. 

1 

2 
3 
4 
6 

Carbon 
per  cent. 

Nitrogen 
per  cent. 

Mid-Lothian  . 
East  Lothian  . 
Perthshire  .  . 
Morayshire 

Carbon 
per  cent. 

Nitrogen 
per  cent. 

Carbon 
per  cent. 

Nitrogen 
per  cent. 

1-415 
1-148 

1-  537 

2-  163 
1-390 

0-107 
0-115 
0-126 
0-113 
0-089 

4-510 

1-  981 

2-  550 
0-714 

0-220 
0-130 
0-210 
0-074 

1-306 

1-  563 

2-  030 
0-390 

0-973 
0-159 

0-170 
0-048 

Eussian  Black  Earth  from  the  Government  of  Tambow  (Petzoldt). 
In  100  pts.  of  Earth  dried  at  115°— 120°. 

Loss  by  ignition.  Nitrogen. 

Manured  arable  soil  18-18  0-1 7 

Unmaniired  subsoil   9-48  0-33 

Unmanured  arable  soil   8-28  0-30 

SOXnionriTE.    Syn.  -svith  CoETODUM. 

SOIiAia-ICXN-E.  C"'H™N'0  (?). — A  base  produced  by  the  action  of  hydrochloric 
acid  on  solanine.  A  solution  of  solanine  in  cold  concentrated  hydrochloric  acid 
assumes  at  first  a  reddish  or  violet,  then  a  yellow  colour,  and  afterwards  yields  a  red- 
brown  precipitate  containing  the  hydrochlorates  of  two  new  bases  sparingly  soluble  in 
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alcohol.  From  the  alcoholic  sohition  of  the  precipitate,  ammonia  throws  down  a  yellow 
gelatinous  mass,  which,  after  treatment  with  hot  alcohol  (to  remove  solaniue  and 
solaniJine),  is  resolved,  by  repeated  digestion  with  ether,  into  a  base  soluble  with  yellow 
colour,  and  another  nearly  insoluble  in  ether. 

The  soluble  base  appears  to  be  impure  solanidine.  The  other,  solanicine,  whicii 
dissolves  only  in  2,000  pts.  of  ether,  and  is  very  slightly  soluble  also  in  water  and  in 
alcohol,  may  be  obtained  by  slow  evaporation  of  its  ethereal  solution,  in  slender 
needles  or  crystalline  flocks.  It  melts,  with  decomposition,  above  250° ;  is  coloured 
red  by  concenti-ated  acids  ;  and  forms  amorphous,  yellow,  nearly  neutral  salts,  easily 
soluble  in  water  and  in  alcohol,  but  insoluble  in  ether.  The  deep  yellow  solutions 
have  an  astringent  bitter  taste,  and  are  precipitated  by  concentrated  hydrochloric 
acid.  The.  hi/clrorJi/omte  h^s  the  composition  C^''II"N-0.2HC1 ;  the  chlurop/atiiiate  is 
C'»H'sN-0.2HCl.Pt'>Cl'.    (Zwenger  and  Kind,  Ann.  Ch.  Pharm.  cxxiii.  341.) 

Solanicine  gives  by  analysis  (mean)  83-01  per  cent.  C,  10-83  H,  3-87  N,  and  2-29  0, 
agreeing  nearly  witli  the  formula  C^ni^N-O,  which  requires  83-10  C,  10-80  H,  3-88  N, 
and  2-22  O.  If  it  contained  2  at.  hydrogen  more,  or  if  solanidine  contained  2  at.  hydro- 
gen less,  it  might  be  supposed  to  be  formed  from  solanidine  by  abstraction  of  H^O;  but 
neither  of  these  suppositions  agrees  well  with  the  analytical  results.  The  formula;  of 
solanine  and  all  its  derivatives  require  further  investigation. 

S Oil ilKT IB IWE:.  C-^H"N0  (?). — A  base  produced,  together  vnth  glucose,  by  the 
action  of  acids  on  solanine.  It  was  discovered  about  the  same  time  by  Zwenger  and 
Kind  (Ann.  Ch.  Pharm.  eix.  244),  and  by  0.  Gmelin  (ibid.  ex.  167),  the  latter  of 
whom  regards  it  as  non-nitrogenous  (p.  346).  It  is  best  prepared  by  boiling  solanine 
with  dilute  hydrochloric  acid,  washing  the  precipitated  hydrochlorate  of  solanidine  with 
water,  recrystallising  it  from  alcohol  mixed  with  ether,  precipitating  the  alcoholiu 
solution  by  ammonia,  and  recr3'stal]ising  the  precipitated  base,  first  from  alcohol,  then 
from  ether.    (Zwenger  and  Kind.) 

Solanidine  dissolves  easily  in  alcohol  and  in  ether,  but  is  nearly  insoluble  in  water. 
It  crystallises  from  alcohol  in  long  coloui'less  silky  needles,  from  ether  in  thicker 
cry.stals,  exhibiting,  when  magnified,  the  form  of  four-sided  prisms.  The  solutions  have 
a  bitter  somewhat  astringent  taste  (Zwenger  and  Kind).  The  alcoholic  solution 
gives  a  yellowish-brown  precipitate  with  iodine  (Kromayer).  When  quickly  heated 
it  melts  above  200°,  and  sublimes  almost  without  decomposition  ;  when  slowly  heated, 
it  decomposes  more  easily.  From  the  solutions  of  its  salts  it  is  precipitated  by  ammonia, 
or  the  fixed  alkalis,  in  the  amorphous  state.  It  is  not  decomposed  by  boiling  potash- 
ley,  and  does  not  reduce  chloride  of  gold,  nitrate  of  silver,  or  an  alkaline  cupric  solution. 
With  moderately  strong  sulpiliiu'ic  acid,  it  gradually  forms  a  dark-red  solution,  con- 
taining two  new  bases  precipitable  by  water.  With  more  dilute  sidphuric  acid,  espe- 
cially on  addition  of  alcohol,  it  exhibits  (like  solaniue)  a  transient  bluish-red  colouring, 
by  which  small  quantities  of  it  may  be  recognised. 

Zwenger  and  Kind  found  in  solanidine  (mean  of  three  analyses),  80-92  per  cent, 
carbon,  11-15  hych-ogen,  3-79  nitrogen,  and  4-10  oxygen.  The  formula  C-^H"NO 
requires  80-87  carbon,  11-05  hydrogen,  3"77  nitrogen,  and  4-31  oxygen. 

Salts  of  Solan  i  di  n  e. — Solanidine  has  a  somewhat  stronger  alkaline  reaction  than 
solanine,  and  forms  both  neutral  and  acid  salts,  mostly  crystallisable,  bitter,  sparingly 
soluble  in  water  and  in  acids. — The  hydrochlorate,  C-^H"N0.HC1,  deposited  from  the 
solution  of  the  base  in  alcohol  containing  hydrochloric  acid,  and  reerystallised  by  slow 
evaporation  from  alcohol,  forms  rhombic  prisms  with  end-faces ;  slightly  soluble  in 
water  and  in  hydrochloric  acid,  easily  in  alcohol,  and  volatilising  without  decomposition 
-when  heated. — The  cMoroplntinatc,  2C"H^'N0.2HCl.Pt'"Cl',  separates  in  yellowish 
flocks,  when  a  sohition  of  solanidine  in  alcohol  containing  hydroeUoric  acid,  is  mixed 
with  platinic  chloride  and  poured  into  cold  water. — The  nitrate,  prepared  like  the 
hydrochlorate,  crystallises  in  tufts  of  needles. — The  sntjihate  is  easily  soluble  in  alcohol, 
less  easily  in  water,  and  separates  partly  in  slender  needles,  partly  as  an  amorphous 
powder,  apparently  a  mixture  of  the  neutral  and  acid  sulphates.  (Zwenger  and 
Kind.) 

SOLilKTIIVS.  C"H"NO"'  (?). — An  organic  base  discovered  in  1820  byDesfosses 
(J.  Pharm.  vi.  374),  in  the  berries  of  the  black  nightshade  {So/anum  nu/rum),  and  sub- 
sequently obtained  from  several  other  species  of  solanum ;  c.  g.,  from  the  berries  of 
Solanv.m  verbascifoUuni,  from  the  berries  and  (in  small  quantity)  from  the  tubers  and 
green  pai'ts  of  the  potato  {S.  tid)/ rosum),  but  especially  in  the  flowers,  staJks,  and 
berries  of  the  woody  nightshade  {8.  Bidramara),  and  in  the  shoots  or  germs  which 
potatoes  throw  out  when  kept  in  cellars  during  winter  (0-068  per  cent,  according  to 
.1.  Wolff  and  Blanchet).  Solanine  has  lieen  investigated  by  Desfosses  (loc.  ci/.), 
by  Payen  and  Chevallier  (J.  ehini.  mcd.  i.  517),  0.  Henry  (J.  Pharm.  xviii.  601 ; 
XX.  54),  Otto  (Ann.  Ch.  Pharm.  vii.  150,  xxvi.  232),  and  others,  and  more  recently  by 
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Moitissier  {ibid.  i.  368),  Zwenger  and  Kind  (ibid.  cix.  244;  cxviii.  129),  and 
O.  G-melin  (ibid.  ex.  167).  The  results  of  these  several  investigations  exhibit  many 
points  of  difference,  possibly  because  the  crystallisable  bases  obtained  from  different 
species  of  solanum  are  not  really  identical,  or  because  many  of  the  products  examined 
■were  impure. 

Preparation. — 1.  From  Potaio-shoois. — The  fresh  shoots  are  boiled  in  water  slightly 
acidulated  -with  sulphuric  acid ;  the  rapidly  expressed  liquid  is  precipitated,  while  still 
warm,  by  ammonia  ;  the  dried  precipitate  is  exhausted  with  boiling  alcohol;  and  the 
solanine,  which  separates  almost  completely  on  coohng,  is  several  times  crystallised 
from  alcohol,  till  it  dissolves  in  hydrochloric  acid  without  turbidity.  Fresh  rather 
short  potato-shoots,  not  too  much  developed,  yield  the  largest  quantity  (Reuberg, 
Ann.  Ch.  Pharm.  xxx.  225.  —Zwenger  and  Kind). — As  solanine  is  easily  resolved,  by 
heating  with  acids,  into  solanidine  and  sugar,  care  must  be  taken  not  to  use  the  acid  too 
strong  or  in  too  large  quantity.  Acetic  acid,  which  does  not  decompose  solanine,  would 
pei-haps  be  better  adapted  for  the  preparation  than  sulphuric  or  hydrochloric  acid. 
According  to  Kromayer  (Arch.  Pharm.  [2],  cxvi.  114;  Jahresb.  1863,  p.  450), 
solanine  is  most  easily  obtained  by  precipitating  the  expressed  juice  of  the  potato- 
germs  with  lime,  without  using  acid,  and  exhausting  the  precipitate  with  alcohol. 

2.  From  Potato-tubers. — The  potatoes  rubbed  to  a  pulp  are  digested  in  water  con- 
taining sulphuric  acid ;  the  filtrate  is  boiled  to  separate  albumin ;  the  liquid  again 
filtered,  and  precipitated  with  milk  of  lime;  and  the  precipitate  treated  with  alcohol. 

3.  From  the  berries  of  Solanum  nigrum,  &c. — The  ripe  berries  are  pressed  ;  the 
juice  is  precipitated  by  ammonia,  and  the  grey  pulverulent  precipitate  is  purified  by 
recrystallisation  from  alcohol,  with  aid  of  animal  charcoal.' — Peschier  dissolves  the 
impure  precipitate  in  acetic  acid,  precipitates  the  filtrate  with  ammonia,  and  then  treats 
it  with  boiling  alcohol. — Payen  and  Chevallier  exhausted  the  dried  berries  of  Solanum 
vcrbascifolium  with  alcohol,  treated  the  extract  which  remained  on  evaporation  with 
water,  and  precipitated  the  aqueous  solution  with  magnesia,  whereby  impure  solanine 
was  obtained. 

Properties. — Solanine  (from  potato-shoots)  is  slightly  soluble  in  cold,  easily  in 
hot  alcohol,  and  crystallises  therefrom  in  slender  silky  needles,  which  under  the 
microscope  present  the  appearance  right-angled  four-sided  prisms.  It  is  nearly 
insoluble  in  water  and  in  ether.  From  its  solution  in  acids,  it  is  completely  separated 
by  alkahs  as  a  white  gelatinous  precipitate.  It  has  a  slightly  bitter  and  somewhat 
burning  taste,  and  faint  alkaline  reaction.  It  is  very  poisonous,  two  or  three  grains 
being  sufficient  to  kill  a  rabbit  in  a  few  hours, — first,  however,  producing  paralysis  of  the 
hinder  extremities.  The  same  symptom  has  been  observed  in  oxen  after  eating  potato- 
shoots.  It  melts  at  about  235°  to  a  yellowish  liquid,  solidifying  to  an  amorphous 
mass.  At  a  sti-onger  heat,  it  emits  the  odour  of  burnt  sugar  (Zwenger  and  Kind). 
When  a  very  small  quantity  of  it,  in  the  state  of  fine  powder,  is  heated  on  a  piece  of 
platinum-foil  having  in  the  middle  a  hemispherical  depression  covered  with  a  small 
watch-glass,  it  sublimes  in  a  network  of  slender  needles.  (Helwig,  Anal.  Zeitschr. 
iii.  4S.) 

The  analyses  of  solanine  by  different  chemists  exhibit  great  diversity,  as  the  following 
table  will  show: — 

Fro7n  Solanu7ii  Dulcamara,  From  Potato-shoots. 


Henry.  Moilissier.  Blanchet.  O.  Gmelin.  Zwenger  u.  Kiad. 

Carbon    .       .       75-0  60-9  62-0  62-2  60-01 

Hydrogen       .         9-1  87  89  87  8-40 

Nitrogen        .         3-1  3-6  1-6  1-37 

Oxygen          .        12-8  26  8  27-5  29-1  30-22 

100-0  100-0  100-0  100-0  10000 

Henry's  analysis,  which  differs  widely  from  all  the  rest,  may  be  represented  by  the 
formula  C"''H'"]^-0'^;  Blanchet's  by  C'E^NO^"  or  C'5H"N0'^  Moitissier  deduces 
from  his  own  analysis  the  formula  C^H-^NO'*  or  C-'H"NO".  Zwenger  and  Kind's 
results  may  be  represented  by  the  formula  C"H"NO"',  requiring  60-21  per  cent,  carbon, 
8-28  hydrogen,  1-63  nitrogen,  and  29-88  oxygen.*  0.  Gmelin  found  variable  quantities 
of  nitrogen  in  solanine,  and  is  of  opinion  that  the  pure  substance  is  free  from  nitrogen : 
he  deduces  from  his  analyses  the  formula  C"H'-0'^  But  the  basic  character  of 
solanine  renders  it  most  probable  that  it  contains  nitrogen. 

Becoiiipositions. — 1.  Solanine,  subjected  to  dry  distillation,  yields  solanidine  together 

*  Zwenper  and  Kind  give  for  solnnine  the  formuln  C">//""iVO'-,  for  solanidine  C^offWA'C-,  and  for 
solanlcine  C^^IP^NO,  the  lirst  two  of  wltich  arc  inadmissil)le,  because  the  sum  of  the  hydrogen-  and 
nitrogen-atoms  in  each  ofthem  is  uneven.  Moreover,  tliey  do  not  re|)re«ent  tlie  numl)ers  obtained  by 
analysis  for  solanine  and  solanidine  so  closely  as  the  formulae  C^'H''NO"'  and  C-^H^'NO. 
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with  acid  empyreumatic  products. — 2.  It  is  not  decomposed  by  boiling  potash-ley. — 
3.  It  reduces,  when  lieated,  a  solution  of  argentio  nitrate  or  auric  chloride,  but  not  an 
alkaline  cupric  solution. 

4.  Solanine,  warmed  or  boiled  with  dilute  sulphuric  or  hydrochloric  acid,  easily  splits 
tip  into  solauidine  and  glucose,  the  sulphate  or  hydrochlorate  of  solanidine  separating 
in  tho  crystalline  form,  while  the  sugar  remains  dissolved.  The  decomposition  is 
likewise  produced  by  oxalic,  but  not  by  acetic  acid.  According  to  Zwenger  and  Baud, 
the  reaction  is : 

C^II'iNO'"  +  3H=0  =  C=='H"NO  +  SC^H'^O". 

Solanine.  Solanidine. 

According  to  0.  Gmelin  it  is  : 

Solanine.  Solanidine, 

The  absorption  of  oxygen  here  supposed  is,  however,  contrary  to  the  analogy  of  all 
reactions  of  this  kind.  W.  Delf  f  s  (Chom.  Centr.  1859,  p.  800)  remarks  that  Gmelin's 
analysis  of  solanine  may  represented  by  the  formula  C-"H^-0',  and  his  analysis  of 
solanidine  (81-9  and  82'0  percent.  C,  and  lO'G  to  10-8  H),  by  the  formula  C'H^'O, 
according  to  which  the  reaction  would  be : 

Qjogsao'  =  C"H=»0  +  C'=H'=0'=. 

If  this  formula  were  correct,  solanine  (or  rather  solanin)  would  be  a  glucoside  homo- 
logous with  ajsculin,  C"H"0',  arbutin,  C'-H"^0',  salicin,  C'^H'^O',  senegin,  C'*H-«0^ 
and  perhaps  smilacin,  C'-'H'^O'.  But,  as  already  observed,  it  is  more  probable  that 
solanine  and  solanidine  contain  nitrogen. 

6.  A  cold-prepared  solution  of  solanine  in  more  concentrated  sulphuric  or  hydro- 
chloric acid,  deposits  on  standing  a  bulky  yellowish  precipitate  containing  the  salts 
of  solanicine  and  another  base  (p.  345),  formed  from  solanidine  by  the  action  of  the 
strong  acid.  (Zwenger  and  Kind.) 

6.  With  strong  nitric  acid,  solanine  forms  a  colourless  solution,  which  exhibits  after 
a  while  a  transient  red  colour,  and  ultimately  deposits  a  brown  resin.  (Zwenger 
and  Kind.) 

7.  Solanine  quickly  absorbs  vapour  of  iodine,  forming  iodosolaniae,  which  is  brown, 
permanent  in  the  air,  and  dissolves  with  brown  colour  in  water.  An  aqueous  solution 
of  sidphate  of  solanine  likewise  assumes  a  dark -brown  colour  on  addition  of  aqueous 
iodine.  According  to  Ki'omayer,  an  alcoholic  solution  of  solanine  mixed  with  a  large 
quantity  of  iodine-water,  turns  red-brown  luit  remains  clear,  whereas  a  solution  of 
solanidine  similarly  treated  yields  a  yellow-brown  precipitate. 

8.  According  to  Moiti ssi  er,  solanine  (from  Sotamr/n Dulcamara),  heated  in  a  sealed 
tube  with  cthylic  iodide,  yields  hydriodate  of  ethy Isolanine,  from  which  the  base 
[C''"H'^(C-H*)NO',  according  to  Moitissier's  formula  of  solanine]  is  separated  by 
ammonia  as  a  mass  of  interlaced  microscopic  needles  soluble  in  alcohol.  Its  salts  are 
easily  soluble,  gummy,  and  poisonous.  In  like  manner  amylic  iodide  converts  solanine 
into  amy  Isolanine,  and  ethylsolanine  into  ethyl-amylsolanine.  According 
to  0.  Gmelin,  on  the  other  hand,  solanine  (from  potato-shoots)  does  not  form  any  sub- 
stitution-compound with  ethylic  iodide,  even  when  the  two  are  heated  together  for  a  long 
time,  the  resulting  resinous  mass,  when  dissolved  in  water  and  treated  with  ammonia, 
yielding  nothing  but  solanine.  Moitissier  found,  in  his  ethylsolanine,  62'2  per  cent, 
carbon  and  8-8  hydrogen,  which  agi-ees  exactly  with  Gmelin's  analysis  of  solanine  itself. 

Salts  of  Solanine. —  Solanine  forms  both  acid  and  neutral  salts,  all  of  which  are 
easily  soluble  in  water.  The  neutral  salts  have  a  faint  acid  reaction,  and  bitter, 
strongly  burning  taste;  they  dissolve  easily  in  alcohol,  remaining  as  *plfitinous  masses 
on  evaporation,  and  are  nearly  insoluble  in  ether.  The  dilute  aqueous  solutions  of 
solanine-salts,  excepting  the  acid  sulphate,  gTadually  decompose,  more  quickly  when 
heated,  and  deposit  solanine.  (Baumann,  Arch.  Pharm.  xxxiv.  23. — Zwenger 
and  Kind.) 

ji'^etate  of  solanine  cannot  be  obtained  in  the  solid  state  without  decomposition 
(Zwenger  and  Kind). — The  chromate  crystallises  in  dark-yellow  needles. — Tho 
gallate  is  a  soluble  amorphous  mass. — The  cfallotannate  crystallises  in  needles,  slightly 
soluble  in  cold,  easily  in  hot  water.  (Baumann.) 

The  hydrochlorate,  C"H"N0'°.IIC1,  is  obtained  by  dissolving  the  base  in  alcohol 
and  hydrochloric  acid,  and  repeated  precipitation  with  ether,  as  a  gelatinous  pre- 
cipitate, which  dries  np  to  a  gummy  mass.  The  alcoholic  solution  of  this  salt  mixed 
with  platinie  chloride,  and  then  with  other,  deposits  the  chloroplatinate,  2C"II"N0"'. 
2HC'l.Pt''Cl*,  as  a  yellow  flocciilent  precipitate,  which  may  be  purified  by  repeated 
solution  in  alcohol  and  precipitation  with  ether.  It  is  soluble  in  hot  water,  still  more 
soluble  in  alcohol.    (Z  w  o  n  g  c  r  and  Kind.) 
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The  hydroferrocyanate  is  precipitated  in  white  flocks  on  mixing  a  solution  of  any 
solanine-salt  with  ferrocyanide  of  potassium. — The  mdlitatc  is  soluble  in  water,  the 
neutral  solution  depositing  solanine  when  evaporated. — -The  miicate  crystallises  in 
slender  easily  soluble  needles.    (Baumann,  Ai-ch.  Pharm.  xxxiii.  23.) 

The  oxalate,  2C"H"NO"'.C=H20'.H-0,  is  obtained  by  evaporating  a  solution  of 
solanine  in  aqueous  oxalic  acid,  in  white  crystalline  crusts  mixed  with  amorphous  salt : 
its  aqueous  solution  deposits  solanine  when  boiled.  It  gives  oflf  its  water  at  100°. 
(Zwenger  and  Kind.) 

The  pJiosphate  is  obtained  by  precipitation  as  a  white  crystalline  powder. — The 
succinate  crystallises  in  easily  soluble  slender  needles. 

SOX.AUOX.x:iC  and  SOI.AXI'OSTEA.KIC  iiClDS^  See  Potato-fat  (iv.  723). 

SOSi.&n'UIW.  The  most  important  plant  belonging  to  this  genus  is  the  potato 
{Solanum  tuberosum,  iv.  720). 

Solanum  Dulcamara.  — The  stalks  of  this  plant,  wliich  are  used  in  medicine  under 
the  name  of  bitter-sweet,  or  Stijntcs  Bulcamarce,  contain  picroglycion  or  dulca- 
marin  (iv.  642),  together  with  solanine  and  other  substances. 

Solamim  Lycopersicon.— The  leaves  of  this  plant  are  said  to  contain  an  alkaloid 
soluble  in  water.  The  deep  red  somewhat  acid  fruits,  called  love-apples  or  toma- 
toes, contain  a  free  acid — malic  acid  according  to  former  statements,  citric  acid 
according  to  Bertagnini  (Jahresb.  1860,  p.  562);  probably  also  solanine,  together 
with  volatile  oil,  uncrystallisable  sugar,  &c.  (See  Enz,  Jahresb.  1862,  p.  514.) 

Various  other  species  of  solanum,  especially  the  fruits,  are  said  to  contain  solanine 
together  with  malic  acid  (?):  e.g.,  8.  mammosum,  S.  nigrum,  and  5.  verbascifolium. 

SOXiAR  Olli.  A  name  applied  in  commerce  chiefly  to  the  heavier  portions  of 
petroleum  and  shale-oil,  the  lighter  portions  being  called  photogen,  hydrocarbon,  &c. 
(See  Paeaffin,  iv.  346.) 

SOXiFATAHAS.  Craters  of  extinct  volcanos,  which  give  indications  of  their 
former  activity  by  still  emitting  vapours  and  gases  of  various  kinds,  sometimes 
depositing  sulphur,  sal-ammoniac,  and  other  solid  minerals,  on  the  walls  of  cavities 
in  the  craters. 

SOXiFiLTARITE.  The  name  given  by  Shepard  (Sill.  Am.  J.  xvi.  203)  to  soda- 
alum,  on  account  of  its  occim-ence  in  the  solfatara  near  Kaples. 

SOIiTTTIOTT.  The  liquefaction  of  a  solid  or  gaseous  body  by  contact  with  a  liquid, 
the  solid  or  gas  being  diffused  uniformly  through  the  liquid,  and  not  separating  when 
left  at  rest.  The  liquid,  which  thus  takes  up  or  absorbs  a  solid  or  gas,  is  called  the 
solvent  or  menstru  um ;  and  the  pi-oduct  of  the  action,  as  well  as  the  action  itself, 
is  called  a  solution. 

The  product  formed  by  the  union  of  liquids  one  with  the  other  is  usually  called  a 
mixture,  if  the  two  liquids  are  capable  of  uniting  in  any  proportions  whatever,  as  is 
the  case  with  water  and  alcohol,  or  alcohol  and  ether;  and  a  solution,  when  each  of 
the  liquids  is  capable  of  taking  \ip  only  a  limited  quantity  of  the  other.  When  two 
such  liquids  are  brought  together  in  such  proportion  that  neither  can  dissolve  com- 
pletely in  the  other,  two  layers  are  generally  formed,  each  containing  an  excess  of  one  of 
the  liquids.  Thus,  when  water  and  ether  are  mixed  in  equal  volumes,  two  layers  are 
formed  after  a  while,  the  upper  consisting  of  ether  holding  water  m  solution,  the  lower 
of  a  solution  of  ether  in  water. 

The  solution  of  gases  in  liquids  has  already  been  considered  under  Gases,  Absorp- 
tion OF,  ii.  790  ;  the  present  article  relates  to  tlie  solution  of  solids. 

Eespecting  the  difference  between  solution  and  definite  chemical  combination,  see 
Chemicax  Affinity  (i.  851). 

The  solution  of  a  solid  in  a  liquid  is  usually  attended  with  a  fall  of  temperature, 
arising  from  the  conversion  of  sensible  into  latent  heat,  which  always  accompanies  the 
passage  of  a  body  from  the  solid  to  the  liquid  state  (Heat,  iii.  79).  In  some  cases, 
however,  the  actual  solution  of  a  solid  is  preceded  by  the  formation  of  a  definite 
chemical  compound,  and  is  then  attended  with  rise  of  temperature:  thus,  anhydrous 
bai'yta  or  lime,  and  many  anhydrous  salts,  when  brought  in  contact  with  a  certain 
quantity  of  water,  are  first  converted  into  definite  hydrates,  and  become  very  hot ;  but 
the  subsequent  solution  of  these  hydrates  in  a  larger  quantity  of  water  is  attended  with 
reduction  of  temperature.  The  solution  of  one  liquid  in  another  takes  place  without 
change  of  temperature,  excepting  when  a  definite  compound  is  first  formed,  as  on 
mixing  oil  of  vitriol  with  water,  in  which  case  heat  is  evolved.  (See  Heat,  iii.  79,  109  ; 
also  Gmdin's  Handbook,  ii.  69. — Favre  and  Silbermann,  Compt.  rend.  xxiv.  1081  ; 
Jahresb.  1847-48,  p.  53.— Favre,  Compt.  rend.  1.  1150;  Iii.  316;  Jalu-esb.  1860, 
p.  33. — Pohl,  J.  pr.  Chem.  Ixxxii.  254;  jahresb.  1860,  p.  36. — Ilausraann,  Jahresb. 
1864,  p.  97). — On  the  depression  of  tpmperature  consequent  on  the  dilution  of  saline 
Bolutions,  see  J.  Kegnauld  (Instit.  1864,  p.  158;  Jahi'esb.  1864,  p.  99). 
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The  manner  in  which  the  solubility  of  a  solid  in  a  liquid  is  related  to  the  chemical 
composition  of  the  two,  has  not  yet  been  reduced  to  any  definite  laws.  As  a  general  rule, 
it  may  perhaps  be  stated  that  solids  dissolve  with  the  greatest  facility  in  those  liquids 
which  they  most  resemble  in  composition.  Thus,  metallic  salts  are  for  tlie  most  piirt 
more  soluble  in  water  than  in  alcohol  or  ether;  wlicreas  fats,  resins,  and  many  other 
organic  bodies,  dissolve  moi'e  easily  in  alcohol,  ether,  benzene,  oils,  &c.  than  in  water. 
But  solids  of  strictly  analogous  constitution  dissolve  in  the  same  liquid  with  very 
different  degrees  of  facility.  Thus,  sulphm-ic  acid  forms  a  great  number  of  salts  which 
are  soluble  in  water,  and,  on  the  other  liand,  baryta,  lime,  and  magnesia  form  soluble 
salts  with  many  acids  ;  but  barytio  sulphate  is  one  of  the  least  soluble  salts  known, 
and  calcic  sulphate  is  but  slightly  soluble  in  water,  whereiis  magnesio  sulphate  is 
very  soluble. 

The  facility  with  which  a  solid  dissolves  in  a  liquid  is  not  always  proportional  to 
the  amount  which  the  liquid  is  ultimately  capable  of  dissolving,  for  it  depends  in  a 
great  measure  on  the  physical  condition  of  the  solid,  and  on  the  manner  in  wliich  it  is 
brought  in  contact  with  tlie  liquid.  Pulverisation,  by  increasing  (he  number  of  pioints 
of  contact,  of  course  facilitates  solution.  If  the  solid  is  placed  at  the  bottom  of  the 
liquid,  it  dissolves  with  comparative  slowness,  because  the  solution  formed  immediately 
around  the  solid,  being  heavier  than  the  supernatant  liquid,  remains  at  the  bottom,  and 
protects  the  solid  from  the  further  action  of  the  liquid  :  the  solution  will  therefore  be 
facilitated  by  stirring  the  liquid,  or  by  heating  it  at  the  bottom,  so  as  to  produce 
upward  and  downward  currents.  In  many  cases  it  is  best  to  suspend  tlie  solid  in  the 
upper  part  of  the  liquid  in  a  basket,  or  perfoi'ated  box,  so  that  the  solution  as  it  forms 
may  fall  to  the  bottom,  and  enable  fresh  liquid  to  come  in  contact  with  the  solid.  This 
plan  is  adopted  in  many  manufaeturiug  operations,  as  in  lixiviating  ball-soda,  crude 
nitre,  borax,  &c. 

Manj'  substances,  when  immersed  in  a  solvent,  absorb  a  certain  quantity  of  it,  and 
are  converted  into  tenacious  lumps  very  difficult  to  dissolve;  this  is  especially  the  case 
with  resinous  bodies.  In  such  cases,  it  is  often  advantageous  to  mix  the  body  with  an 
insoluble  substance,  such  as  sand  or  pounded  glass,  to  prevent  the  caking  together,  and 
enable  the  solvent  to  penetrate  more  easily  to  all  parts  of  the  solid. 

The  solubility  of  a  solid  in  a  liquid  increases,  for  the  most  part,  with  rise  of 
temperature;  and  for  each  particular  temperature  there  is  a  certain  limit,  called  the 
point  of  saturation,  beyond  which  the  liquid  is  incapable  of  taking  up  anymore 
of  the  solid.  The  rate  of  increase  is  very  different  for  different  substances,  and  does  not 
appear  to  be  reducible  to  any  regular  law.  Even  the  general  law  of  increased 
solubility  with  rise  of  temperatm-e  admits  of  many  exceptions  :  thus,  lime-water  satu- 
rated at  0°  contains  nearly  twice  as  much  lime  as  can  be  dissolved  by  tlie  same  quantity 
of  water  at  100°.  Calcic  sulphate  also  is  more  soluble  in  cold  than  in  boiling  water,  and 
quite  insoluble  in  water  at  120°;  sodic  sulphate  is  more  soluble  in  water  at  3.3"  than 
at  other  temperatures,  either  above  or  below,  and  has  about  the  same  degree  of  solubility 
at  0°  as  at  100°.  Many  other  salts  also  exhibit  a  point  of  maximum  solubility  at 
some  particular  temperature,  generally  above  the  boiling-point  of  water.  (Heat,  iii. 
79.) 

A  saturated  solution  of  a  salt  at  any  particular  temperature  may  be  obtained,  either 
by  heating  an  excess  of  the  salt  with  water  to  a  higher  degree,  and  leaving  the 
solution  to  cool  to  the  required  temperature,  or  by  immersing  an  excess  of  the  salt  in 
cold  water  and  slowly  heating  the  liquid  to  the  same  point. 

In  the  case  of  salts  which,  like  saltpetre,  do  not  contain  water  of  crystallisHtion,  and 
of  many  hydrated  salts,  the  saturated  solution  contains  the  same  quantity  of  salt,  by 
whichever  method  it  is  prepared.  But  when  certain  hydrated  salts — especially  those 
which,  like  sodic  sulphate  and  neutral  sodic  carbonate,  are  capable  of  crystallising  with 
more  than  one  proportion  of  water — are  dissolved  to  saturation  in  hot  water,  and  the 
solutions  are  left  to  cool  slowly  and  quietly  in  a  closed  vessel,  they  often  retain,  after 
cooling  to  a  certain  temperature,  a  much  larger  quantity  of  the  salt  than  the  same 
quantity  of  water  would  be  capable  of  taking  up  if  originally  placed  in  contact  with  the 
salt  at  that  temperature.  Such  solutions  are  said  to  be  supersaturated.  Tliey 
retain  their  excess  of  salt  so  long  as  they  are  left  at  perfect  rest,  and  not  cooled  too 
low;  but  if  stirred  or  agitated,  or  brought  in  contact  with  air  containing  particles  of 
dust,  or  with  a  crystal  of  the  same  salt,  or  cooled  down  to  a  certain  temperature,  they 
suddenly  deposit  the  excess  of  salt  in  cr3'stals,  exhibiting  at  the  same  time  a  considerable 
rise  of  temperature.  This  sudden  crj'stallisation,  if  not  produced  by  cold,  appears  to 
depend  essentially  on  contact  of  the  solution  with  small  solid,  perhaps  crystalline 
particles;  for  it  is  not  pi'oduced  by  passing  air  previously  purified  by  oil  of  vitriol 
through  the  solution,  or  by  agitation  with  a  glass  rod  previously  purified  from  dust 
by  ignition  (Lowel,  Ann.  Ch.  Pliiirm.  Ixxvi.  227;  Jahresb.  1850,  p.  294;  1851, 
p.  331 ;  1852,  p.  358.— Lieben,  ibid.  1854,  ^.  322).  According  to  Violette  (Compt. 
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rend.  Ix.  831,  973;  Jaliresb.  1 8(55,  p.  74)  and  De  Gernez  (Compt.  rend.  Ix.  833; 
Ixi.  847  ;  Jahresb.  1865,  pp.  74,  78),  the  sudden  crystallisation  is  in  all  cases  induced 
only  by  contact  -with  a  crystal  of  the  same  salt,  possessing  the  same  form  and  degree 
of  hydration  as  the  crystals  which  separate  out;  and  in  the  case  of  those  supersaturated 
solutions  which  crystallise  suddenly  on  exposure  to  the  air,  it  is  due  to  the  presence  of 
minute  particles  of  that  salt  floating  in  the  air.  From  an  experiment  of  De  Gernez,  it 
appears  that  microscopic  crystals  of  sodic  sulphate  may  be  obtained  by  passing  air, 
even  in  the  open  country,  through  pure  water,  and  evaporating  the  water  on  a  glass 
plate.  Jeannel  (Compt.  rend.  Lsi.  412;  Ixii.  37;  Jahresb.  1865,  pp.  77,  79),  how- 
ever, denies  the  necessity  of  contact  with  the  salt  actually  contained  in  the  solution. 
He  finds,  indeed,  that  a  supersaturated  solution  of  sodic  acetate  may  be  made  to  crys- 
tallise by  contact  with  any  solid  substance  (a  piece  of  paper,  for  example),  and  a  solu- 
tion of  sodic  tartrate  by  contact  ■nith  a  clean  dry  glass  rod.  He  attributes  tlie 
phenomenon  of  supersaturated  solutions  chiefly  to  the  fact,  that  the  salts  in  question 
are  capable  of  forming  in  hot  water  pecidiar  hydrates,  which  under  certain  circum- 
stances remain  permanent  after  the  solution  has  cooled  to  a  certain  point,  but  are,  for 
the  most  part,  broken  up  by  contact  with  a  solid  body,  and  especially  with  a  particle 
of  the  dissolved  salt.  (Eespecting  supersaturated  solutions  of  sodic  carbonate  and 
sulphate,  see  Cakbonates,  i.  795,  and  Scxphates.) 

When  two  or  more  salts  are  dissolved  in  water,  and  no  new  salt  separates  out  by 
double  decomposition,  the  quantity  of  each  held  in  solution  by  a  given  quantity  of 
water  is  generally,  but  not  always,  less  than  if  either  salt  were  dissolved  separately. 
In  this  case  the  quantities  contained  in  a  saturated  solution  are  the  same,  whether  the 
two  salts  are  dissolved  simultaneously  in  the  water,  or  the  water  is  first  saturated 
with  the  one  salt,  and  then  brought  in  contact  with  an  excess  of  the  other,  a  portion 
of  the  first  salt  then  crystallising  out.  A  saturated  solution  of  common  salt  shaken  up 
with  sal-ammoniac  ta,kes  up  a  large  quantity  of  the  latter,  and  deposits  some  of  the 
sodic  chloride  in  cubes  ;  a  saturated  solution  of  sal-ammoniac  also  takes  up  common 
salt,  and  deposits  sal-ammoniac  in  dendritic  forms.  When  a  solution  of  common  salt 
saturated  at  ordinary  temperatures  is  mixed  with  a  saturated  solution  of  sal-ammoniac, 
a  mixture  is  formed,  without  change  of  temperature,  which  is  capable  of  taking  up  a 
certain  quantity  both  of  common  salt  and  of  sal-ammoniac.  On  warming  the  satu- 
rated mixture  with  common  salt,  a  small  quantity  is  also  taken  up,  and  separates  out 
again  on  cooling.  If,  on  the  other  hand,  sal-ammoniac  be  added  diu'ing  the  warming 
of  the  mixture,  it  at  first  dissolves,  forming  a  clear  solution  ;  if  a  larger  quantity 
be  added,  this  also  dissolves,  but  separates  a  considerable  quantity  of  common  salt ; 
and  as  the  liquid  cools,  the  common  salt  redissolves,  and  the  sal-ammoniac  which  had 
been  taken  up  by  the  hot  liquid  crystallises  out.  Similar  relations  are  exhibited  by 
mixtures  of  sal-ammoniac  and  chloride  of  potassium,  of  the  latter  with  chloride  of 
sodium  or  barium,  and  apparently  also  by  nitrate  of  ammonium  and  nitrate  of  sodium. 

Many  salts  dissolve  in  water  to  the  same  amount,  whether  the  water  is  shaken  up 
with  an  excess  of  either  of  them  alone,  or  simultaneously  with  a  second  salt;  but  the 
quantity  of  this  second  salt  dissolved,  is  smaller  than  if  the  first  were  not  present. 
Thus  a  saturated  solution  of  potassic  chloride,  or  nitrate,  dissolves  only  a  small  quantity 
of  potassic  sulphate ;  and  if  a  saturated  solution  of  the  latter  be  shaken  up  with  either 
of  the  preceding  salts,  a  large  quantity  of  potassic  sxdphate  separates  out. 

Lastly,  a  given  quantity  of  water  can  in  some  cases  dissolve  a  larger  quantity  of  a 
salt  (A),  if  previously  saturated  with  another  salt  (B),  and  at  the  same  time  take  up  an 
additional  quantity  of  the  second.  In  this  case  the  quantities  taken  up  are  different 
according  as : 

a.  A.  quantity  of  water  satm-atcd  with  a  salt  A  are  shaken  up  with  an  excess  of  B. 
0.  Water  previously  saturated  with  B  is  saturated  with  A. 
y.  The  water  is  shaken  up  with  an  excess  of  the  two  salts  simultaneously. 
For  example,  with  sal-ammoniac  (A)  and  saltpetre  (B),  dissolved  in  water  at  1S,^°, 
the  following  quantities  are  taken  up  in  the  three  cases  by  100  pts.  of  water; 

a.  p.  y. 

Sal-ammoniac       .       .       37-98  44-33  39-84 

Saltpetre      .       .       .       37-68  30-56  38-62 

In  solutions  containing  three  salts,  still  more  complicated  relations  are  observed, 
and  in  all  cases,  the  eifects  produced  are  such  as  indicate  the  formation  of  double 
salts,  and  the  division  of  the  acids  among  the  several  bases.  (CHEimcAi.  Affinity,  i.  SG3 ; 
Hondw.  d.  Chew.  ii.  2'°  Aufl.  ii.  [1],  554. —  Gmditis  Handbook,  ii.  71.) 

On  the  questions  wln'ther  certain  salts  dissolve  in  water  in  the  anhj-drous  or  hy- 
drated  state,  see  Schiff,  Ann.  Ch.Pharm.  cvii.  293  ;  Jaliresb..  1858,  p.  37.— Wiillner, 
Pogg.  Ann.  ciii.  529;  ex.  664;  Jahresb.  1858,  p.  45;  1860,  p.  47.— Rudorff,  Jaliresb. 
1862,  p.  22. 
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On  the  supposed  influence  of  gravity  on  tlie  homogeneity  of  solution*  :  Giiielin's 
Handbook,  i.  111.— Debus,  Jahresb.  1853,  p.  310. — Gale,  Jahresb.  1855,  p.  269. — 
Lieben,  Ann.  Ch.  Pharm.  ci.  77  ;  Jahresb.  1857,  p.  67. 

On  the  solubilities  of  different  salts,  and  the  relations  between  the  strength  and 
specific  gravity  of  saline  solutions,  see  Michel  and  Krafft,  Ann.  Ch.  Phys.  [3], 
xli.  471 ;  Jahresb.  1854,  p.  296. — Kremers,  Pogg.  Ann.  Ixxxv.  37,  246  ;  Ixxxvi.  375  ; 
xcii.  497;  xcv.  110;  xcvi.  39;  xcvii.  1  ;  xcix.  25,  58,435;  ciii.  57;  civ.  133;  Jahresb. 
1852,  pp.  14,  305;  1854,  p.  294;  1855,  p.  294;  1856,  p.  274;  1857,  p.  67;  1858, 
p.  39.— Gerlaeh,  Jahresb.  1859,  p.  42.— Alluard,  Ann.  Ch.  Pharm.  cxxxiii.  292 ; 
Jahresb.  1864,  p.  93.— G.  J.Mulder,  Jahresb.  1863,  p.  92.— Girard i n,  Jahrt-bb. 
1865,  p.  67. 

On  the  solubility  of  certain  salts  in  aqueous  alcohol:  A.  Girardin,  Ann.  Ch. 
Phys.  [4],  V.  129;  Jahresb.  1865,  p.  64. 

On  the  solubility  of  a  substance  in  a  mixture  of  its  different  solvents  :  Girardin, 
Compt.  rend.  xlv.  142;  Jahresb.  1862,  p.  67. 

On  the  expansion  of  saline  solutions:  Kremers,  Poeg.  c.  394;  cv.  360;  cviii. 
115;  cxi.  60;  cxiv.  41  ;  Jahresb.  1857,  p.  68;  1858,  p.  41,^  1859.  p  48;  1860,  p.  46; 
1861,  p.  60.— Gerlaeh,  Jahresb.  1859,  p.  46.— Sorby,  Phil.  Mag.  [4],  xviii.  81; 
Jahresb.  1859,  p.  50. 

On  the  boiling-points  of  saturated  solutions:  Kremers,  Jahresb.  1856,  p.  275. 

On  the  temperature  and  tension  of  the  vapours  given  off  from  saline  solutions  : 
Babo,  Jahresb.  1847-48,  p.  93;  1857,  p.  92.— Wiillner,  Pogg.  Ann.  ciii.  629;  ex. 
387,  664  ;  Jahresb.  1858,  p.  42;  1860,  p.  47.— E.  Gerland,  Pogg.  Ann.  cxxiv.  179; 
Jahresb.  1865,  p.  71. 

On  the  influence  of  pressure  on  solubility:  Sorby,  Proc.  Koy.  Soo.  xii.  638;  Phil. 
Mag.  [4],  xxvii.  145;  Jahresb.  1863,  p.  96. 

On  the  index  of  refraction  of  saline  solutions:  Beer  and  Krem  ers,  Poga;.  Ann. 
ci.  133  ;  Jahresb.  1857,  p.  691.— Grailich  and  Handl,  Wien.  Akad.  Ber.  xxv.  516  ; 
Jahresb.  ibid.  —  Kremers,  Pogg.  Ann.  cvi.  586.  —  Pichot,  Compt.  rend,  xlviii. 
1118;  Forthomme,  Ann.  Ch.  Phys.  [3],Lx.  307. 

On  the  molecular  rotatory  power  of  certain  saline  solutions  :  Arndtsen,  Ann.  Ch. 
Phys.  [3],  liv.  403;  Jahresb.  1858,  p.  49. 

On  the  influence  of  temperature  on  the  colour  of  saline  solutions  :  Gladstone,  Phil. 
Mag.  [4]  xiv.  423;  Jahresb.  1867,  p.  71.— Babo,  Jahresb.  1857,  p.  72.— Schiff, 
Ann.  Ch.  Pharm.  ex.  203  ;  Jahresb.  1859,  p.  52. 

On  the  coloration  of  saline  solutions  at  various  degrees  of  dilution:  Gladstone, 
Phil.  Mag.  [4]  xvi.  66  ;  .Jahresb.  1858,  p.  47. 

On  the  influence  of  coloured  saline  solutions  on  the  spectrum  {ibid.). 

On  the  freezing  of  saline  solutions  :  Dufour,  Jaliresb.  1860,  p.  44. — Fritzsche, 
N.  Petersb.  Acad.  Bull.  vi.  386,  495;  Jahresb.  1863,  p.  97.— Eiidorff,  Poeg.  Ann. 
cxvi.  55,  exxii.  337  ;  Jahresb.  1862,  p.  20  ;  1864,  p.  94. 

On  the  diffusion  of  saline  solutions,  see  Liquids,  Diffusion  of,  iii.  705. 

SOaiE:RVZ3Bl.XTS.    A  variety  of  mellilite  from  Vesuvius  (iii.  870). 

SOMEJJEEtETE.  An  earthy  mineral,  consisting  mainly  of  calcic  and  aluminic 
phospliates,  occurring  on  some  of  the  small  islands  of  the  Antilles,  chiefly  on  Sombrero. 
It  contains,  according  to  Phipson  (Chem.  Soc.  J.  xv.  277;  Chem.  News,  ix.  28), 
65  per  cent,  tricalcic  phosphate,  17  aluminic  phospliate,  and  9  water,  besides  calcic 
sulphate,  carbonate,  &e. — a  composition  which  may  be  approximately  represented  by 
the  formula  8(3Ca"O.P20^).(2Al-Ol3P-0*). 2011=0.  According  to  Julien,  however, 
(Chem.  News,  ix.  16),  it  is  not  of  constant  composition. 

SOmnSXTE.  Syn.  with  Nephelin,  from  Somma  (iv.  30). 

SOIfCHTTS.  Svw-tliistlc. — A  genus  of  cichoraccous  plants.  Sonchvs  arvcvsis 
gathered  during  flowering-time,  yields  SOO  per  cent,  water,  and  1-19  asli  ;  the  plant 
also  contains  a  bitter  principle,  wax,  resin,  a  small  quiintity  of  free  acid,  &c. 
8.  olcraceus  yields,  at  flowering-time,  90'0  per  cent,  water,  and  1-48  ash.  The  ashes  of 
the  two  species  were  found  by  C.  Spreugel  (J.  teehn.  Chem.  ix.  17  ;  x.  36)  to  contain, 
besides  alumina  and  ferric  oxide : 

K-O.      Na^O.      CaO.    MgO.      S\0-.     .SO^.       p:;o\  CI. 

S.  arvc7isis     .      21-9      137      27'0      4  6      3  0      15-1       8-6  6-0  =  99-9 

S.  oleraccvs    .      29-3      18  6      18-8      1-G      2-8       6-1      15'3  7-4  =  99-9 

SONOHA  cum.    A  kind  of  lac  produced  by  the  puuctuvo  of  a  coccus  in 

Mimosa  ccrifi  ra,  a  tree  growing  in  Mexico.    It  appears  to  have  been  long  used  in 

Mexico  as  an  irritant. 

SOOBANjrss.    The  root  of  Morinda  ciirifoUa  (iii.  1048). 
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SORBAMIDE— SORBITE. 


SO^SAmzus.  C^H'NO  =  ^°^/*^j.N.— An  amide  produced  by  tLe  action  of 
dry  ammonium-carbonate  on  crude  sorbie  chloride,  or  of  aqueous  ammonia  on  sorbie 
ether  at  120°.  It  forms  white  easily  fusible  needles,  soluble  in  water  and  in  alcohol. 
(Hofmann.) 

SO^SAIsrZXilBE  or  Phenyl-sorbamide,  C''H*(C^H=)]S!'0,  is  produced  by  the  action 
of  aniline  on  sorbie  chloride,  as  an  oil  which  solidifies  in  the  crystalline  form.  (Hof- 
mann.) 

SORBIC  ACZS.    C«HW  =  *-'''g'^|o.  (A.  W.Hofmann,  Chem.  Soc.  Qu.  J. 

sii.  43.) — A  monobasic  acid,  produced  by  isomeric  transformation  of  parasorbic  acid, 
a  volatile  oily  acid  obtained  from  mountain-ash  berries.  When  the  liquid  which 
remains  after  partially  saturating  the  juice  of  the  unripe  berries  with  milk  of  lime,  is 
left  to  stand  till  all  the  neutral  calcic  malate  is  deposited  from  it  (iii.  789),  and  then 
distilled  in  a  copper  vessel,  ultimately  with  addition  of  a  little  sulphuric  acid,  an  acid 
distillate  is  obtained,  from  which,  after  saturation  with  sodic  carbonate  and  evapora- 
tion, a  brown  oil  is  separated  by  sulphuric  acid;  and  by  dissolving  this  oil  in  ether, 
leaving  the  ether  to  evaporate,  and  rectifying,  a  transparent  colourless  oil  is  obtained, 
consisting  of  parasorbic  acid,  CffO^,  which  when  gently  heated  with  solid  caustic 
potash,  or  boiled  for  some  time  with  strong  hydrochloric  acid,  is  transformed  into 
crystallisable  sorbie  acid,  having  the  same  composition. 

Sorbio  acid  is  easily  piirified  by  reerystallisation  from  hot  water;  it  dissolves  easily 
also  in  alcohol  and  ether,  and  crystallises  from  a  boiling  mixture  of  1  vol.  alcohol 
and  2  vols,  water,  in  white  needles  an  inch  long.  It  is  inodorovis,  melts  at  131-5°, 
volatilises  without  decomposition,  and  decomposes  carbonates.  \ynh  phosphoric  chloride 
it  yields  sorbie  chloride,  C''H'0C1.  Heated  with  hydrate  of  barium,  it  yields  a  volatile 
aromatic  hydrocarbon,  together  with  carbonate  of  barium. 

Sorhate  of  Ammonium  crystallises  in  long  needles ;  its  concentrated  solution  is 
precipitated  by  chloride  of  calcium  and  by  most  salts  of  the  heavy  metals,  but  not  by 
chloride  of  barium,  strontium,  or  magnesium. — The  potassium-  and  sodiu7n-salts  crys- 
tallise with  difficulty. — The  barium-salt,  C'2H'^Ba"0^  and  the  calcium-salt,  C'-Hi-'Ca"bS 
crystallise  in  silvery  scales. — The  silver-salt,  C^H'AgO^,  is  a  white  crystalline  pre- 
cipitate. 

Ethylic  Sorbatc  or  Sorbio  ether,  C''H'(C^H^)0^,  produced  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  the  acid,  or  by  the  action  of  alcohol  on  sorbie 
ch'oride,  is  a  liquid  having  an  aromatic  odour,  hke  that  of  benzoic  ether,  and  boiling 
at  195-5°. 

Parasorbic  Acid,  C^H'C. — This  acid,  prepared  as  above,  is  when  freshly  dis- 
tilled, a  transparent  colourless  liquid,  of  specific  gravity  1-068  at  15°.  Its  vapour,  in  the 
concentrated  state,  has  a  repulsive  almost  intoxicating  odour:  it  is,  in  fact,  the  source 
of  the  peculiar  pungent  odour  which  the  juice  of  mountain-ash  berries  evolves 
■when  partially  satm-ated  with  lime.  It  boils  constantly  at  221°,  but  a  portion  of  it  is 
always  converted  during  distillation,  even  in  a  stream  of  hydrogen,  into  a  yellow 
resinous  substance.  It  is  faintly  acid,  dissolves  in  moderate  quantity  in  water, 
forming  an  acid  solution,  and  in  all  proportions  of  alcohol  and  ether.  Its  solutions 
in  ammonia,  potash,  soda,  baryta-water,  and  lime-water,  dry  up  to  amorphous 
residues :  it  dissolves  in  alkaline  carbonates,  but  without  expelling  the  carbonic 
acid. — Nitrate  of  silver  added  to  the  ammoniacal  solution  forms  a  white  gelatinous 
precipitate,  CH'AgO^,  which  blackens  on  exposure  to  light. 

SORBIC  CHSiOXKIBS.  Chloride  of  Sorbyl,  CH'OCl. — Produced  by  the  action 
of  phosphoric  chloride  on  sorbie  acid  or  its  potassium-salt.  It  is  converted  by  water 
into  the  acid,  by  alcohol  into  ethylic  sorbate,  by  ammonia  into  sorbamide,  by 
aniline  into  phenyl-sorbamide. 

SOUSIC  ETHER.    Etiiylic  sorbate. 

SORBXTAI&TABIC  ACIS.  An  acid  produced  by  heating  sorbite  with  tartaric 
acid  to  100°.  (Berthelot.) 

SORBITE.  Sorbin.  C"H'W  (Pelouze,  Ann.  Ch.  Phys.  [3],  xxxv.  292.)— An 
unfermentable  sugar,  isomeric  with  grape-  and  milk-sugar,  existing  in  the  ripe  juice  of 
mountain-ash  berries.  The  expressed  juice  of  the  berries,  gathered  towards  the  end 
of  September,  produces  deposits  and  vegetations  when  left  to  itself  for  13  or  14 
months,  and  at  last  becomes  clear  again  ;  and  the  clear  liquid,  decanted  and  evaporated 
to  a  thick  syrup,  yields  repeated  crops  of  crystals,  which  are  obtained  pure  by  two 
crystallisations  with  help  of  animal  charcoal. 

Sorbite  forms  very  fine,  regular,  transparent  crystals,  which,  according  to  Berthelot, 
belong  to  the  trimetric  system,  and  are  for  the  most  part  rhombic  octahedrons: 
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f  00  .  Poo  .  with  oP  ;  over  oP  the  angle  Poo  :  f  oo  =  38°J9' ;  Poo  :  Poo  =  37°  7'.  The 
faees  between  oP  and  Poo  are  ti-uucated  by  mPoo  (niPoo  :  Poo  =-  164°  20').  The 
crystals  have  a  specific  gravity  of  1'654  at  16'-' ;  they  grate  between  the  teeth,  and  are 
as  sweet  as  cane-sugar.  Optical  rotatory  power,  for  the  transition-tint  =  46'9°  at  7°, 
only  slightly  variable  with  the  temperature,  and  just  as  great  in  a  recently  prepared 
solution  as  in  one  that  has  been  kept.    (Berthelot,  Ckhn.  organ,  ii.  '252.) 

Sorbite  dissolves  in  about  i  pt.  cold  water  ;  the  saturated  solution  has  a  specific 
gravity  of  1'372  at  15°.    It  is  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol. 

Sorbite  forms  with  chloride  of  sodium,  a  compound  crystallising  in  cubes. — Aqueous 
sorbite  dissolves  hydrate  of  calcium  and  hydrate  of  barium.  The  solution  of  the 
former  deposits  flocks  when  heated,  decomposition  occurring  at  the  same  time. — 
Aqueous  sorbite  dissolves  o.xide  of  lead  ;  it  does  not  precipitate  basic  acetate  of  lead, 
but  on  addition  of  ammonia  throws  down  a  white  precipitate,  which,  while  being 
dried,  smells  of  caramel,  and  contains  79'-l  per  cent,  lead  (Pelouze). — Aqueous 
sorbite  also  dissolves  ciifric  hydrate. 

Sorbite  when  heated  gives  off  acid  water,  and  is  converted  after  some  time,  at 
150° — 180°  into  a  dark-red  mass  consisting  of  sorbitic  acid  (Pelouze's  sorbic 
acid).  Wlien  quickly  heated  on  platinum-foil,  it  melts  and  burns  away  with  a  smell 
of  caramel.  Hot  nitric  acid  converts  it  into  oxalic  acid  (Pelouze).  Oxidising 
agents  also  produce  racemic  acid  from  sorbite  (Dessaignes,  Bull.  Soc.  Chim. 
1861,  p.  32).  It  is  not  altered  when  heated  with  dilute  acids  ;  it  is  coloured  reddish- 
yellow  by  oil  of  vitriol,  charred  on  heating.  When  heated  for  several  hours  with 
"fuming  hydrochloric  acid,  it  is  converted  into  humous  substances  in  the  same  way  as 
glucose  (p.  315).  (Berthelot,  Chvm.  organ,  ii.  252.)  Sorbite,  heated  to  100°  with 
tartaric  acid,  yields  a  small  quantity  of  a  substance  belonging  to  the  class  of 
saccharides  (p.  316),  whose  calcium-salt  reduces  potassio-cupric  tartrate  (Berthelot). 
It  turns  brown  when  heated  with  potash-ley,  and  evolves  a  smell  of  caramel.  Heated 
with  lime,  hydrate  of  barium,  or  oxide  of  lead,  it  behaves  in  the  same  way.  The 
solution  of  cupric  hydrate  in  aqueous  sorbite,  and  aqueous  solution  of  sorbite  mixed 
with  -potassio-cupric  tartrate,  deposit  cuprous  oxide  when  waruKfd  or  left  to  stand. 
Sorbite  is  not  fermentable  with  yeast  (Pelouze),  not  even  after  being  heated  with 
acids;  but  when  left  to  stand  in  contact  with  cheese  and  chcdh;  at  40°,  it  suffers  a 
decomposition,  which  gives  rise  to  a  large  quantity  of  lactic  acid,  alcohol,  and  butyric 
acid,  without  previous  formation  of  a  fermentable  sugar.  (Berthelot.) 

SORBITIC  A.CXI>.  Pelouze's  Sorbic  Acid. — An  acid  obtained  by  heating  sorbite 
for  some  time  to  150° — 180°.  On  dissolving  the  residue  (which  is  insoluble  in  water, 
aqueous  acids,  or  alcohol),  in  aqueous  ammonia  or  potash,  a  dark-brown  solution  is 
obtained,  from  which  hydrochloric  acid  tlu-ows  down  amorphous  dark-red  flakes ; 
these  contain,  after  drying  between  120°  and  150°,  57  96  per  cent.  C,  5-51  H,  and 
36'53  0,  corresponding,  according  to  Pelouze,  with  the  formula  C'WO'*.  Their 
solution  in  ammonia-water  gives  coloured  precipitates  with  metallic  salts  ;  with  lead- 
salts  one  containing  51-35  per  cent,  lead-oxide,  C'^'-II'^O'KSPbO,  according  to  Pelouze. 

SORBTTS  iLITCUPAniA.  Pyrus  Aucuparia.  Mountain-ash.  Boivan-tree. 
Sorbier.  Vogelheerhaum. — A  pomaceous  tree,  the  unripe  berries  of  which  contain 
large  quantities  of  free  vegetable  acids — viz.  citric,  tartaric,  and  malic  acids ;  the 
last  is  most  abundant  when  the  berries  have  a  rose-red  colour ;  previously  to  this,  the 
tartaric  acid  predominates,  and  later  in  the  season  the  malic  acid  likewise  disappears. 
The  juice  of  the  berries  contains  also  a  non-fermentable  sugar,  viz.  sorbite,  to- 
gether with  fermentable  sugar ;  for  the  juice  even  of  nnripe  berries  has  been  found 
to  pass  into  spontaneous  fermentation,  and  to  yield,  from  100  vols.,  4  vols,  of  spirit 
containing  50  per  cent,  alcohol.  After  the  spirit  there  distils  a  milky  liquid,  which, 
after  a  few  days,  deposits  a  small  quantity  of  a  stearoptene  in  small  shining  crystals 
(Liebig).  Brandy  is  prepared  from  the  juice  of  the  ripe  berries  in  the  Tyrol,  in 
North  Germany,  and  other  places. 

The  juice  likewise  contains  a  pungent-smelling  oily  acid  (parasorbic  acid,  p.  352), 
which  may  be  separated  by  distillation  after  the  malic  acid  has  been  precipitated  by 
lime. 

The  flowers  of  the  mountain-ash,  and  the  bark  of  the  stem  and  root,  are  said  to 
yield,  by  distillation  with  water,  products  containing  hydrocyanic  acid;  the  hark  also 
tannin  and  a  bitter  principle.  (Gossmann.) 

SORBVIi.    C'H'O.    The  hypothetical  radicle  of  sorbic  acid. 

SORXJil vVil-IjIiITE.    A  mineral  resembling  pit-coal  in  appearance,  formiug 
three  layers  in  trap  near  Sordawala  in  Finland,  and  associated  with  magnetic 
pvrites,  at  Bodenmais  in  Bavaria.    Hardness  =  2-5.    Specific  gravity  =  2-5o— 2-58, 
■  Vol.  V.  A  A 


354 


SORGHO. 


Gives  off  water  when  heated,  and  melts  to  a  black  bead  before  the  blowpipe. 
Piirtiiilly  de-composed  by  acids.  Analysed — a.  by  Nordenskiold  (Schw.  J.  xxxi. 
148) ;— i.  by  Wandesleben  (N.  Jahi-b.  Pharm.  i.  32)  : 

P'0\         SiO«.         A1203.         Fe203.         FeO.  MgO.  H^O. 

a.  2-68       49-40       13-80        .    .         18-17       10-67       4-38    =    99  10 

b.  2-26       47  70       16-65       24-32         .    .        10  21        .    .     =  9814 
The  presence  of  phosphoric  acid,  and  the  uncertainty  as  to  the  state  of  oxidation  of 

the  iron,  render  it  impossible  to  reduce  these  results  to  a  definite  formula. 

SORGHO.  Sorghum  saccharatum.  Holcus  saccharatus.  Sugar-sorgho. 
Chinese  sugarcane.  Imphee.  Kao-lien.* — A  sugar-producing  gi-ass,  resem- 
bling maize  in  external  appearance.  It  appears  to  have  been  first  obtained  by  the 
Jesuit  missionary  Du  Halde,  from  the  Chinese  province  Le  Chuen ;  the  seed  was  sent 
to  France  in  1851,  where  the  plant  was  cultivated,  chiefly  by  Vilmorin  and  Beauregard, 
and  exported  in  1854  to  the  United  States,  where  numerous  experiments  were  made 
with  reference  to  its  utility  for  the  manufacture  of  sugar,  and  in  agriculture  as  a 
substitute  for  the  ordinary  green-crops.  Its  chemical  composition  has  been  investigated 
by  Gossmann  and  other  chemists  ;  but  it  does  not  appear  certain  that  all  the  experi- 
ments have  been  made  on  the  same  specfes  of  plant. 

The  stem  or  cane  freed  from  leaves  contains,  according  to  Gossmann,  78-9  per  cent, 
water,  10-2  soluble  constituents,  8-2  cellulose,  0-4  to  0-5  insoluble  salts  and  cerasin. 
This  last  is  a  waxy  substance  distributed  unequally  over  the  surface  of  the  plant,  but 
most  thickly  on  those  parts  which  are  covered  by  the  sheaths  of  the  leaves;  when 
mixed  with  tallow  it  is  said  to  make  excellent  candles.  By  charring  the  defoliated 
cane,  Gossmann  obtained  0-71  per  cent,  inorganic  constituents.  The  residue,  which  was 
alkaline,  consisted  of  calcic  and  magnesic  phosphates,  calcic,  magnesic,  potassic,  and 
sodic  carbonates  and  chlorides,  and  silica ;  the  potash  was  in  larger  proportion  than 
the  soda. 

The  leaves,  which  contain  no  sugar,  leave  when  burnt,  2-07  per  cent,  inorganic 
constituents,  chiefly  consisting  of  silica,  lime,  and  magnesia,  and  contain  27  per  cent, 
moisture. 

The  ash-constituents  of  the  entire  plant  have  been  determined  by  J.  Elwert.  The 
plants  used  in  this  investigation  belonged  to  a  species  of  sorgho,  called  broom-corn, 
cultivated  in  America,  and  distinguished  from  the  Chinese  sugar-cane  by  its  longer  and 
much-divided  panicle.    100  kilogrames  of  the  green  plant,  equivalent  to  15-5  kilo- 
grammes of  the  dry  plant,  yield  1-379  kilogrammes  ash,  consisting  of — 
K^O.        Na20.      CaO.         CI.        S0».      VO^.       CO^.         Si=0.  X* 
20-3       4-7       21-4       2-2       1-9       80       14-1       16  5       10-5   =  99-6 
Of  these  there  are  soluble  in  water — 

K20.  Na'O.  Cl.  S03.  PJQS.  SiO^. 

20-3  4-7  2-2  1-9  3-4  3  3 

soluble  in  hydrochloric  acid:  21-4  CaO,  14-1  C0^  4  6  P-0^;  insoluble:  13  2  silica, 
and  10-5  sand. 

The  juice  obtained  by  pressing  the  plant  tastes  very  sweet,  has  a  greenish-yellow 
colour,  turbid  appearance,  faint  acid  reaction,  and  a  specific  gravity  of  about  1-07 
(9°  to  9A°  B.)  -at  19°.  It  boils  at  101°— 101-5°,  and  between  60°  and  70°  begins  to 
deposit  an  albuminous  coagulum,  without  however  clarifying  completely,  an  effect 
which  takes  place  only  after  prolonged  boiling.  Wlien  left  to  itself,  at  20°  to 
25°,  it  soon  begins  to  ferment.  When  evaporated,  it  leaves — after  the  albuminous 
constituents  have  been  skimmed  off — a  transparent,  viscid,  sweet  residue,  which 
exhibits  no  trace  of  crystals,  and,  if  somewhat  unripe  plants  have  been  used,  gives  the 
reactions  of  starch.  From  perfectly  ripe  canes  Gossmann  obtained  nothing  but 
cane-sugar,  and  that  to  the  amount  of  9  to  9-56  per  cent.  According  to  Eeihlen  and 
Fehling,  the  juice  of  broom-corn,  not  quite  ripe,  contains  4  per  cent,  cane-sugar,  and 
10  per  cent,  uncrystallisable  sugar.  Liidersdorff  found  in  the  juice  of  the  Chinese  sugar- 
cane, 7-5  per  cent,  sugar,  consisting  of  equal  parts  of  cane-sugar  and  fruit-sugar  ;  and 
Bei-gemann  found  in  it  no  cane-sugar,  but  11-3  percent,  fruit-sugar.  Hence,  and  from 
the  elaborate  experiments  of  Dr.  .lackson  (Polyt.  Centralbl.  neue  Folge,  xii.  1649), 
it  appears  that  the  plant,  in  its  earlier  stages  of  development,  contains  only  grape- 
sugar,  together  with  starch ;  but  when  it  ripens,  all  the  starch  disappears,  and 

»  Henry  S.  Olcott,  Sorgho  and  Imphee,  the  neti'  Chinese  and  African  Rugnrcanes,  New  York, 
1857.  —  Vilmorin,  liechcrchcs  dc  sorgho  Sucre,  I8ri4.  — S  t  .in b  u  r  j',  The   Chinese  Sugar-cane, 

New  York   1857.  .Unies  V.  C.  Hyde,  The  Chinese  Szigarcane,  Boston,   18S7.  —  J  Lovring, 

The  Chinese  Sugareanes,    Pliihidelpliin.  1S58  A.  Gossmann,   Journ  f.  I.andicirthschnjt,  von 

Henneberg,  neue  Fol^e,  i.  291  ( 18.'i8)  H  a  h  i  c  li,  Polyl.  Centralbl.  1858,  p.  1047 — L  o  f  f  1  e  r,  Das  Chi- 

nesische  Zuekerruhr,  Braunschweig,  1859. — Handw<  d.  Chem.  vili.  68. 
t  Sand  with  traces  of  iron. 
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nothing  but  cane-sugar  is  present.  Of  indifferent  substiincos,  the  juice  contains  mucous 
nitrogenous  matters,  chlorophyll,  gum,  and  allniminous  compounds.  The  quantity  of 
the  latter,  though  not  very  great,  is  sufficient  to  convert  the  whole  of  the  cane-sugar 
into  glucose,  and  to  i-esolve  the  latter  into  alcohol  and  carbonic  anhydi'ide.  According 
to  Loffler,  the  juice  also  contains  two  peculiar  vegetable  acids. 

Olcott  found  in  the  juice  16'2  per  cent,  sugar,  TO  salts  and  organic  constituents 
(albumin,  vegetable  fibre,  gum,  chlorophyll,  &c.),  and  83'8  water.  The  salts  were 
found  to  consist  of  0'750  potassic  carbonate,  acetate,  chloride,  and  sulphate,  0-218 
acid  calcic  and  magnesic  phosphates,  and  0'012  silicic  hydrate,  mixed  with  ferric  and 
manganic  oxides. 

The  ash  of  the  juice  contains,  according  to  Gossmann,  0'001.5  per  cent,  silica,  together 
■with  the  following  constituents  soluble  in  water : — 0'219  calcic  and  magnesic  phos- 
phates, with  traces  of  iron;  0-310  alkali,  chiefly  potash;  0-69  sulphuric  anhydride, 
0'065  chlorine,  and  0'079  phosphoric  anhydride  (  =  0'7  t2).  The  juice  probably  also 
contains  small  quantities  of  oxalic  and  tartaric  acids. 

The  expressed  plants  (hcffassc),  which  may  be  used  for  paper-making,  contain, 
according  to  Olcott,  1"6  per  cent,  ash,  consisting  of — 

K^SO^.    Na^SO*.     CaO.      MijO.        SO\        P20\         Tl.         SiO'.  X* 
8-10      9-60      11-80      9-30      28  70      1-1--12      3-70      14-40      0  68  =  100 

The  seed  of  sorgho  is  yellowish,  and  j'ielils  a  white  flour,  used  in  Marseilles  and 
Lyons  for  the  finer  sorts  of  bread  and  biscuits.  It  is  rich  in  starch  and  fat,  and 
contains,  according  to  Olcott,  from  10  to  12  per  cent,  nitrogenous  substances,  and  60  to  66 
per  cent,  starch.  The  seeds  boiled  with  12  to  15  pts.  water  form  a  glutinous  paste  ;  when 
exhausted  with  ether,  they  yield  a  not  inconsiderable  quantity  of  fat.  From  60  to  60 
grammes  of  the  ground  seeds  Gossmann  obtained  several  grammes  of  solid  fatty  acid. 

When  animals  are  fed  on  the  seed,  their  bones  gradually  acquire  a  red  colour. 

The  glumes  (floral  leaves)  and  stems  of  sorgho  contain  red  colouring-matters,  which 
may  be  used  for  dyeing  silk  and  wool. 

SPADAITE.  A  hydrated  magnesic  silicate  occurring,  together  with  wollastonite, 
at  Capo  di  Eove,  near  Rome.  It  is  amorphous,  has  a  conchoi'dal  to  splintery  fracture, 
bluish-red  colour,  and  slightly  waxy  micaceous  lustre.  Hardness  =  2  5.  Gives  otF 
■water  when  heated,  and  melts  before  the  blowpipe  to  a  glassy  enamel.  Dissolves 
in  strong  hydrochloric  acid,  the  silica  easily  gelatinising.  Contains,  according  to 
V.  Kobell  (J.  pr.  Chem.  xxx.  467),  .56^00  per  cent,  silica,  0^66  alumina,  30^67 
magnesia,  0^66  ferrous  oxide,  and  11^34  water  (=  99^33),  which  may  be  represented, 
approximately,  either  by  5Mg"0.6Si02.4H=0  =  Mg"Si=0\4Mg"SiO'.4H-0,  or  by 
6Mg"0.7SiO-.4H-0  =Mg"Si20^5Mg"Si0^51PO. 

■"  °  o 

SPii.9TKA.SA.  Tiiijgl'ada. — A  resin  much  used  in  Northern  Sweden  for  chewing, 
and  said  to  keep  the  teeth  clean  and  the  mouth  cool.  It  collects  in  lumps  on  the  stems 
of  pine-trees,  and  is  difRcult  to  separate  from  the  pine-rcsin,  which  it  resembles.  It  is 
separated  from  adhering  bark  by  kneading  under  warm  water. 

This  resin  is  brownish  without,  with  a  rose-red  tinge,  j-ello-wish-brown  within, 
becomes  darker  and  reddish  on  exposure  to  the  air.  It  is  brittle  at  ordinary  tempera- 
tures, and  ■when  chewed  softens  at  first,  exhibiting  a  sour  and  balsamic  taste  ;  by 
continued  chewing  it  becomes  rose-red  and  brittle.  It  contains  a  small  quantity  of 
a  viscid  volatile  oil,  quite  distinct  from  oil  of  turpentine,  which  may  be  separated 
by  distillation  with  water  ;  also  several  resins,  and  a  crystallisable  easily  alterable 
acid,  wliich  may  be  extracted  by  water.  This  acid  is  soluble  in  alcohol,  forms  soluble 
salts  with  the  alkalis  and  alkaline  earths ;  precipitates  ferric  chloride  completely ; 
forms  a  dingy-green  precipitate  with  cupric  acetate,  sulphur-yellow  with  basic  acetate 
of  lead,  even  in  ddute  solution  ;  with  the  neutral  acetate  also  in  concentrated  solution  ; 
white  with  nitrate  of  silver. 

The  resin,  after  exhaustion  with  water,  dissolves  completely  in  alcohol  of  specific 
gravity  0'84,  but  not  completely  in  ether;  water  added  to  the  alcoholic  solution  throws 
down  a  powder,  which  can  no  longer  be  masticated.  Potash  unites  with  the  resin, 
forming  with  one  portion  of  it,  a  compound  insoluble  in  excess,  with  the  remainder 
a  soluble  compound;  the  latter  resin  is  also  soluble  in  ammonia.  (Berlin,  Ann. 
Ch.  Pharni.  lii.  404.) 

SPAM-IOXiZTB.  Vou  Koliell's  name  for  certain  varieties  of  tetrahedrite  contain- 
ing nirrcury. 

SPAXTZOXiITnazif.  A  non-azotised  colouring-matter,  occurring,  according  to 
Kane,  in  small  quantity  in  litmus  (iii.  731). 

*  Vrrric  oxiito,  carbonic  anhydride,  and  loss. 
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SPABTAITE.  Breithaupt's  name  for  a  variety  of  calcspar  from  New  Jersey, 
which,  according  to  Jenzseh  (Pogg.  Ann.  xcvi.  145),  has  a  specific  gravity  2-81, 
hardness  3 '5,  and  contains  80  per  cent,  calcic  carbonate,  together  with  the  carbonates 
of  magnesium,  manganese,  iron,  and  zinc,  and  5'3  per  cent,  calcic  fluoride. 

SPAHTillilTE.  Native  oxide  of  zinc,  usually  coloured  red  by  admixture  of 
manganic  oxide.    (See  Zinc.) 

SPARTEZirE.  C'^H"N^.  (Stenhouse,  Ann.  Ch.  Pharm.  Ixxviii.  15  ;  Pharm. 
Centr.  1851,  p.  439  ;  Chem.  Gaz.  ix.  117.— Gerhardt,  Traite.iy.  236.— E.  J.  Mills, 
Ciem.  Soc.  J.  XV.  1  ;  Gm.  xiii.  151  ) 

History. — Sparteine  was  discovered  in  1851  by  Dr.  Stenhouse,  while  investigating 
the  Spartiiim  Scoparmm,  or  Common  Broom.  The  formula  proposed  by  Stenhouse 
was  subsequently  modified  on  theoretical  grounds  by  Gerhardt,  but  a  re-examination 
by  Mills  showed  that  Stenhouse's  formula  doubled  represents  the  true  composition 
of  sparteine. 

Preparation. — 1.  An  aqueous  decoction  of  broom  is  concentrated  to  about  a  tenth  of 
its  bulk,  and  set  aside  in  a  cool  place  for  twelve  hours  ;  and  the  gelatinous  mass  which 
forms  is  thrown  on  a  filter,  and  washed  with  cold  water.  The  solutions  contain  the 
sparteine,  while  scoparin  in  an  impure  state  remains  on  the  filter.  The  filtrate 
is  distilled  with  excess  of  soda,  when  a  colom'less  basic  oil  slowly  collects  at  the  bottom 
of  the  aqueous  liquid  in  the  receiver.  (Stenhouse.) 

2.  The  plant  is  exhausted  with  water  faintly  acidulated  with  sulphuric  acid;  the 
extract,  concentrated  by  evaporation,  is  distilled  with  soda  until  the  distillate  has  no 
longer  a  bitter  taste  or  alkaline  reaction  ;  the  distillate,  acidified  by  hydrochloric  acid, 
is  evaporated  to  dryness  on  a  water-bath  ;  and  the  mass,  slightly  moistened,  is  then 
distilled  witli  solid  hydrate  of  potassium.  Ammonia  is  then  given  oif,  followed  by 
the  base  in  the  form  of  a  thick  oil.  The  base  is  dehydrated  by  gentle  heating  with 
sodium  in  a  current  of  dry  hydrogen.  When  completely  dry,  the  sodium  remaining  is 
removed,  and  the  base  is  finally  purified  by  rectification.  (Mills.) 

Properties. — Sparteine  is  a  colourless,  transparent,  viscid  oil.  Its  specific  gravity 
does  not  appear  to  have  been  determined,  but  it  is  heavier  than  water.  It  has  a  peculiar 
odour,  which  is  more  unpleasant  after  rectification.  It  has  a  very  bitter  taste.  It  boils 
at  288°.  (The  high  boiling-point  suggests  the  idea  of  its  being  a  diamine).  It 
neutralises  acids,  but  the  salts  formed  crystallise  wth  difficulty.  It  is  a  narcotic 
poison  of  the  nicotine  character,  but  inferior  in  energy.  One  drop  dissolved  in  acetic 
acid,  and  administered  to  a  rabbit,  first  produces  excitement ;  but  this  is  followed  by 
stupor,  lasting  for  five  or  six  hours.  Four  grains  are  sutficient  to  kill  a  large  rabbit. 
It  readily  forms  double  salts  with  the  chlorides  of  the  heavy  metals. 

Sparteine  dissolves  sparingly  in  water,  but  may  be  separated  by  adding  chloride  of 
sodium  to  the  solution.  Most  of  its  physical  properties,  including  its  vapour-density, 
have  yet  to  be  determined. 

Decompositions. — 1.  Sparteine  becomes  brown  on  exposure  to  the  air  for  a  few  da3's  at 
ordinary  temperatures,  and  more  rapidly  while  boiling. — 2.  Boiled  with  hydrochloric 
acid,  it  is  decomposed,  yielding  a  solution  having  an  odour  of  mice  (Stenhouse). 
On  the  other  hand,  Mills  concentrates  weak  solutions  of  sparteine  by  saturating  with 
hydrochloric  acid,  and  evaporating  to  dryness  on  the  water-bath. — 3.  Nitric  acid 
decomposes  sparteine,  yielding  a  substance  which,  when  treated  with  chloride  of  lime, 
aifords  chloropicrin. — 4.  Bivimine  converts  sparteine  into  a  brown  resinous  substance, 
much  heat  being  developed  during  the  reaction. 

Salts  of  Sparteine. — The  chloride,  bromide,  and  iodide  are  amorphous  and  unfit 
for  .analysis.  (Mills.) 

The  oxalate  fonns  acicular  crystals,  which  are  difficult  to  obtain. 
Chloroplatinatr,  C'^H-«N-.2HCl.Pt"CP.2H20.— This  salt  precipitates  as  a  yellow 
crystalline  powder  when  a  solution  of  tetrachloride  of  platinum  is  atlded  to  a  solution  of 
sparteine  in  hydrochloric  acid.    It  crystallises  readily  from  a  solution  in  hot  hydro- 
chloric acid. 

Chloroaurate,  C'^H"°N'^.2HCl.Au"'CR — Sparteine  also  forms  double  salts  with  iodide 
and  chloride  of  zinc. 

Siihstitiitirm-derivatives  of  Spartdne. 
Iodide  of  Eihylsparteine,  [C'''H"(C*H'1N^]'I'-.— "Equal  volumes  of  sparteine,  alcohol, 
and  iodide  of  etiiyl  are  to  be  heated  together  in  sealed  tubes  for  an  hour  to  100'^.  The 
mixture  becomes  dark-coloured,  and  deposits  the  ethylated  compound  in  crystals.  They 
are  sparingly  soluble  in  cold,  readily  in  hot  alcohol,  and  excessively  soluble  in  hot 
water  (Mills).  Oxide  of  silver  transforms  the  iodide  of  ethvlsparteine  into  the 
hydrated  oxide,  [C-H-(C-^H^)Np  j q., 
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Hydrate  of  ethylsparteine,  on  treatment  with  alcohol  and  iodide  of  ethyl,  in  sealed 
tubes,  yields  iodide  of  diethylsparteine,  [C''H-"(C-H'-)-N-]"r.  (Mills.) 

Constitution  of  Sjmrteine. — It  appears  from  the  above  researches  that  spartnine  is  a 
tertiary  diamine,  having  the  fox-mnla  (C'^H-''j"'iSi-,  but,  as  with  so  many  of  the  natural 
alkaloids  and  also  of  those  formed  by  destructive,  distillation,  nothing  dettnite  is 
known  of  the  hydrocarbon  group  which  replaces  the  hydrogen  in  the  typical 
ammonia.  C.  G.  W. 

SPARTIUIVX.  A  genus  of  plants  belong  to  the  papilionaceous  group  of  the 
leguminous  order.  Sj}.  monospermum  is  said,  by  Lorenzo  and  Moreno  (J.  Chini. 
med.  ix.  747),  to  yield  a  crystalline  substance,  spartiin,  analogous  to  salicin. 

The  common  broom  {Spartium  scoparium,  L.,  Cytisiis  scopariiis,  Link)  has  been 
examined  by  several  chemists.  Cadet  (J.  Pharm.  x.  4.32)  found  in  the  flowers  a  volatile 
oil,  fat,  a  light-yellow  colouring-matter,  and  a  peculiar  substance  soluble  in  water 
and  alcohol,  and  having  the  taste  and  smell  of  the  plant;  Keinsch  (Jahrb.  pr.  Pharm. 
xii.  141)  found,  in  the  flowers  and  green  parts  of  the  plant,  a  crystallisable  bitter  principle. 
Stenhouse  (Phil.  Trans.  1851,  p.  422)  obtained  from  the  plant  acrystalliue  colouring- 
matter,  scoparin  (p.  208),  and  a  volatile  base,  sparteine;  both  these  substances  are 
most  abundant  in  plants  which  have  grown  in  sunny  situations.  According  to 
C.  Sprengel  (J.  techn.  Chem.  v.  129),  100  pts.  of  the  gTeen  plant  yield  0'615  pt.  of 
ash  free  from  carbonic  acid,  and  containing  27'6  per  cent,  potash,  1-0  soda,  24'1  lime, 
4:'2  magnesia,  13'0  alumina,  5'7  ferric  oxide,  0'7  manganic  oxide,  9"7  silica,  1-4  clilorine, 
0-1  sulphuric  anhydride,  and  12'3  phosphoric  anhydride. 

The  root  of  the  common  broom  has,  according  to  Eeinsch,  a  decided  liquorice-taste, 
with  irritating  after-taste. 

SPEAS  PVRITSS.    Syn.  with  SLuicAsiTE  (iii.  402). . 

SPECIFIC  GRAVITY.  By  this  term  is  understood  the  weight  of  a  body  as 
compared  wilh  that  of  an  equal  volume  of  another  body  assumed  as  a  standai'd.  It  is, 
of  course,  necessary  that  the  standard  shall  be  readily  obtainable  in  a  pure  state  ; 
distilled  water  is  therefore  employed  for  solids  and  liquids,  and  atmospheric  air  for 
gases  and  vapours.  In  certain  scientific  investigations  it  is  not  vinfrequent  to  use 
hydrogen  as  the  unit  of  density  for  gases  and  vapours.  In  this  case  it  is  usual  to 
make  the  experimental  comparison  with  air,  and  subsequently  reduce  it  to  that  of 
hydrogen  by  calculation. 

As  the  volumes  of  solids,  liquids,  and  gases  are  afTected  by  heat,  it  is  absolutely 
necessary  to  perform  the  operations  at  known  temperatures.  It  is  usual  in  this  country 
to  make  the  experiment  at  60°  F.  (=  IS'.?-"  C.)  in  the  cases  of  solids  and  liquids;  and 
with  gases,  to  make  the  experiment  at  the  temperature  of  the 
air  at  the  time,  and  reduce  the  observed  volume,  by  calculation, 
to  the  temperature  of  15-5°.  With  vapoiu-s  the  experiment  must 
be  made  at  a  temperature  sufficiently  elevated  to  ensure  their 
obeying,  within  certain  limits,  the  laws  of  permanent  gases. 
The  standard  temperature  in  France  is  usually  0°  for  gases,  and 
4°  (the  point  of  maximum  density  of  water)  for  solids  and  liquids. 

We  shall  consider  the  methods  of  determining  the  specific 
gravities  of  solids,  liquids,  vapours  and  gases  under  separate 
heads : — 

Specific  Geavities  of  Solids. 

To  determine  the  specific  gi'avity  of  a  solid,  it  is  only 
necessary,  in  addition  to  its  weight,  to  know  that  of  an  equal 
bulk  of  water.  The  method  to  be  selected  will  depend  upon  tho 
chemical  and  physical  characters  of  the  substance.  AYe  sliall 
consider  the  following  instances,  which  include  all  those  which 
are  likely  to  occur  even  in  the  investigation  of  the  most  trouble- 
some organic  substances  ; — 

1.  The  substance  is  solid,  heavier  than  water,  and  insoluble  in 
that  liquid. 

2.  The  substance  is  solid,  and  insoluble  in,  but  lighter  than 
ti'nter. 

3.  The  substance  is  solid,  heavier  than  water,  but  in  frag- 
ments. 

4.  The  substance  is  solid,  heavier  than  tvatcr,  but  soluble  in  it. 

5.  The  substance  is  solid,  but  soluble  in  and  lighter  in  water. 
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1.  The  substance  is  solid,  heavier  than  water,  and  insoluble  in  that  liquid. 

a.  By  the  Hydrostatic  Balance. — The  most  usual  and  generally  applicable  method  is 
by  the  use  of  a  hydrostatic  balance.  The  substance  is  first  to  be  weighed  accurately, 
in  the  usual  manner.  It  is  then  to  be  attached  by  a  slip-knot  to  a  horsehair,  and 
suspended  from  the  short  pan  of  a  balance,  as  in  fig.  750.  A  vessel  of  distiUed  water 
being  so  placed  that  the  substance  will  hang  freely  in  it,  the  substance  will  appear  to 
be  lighter  than  before,  the  loss  of  weight  being  exactly  the  same  as  the  weight  of  a 
volume  of  water  equal  to  that  of  the  substance.  In  other  words,  a  body  immersed 
in  water  not  only  displaces  its  own  volume,  but  also  loses  a  portion  of  its  weight 
exactly  equal  to  that  of  the  water  displaced.  If  the  arms  of  the  balance  are  equal 
in  length,  it  will  only  be  necessary  to  place  weights  in  the  short  pan  until  the  equili- 
brium is  restored,  to  get  all  the  data  necessary  to  enable  the  specific  gravity  to  be 
computed.  If  the  arms  are  unequal  in  length,  it  will  be  necessary  to  adjust  the 
weights  in  the  other  pan  until  the  substance  is  counterpoised.  To  calculate  the 
density,  it  is  only  necessary  to  divide  the  weight  in  air  by  the  loss  of  weight  in  water. 
Great  care  must  be  taken  during  the  operation  that  the  substance  is  always  sur- 
rounded by  water,  that  it  does  not  touch  the  sides  of  the  vessel,  and 
that  no  air-bubbles  adhere  to  it. 


Fig.  751. 


b.  By  Nicholson's  Hydrometer.    See  Htdrometee  (iii.  211). 

c.  By  the  Flask. — A  flask  with  a  wide  mouth  and  hollow  stopper, 
enlarged  at  its  upper  extremity,  and  having  a  mark  at  a  {fig.  751),  is 
to  be  filled  to  the  mark  with  water,  and  its  weight  is  to  be  ascertained. 
The  level  of  the  liquid  can  easily  be  regulated  by  the  aid  of  a  small  roll 
of  filtering-paper.  The  stopper  having  been  removed,  the  substance, 
the  weight  of  which  is  known,  is  to  be  dropped  in.  The  stopper  is 
then  to  be  replaced,  care  being  taken  that  no  air-bubbles  either  adhere 
to  the  substance,  or  lie  between  the  stopper  and  the  water ;  the  level  of 
the  water  having  been  again  adjusted  to  the  mark,  the  weight  is  to  be 
ascertained.  To  calculate  the  result,  we  must  add  the  weight  of  the 
substance  to  the  weight  of  the  flask  of  water,  and  from  the  number  so 
obtained  deduct  the  weight  of  the  flask,  &c.,  as  obtained  after  inserting 
the  substance.    The  difference  will  be  the  weight  of  a  quantity  of 

water  equal  in  bulk  to  the  substance.  It  is  then  only  necessary  to  divide  the  original 
Weight  of  the  substance  by  the  number  so  obtained. 

d.  Process  by  measuring  the  volume  of  the  substance. — The  substance  is  to  be  weighed 
in  air,  and  then  dropped  into  a  graduated  tube  (fig.  752),  filled  to  the  zero  of  the  scale 

with  water.  The  graduations  indicate  grains  (or 
grammes)  of  water.  It  is  evident,  therefore,  that 
when  the  substance  is  inserted,  the  liquid  wiU 
rise  in  the  tube,  and  indicate  at  once  the  weight 
of  a  bulk  of  water  equal  to  that  of  the  substance. 
It  is,  therefore,  only  necessary  to  divide  the 
weight  in  air  by  the  weight  of  an  equal  volume  of 
water,  as  indicated  by  the  instrument,  to  obtain 
an  approximation  to  the  specific  gravity. 

2.  The  substance  is  solid,  and  insoluble  in, 
but  lighter  than  water. 

a.  The  solution  of  this  problem  is  excessively 
simple.  Only  three  data  are  required,  namely : 
the  weight  in  air  of  the  light  substance  =  P  ; 
the  weight  in  wafer  of  a  piece  of  lead,  or  other 
heavy  substance  sufficient  to  sink  it,  =  P' ;  and 
the  weight  in  water  of  the  light  substmce,  and 
the  lead  attached  to  each  other,  =  P".  We 
have  then  the  density  D  by  the  following 
expression : 


Fig.  752. 
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Or,  in  words,  deduct  from  the  weight  of  the 
heavy  substance,  in  water,  the  weight,  in  water, 
of  the  light  and  heavy  substance  attached;  add 
to  the  remainder  the  weight  of  the  light  sub- 
stance in  air  ;  and  divide  the  weight  of  the  light 
substance  in  air  by  the  number  so  obtained  :  the 
result  is  the  density. 
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}.  The  procpss  by  the  flask  is  also  applicable  to  this  case.  A  vessel  capable  of  being 
closed  by  a  stopper  being  taken  and  weighed  full  of  water,  the  light  substance,  if  its 
physical  condition  permit,  may  bo  inserted  after  weighing ;  a  quantity  of  water,  equal 
in  bulk  to  the  substance,  will  then  overflow  ;  on  replacing  the  stopper,  and  re-woighing, 
all  the  necessary  data  will  be  obtained,  the  calculation  being  made  as  in  1  c. 

3.  The  substance  is  solid,  heavier  than  water,  but  in  fragments. 

The  process  by  the  flask  is  especially  applicable  to  this  case.  The  operation  and  cal- 
culation are  precisely  as  in  1  c. 

4.  The  substance  is  solid,  heavier  than  water,  but  soluble  in  it. 

It  is  sometimes  possible  to  varnish  it  very  thinly,  so  as  to  prevent  the  access  of  the 
water,  and  to  determine  the  specific  gravity  by  the  process  1  a.  A  serious  error  may, 
however,  creep  in  if  the  varnish  should  penetrate  any  interstices  in  the  substance.  It 
is,  therefore,  in  every  way  preferable  to  use  the  method  1  a,  substituting  for  the  water 
a  liquid  in  which  the  substance  is  insoluble,  making  in  the  calculation  a  correction  for 
the  density  of  the  liquid.  Oil  of  turpentine,  or  benzene,  will  answer  for  most  cases  of 
this  kind. 

The  calculation,  which  is  extremely  simple,  is  as  follows  : — From  the  weight  of  the 
substance  in  air,  deduct  the  weight  in  the  liquid ;  this  gives  the  weight  of  a  volume 
of  the  liquid  equal  to  that  of  the  substance.  Then,  to  obtain  the  weight  of  a  bulk  of 
water  equal  to  that  of  the  substance,  we  say  :  As  the  specific  gravity  of  the  liquid,  is  to 
the  specific  gravity  of  water,  so  is  the  weight  of  a  bulk  of  the  liquid  equal  to  that  of 
the  substance,  to  the  weight  of  a  bulk  ot  water  equal  to  that  of  the  substance.  The 
weight  in  air  of  the  substance  is  then  to  be  divided  by  the  latter  number.  Or,  more 
simply,  caUing  the  weight  of  tlie  substance  in  air  P,  and  the  weight  in  the  liquid  P',  the 
weight  of  a  bulk  of  the  liquid  equal  to  that  of  the  substance  will  be  P  —  P'  =  P"; 
and  calling  the  density  of  the  liquid  S,  and  that  of  the  water  S',  we  obtain  the  weight 
P"'  of  a  volume  of  water  equal  to  that  of  the  substance  by  the  expression  : 

PIS'  _ 

s    -  ^ 

The  density  D  of  the  substance  therefore  becomes : 

The  operation  may  also  be  made  by  the  flask,  a  correction  for  the  density  of  the  liquid 
used  being  introduced  into  the  calculation. 

5.  7'hc  substance  is  solid,  but  soluble  in  and  lighter  than  water. 

The  process  by  the  flivsk  is  specially  adapted  to  this  comparatively  rare  case. 
Benzene  or  turpentine  is  to  be  substituted  for  water,  and  the  experiment  is  to  be 
conducted  as  in  1  c.  To  obtain  the  weiglit  of  a  bulk  of  water  equal  to  that  of  the 
substance,  we  say  :  As  the  specific  gravity  of  the  liquid  is  to  the  weight  of  the  liquid  dis- 
placed, so  is  tlie  specific  gravity  of  water  to  the  weight  of  a  bulk  of  water  equal  to  that 
of  the  substance.  The  weight  of  the  substance  in  air  divided  by  the  latter  number,  of 
course  gives  the  density  required. 

Specific  Gravities  of  Liquids. 
a.  B//  the  Hi/dromrter.   See  Hydrometer  (iii.  205). 

Bi/  the  Spej^ijic  Gravity  bottle. — The  specific  gravities  of  liquids  may,  for  ordinary 
purposes,  be  determined  b)'  means  of  the  common  specific  gravity  bottle  (Jig.  753). 
As  oi'dinarily  constructed  by  instrument-makers,  it  consists  of  a 
very  thin  glass  flask,  having  a  hollow  stopper  made  from  ther- 
mometer tube,  carefully  fitted  by  grinding.  It  is  so  constructed 
that,  with  the  stopper  in  its  place  before  adjustment,  it  holds  a  little 
less  than  1000  grains  of  water.  Enough  of  the  undiT-surface  of  tlie 
stopper  is  then  removed  by  grinding  to  allow  of  the  bottle  holding 
exactly  that  quantity  at  a  temperature  of  15'o°  =  00°  F.  A 
counterpoise  is  also  supplied  having  exactly  the  weightof  the  bottle. 
By  this  arrangement  specific  gravities  may  be  readily  obtained 
without  calculation.  If  the  bottle  holds  1000  grains  of  water,  it 
will  hold  1860  grains  of  monohydrated  sulphuric  acid,  850  grains 
of  benzene,  &c.,  these  niimbers  at  once  «xpressing  the  ratios  of  the 
densities. 

It  is  evident  that  the  adjustment  of  the  bottle  to  a  capacity  of 
1000  grains  of  water  has  no  advantage  except  that  of  saving  the  necessity  of  a  very 
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short  calculation.  Such  a  piece  of  apparatus  has  disadvantages  which  far  njore  tlian 
counterbalance  so  slight  a  convenience.  In  the  first  place,  it  requires  a  quantity  of 
liquid,  which  is  often  more  than  is  at  the  disposal  of  the  operator.  In  the  next  place, 
it  has  the  serious  drawback  that,  if  the  temperature  of  the  balance-case  be  higher  than 
that  of  the  liquid,  expansion  of  the  latter  takes  place,  and  it  rises  in  the  tube  and 
escapes  down  the  sides  of  the  flask.  If,  on  the  other  hand,  the  temperature  of  the 
balance-case  be  lower,  contraction  ensues,  and  a  void  space  is  formed  below  the 
stopper,  which  cannot  always  be  easily  filled  up.  Moreover,  volatile  liquids  escape  by  the 
aperture,  rendering  exact  weighing  excessively  difficult.  It  would  also  be  impossible, 
in  such  an  apparatus,  to  determine  the  density  of  a  liquid  at  a  standard  temperature 
either  above  or  below  that  of  the  air  at  the  time  of  making  the  experiment. 

All  the  above  objections  are  obviated  by  the  use  of  the  flask  shown  in  fig.  754.  It 
is  essentially  the  same  as  that  described  in  treating  of  the  method  of  determining  the 
specific  gravities  of  solids  by  the  flask,  but  furnished  with  a  light  well- 
fitting  stopper  having  no  aperture. 

If  it  be  required  to  determine  the  density  of  a  very  volatile  liquid  at 
(say)  4°,  it  is  only  necessary  to  fill  the  flask,  a  little  above  the  mark 
a,  first  with  pure  distilled  water,  and  subsequently  with  the  liquid  to 
be  examined.  After  filling,  it  will  be  necessary,  both  with  water 
and  with  the  liquid,  to  keep  the  flask  in  a  bath  cooled  to  4°,  until 
the  required  temperature  is  obtained;  the  level  at  a  may  then  be 
adjusted  by  the  aid  of  a  piece  of  filtering-paper.  The  stopper  having 
been  inserted,  the  apparatus  is  to  be  allowed  to  acquire  the  temperature 
of  the  laboratory,  so  as  to  prevent  errors  in  weighing,  which  might 
arise  from  the  deposition  of  moisture.  The  only  efiect,  as  regards  the 
liquid,  will  be  its  rise  in  the  tube,  its  escape  being  impossible  owing  to 
the  enlargement.  Volatilisation  is  also  provided  against  by  the 
stopper. 

If,  on  the  other  hand,  the  determination  is  to  be  effected  at  a  tem- 
perature above  that  of  the  atmosphere,  the  level  is  to  be  adjusted  at 
the  proper  moment,  and  the  apparatus  may  then  be  allowed  to  cool. 
The  liquid  will  then  descend  in  the  tube  at  a  ;  but  no  source  of  error  is  introduced  if 
the  stopper  be  removed  for  an  instant  to  allow  of  the  ingress  of  a  proportional  volume 
of  air,  and  even  this  precaution  is  unnecessary  save  in  refined  experiments. 

When  the  quantity  of  liquid  to  be  operated  upon  is  very  small,  a  vessel  of  the  above 
form,  but  of  sufficiently  small  size,  may  easily  be  constructed  at  the  blowpipe-lamp. 
Of  course  the  flask  will  then  be  only  in  one  piece ;  and  if  the  liquid  under  examination 
be  volatile,  a  small  cork  can  be  inserted,  because,  as  the  fluid  is  only,  allowed  to  rise  to 
the  mark  on  the  neck,  there  will  be  no  fear  of  errors  arising  from  contact,  and  conse- 
quent absorption  or  chemical  action. 

Another  method  of  determining  the  specific  gravities  of  liqiiids,  consists  in  weighing 
a  piece  of  glass  or  platinum,  first  in  water,  and  then  iu  the  liquid ;  the  weights  of  equal 
volumes  of  the  two  liquids  can  thus  be  obtained  with  accuracy,  even  when  working 
upon  comparatively  small  quantities.  It  is  not  often,  however,  that  this  method 
possesses  any  great  advantages  over  the  others  previously  described. 

For  general  considerations  on  specific  gravitj',  as  connected  with  atomic  volume,  see 
the  article  Atomic  Volthsie  (i.  440). 

Specific  Gravities  of  Gases. 

The  determination  of  the  specific  gra^-ity  of  a  gas,  so  eminently  simple  iu  theorj-,  is 
in  practice  an  operation  of  the  greatest  delicacy.  It  is  easy  enough  to  obtain  moderate 
accuracy,  but  results  worthy  to  be  depended  on  can  only  be  procured  by  taking  a 
number  of  minute  precautions: — 1.  In  the  first  place,  it  is  important  that  the  balloons 
in  which  the  gases  are  to  be  weighed  should  be  of  such  capacity  that  any  minute 
error  in  weighing  (such  as  a  deci-milligramme')  shall  bear  but  a  very  small  proportion 
to  the  weight  of  the  gas,  even  if  the  latter  be  hydrogen  itself — 2.  Great  care  must  be 
taken  that  the  film  of  moisture  which  deposits  upon  the  glass  of  the  balloon  is^  the 
same  in  weight  when  weighing  the  gas  that  it  was  when  weighing  the  air.  This  is  a 
point  of  great  difficulty,  and  its  neglect  may  give  rise  to  serious  errors. — 3.  The  absolute 
dryness  of  the  gas  and  the  air,  with  the  weight  of  an  equal  volume  of  which  it  is  to  be 
compared,  must  also  be  ensured. — 4.  The  temperature  must  be  most  carefully  noted,  and 
should  be  as  nearly  as  possible  the  same  during  all  the  weigliings,  so  as  to  avoid  correc- 
tions.— 5.  A  similar  remark  applies  to  the  pressure  of  the  atmosphere,  and  consequently 
to  the  elastic  force  of  the  gas. — 6.  The  balance  should  be  of  such  delicacy  that  the  errors 
of  weighing  have  no  appreciable  influence  upon  the  result. — 7.  Every  possible  care  must 
be  taken  that  the  air  and  gas  are  absolutely  piu-e. 
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There  are  tliroc  principal  cases,  which  occur  in  laboratory  practice,  in  wliieh  it 
Lecomes  necessary  to  dcti-rminc  gaseous  densities: — 1.  In  the  first,  it  is  merely 
necessary  to  ascertain  thr  speciiio  gravity  of  a  gas  produced  in  a  reaction,  with  a  view 
to  controlling  or  ascertaining  its  atomic  weight. — 2.  It  is  often  required  to  determine  the 
specific  gravity  of  coal-gas  for  t;echnical  purposes. — 3.  It  is  sometimes  required  to 
determine  the  specific  gravity  of  a  gas  with  every  precaution,  so  as,  in  fact,  to  obtain 
a  standard  result.  In  the  first  and  second  cases,  the  process  of  Bunscn  is  unquestion- 
ably the  best  to  be  employed  ;  in  the  third,  it  would  be  proper  to  use  that  of  Eegnault. 
We  shall  consider  both  of  these  methods,  premising  that  for  minute  details  it  will  be 
proper  to  consult  the  original  works.  (Bun sen's  Gasoimtrj/,  translated  by  Eoscoe. 
Walton  and  Maberly. — Regnault,  Relationdcs ca-pcricnccsentreprises par  vrdre  deM.le 
Miniktre  dcs  travaux  publics,  et  sur  la  proposition  de  la  Commission  Centrale  dcs 
Machines  a  vapeur,  pour  determiner  les  principales  lois  et  les  donnees  7imneriques  qui 
entrent  dans  Ic  calcul  dcs  Machines  a  vap>iur.  Memuircs  de  I'Academie  Eoyale  dcs 
Sciences  de  I'Institut  de  France. — Also  Jamin,  Cours  de  Physique,  ii.  165.) 

Bunsen's  Method. 

For  the  purpose  of  determining  the  specific  gravity  of  a  gas,  Bunseii  employs  a  light 
glass  flask  {fig.  loo),  of  200  or  300  cubic  centimetres  capacity,  with  a  long  narrow 


Fig.  755. 


neck,  having  a  millimetre  scale  etched  upon  it.  It  is  furnislied  with  an  accurately- 
fitting  glass  stopper.  The  aperture  of  the  neck  is  only  aboTit  the  thickness  of  a 
straw.  Before  filling  the  flask  with  gas,  a  small  piece  of  fused  chloride  of  calcium 
is  dropped  in,  and  made  to  crystallise  on  the  side  of  the  flask,  by  allowing  a  drop 
of  water  to  come  in  contact  with  it,  and  then  warming  the  glass  until  it  has  dis- 
solved. On  cooling  it  will  crystallise.  This  is  to  enable  the  gas  to  be  dried  in 
the  flask  itself.  The  flask  is  to  be  filled  with  mercury  by  the  aid  of  a  small  funnel 
reaching  to  the  bottom.  It  is  then  to  be  inverted  in  the  mercurial  trough, 
A  A.  The  gas,  saturated  with  moisture,  but  otherwise  in  a  state  of  puritj',  is 
then  to  be  allowed  to  enter  the  flask.  It  is  not,  however,  to  be  quite  filled, 
but  the  entry  of  gas  is  to  be  so  regulated,  that  the  mercury  in  the  neck  shall  re- 
main a  few  millimetres  above  that  in  the  trough.  The  whole  is  then  to  be  allowed 
to  remain  until  the  gas  has  acquired  the  temper.ature  (t)  of  the  laboratory,  at  the  atmo- 
spheric pressure  P.  The  volume  V  of  the  gas,  and  the  height  /)  of  the  mercury  in  the 
flask  above  that  in  the  trough,  are  then  to  be  observed  through  the  telescope  of  the 
cathetomoter.  The  actual  volume  of  the  gas  at  t  and  P  is  found  by  consulting  a  pre- 
viously prepared  table,  indicating  the  capacity  of  the  flask  at  each  of  the  millimetre 
marks  on  the  neck.  Calling  the  observed  volume  so  obtained  F^,  the  volume  V^,  at 
0°  C.  and  "60  mm.  pressure,  becomes  : — 

 ViiP  -  V) 

760  (1  +  0-00367  t) 

The  flask  is  then  to  be  weighed,  to  obtain  the  weight      of  the  corrected  volume  Fj. 


V. 
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Fig.  766. 


It  is  necessary,  in  order  to  do  this  without  bringing  the  hands  in  contact  with  the  flask 
(which,  by  warming  it,  would  alter  the  volume),  to  make  use  of  the  lever  apparatus 
represented  in  the  engraving  at  c  f.  At  the  end,  /,  a  hollow  cork  is  fastened  contain- 
ing the  stopper,  but  it  is  so  placed  that  while  its  superior  extremity  enters  the  flask 
for  a  short  distance,  it  does  not  close  it,  because  the  wedge  d,  by  raising  the  end  c, 
keeps  the  end  /  depressed.  When,  therefore,  the  flask  is  to  be  closed,  preparatory  to 
the  weighing,  the  wedge  d  is  to  be  taken  away,  and  the  finger-plate  c,  being  pressed 

upon  the  stopper,  enters  and  closes  the  flask. 
The  pin  c  is  then  to  be  withdrawn,  and  the 
flask,  along  with  the  lever  cf,  removed  from 
the  trough.  The  lever  apparatus  can  then 
be  detached  from  the  stopper,  so  as  to  allow 
of  the  flask  being  placed  on  the  pan  of  the 
balance.  Previous  to  the  weighing,  it  is 
necessary  to  clean  the  extremity  of  the  flask 
with  the  most  scrupulous  care.  It  is  to  be 
allowed  to  repose  on  the  balance  until  it  has 
had  time  to  attain  the  temperature  of  the 
balance-case  at  the  pressure  ;  it  may  then 
be  weighed.  The  number  so  obtained  we 
shall  call  G.  The  glass  stopper  having  been 
removed,  it  is  to  be  replaced  by  the  drying- 
tube  b  {fig.  756).  It  is  then  necessary  to  put 
the  apparatus  under  the  bell-glass  of  an  air- 
pump,  and  exhaust  and  readmit  the  air 
until  all  the  gas  has  been  replaced  by  it. 
The  stopper  is  again  to  be  inserted  after 
removal  of  the  drying-tube,  and  the  flask  is 
to  be  reweighed.  This  weight  is  called  G-^. 
The  weight  G„  of  the  volume  of  gas 
measured  in  the  flask  becomes ; 

p    —  Q         Q     +   ^1  

^  ^       773  X  760  X  (1  +  0-00367^i)  * 

The  number  773  is  the  volume  in  cubic  centimetres  of  a  gramme  of  dry  air  at  0°, 
and  under  a  pressure  of  760  millimetres  in  the  latitude  of  Berlin. 
The  specific  gravity  {B)  may  then  be  found  from  the  expression 

J)  =  773  -I?. 

For  a  method  of  determining  the  specific  gravity  of  a  gas,  by  ascertaining  the  time 
of  its.  effusion,  as  compared  with  the  time  of  effusion  of  air,  the  reader  is  referred  to 
Bunsen's  work  above  cited. 


Regnatdt's  Method. 

Eegnault,  in  his  magnificent  work  on  the  steam-engine  above  cited,  gives  an 
elaborate  account  of  the  methods  employed  by  him  to  determine,  with  the  utmost 
possible  accuracy,  the  specific  gravities  of  tlie  more  important  gases.  These  methods 
are,  however,  far  too  complex,  and  require  too  elaborate  apparatus  to  be  employed  in 
the  laboratory,  when,  as  in  ninety-nine  cases  out  of  a  hundred,  the  object  in  view 
is  simply  to  confirm  the  formula  of  a  gas  which  is  mider  investigation.  The  process 
is  nevertheless  so  perfect,  and  the'  residts  so  trustworthy,  tliat  it  would  be  highly 
improper  to  omit  a  condensed  account  of  it. 

Regnault  uses  large  balloons  capable  of  holding  ten  litres.  The  balance,  when  loaded 
with  a  kilogramme  in  each  pan,  indicates  readily  half  a  milligramme.  In  order  to  do 
away  with  numerous  uncertain  corrections,  arising  from  variations  in  the  temperature, 
pressure,  and  hygrometric  state  of  the  air,  the  balloon  in  which  the  gases  are  weighed 
is  counterpoised  by  another  balloon  of  equal  bulk,  the  same  kind  of  glass,  and 
of  nearly  equal  weight.  In  order  to  determine  the  volume  of  air  displaced  by  the 
balloon  in  which  the  gases  are  to  be  weighed,  it  is  to  be  filled  with  water,  and  then 
weighed  in  water  of  the  same  temperature.  The  balloon  is  then  to  be  removed 
and  weighed,  after  wiping,  upon  a  strong  balance.  It  is  plain  that  the  diflference 
between  the  two  weighings  is  the  same  as  the  weight  of  water  displaced  by  the 
external  volume  of  the  balloon.  It  is  then  necessary  to  obtain  a  counterpoise  of 
precisely  similar  external  volume,  or,  in  other  words,  which  displaces  the  same  volume 
of  air.  For  this  purpose  a  balloon  is  selected  a  little  smaller  than  the  first, 
including  its  stopcock.  The  latter  is  merely  closed  with  a  cap  ending  in  a  hook,  per- 
mitting it  to  bo  suspended  from  the  balance-pan.  Its  volume  is  then  ascertained,  and  if 
less  than  that  of  the  balloon  in  which  the  gases  are  weighed,  a  tube  closed  at  each  end. 
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and  of  a  volume  pqual  to  the  deficiency,  is  attached  to  it.  The  balloons,  when 
adjusted,  are  then  to  be  suspended  beneath  the  scale-pans  of  a  balance,  in  the  manner 
fahown  mfig.  757.  j^-  _„ 


The  flask,  <7,  has  a  stopcock  connected  with  a  three-way  tube,  allowing  it  to  be  put 
in  communication  with  a  gasholder,  an  air-pump,  and  a  manometric  apparatus,  which 

Fig.  758. 


allows  the  olaslie  foive  of  the  ftas  to  be  ascertained  with  great  precision.  The  arrange- 
ment may  be  seen  by  ri'feronce  to  fig.  76S. 
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The  stopcocks  are  then  to  be  s  j  turned  as  to  place  the  balloon,  A,  in  communication 
with  the  air-pump  only,  and  the  latter  is  to  be  worked  until  as  perfect  a  vacuum  as 
possible  is  obtained.  The  gas  is  then  allowed  to  enter  from  the  receiver  B  but  slowly, 
so  as  to  ensure  its  complete  desiccation  on  passing  through  the  tubes  TT.  These 
tubes  may  be  charged  with  pumice  moistened  with  sulphuric  acid,  or  with  fragments  of 
chloride  of  calcium,  or  with  pieces  of  hydrate  of  potassium,  according  to  the  nature  of 
the  gas.  Lest  any  trace  of  air  should  remain  in  the  balloon,  the  exhaustion  and  re- 
filling are  to  be  repeated  until  it  is  certain  that  nothing  but  the  pure  gas  is  contained 
in  it.  Before  filling  the  exhausted  globe  for  the  last  time,  the  sheet-iron  case  repre- 
sented in  the  engraving  is  to  be  charged  with  fragments  of  ice;  the  taps  N,  M,  and  C 
then  being  turned,  the  gas  is  allowed  to  enter.  When  the  globe  is  full,  the  tap  N  is  to 
be  closed.  The  tube  at  P  not  having  as  yet  been  slipped  on,  a  momentary  communi- 
cation may  be  made  with  the  atmosphere  by  rapidly  opening  and  closing  N.  The 
elastic  force  of  the  gas  may  therefore  be  known  by  mere  inspection  of  the  barometer. 
The  cock  N  being  finally  closed,  and  the  system  of  tubes,  &c.  disconnected,  the  balloon 
is  to  be  carefully  wiped  with  a  cloth  sufficiently  damp  to  prevent  electrical  excitation, 
which  would  cause  serious  errors  in  the  weighing.  The  globe  is  then  to  be  suspended 
on  the  balance,  and  after  two  hours'  repose  is  to  be  weighed.    This  delay  is  impera- 


Fig.  759. 


tive,  because  so  large  a  volume  of  gas  does  not  immediately 
acquire  the  temperature  of  the  balance-case.  Moreover,  as 
long  as  the  air  of  the  balance-case  and  the  balloon  are  of 
different  temperatures,  currents  are  liable  to  form,  which 
would  interfere  with  the  weighings ;  finally,  the  delay 
allows  the  normal  amount  of  moisture  to  condense  on  the 
balloon.  As  soon  as  weighings,  taken  at  intervals  of  a  f6w 
minutes,  are  perfectly  constant,  the  balloon  is  to  be  replaced 
in  the  case,  and  again  surrounded  with  ice.  The  gas  is  then 
to  be  removed  by  the  pump  precisely  as  before.  In  order 
to  ascertain  the  elastic  foi-ce  of  the  residual  gas,  the  tube 
connected  with  the  manometer  B  is  to  be  attached  at  P. 
The  tube  must,  of  course,  be  prevented  from  coUapsina:  by  a 
spiral  of  wire  contained  in  it,  or  it  may  be  made  of  lead. 
The  barometric  manometer  is  seen  in  section  on  a  larger 
scale  in  fig.  759.  The  tube  A  B  is  merely  a  barometer  of 
20  mm.  interior  diameter.  The  cistern  in  which  it  is  in- 
verted is  divided  into  two  parts  by  means  of  the  diaphragm 
mn.  The  tube  CD  is  a  glass  tube  of  similar  diameter 
to  AB,  but  contracted  at  the  top  to  allow  of  the  attach- 
ment of  the  leaden  tube  ab.  The  pressure  of  the  atmo- 
sphere may  at  any  time  be  ascertained  by  pouring  in  mcr- 
cm-y  until  it  stands  above  the  diaphragm,  and,  after 
lowering  the  screw  V  imtil  its  lower  extremity  just  touches 
the  mercury,  measuring,  by  means  of  the  eathetometer,  the 
distance  between  the  upper  part  of  the  screw  and  the  level 
of  the  mercury  in  the  tube.  By  adding  the  pre^aously 
ascertained  length  of  the  screw  to  the  result  of  the  catheto- 
metric  measurement,  the  length  of  a  column  of  mercury 
balancing  the  atmospheric  pressure  is  accurately  ob- 
tained. 

The  gas  having  been  finally  removed  from  the  balloon,  a 
communication  is  to  be  established  between  the  latter  and 
the  tube  CD,  in  the  manner  indicated  in  fig.  759.  The  dif- 
ference in  level  between  the  two  tubes  having  been  care- 
fully measured  by  means  of  the  eathetometer,  the  elastic 
force  of  the  gas  remaining  in  the  balloon  is  at  once  ob- 
tained. The  thermometer  T  indicates  the  tempcraturo  at 
the  time.  The  elastic  force  of  the  residual  gas  having 
been  ascertained,  the  tap  is  to  be  closed,  the  connecting 
tube  removed ;  and  after  wiping,  &c.,  with  the  same 
precautions  as  before,  the  balloon  is  to  be  weighed.  The 
difference  between  the  weigliings  (P—p)  gives  the  weight 
of  the  gas  which  at  0°  fills  the  balloon  at  the  atmospheric 
pressure  H,  diminished  by  the  elastic  force,  h,  of  the  residual 
gas.  The  weight  of  the  gas  at  the  normal  temperature  and 
pressure  then  becomes : 
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Specific  Gravities  of  Vapouks,  or  Vapour-Densities. 

The  determination  of  the  vapour-density  of  a  substance  being  the  most  severe  rheck 
that  can  be  obtained  on  the  results  of  analysis,  it  necessarily  becomes  a  process  of 
constant  occurrence  in  laboratories  of  research.  All  substances  that  volatilise  without 
decomposition,  at  temperatures  that  can  be  accurately  measured,  can  have  their  atomic 
weights  determined  in  this  manner,  but  the  process  to  be  employed  will  depiend  upon 
a  number  of  variable  conditions. 

It  is  not  intended  in  this  article  to  describe  all  the  processes  which  have  been 
devised  at  various  times  to  meet  special  cases,  but  it  will  be  proper  to  consider 
those  which  have  been  found  of  general  applicability  and  sufficient  accuracy. 

There  are  certain  jsrecautions  wliich  must  be  observed  in  all  cases  where  the 
vapour-density  of  a  substance  is  to  be  determined ;  these  will  be  described  in  the  first 
instance. 

.  General  precautions  to  be  observed  previous  to  determimng  Vapour-densitii  s. — 1.  It  is 
essential  that  the  substance  be  entirely  volatile  without  decomposition.  It  some- 
times happens  that  the  substance,  although  possessing  this  first  and  most  essential 
quality,  is  nevertheless  so  readily  oxidisabJe,  that  it  cannot  be  distilled  in  a  vessel 
containing  air  or  oxygen  without  forming  oxidised  products,  which  are  comparatively 
fixed.  It  is  easy  in  most  cases  to  overcome  this  difficulty,  by  filling  the  balloon  with 
hydrogen  previous  to  empiloying  the  method  of  Dumas,  presently  to  be  described.  It 
even  happens,  at  times,  that  the  substance  is  (like  isoprene),  so  readily  oxidisable  at 
ordinary  temperatures,  that,  even  when  tlio  vapour-density  is  determined  by  a  process 
which  docs  not  allow  of  its  coming  in  contact  with  air  or  oxygen  at  a  high  tempera- 
ture, a  portion  of  the  substance  is  imable  to  assume  the  gaseous  form.  This  may 
generally  be  avoided  by  preparing  the  substance  only  a  short  time  before  the 
operation,  or  by  rectifying  it  over  sodium  immediately  previous  to  inserting  it  into 
the  bulb  or  tube,  presently  to  be  described. 

2.  It  is  very  important  that  the  substance  shall  be  entirely  free  from  bodies  of  higher 
or  lower  boiling-point.  In  the  first  case,  the  density  will  generally  come  out  too  high, 
and  in  the  second  too  low.  If,  therefore,  the  substance  to  be  experimented  on  be  one  of 
an  homologous  series,  and  be  contaminated  with  any  of  its  congeners,  it  is  absolutely 
necessary  that  it  be  subjected  to  an  elaborate  fractional  distillation,  or  other  method  of 
purification,  before  being  examined. 

3.  The  substance  must  be  perfectly  dry.  It  is  obvious  that  the  presence  of 
comparatively  small  portions  of  water  will  lower  the  density  of  most  organic  vapours 
to  an  extent  sufficient  to  destroy  all  confidence  in  the  result  as  a  means  of  cheeking  a 
formula. 

There  are  a  few  more  precautions,  of  a  somewhat  less  general  character,  but  they 
will  be  considered  in  describing  the  various  processes. 
Tlie  methods  which  we  shall  describe  are  the  following  : 

1.  The  process  of  Gay-Lussae. 

2.  „  ,,  Dumas. 

3.  „  „      H.  Sto-Claire  Deville  and  Troost. 

4.  „  ,,  Kegnault. 

We  shall  also  incidentally  consider  the  following  special  cases : — 

a.  The  substance  is  liquid,  and  boils  below  100'-'. 

h.  „  „  „           „    above  100°,  but  below  150°- 

c.  „  „  „  „    above  150=,  but  below  300°. 

d.  „  „  solid,  and  boils  below  300°. 

e.  ,,  ,,  liquid  or  a  fusible  solid,  and  boils  above  300°,  but  boluw  350''. 
./■.  „  „  boils  above  350°,  but  below  -140°. 

fl.  „  „  „    above  440°,  but  below  860°. 

'//.  „  „  „    above  860°,  but  below  1040° 

1 .  T/te  process  of  Gay-Lussac. 

a.  TJ/e  sidistnnce  is  liquid,  and  boils  below  100°. — This  simple  and  beautiful  process 
consists  in  ascertaining  the  volume  (  V)  occupied  by  a  given  weight  ( IF)  of  a  substance 
when  heated  to  the  temperature  T,  at  a  knomi  pressm-e  P.  For  tliis  purpose  a  small 
iron  pan  is  to  be  supported  over  a  charcoal  furnace  or  a  powerful  gas-lamp.  A  glass 
gas-jar  (c)  divided  into  cubic  centimetres  is,  after  drying,  to  be  filled  with  mercury, 
:<nd  inverted  in  the  trough.  A  small  glass  bulb,  containing  a  known  weight  of  the 
liquid,  is  tlien  to  be  passed  up  into  the  gas-jar.  It  is  of  gi-eat  imixirtance  that  this 
bulb  sliould  be  as  thin  as  possible,  so  tliat  it  may  not  fail  to  burst  by  the  mere 
expansion  of  the  liquid.    For  this  purpose  it  is  also  necessary  that  the  bulb  be 
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perfectly  filled.  A  large  glass  cylinder  open  at  both  ends  is  then  to  be  lowered  over 
tlie  gas-jar.    The  gas-jar  may  be  kept  in  the  axis  of  the  cylinder  by  means  of  the 


Fig.  760. 


metal  piece  g  having  three  projec- 
tions, and  also  by  means  of  the  rod 
a  b,  carrying  a  cap  b.    The  rod  a  b 
passes  through  one  of  three  aper- 
tures in  the  arm  i  k,  which  slides 
on  the  upright  rod  e  f,  attached  to 
the  iron  pot  at  h.    The  arm  i  k  also 
allows  two  thermometers,  t  and  (, 
to  be  supported  by  means  of  pierced 
corks  at  different  heights  in  the 
cylinder.     The  arm  I  m  supports 
a  double-pointed  screw  of  known 
length,  the  use  of  which  will  be  de- 
scribed presently.    The  cylinder  is 
now  to  be  filled  with  water  up  to  the 
line  dp,  and  heat  is  to  be  applied 
by  means  of  the  circular  burner,  q  r. 
The  liquid  in  the  cyhnder  will  now 
gradually  increase  in  temperature, 
and  at  a  certain  point  the  bulb  will 
burst,  and  the  mercury  will  begin 
slowly  to  descend  in  the  gas-jai*. 
Soon  after  the  water  enters  into 
ebullition,  it  will  be  found  that  the 
vapour  will  cease  to  expand  any 
further.    The  volume  V  m&y  then 
be  noted,  as  also  the  temperature  T, 
and  the  heiglit  of  the  barometer. 
Bui  to  obtain  the  true  elastic  force, 
P,  of  the  vapour,  it  will  be  neces- 
sary to  ascertain  the  height  of  the 
mercui-y  in  the  jar  above  that  in  the 
trough,  and  to  deduct  this  value 
from  tlie  height  of  the  barometer. 
For  this  purpose  the  milled  head  n,  of  the  double  pointed  screw  n  o,  is  to  be  turned 
until  it  exactly  touches  the  surface  of  the  mercury  in  the  trough.    By  means  of  a 
eathetometer,  the  difference  between  the  height  of  the  mercury  in  the  g'as-jar  and 
the  upper  point  of  the  screw  can  be  accurately  determined.    It  is  obvious  that  the 
elastic  force  of  the  vapour  may  be  found  by  adding  to  the  reading  of  the  eathetometer 
the  length  of  the  screw  )(  o  and  deducting  the  sum  from  the  height  of  the  barometer. 
Of  course  the  values  must  be  reduced  to  0°  previous  to  calculating  the  results. 

Another  method  of  ascertaining  the  elastic  force  of  the  vapour  is  as  follows.  Note 
accurately  the  division  on  the  gas-jar  to  which  the  inner  level  of  the  mercury  reaches. 
The  screw  n  o  is  then  to  be  adjusted  to  the  level  of  the  mercury  in  the  pot.  The 
water  in  the  cylinder  is  now  to  be  removed  as  far  as  possible  with  a  siphon,  and 
the  last  portions  by  the  aid  of  filtering-paper.  The  metal  will  then,  of  course,  be 
found  to  have  receded  from  the  point  of  the  screw.  More  metal  is  now  to  be  added, 
until  it  exactly  touches  the  point  of  the  screw  again.  The  exact  point  to  which  this 
level  reaches  on  the  gas-jar  is  to  be  noted.  The  distance  between  these  two  points, 
being  deducted  from  the  height  of  the  barometer,  gives  the  elastic  force  P  of  the  vapour 
at  the  temperature  T. 

A  more  genex-ally  convenient  form  of  apparatus  for  determining  vapour- densities  by 
Gay-Lussac's  method,  and  one  which  requires  a  much  smaller  quantity  of  mercui-y,  is 
represented  in  fig.  "61.  It  consists  of  a  cylinder  of  rather  thin  glass,  abed,  in  shape 
like  a  very  large  test-tube;  it  may  be  about  16  or  18  inches  long,  and  5  or  6  in  dia- 
meter. At  the  lower  and  closed  end  it  is  rounded,  and  care  must  be  taken  that  it  is 
thin  enough  to  stand  the  application  of  heat,  and  yet  strong  enough  to  bear  the  weight 
of  the  mercury  and  the  rest  of  the  apparatus  which  will  have  to  be  inserted.  A  small  and 
rather  light  gas-jar  e,  divided  into  half  cubic  centimetres,  is  supported  at  its  lower  end 
by  an  iron  cup  /,  attached  to  a  rod  g  g  of  the  same  metal.  In  the  engraving  it  is  repre- 
sented in  the  act  of  being  lowered  into  its  place.  Tlie  upper  end  of  the  jar  is  kept 
steady  by  the  ring  h  which  slides  on  the  rod  g  g.  The  cylinder  is  retained  in  its 
vertical  position  by  the  ring  i  sliding  on  the  massive  retort-stand  k  k.  The  rod  g  g 
and  the  thermometer  I  are  supported  by  the  arm  m,  also  attached  to  the  retort-stand. 
The  cylinder  being  charged  up  to  the  line  >i  n  with  mercury,  the  gas-jar,  filled  with 
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mercury,  and  having  the  glass  bulb  containing  the  fluid  to  be  examined  inserted,  is 
placed  in  the  position  seen  in  the  figure.  The  cylinder  is  then  to  be  filled  with  water, 
or  ueat's-foot  oil,  until  the  gas-jar  is  covered  for  at  least  an  inch.  The  cylinder  may  be 
supported  on  wire-gauze  over  the  tripod  o,  or  in  any  other  convenient  manner.  Heat 
may  be  applied  by  means  of  a  Bunscn's  burner. 

Great  cai-e  must  be  taken,  in  j^. 
passing  the  bulb  up  into  the  gas- 
jar,  to  prevent  fracture.  The 
most  convenient  way  of  ac- 
complishing this,  is  to  place 
the  lower  end  of  the  jar  in  a 
mercurial  trough, and  to  incline 
it  to  an  angle  of  about  45^.  The 
bulb  is  then  to  be  held  between 
the  thumb  and  two  first  fingers, 
the  tail  towards  the  palm  of 
the  hand;  it  is  then  to  be 
presented  to  the  opening  of  the 
gas-jar,  and  when  inserted  is  to 
be  let  go ;  it  will  then  ascend  to 
the  top. 

The  elastic  force  of  the  gas 
can  be  very  readily  determined, 
owing  to  the  transjDarency  of 
the  cylinder.  AVith  this  appa- 
ratus the  height  of  the  column 
of  oil  or  water  must  be  ascer- 
tained, and  reduced  by  calcula- 
tion to  a  corresponding  value 
in  millimetres  of  mercury.  The 
elastic  force  of  the  vapour  is 
then  found  by  adding  this 
number  to  the  height  of  the 
barometer,  and  deducting  the 
height  of  the  mercury  in  the 
gas-jar  above  the  level  of  the 
mercury  in  the  outer  cylinder. 

By  proceeding  according  to  either  of  the  methods  descrilied,  we  ascertain  the  volume 
which  a  known  weight  of  substance  occupies  at  a  given  temperature  and  pressure,  and 
it  only  remains  to  determine  the  weight  W  of  the  same  volume  V  of  air  at  the 
same  teinperature  2'  and  pressure  This  may  be  ascertained  by  means  of  the 
following  formula  : 

IF=  0-0012932  grm  .  V  .   -   ^  ^. 

"  1  4-  0-00367  T  760 

The  expression  1  +  0-00367  T  for  the  temperatures  at  which  the  specific  gravities  of 
gases  are  usually  determined,  has  been  calculated  by  several  physicists,  and  may  be 
found  in  works  on  physics;  and  an  especially  elaborate  table  of  this  description,  for 
every  tenth  of  a  degree  between  —  2°  and  +  40°,  may  be  found  in  Eoscoe's  trans- 
lation of  Bunsen's  Gasoinetry.  But  it  is  evident  that  vapour-densities  are  almost 
always  determined  at  temperatui-es  more  elevated  than  this:  the  author  of  this  article 

has,  therefore,  calculated  the  more  comprehensive  expression   for  all 

^  ^  1  +  (1-00367  T 

the  temperatures  at  which  a  vapour-density  is  likely  to  be  determined  by  Gay-Lussac's 
process — viz.,  from  1°  to  150°.  This  table  will,  from  the  time  which  it  will  save  in 
calculating,  be  found  invaluable  to  those  who  have  many  determinations  of  this  class 
to  make. 

b.  The  s7(hstance  is  liquid,  and  h-nls  above  100°,  but  below  150°. — The  process  of  Gay- 
Lussac  is  quite  capable  of  meeting  this  case,  but,  instead  of  water,  it  will  be  necessary 
to  substitute  neat's-foot  oil,  or  spermaceti.  During  the  operation  the  oil  must  be 
stirred  by  the  aid  of  a  small  stirrer  attached  to  a  w-ire.  As  oil  does  not  remain 
colourless  if  heated  for  a  long  time  to  150°,  it  is  advisable  to  make  the  experiment  in 
such  a  position,  that  a  good  light  from  a  window  or  lamp  maj*  be  brought  behind  it, 
so  as  to  illuminate  the  divisions  on  the  gas-jar  and  thermometer.  In  other  respects 
the  operation  may  be  conducted  in  the  same  manner  as  that  last  described. 
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Table  for  the  CajlCulation  of 


1  + 


0  00367  T 


r. 

r. 

T. 

!  T. 

T. 

1 

0-99634 

31 

0-89785 

61 

0-81708 

1  91 

0-74964 

121 

0-69249 

2 

0-99271 

1  32 

0-89490 

62 

0-81464 

j  92 

0-74758 

122 

0-69073 

3 

0-98911 

33 

0-89197 

63 

0-81221 

93 

0-74554 

123 

0-68899 

4 

0  98553 

34 

r  ,8906 

64 

0-80979 

94 

0-74351 

124 

0-68725 

6 

0-98198 

35 

0-88617 

65 

0-80740 

95 

0-74148 

125 

0-68552 

6 

0-97845 

36 

0-88330 

66 

0-80501 

I  96 

0-73947 

126 

0-68380 

7 

0-97495 

37 

0-88044 

67 

0-80264 

!  97 

0-73747 

127 

0-68209 

8 

0-97148 

38 

0-87761 

68 

0-80028 

1  98 

0-73548 

128 

0-68038 

9 

0-96803 

39 

0-87479 

69 

0-79794 

!  99 

0-73350 

129 

0-67869 

10 

0-96460 

40 

0-87199 

70 

0-79561 

100 

0-73153 

130 

0-67700 

11 

0-96120 

41 

0-86921 

71 

0-79329 

101 

0-72957 

131 

0-67532 

12 

0-95782 

42 

0-86645 

72 

0-79099 

102 

0-72762 

132 

0-67365 

13 

0-95446 

43 

0-86370 

73 

0-78870 

103 

0-72568 

1S3 

0-67199 

U 

0-95113 

44 

0  86097 

74 

0-78642 

104 

0-72376 

134 

0-67034 

15 

0-94782 

45 

0-85826 

75 

0-78416 

105 

0-72184 

135 

0-66870 

16 

0-94454 

46 

0-85556 

76 

0-78191 

106 

0-71993 

136 

0-66706 

17 

0-94127 

47 

0-85289 

77 

0-77967 

107 

0-71803 

137 

0-66543 

18 

0-93803 

48 

0-85022 

78 

0-77745 

108 

0-71615 

138 

0-66380 

19 

0-93482 

49 

0-84758 

79 

0-77523 

109 

0-71427 

139 

0-66219 

20 

0-93162 

50 

0-84495 

80 

0-77304 

110 

0-71240 

140 

0-66059 

21 

0-92844 

51 

0-84234 

81 

0-77085 

111 

0-71055 

141 

0-65899 

22 

0-92529 

52 

0-83974 

82 

0-76867 

112 

0-70870 

142 

0-65740 

23 

0-92216 

63 

0-83716 

83 

0-76651 

113 

0-70686 

143 

0-65582 

24 

0-91905 

54 

0-83460 

84 

0-76436 

114 

0-70503 

144 

0-65424 

25 

0-91596 

55 

0-83205 

85 

0-76222 

115 

0-70321 

145 

0-65268 

26 

0-91289 

56 

0-82952 

86 

0-76010 

116 

0-70140 

146 

0-65112 

27 

0-90984 

57 

0-82700 

87 

0-75798 

117 

0-69960 

147 

0-64957 

28 

0-90682 

58 

0-82450 

88 

0-75588 

118 

0-69781 

148 

0-64802 

29 

0-90381 

59 

0-82201 

89 

0-75379 

119 

0-69603 

149 

0-64648 

30 

0-90082 

60 

0-81954 

90 

0-75171 

120 

0-69425 

150 

0-64495 

Fig.  762. 


2.  The  process  q/"  D  u  m  a  s. 
c.  The  substance  is  liquid,  and  boils  above  150°,  but  below  300°. — The  process  best 
adapted  for  determining  the  vapoiu'-densities  of 
liquids  boiling  bet-ween  the  above  temperatures  is 
that  of  Dumas.  For  this  purpose  it  is  proper  to 
employ  glass  balloons,  having  a  capacity  of  from 
100  to  350  cubic  centimetres ;  the  size  will  depend,  to 
a  great  extent,  upon  the  quantity  of  substance  at 
the  disposal  of  the  operator.  It  is,  however,  ab- 
solutely necessary  to  have  more  substance  than  is 
sufficient  to  fill  the  balloon  with  its  vapour.  It  is 
also  proper  to  use  larger  balloons  as  the  density  of 
thevapoiu'is  lower;  otherwise  the  difference  between 
the  weight  of  the  balloon  filled  with  vapour,  and 
■when  filled  with  air,  will  be  so  small  as  to  render 
excessively  accurate  weighing  necessary,  in  order  to 
prevent  error.  Dumas'  method  of  determining  vapour- 
densities  is  quite  capable  of  yielding  accurate  results 
in  the  cases  a  and  b;  but  it  requires  more  substance, 
and  does  not  permit  of  the  density  being  determined  at  more  than  one  temperature, 
without  making  a  separate  experiment  in  each  case.  The  process  of  Gay-Lussac,  on 
the  other  hand,  permits  numerous  experiments  with  one  small  specimen  of  substance 
at  any  desired  temperature  within  certain  ranges,  and  thus  enables  the  operator,  in  a 
very  short  time,  to  accumulate  information  regarding  certain  physical  properties  of 
substances  which  it  is  often  very  desirable  to  know— such,  for  example,  as  the  lowest 
temperature  at  which  the  substance  under  study  begins  to  obey  the  laws  of  permanent 
gases. 

The  balloons  should  be  selected  of  a  light  and  readily  fusible  glass,  so  as  to  allow 
the  point  to  be  sealed  hermetically  without  difficulty  at  the  close  of  the  operation.  One 
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Fig.  763. 


having  been  selected,  and  its  neck  having  been  drawn  out  to  a  moderately  fine  point, 
it  is  to  be  thoroughly  dried.  This  may  be  done  by  exhausting  it  repeatedly,  and 
allowing  it  to  fill  each  time  with  air  dried  by  passing  over  a  column  of  chloride  of 
calcium.  The  balloon  is  then  to  be  weighed,  the  same  precautious  being  taken  as  in 
the  case  of  gases.  As  much  fluid  is  then  to  be  inserted  as  it  is  judged  will  be  more 
than  enough  to  fill  it  with  vapour.  An  iron  pot  V  {fig.  762),  having  been  filled  with 
melted  tallow  or  neat's-foot  oil,  is  to  be  supported  in  any  convenient  way  ovev  a  char- 
coal furnace,  or  a  powerful  gas-burner.  For  all  ordinary  experiments,  the  air- 
thermometer  b  B  may  be  replaced  by  a  mercurial  one  passing  through  a  cork  at  K. 
The  ears  «  and  s  of  the  pot  V  support  two  rods,  t  p  and  t'  i/.  The  former  has  sliding 
upon  it  a  bent  arm,  c  d,  capable  of  being  fixed  at  any  height  by  the  screw  r.  Two  rings, 
c/and  g  h,  serve  to  stipport  the  balloon  A  ;  they  may  be  adjusted  by  the  screws  i  I. 
The  tallow  being  heated  to  nearly  the  boiling-point  of  the  substance,  the  balloon  is  to 
be  lowered  gradually,  until  the  point  a  projects  only  about  half  or  three-quarters  of  an 
inch  above  the  tallow.  When  the  temperature  reaches  the  boiling-point,  the  vapour 
begins  to  escape,  rapidly  at  first,  but  more  and  more  gently  afterwards,  and  finally 
ceases.  The  absolute  cessation  of  the  evolution  of  the  vapour  may  be  ascoitained  by 
bringing  a  piece  of  cold  metal  near  the  point  a.  The  liquid  which  condenses  in  the 
neck  is  to  bo  chased  away  with  a  piece  of  red-hot  charcoal.  The  temperature  should 
be  allowed  gradually  to  rise,  until  it  is  20  or  30  degrees  above  the  boiling-point  of  tho 
substance.  The  heat  must  then  be  so  regulated  as  to  allow  the  bath  to  remain  as 
nearly  as  possible  at  the  same  temperature,  while  the  point  of  the  balloon  i?  being 
sealed.  This  latter  operation  is  most  conveniently  eflfected  by  the  aid  of  a  Ilerapath's 
blowpipe,  attached  to  a  flexible  tube  of  sufficient  length  to  allow  of  ample  freedom  of 
movement.  A  common  month-blowpipe  and  spirit-lamp 
will  suffice  when  the  gas-apparatus  is  not  at  hand. 

As  soon  as  it  is  deemed  that  the  point  is  perfectly 
closed,  the  temperature  of  the  bath  and  the  height  of  tho 
barometer  are  to  be  noticed  ;  the  screw  r  may  then 
bo  loosened,  and  the  balloon  raised  completely  from 
tiie  bath  ;  the  point  a  shonld  then  be  turned  downwards, 
so  that  the  condensed  liquid  may  flow  into  it.  It  should 
now  bo  carefully  watched,  to  see  if  any  air-bubbles  rise 
through  it,  indicating  incomplete  sealing.  If  no  leak  be 
observed,  the  balloon  may,  after  cooling,  be  thoroughly 
cleaned,  placed  on  the  balance-pan,  and  allowed  to 
remain  long  enough  to  become  constant  in  weiglit.  The 
exact  weight  having  boon  ascertained,  the  point  a  is  to  be 
inserted  below  the  surface  of  the  metal  in  the  mercurial 
trough,  and  a  file-mark  having  been  made  on  it,  the  point 
is  to  be  snapped  off.  The  mercury  will  then  rush  in,  and, 
if  the  operation  has  been  completely  successful,  will,  with 
the  condensed  liquid,  entirely  fill  the  balloon.  In  most 
cases,  however,  a  bubble  of  air  will  remain,  indicating 
that  the  whole  has  not  been  expelled  from  the  balloon  by 
the  vapour.  It  is  absolutely  essential  that  the  volume 
of  this  residual  air  should  be  accurately  ascei-tained.  For 
this  purpose  the  mercury  and  condensed  liquid  are  to  be 
transferred  to  a  cylinder,  divided  into  cubic  centimetres, 
and  placed  in  a  vertical  position.  A  mirror  then  being  held 
beliind  the  cylinder,  and  in  contact  with  it,  the  operator 
places  himself  in  such  a  position  that  the  line  on  the 
cylinder  which  coincides  with  the  level  of  the  mercury, 
or  rather  that  of  the  condensed  liquid,  also  coincides  with 
the  centre  of  the  reflection  of  the  pupil  of  the  eye  as  seen 
in  the  mirror.  The  balloon  is  then  to  be  refilled  entirely 
with  mercury,  and  the  contents  are  to  be  again  transferred 
to  the  graduated  cylinder,  and  the  volume  ascertained  as 
before.  It  is  obvious  that  the  second  reading  will  give  a 
greater  value  than  the  first,  and  that  the  difference 
between  the  two  readings  will  indicate  the  volume  of  the 
residual  air. 

The  above  process  for  the  determination  of  the  residual 
air  takes  a  considerable  time,  owing  to  the  slowness  with  which  the  mercury  escapes 
from  the  small  aperture  in  the  neck  of  the  balloon,  and,  where  numerous  determinations 
of  vapour-density  have  to  be  made,  causes  great  delay.  The  writer  of  this  article 
has  therefore  devised  the  following  method  of  proceeding,  which,  in  addition  to  extreme 
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simplicity  and  accuracy,  has  the  advantage  of  occupying  only  a  few  seconds  (Phil.  Trans. 
1857,  p.  460).  The  point  of  the  balloon  having  been  broken  off  under  mercury, 
and  the  metal  having  entered  the  globe,  the  latter  is  to 
be  placed  on  a  straw  ring  (as  in  fig.  763,  p.  369),  beneath 
a  burette  divided  into  cubic  centimetres  and  fractions.  The 
screw  a  of  the  compression-stopcock  is  then  turned,  so  as  to 
allow  a  slow  stream  of  metal  to  flow  into  the  balloon  until 
the  condensed  liquid  exactly  reaches  the  orifice.  The  quantity 
of  mercm-y  required  for  the  purpose  at  once  indicates  the  resi- 
dual air.  The  compression-stopcock  shown  in  fig.  763  is  seen  in 
section  mfig.  764.  It  is  capable  of  withstanding  a  very  con- 
siderable pressure  of  mercury,  and  is  so  manageable  that  the 
smallest  portion  can  be  added  at  will.  A  block  of  wood,  abed, 
has  a  square  hole  mortised  in  it,  through  which  passes  the 
vulcanised  tube  e  f  g  k,  attached  at  f /to  the  lower  orifice  of 
the  burette.  A  piece  of  hard  wood,  i  k,  also  passes  through 
the  mortise,  and  is  retained  in  its  place  by  the  flange  i.  To 
close  tlie  orifice  it  is  only  necess  iry  to  turn  the  milled  head  I  of 
the  screw ;  the  piece  i  will  then  be  pressed  against  the  vulcanised 
tube,  and  close  it. 

From  the  data  obtained  in  an  experiment  conducted  as  above, 
the  vapour-density  (D)  may  be  calculated  in  a  few  minutes  with 
sufficient  accuracy  for  most  purposes,  by  the  aid  of  the  following 
formula : — 

{V-  v)n; 

P  =  the  difference  in  weight  between  the  globe  filled  with 
air  and  when  filled  with  vapour. 

V  =  the  capacity  of  the  balloon  in  cubic  centimetres. 
«(  -    the  weight  of  one  cubic  centimetre  of  air  at  the  tempera- 
ture at  which  the  balloon  filled  with  air  was  weighed. 

ni  =  the  weight  of  one  cubic  centimetre  of  air  at  the  tempe- 
rature of  sealing  the  globe. 
The  values  of     and  ni  (in  grammes)  may  be  obtained  at  once  from  the  following 
table,  calculated  for  each  degree  centigrade  from  0°  to  300° ; — ■ 

Weight  of  one  Cubic  Centimetre  of  Atmospheric  Air  at  different  Temperatures,  from  0°  to 

300°  at  760  mm. 


0° 

0-001293 

1 

0-001288 

26° 

0-001181 

51° 

0-001091 

76"^ 

0-001011 

101° 

0-000943 

2 

0-001284 

27 

0-001177 

52 

0-001088 

77 

0-001008 

102 

0-000941 

3 

0  001279 

28 

0-001173 

53 

0-001084 

78 

0-001005 

103 

0-000938 

4 

0-001275 

29 

0-001169 

54 

0-001081 

79 

0-001002 

104 

0-000936 

5 

0-001270 

30 

0-001165 

55 

0-001077 

80 

0-001000 

105 

0-000933 

6 

0-001266 

31 

0  001161 

56 

0-001074 

81 

0-000997 

106 

0-000931 

7 

0-001261 

32 

0-001157 

57 

0-001070 

82 

0-000994 

107 

0-000928 

8 

0-001257 

33 

0-001154 

58 

0-001067 

83 

0-000992 

108 

0-000926 

9 

0-0012.52 

34 

0-001150 

59 

0-001068 

84 

0  000989 

109 

0-000923 

10 

0-001248 

35 

0-001146 

60 

0-001060 

85 

0-000986 

no 

0-000921 

11 

0-001243 

36 

0001142 

61 

0-001057 

86 

0-000983 

111 

0-000919 

12 

0-001 239 

37 

0-001138 

62 

0-001053 

87 

0-000980 

112 

0-000916 

13 

0-001234 

38 

0-001134 

63 

0-001050 

88 

0-000977 

113 

0-000914 

14 

0-001230 

39 

0-001131 

64 

0-001017 

89 

0-000974 

114 

0-000911 

15 

0-001225 

40 

0-001128 

65 

0-001044 

90 

0-000972 

115 

0-000909 

16 

0-001221 

41 

0-001124 

06 

0-001041 

91 

0-000969 

116 

0-000907 

17 

0-001217 

42 

0-001121 

67 

0-001038 

92 

0"-000967 

117 

0-000905 

18 

0-001213 

43 

0-001118 

68 

0-001035 

93 

0-000964 

118 

0-000903 

19 

0-001209 

44 

0-001114 

69 

0-001032 

94 

0-000962 

119 

0-000900 

20 

0-001205 

45 

0  001111 

70 

0-001029 

95 

0-000959 

120 

0-000898 

21 

0-001201 

46 

0-001108 

71 

0-001 020 

96 

0-000956 

121 

0-000896 

22 

0-001197 

47 

0-001105 

72 

0-001023 

97 

0-000953 

122 

0-000894 

23 

0-001193 

48 

0-001102 

73 

0-001020 

98 

0-000951 

123 

0-000891 

24 

0-001189 

49 

0-001098 

74 

0-001017 

99 

0-000948 

124 

0-000889 

25 

0-001185 

50 

0-001095 

75 

0-001014 

1 

100 

0-000946 

125 

0  000887 
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Weight  of  one  Cubic  Centimetre  of  Atmospheric  Air  at  different  Temperatures,  from  0°t'j 
300-'  at  760  mm.,  (continued.) 


126 

0-000884 

161 

0-000813 

196 

0-000752 

231 

0-000699 

266 

0-000664 

127 

0-000882 

162 

0-00081 1 

197 

0-000751 

232 

O-OOOfiPR 

267 

0-000fi6'i 

128 

0-000880 

163 

0-000809 

198 

0-000749 

233 

0-000607 

\J   \J\)\J\J  o  % 

268 

129 

0-000878 

164 

0-000807 

199 

0-000748 

234 

0-000695 

269 

0-000651 

130 

0-000876 

166 

0-000806 

200 

0-000746 

235 

0-000694 

270 

0-000050 

131 

0-000874 

166 

0-000804 

201 

0-000744 

236 

0-000692 

271 

0-00OG48 

132 

0-000871 

167 

0-000802 

202 

0-000743 

237 

0-000691 

272 

0-00064  7 

133 

0-000869 

168 

0-000800 

203 

0-000740 

238 

0-000690 

273 

0-000646 

134 

0-000867 

169 

0-000798 

204 

0-000739 

239 

0-000689 

274 

0-000645 

135 

0-000865 

170 

0-000796 

205 

0-000737 

240 

0-000688 

276 

0-000643 

136 

0-000863 

171 

0-000794 

206 

0-000736 

241 

0-000686 

276 

0-000642 

137 

0-000860 

172 

0-000793 

207 

0-000734 

242 

0-000685 

277 

0-000641 

138 

0-000868 

173 

0-000791 

208 

0-000733 

243 

0-000683 

278 

0-000640 

139 

0-000856 

174 

0-000789 

209 

0-000731 

244 

0  000682 

279 

0-000639 

140 

0-000854 

175 

0-000788 

210 

0-000730 

245 

0-000681 

280 

0-000638 

141 

0-000852 

176 

0-000786 

211 

0-000728 

246 

0-000679 

281 

0-000636 

142 

0-000850 

177 

0-000784 

212 

0-000727 

247 

0-000678 

282 

0-0006S.'i 

143 

0-000848 

178 

0*000782 

213 

0-000725 

248 

0-000677 

283 

144 

0-000846 

179 

0-000781 

214 

0-000724 

249 

0-000675 

284 

0-000633 

145 

0-000844 

180 

0-000779 

i215 

0-000722 

260 

0  000674 

285 

0-000631 

146 

0-000842 

181 

0-000777 

'  216 

0-000721 

251 

0  000673 

286 

147 

0-000840 

182 

0-000776 

217 

0-000719 

252 

0-000672 

287 

V  V  '  J  V  U  i7 

148 

0-000838 

183 

0-000774 

1  218 

0  000718 

263 

0-000670 

288 

149 

0-000836 

184 

0-000772 

|219 

0-000716 

254 

0-000669 

289 

0-000627 

150 

0-000834 

185 

0-000770 

220 

0-000715 

255 

0-000668 

290 

0-000626 

151 

0-000832 

186 

0-000769 

221 

0-000713 

256 

0-000666 

291 

0-000625 

152 

0-000830 

187 

0-000767 

222 

0-000712 

257 

0  000665 

292 

0-000694 

153 

0-000828 

188 

0-000765 

223 

0-000710 

258 

0-000664 

293 

0-000623 

154 

0-000826 

189 

0-000763 

224 

0-000709 

259 

0  000663 

294 

0-000622 

LOO 

1  Oft 

UUU/ 

u  uuu / Uo 

0  000621 

156 

0-000822 

191 

0-000760 

226 

0-000706 

261 

0-000660 

296 

0-000620 

157 

0-000821 

192 

0-000758 

227 

0-000705 

262 

0-000659 

297 

0-000619 

158 

0-000819 

193 

0-000757 

228 

0  000703 

263 

0  000658 

298 

0-000618 

159 

0-000817 

194 

0-000755 

229 

0-000702 

264 

0-000657 

299 

0-000617 

160 

0  000815 

195 

0-000754 

230 

0-000701 

265 

0-000655 

300 

0-000616 

But  the  formula  last  given  does  not  afpjrd  results  of  sufficient  exactness  for  very- 
delicate  experiments,  inasmuch  as  it  does  not  include  some  necessary  corrections,  the 
most  important  being  one  for  the  expansion  of  glass.  Regnault's  formula,  on  the 
other  hand,  includes  all  the  corrections  required,  and  possesses  also  the  merit  of  sim- 
plicity. The  weight  P  of  the  balloon  having  been  ascertained,  and  the  temperature  t 
of  the  balance-case,  and  the  height  {H)  of  the  barometer  having  been  noted,  it  is 
evident  that  tlie  weight,  ^j,  of  the  air  in  the  balloon  will  be  : 

p  =  0-0012932  V  i   .  —  ; 

'  1  +  0-00367  (!  760 

F being  the  capacity  of  the  balloon  in  cubic  centimetres. 

The  point  of  the  balloon  having  been  sealed,  and  the  height,  H ,  of  the  barometer, 
and  the  apparent  temperature,  T,  of  the  bath  having  been  taken,  it  will  be  necessary 
to  find  the  true  temperature,  7",  which  corresponds  to  it.  It  must  be  remembered  that 
only  a  small  portion  of  the  tube  of  the  thermometer  is  heated  in  the  bath.  It  is  there- 
fore proper  to  have  a  small  thet-mometer  so  placed  that  its  bulb  is  in  contact  with  the 
tube  of  the  principal  thermometer,  and  at  the  height  of  about  oJie-half  of  that  portion 
of  the  mcrcm-ial  column  which  projects  above  the  oil  or  tallow  of  the  bath,  and  the 
division  6  of  the  principal  thermometer,  which  sliould  be  two  or  three  centimetres  above 
the  bath.    It  may  then  be  admitted  that  {T—&)  represents  the  portion  of  the  mercurial 

column  at  the  average  temperature  t.    This  portion  would  dilate  by  {T—8) .  _A  if 

heated  from  t  to  T.    The  true  temperature  7"  is  therefore  found  by  adding  to  tha 
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apparent  temperature,  T,  the  number  of  degrees  indicated  by  the  expression  (T-fl) 
T—t 

 But  the  temperature  7",  as  indicated  by  a  mercurial  thermometer,  must  be 

6380  .  ,  . 

exchanged  for  the  corresponding  temperature  T",  as  indicated  by  an  air-thermometer ; 
this  may  be  obtained  without  experiment  from  the  following  table,  founded  on  the  ex- 
periments of  Eegnault : — ■ 

Table  for  the  Conversion  of  the  Degrees  (T)  of  a  Mercurial  Thermometer  into  the  cor- 
responding Values  (2"')  of  an  Air  Thermometer. 


T. 

T". 

r. 

r'. 

T. 

T". 

T. 

T". 

100° 

100° 

169-68 

170 

239-90 

240 

301-08 

300 

109-98 

110 

179-63 

180 

250-05 

250 

311-45 

310 

119-95 

120 

189-65 

190 

260-20 

260 

321-80 

320 

129-91 

130 

199-70 

200 

270-38 

270 

332-40 

330 

139-85 

140 

209-75 

210 

280-52 

280 

343-00 

340 

149-80 

150 

219-80 

220 

290-80 

•290 

354-00 

350 

159-74 

160 

229-85 

230 

The  balloon  having  been  sealed,  and  well  cleaned,  its  -weight  (P')  is  to  be  determined  ; 
the  weight  of  the  vapour  will  therefore  be  P— (P — p). 

The  residual  air,  v,  having  been  found  in  the  usual  manner,  and  the  temperature  t" 
and  pressure  H"  noted,  its  weight  p  may  be  ascertained  by  means  of  the  expression  : 

p  =  0-0012932  grm  .  v  ^   .  ^ 

^  1  +  0-00367i:  760 

The  weight  of  the  vapour  becomes,  therefore,  (P'  -P  +  p  -p'). 

But  it  is  evident  that  to  obtain  the  true  volume  of  the  vapour  we  must  deduct  the 
volume  of  the  residual  air  at  the  temperature  of  sealing  the  balloon,  which,  even  as 
corrected,  we  shall  for  simplicity's  sake  call  T.  The  volume  v'  of  the  residual  air  at  T 
and  H'  will  be  : 

1  +  0-00367 .  T  H" 
1  +  0-00367.  <  R- 

Calling  the  coefficient  of  expansion  of  glass  k,  we  have  for  the  volume  of  the  vapour 
atTandi?'[F  (1  +  kT)  —  v'\    The  density  of  the  vapour  will  therefore  be  : 

P"  —  P  +  p  —  p' 


0-0012932[F'(l  +  kT)  -  v'\ 
or,  at  full  length  : 

P  -  P  + 


1  +  0-00367.  T 


JI' 
760" 


0-0012932 


760(1  +  0-003670 


\V{\  +  kT) 


0-0012932 


1  +  0  00367 

1  +  0-d0367>     760(1  +  0  00367^) 


For  very  fuU  details  regarding  the  calculations  in  vapour-density  determinations,  see 
Brown  (Chem.  Soc.  J.  [2],  iv.  72). 

As  the  expression  ^   can  be  taken  at  once  from  the  table  given  under 

^  1  -I-  0-00367  .  T 

section  b,  the  calculation  is  by  no  means  a  long  one. 

If  the  height  {H')  of  the  barometer  has  been  taken  in  inches,  it  can  be  reduced  at 
once  to  millimetres  from  the  following  table,  extracted  from  the  writer's  Handbook  of 
Chemical  Manipulation ; — 


Table  for  the  Conversion  of  Inches  into  Millimetres. 


Inches. 

Millimetres. 

Incites. 

Millimetres. 

25-39954 

6  . 

152-3972 

2  . 

60-79908 

7  . 

177-7968 

3  . 

76-19862 

8  . 

203-1963 

4  . 

101-5982 

9  . 

228-5959 

5  . 

126-9977 
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The  coefficient  of  expansion  of  glass  may  be  ascertained,  for  temperatures  between 
0°  and  350'^,  by  inspection  of  the  following  table  (Eegnault) : — ■ 

Between  0=  and  100°  iC  =  0-0000276 

„  150    0-0000284 

„  200    0-0000291 

„  250    0-0000298 

„  300    0  0000306 

350    0-0000313 

In  laboratories  where  vapour-densities  are  frequently  being  determined,  it  will  be 
found  of  great  advantage  to  keep  copies,  not  only  of  all  the  data  obtained  in  such 
experiments  as  the  above,  but  also  of  each  step  in  the  calculations;  so  that,  in  the 
event  of  real  or  supposed  error,  the  point  at  which  it  has  occurred  can  be  detected  at 
once. 

When  the  quantity  of  the  residual  air  is  small,  and  the  atmospheric  pressure  is  not  far 
from  7C0  mm.,  its  weight  may  be  obtained  with  sufficient  accuracy  by  multiplying  the 
number  opposite  the  temperature  in  the  table  on  p.  370  by  the  number  of  cubic  centi- 
metres found. 

d.  The  substance  is  solid,  and  boils  belotu  300°. — The  last-described  method  is  quite 
capable  of  meeting  the  case,  it  being  only  necessary  to  fuse  the  substance  so  as  to 
allow  of  its  being  inserted  in  the  balloon. 

3.  The  process  o/Deville  and  Troost. 

e.  The  substance  is  fluid  or  a  fusible  solid,  and  boils  above  300°,  bid  below  350°. — 
The  chief  difficulty  in  determining  the  vapour-densities  of  substances  boiling  beyond 
the  range  of  the  mercurial  thermometer  has  been  the  accurate  determination  of  the 
temperature.  MM.  Devillo  and  Troost  (Ann.  Chim.  Phys.  [3],  Iviii.  257)  have 
most  ingeniously  and  successfully  overcome  this  difficulty,  by  heating  the  b-.illoons  in 
the  vapour  of  substances  of  elevated,  but  accurately  known,  boiling-points.  It  is 
evident  that  with  homogeneous  substances  the  temperatm-e  of  tlieir  vapours,  in  contact 
with  the  boiling  substances,  is  invariable  as  long  as  the  pressure  remains  constant. 
Thus,  under  these  circumstances,  a  thermometer  surrounded  by  steam  escaping  from 
boiling  water,  will  always  indicate  100°.  The  same  phenomena  present  themselves 
with  bodies  requiring  much  higher  temperatures  for  vaporisation  ;  the  sub.stances 
mo-jt  convenient  for  the  purpose  are  mercury  boiling  at  350"-*,  sulphur  at  440°,  cadmium 
at  860°,  and  zinc  at  1040°.  In  the  case  now  under  consideration,  it  is  sufficient  to  use 
mercury  the  boiling-point  of  which  is  350°. 

The  apparatus  required  is  of  the  simplest  description.    It  consists  of  an  iron 
cylinder,  CCKK  (flff.  765),  22  centimetres  high  and  12  centimetres  in  diameter.  It  may 
very  conveniently  be  constructed  out  of  a  mercury-bottle.    It  is  to  be  closed  with  an 
Fig.  765.  l^'^'^  cover,  GG,  pierced 

in  its  centre  to  allow  of 
the  passage  of  the  neck 
of  the  balloon,  B.  The 
latter  rests  upon  a  ring 
of  metal,  PP,  supported 
on  points  fixed  to  the 
interior  of  the  cylinder. 
There  is  also  a  concen- 
tric diaphragm,  DD,  to  prevent  the  heat  radiated 
by  the  sides  of  the  vessel  from  reaching  tlie 
balloon.    The  cover  is  fastened  down  by  means 
of  the  pressure  screws,  W.    The  tube,  T,'inserted 
in  the  side  of  the  cylinder,  serves  to  carry  away 
and  also  to  condense  the  vapour  of  the  mercury 
or  other  substance  employed. 

The  balloon,  as  represented  in  the  figure,  is 
made  of  porcelain,  and  is  used  only  for  tempera- 
tures at  which  glass  would  soften :  for  substances 
the  vapour-densities  of  which  can  be  determined 
in  the  vapour  of  mercury,  it  will  be  quite  suffi- 
cient to  use  balloons  of  ordinary  glass.  It  will 
also  be  nnnecessary  to  heat  the  tube  T  by  means 
of  a  combustion-furnace,  as  shown  in  the  figure. 
The  heat  of  a  powerful  gas-burner,  or  small  char- 
coal chauffi?r,  will  be  quite  sufficient  when  the 
:il"iiir  of  mercury  is  employed  as  the  heating  medium. 

The  writer  of  this  article,  who  has  had  occasion  very  frequently  to  employ  this 
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process,  makes  use  of  the  apparatus  shown  in  fig.  7 66.  A  small  glue-pot,  a  a,  is  to  be 
ground  at  its  mouth,  to  fit  accurately  the  iron  plate  b  b.  The  latter  is  pierced 
■with  two  holes — one  serving  to  give  egress  to  the  neck  c  of  the  balloon,  and  the  other 
to  admit  the  bent  iron  tube  d  d,  which  serves  to  carry  away  and  condense  the  vapour 
of  the  mercury.  The  gland  e  e,  bent  twice  at  right  angles,  has  two  screws  //,  which 
attach  it  to  the  ears  of  the  pot.  The  gland  is  pierced  with  three  holes,  two  serving  to 
admit  the  pressure-screws  g  g,  and  one  to  permit  the  passage  of  the  neck  of  the 
balloon.  A  ring  gas-burner  (A)  serves  to  heat  the  apparatus.  The  substance  to  be 
examined  having  been  inserted  in  the  balloon,  «,  and  a  few  pounds  of  mercury  having 
been  placed  in  the  pot,  the  balloon  is  to  be  put  in  its  place,  the  neck  passing  through 

Fig.  766. 


a  cork,  the  upper  portion  of  which  projects  as  short  a  distance  as  possible  above  the 
cover  of  the  pot.  A  small  quantity  of  linseed-meal  luting  may  be  laid  on  the  cover 
before  fastening  it  down  with  the  screws.  Although  the  cork  and  luting  -will  be 
destroyed  during  the  operation,  they  serve  quite  well  for  one  experiment.  Another 
iron  tube  may  very  conveniently  be  made  to  slip  over  the  tube  d  d,  so  as  to  conduct 
the  condensed  mercury-vapour  to  a  convenient  receptacle.  The  neck  of  the  balloon 
must  be  kept  very  hot  during  the  operation,  by  the  aid  of  pieces  of  red-hot  charcoal. 
When  no  more  vapour  escapes  from  the  orifice  of  the  balloon,  it  is  to  be  sealed  in  the 
same  manner  as  in  vapour-density  determinations  by  Dumas's  method.  It  is  scarcely 
necessary  to  add  that  the  value  of  k,  in  the  formula  on  p.  372,  is  too  considerable  to 
be  neglected  in  detei'minations  conducted  at  this  elevated  temperature. 

It  will  save  some  trouble  to  remember  that  at  350°  the  value  of  the  expression 

 ^  is  0-000566. 

1  +  0-00367  T 

f.  Tlie  substance  boils  above  350°,  but  below  440°. — Glass  globes  may  be  employed 
for  a  temperature  of  440°  without  any  fear  of  softening.  500  or  600  grammes  of 
sulphur  are  to  be  used  in  the  apparatus  described  on  pp.  373  and  374,  and  2uO  or  30(' 
grammes  are  to  be  distilled  over  in  each  operation.  The  apparatus  is  not  injured 
by  the  sulphur,  and  lasts,  therefore,  for  an  indefinite  time. 

g.  The  substance  boils  above  440°,  but  below  860°. — When  the  vapour-density  is  to  be 
determined  at  860°,  it  will  be  necessary  to  employ  cadmium-vapour  for  the  purpose  of 
heating  the  balloon.  The  apparatus  shown  mfig.  765  must  be  employed,  and  the 
tube  Tmust  be  kept  very  hot  by  means  of  a  combustion-furnace  filled  with  charcoal. 
Two  or  three  kilogrammes  of  cadmium  may  be  used,  but  only  300  or  400  grammes  need 
be  distilled  over  in  each  operation.  It  is  necessary  to  employ  porcelain  balloons  at  the 
temperature  of  860°  ;  they  are  loosely  closed  during  the  operation  by  the  small  porcelain 
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stopper  F  {fig.  765,  p.  373),  which  permits  the  escape  of  the  vapour  of  the  substance 
under  examination.  The  opening  is  closed  at  the  end  of  the  experiment,  hy  directing 
the  flame  of  the  oxj'hydrogen-blowpipe  over  the  stopper;  the  opening  then  closes 
without  difficulty.  For  details  as  to  the  numerous  precautions  to  be  observed  and 
correctijus  to  be  made  in  calcuhiting  the  results,  the  reader  is  referred  to  the  elaborate 
paper  of  MM.  Deville  and  Truest,  previously  alluded  to.  It  may  be  mentioned, 
however,  that  the  coefficient  of  culiic  dilatation  of  porcelain  between  0°  and  860° 
was  found  by  the  authors  to  be  O'OOOOIOS. 

h.  The  substance  boils  above  860°,  but  below  1040°. — In  this  case  it  will  bo  necessary 
to  employ  the  vapour  of  zinc.  The  general  process  is  similar  to  that  employed  in  the 
case  of  cadmium.  The  coefficient  of  dilatation  of  porcelain  between  0^  and  1040°,  was 
found  to  be  0-0000108— that  is  to  say,  the  same  as  between  0°  and  860°. 

In  determining  precisely  the  boiling-points  of  sulphur,  cadmium  and  zinc  by  means  of 
the  air-thermometer,  great  difficulties  arise  from  the  fact  that  minute  errors  of  weighing 
seriously  affect  the  results,  owing  to  tlic  extremely  small  quantities  by  weight  of  air 
which  remain  in  the  apparatus  at  the  temperatures  employed.  Deville  and  Troost 
have  overcome  tliis  difficulty  by  employing  iodine  instead  of  air  in  the  thermometer. 
The  very  considerable  density  of  the  vapour  of  iodine  1.87),  and  the  fact  that  it 
has,  fortunately  without  sensible  error,  the  same  coefficient  of  dilatation  as  air,  render 
it  invaluable  for  this  purpose. 

4.  Hegnatilt's  2'rocisscs. — The  limits  of  this  work  will  not  permit  the  introduction 
of  a  complete  account  of  the  numerous  processes  devised  by  Eegnault  for  determining 
the  densities  of  the  vapours  of  substances.  The  methods  already  described  are  capable 
of  meeting  every  case  likely  to  occur  in  chemical  researches.  It  is  true  that  instances 
sometimes  present  themselves  where  it  is  desirable  to  obtain  information  as  to  the 
physical  characters  of  certain  vapours,  and  tlieir  behaviour  under  various  circumstances 
of  temperature  and  pressure  :  in  such  cases  it  will  be  necessary  to  refer  to  the  original 
memoirs  ;  a  list  of  some  of  the  more  important  is  therefore  appended  to  this  article. 
It  would,  however,  bo  improper  to  omit  a  description  of  the  following  simple  method, 
devised  by  Eegu  a  ult(Ann.  Ch.  Phys.  [3],  Ixiii.  63),  for  determining  the  densities 
of  vapours  at  elevated  temperatures.  It  is,  however,  only  adapted  for  substances  which 
are  unacted  on  by  air.  The  apparatus  consists  of  two  flasks,  A  A',  made  of  cast-iron,  as 
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nearly  as  possible  of  the  same  thickness.  They  are  terminated  by 
tubulures,  which  are  closed  by  the  bullets  B  B',  resting  on  the 
openings.  The  volumes  of  the  two  flasks  are  to  be  exactly  deter- 
mined by  ascertaining  the  weight  of  water  required  to  fill  them. 
Pome  mercury  is  to  be  poured  into  the  flask  A ;  and  in  A',  the  sub- 
stance the  vapiour-density  of  which  is  to  be  ascertained.  The 
apparatus  is  then  to  be  placed  on  a  muffle  heated  to  a  temperature 
.somewhat  more  than  sufficient  to  convert  the  substance  into  vapour. 
The  mercury  and  substance  soon  enter  into  ebullition,  expelling  the 
air  by  the  apertures,  which  are  only  imperfectly  closed  by  the  bullets. 
When  the  apparatus  has  been  sufficiently  heated,  it  may  be 
removed  and  allowed  to  cool.  The  weights  of  the  mercury 
remaining  in  A,  and  of  substance  in  A',  are  then  to  be  determined 
by  analysis. 

Let  P  be  the  weight  of  the  mercury, 
P'  that  of  the  substance, 

5  the  density  of  mercury  compared  with  that  of  air  under  the 
circumstances  of  temperature  and  pressure  which  existed  in  the  mufile  at  the  moment 
of  removing  the  apparatus. 

The  density  of  the  vapour  will  be  under  the  same  conditions,  and,  assuming  the 
volumes  of  the  two  flasks  to  be  identical, 

X  =  S  — 
P 

But  as,  in  practice,  the  capacities  of  the  two  flasks  will  never  be  exactly  the  same,  we 
must  substitute  the  following  formula  for  that  given  by  M.  Eegnault.  Representing, 
therefore,  the  volume  of  A  by  J',  and  the  volume  of  A'  by  V,  we  have: — 

-  P  V 

X  =  5  —  .  — 

p  r 

It  is  proper  to  remark  that  this  method  ceases  to  be  acciuvate  if  there  be  any  great 
difference  between  the  volumes  of  A  and  A'. 

The  relations  between  the  atomic  weights  of  substances  and  their  densities  in  the 
state  of  vapour  or  gas,  have  been  so  fully  discussed  in  the  article  Atomic  AVeiohts 
(i.  466),  that  we  only  now  have  to  consider  the  method  of  calculating  the  theoretical 
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va-pour -density  of  a  substance.  This  may  at  once  be  obtained  by  multiplying  the  atomic 
weight  of  the  substance  by  half  the  density  of  hydrogen,  0-034635.  If  the  results  of 
experiment  diiFer  from  the  number  so  obtained  by  a  very  largo  amount,  it  will  pro- 
bably arise  from  the  vapour-deusity  being  anomalous.    (See  Atomic  Weights.) 

List  of  some  Memoirs  on  Vapotje-densities  and  Kindred  Subjects. 

Regnault:  Note  on  some  Apparatus  for  determining  the  Densities  of  Gases  and 
Vapours,  Ann.  Ch.  Phys.  [3],  Ixiii.  45. — Apjparatus  for  the  Determination  of  the 
Vapour-densities  of  Substances  whichboil  at  high  Temperatures,  ibid.  53. — ISote  ana  Gas- 
Thermometer  employed  as  a  Tgrometer  for  measuring  high  Temperatures,  ibid.  39. 

Hofraann:  Remarks  on  anomalous  Vapour-densities,  Pi-oc.  Koy.  Soc.  x.  696. 

Playfair  and  AVanklyn:  On  a  mode  of  taking  the  Density  of  Vapours  of  Volatile 
Liquids  at  Temperatures  below  BoUing-point,  Trans.  Roy.  Soc.  Edin.  xxii.  Part  iii.  441. 

Natanson:  Ann.  Ch.  Pharm.  xcviii.  301. 

Wurtz:  An  Introduction  to  Chemical  Hiilosophy  according  to  the  Modern  Theories, 
Chem.  News,  April  7,  1865. 

Deville  and  Troost:  On  Vapour-densities  at  very  high  Temperatures,  Ann.  Ch. 
Phys.  [3]  Iviii.  257. 

Wurtz:  Determination  of  the  Specific  Gravities  of  Methylamine  and  Ethylamine  at 
varying  Temperatures  and  Pressures,  M^moire  sur  les  ammoniaques  compos^es,  tome 
xi.  des  M^moires  presentes  par  divers  savants  a  I'Academie  des  Sciences,  1851. 

William  s,  C.G-. :  Modes  of  determining  Specific  Gravities  of  Vapours,  ^c. — Chemical 
Manipulation,  p.  94. 

Brown,  J  as.  T. :  Tables  for  the  Calculation  of  Vapour-density  Determinations, 
Chem.  Soc.  .T.  [2],  iv.  72. 

Williams,  C.  G. :  Determination  of  Eesidual  Air,  Phil.  Trans.  1857,  p.  460. 

C.  G.  W. 

SPECTRAIi  ATTiiliVSXS.  The  examination  of  the  properties  of  the  light  emitted 
by  substances  in  the  state  of  glowing  gas  has  been  termed  Spectral  Analysis.  By  this 
method  we  not  only  succeed  in  obtaining  a  much  more  accurate  knowledge  than 
we  have  hitlierto  possessed  concerning  the  chemical  composition  of  terrestrial  matter, 
but  we  acquire  information  respecting  the  chemical  nature  of  the  sun,  fixed  stars,  and 
distant  nebulae,  opening  out  the  new  sciences  of  solar  and  stellar  chemistry. 

If,  by  means  of  a  prism  and  suitable  optical  arrangements,  we  examine  the  light 
emitted  by  incandescent  solid  or  liquid  bodies,  we  find,  first,  that  all  such  bodies  become 
luminous  at  the  same  temperature  ;  and,  secondly,  that  when  they  first  become  luminous 
red  rays  alone  are  emitted,  and  that  as  the  temperature  rises,  rays  of  every  higher 
degree  of  refrangibility,  up  to  a  certain  limit,  are  likewise  given  off,  until,  when  the 
highest  temperature  is  reached,  all  the  luminous  rays  are  emitted,  and  the  body  is 
said  to  be  white-hot.  Hence  the  spectrum  of  every  incandescent  solid  or  liquid  is 
conti7iuous,  and  cannot  be  used  as  a  means  of  detecting  the  chemical  nature  of  the 
(substance.  The  light  emitted  by  incandescent  gases  differs  essentially  from  that  radiated 
from  solids  or  liquids,  inasmuch  as  the  spectrum  of  a  glowing  gas  is  not  continuous, 
but  consists  of  distinct  bands  or  lines  of  light ;  in  other  words,  is  made  up  of  different 
rays  of  definite  degrees  of  refrangibility.  Another  difference  to  be  noted  is  that, 
except  in  certain  cases  to  be  spoken  of  hereafter,  the  qucdity  of  the  light  of  a  glowing 
gas  does  not  alter  with  increase  of  temperature:  thus,  as  soon  as  sodium-vapour 
becomes  luminous,  it  emits  yellow  light,  nor  can  this  colour  be  changed  by  increasing 
the  temperature  ;  sodium-vapour  cannot  be  made  white-hot. 

Each  elementary  substance  in  the  state  of  gas  prodiices  a  spectrum  consisting  of 
bright  lines  or  bands,  which  are  unalterable  in  position,  and  are  pi'oduced  by  that 
particular  element  alone;  hence  this  property  may  be  made  use  of  for  detecting 
the  presence  of  the  substance  in  question,  and  it  matters  not  how  far  distant  the 
source  of  light  may  be  from  the  observer,  provided  the  lines  can  be  distinctl}"  seen. 
Many  chemical  compounds  are  not  decomposed  below  the  temperature  at  which  their 
vapours  become  luminous,  and  these  compounds  yield  spectra  differing  from  those 
of  their  constituent  elements ,  in  some  cases  a  further  elevation  of  temperature 
produces  a  sudden  dissociation  of  the  combined  elements,  and  then  the  true  ele- 
mental spectra  become  for  the  first  time  apparent — no  further  change  in  the  position 
of  the  lines  occurring  with  subsequent  increase  of  temperature.  In  many  instances, 
however,  even  in  the  case  of  the  elemental  lines,  increase  of  temperature  renders 
new  lines  visible,  which  could  not  be  seen  before,  possibly  owing  to  their  not  possess- 
ing sufficient  intensity. 

The  methods  of  obtaining  the  spectra  of  the  elements, or  theircorapounds.differaccord- 
ing  to  their  volatility.    The  instrument  or  spectroscope  employed  varies  according  to 
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the  degree  of  accuracy  which  the  observations  require :  thus,  for  the  detection  of  some 
of  the  more  commonly-occurring  substances,  a  rough  apparatus  witli  one  prism  will 
suffice,  whereas  for  exact  experiments,  aud  for  researches  on  solar  chemistry,  a 
much  more  powerful  and  optically  perfect  instrument  is  needed. 

Examination  of  the  Spectra  of  Bodies  which  tint  the  colourless  Gas-Jlame. 

It  has  long  been  known  that  certain  substances,  especially  the  salts  of  the  alkalis  and 
alkaline  earths,  tint  the  blowpipe-flame,  and  these  tints  have  long  been  used  as  tests  for 
the  presence  of  the  substances.  Buns  en  and  Kir  chhofF  (1860.  Chemical  Analysis  by 
Spectrum  Observations:  First  Memoir,  Pogg.  Ann.  ex.  IGl  ;  and  Phil.  Mag.  [4]  xx.  89: 
Second  Memoir,  Pogg.  Ann.  cxiii.  337;  and  Phil.  Mag.  [4]  xsii.  329  and  498)  were  the 
first  successfully  to  apply  the  prism  to  the  examination  of  these  tints,  whereby  the 
accuracy  and  delicacy  of  their  indications  were  infinitely  increased,  and  thus  to  found  the 
science  of  Spectral  Analysis. 

The  improved  spectroscope  employed  in  these  experiments  is  represented  in  fig.  768. 
Gn  the  upper  end  of  the  cast-iron  foot,  F,  a  brass  plate  is  screwed,  carrying  the  flint- 
glass  prism  P,  having  a  refracting  angle  of  60°.  The  coUimator-tube,  A,  is  also  fixed  to 
the  brass  plate  ;  in  the  end  of  this  tube  nearest  the  prism  is  placed  a  lens,  whilst  the 


Fig.  768. 


other  end  is  closed  by  a  plate,  in  which  a  vertical  slit  has  been  made.  Two  arms  are 
also  fitted  on  to  the  cast-iron  foot,  so  that  they  are  moveable  in  a  horizontal  plane 
about  the  axis  of  the  foot.  One  of  these  carries  the  telescope  B,  having  a  magnifying 
power  of  eight,  whilst  the  other  carries  the  tube  C  ;  a  lens  is  placed  in  this  tube  at  the 
end  nearest  the  prism,  and  at  the  other  end  is  a  scale,  which  can  be  seen  through  the 
telescope  by  reflexion  from  the  front  surface  of  the  prism.  This  scale  is  a  photographic 
copy  of  a  millimetre-scale,  which  has  been  produced  in  the  cam.era  of  about  i  the 
original  dimensions.    The  structure  of  the 

slit  is  seen  in  fig.  769  :  the  upper  h.alf  ^'9-  769. 

only  is  left  free  ;  the  lower  half  is 
covered  by  a  small  equilateral  glass  prism, 
which  sends  by  total  reflexion  the  light  of 
the  lamp  D  through  the  slit,  whilst  the 
rays  of  the  lamp  £  pass  freely  through 
the  upper  and  uncovered  slit.  By  help 
of  this  arrangement,  the  observer  sees 
the  spectra  of  the  two  sources  of  light  im- 
mediately one  under  the  other,  and  can 
thus  easily  determine  at  a  glance  whether 
the  lines  are  coincident  or  not.  The  instrument  is  used  as  follows: — In  the  first 
place,  the  telescope  B  is  drawn  out  so  far  that  a  distant  object  is  plainly  seen ;  it  is  then 
screwed  into  the  ring  in  which  it  is  held,  care  being  taken  to  loosen  the  screws  a  and  /3 
beforehand.  The  tube  A  is  then  brought  into  its  place,  and  the  axis  of  B  brought  into 
one  straight  line  with  that  of  A.    The  slit  is  then  drawn  out  until  it  is  distinctly  seen 
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on  looking  through  the  telescope,  and  this  latter  is  then  fixed  by  moving  the  screws 
o  and  0  until  the  middle  of  the  slit  is  seen  in  the  middle  of  the  field  of  view. 
After  removing  the  small  spring  7,  the  prism  is  next  placed  on  the  brass  plate,  and 
fastened  in  the  position  which  is  marked  for  it,  and  secured  by  screwing  down  the 
spring-clamp  7. 

If  the  axis  of  the  tube  A  be  now  directed  towards  a  bright  surface,  such  as  the  flame 
of  a  candle,  the  spectrum  of  the  flame  is  seen  in  the  lower  half  of  the  field  of  the 
telescope,  on  moving  the  latter  a  certain  angle  round  the  axis  of  the  foot  F.  When  the 
telescope  has  been  placed  in  position,  the  tube  C  is  fastened  on  to  the  arm  belonging 
to  it;  and  this  is  turned  through  an  angle  such  that,  when  light  is  allowed  to  fall  on 
the  divided  scale,  the  image  of  the  scale  is  seen  tlu'ough  the  telescope  B,  reflected  from 
the  nearer  face  of  the  prism.  The  divisions  can  easily  be  focussed,  and  the  line  on 
which  the  divisions  lie  brought  parallel  with  the  line  dividing  the  two  spectra  by 
means  of  the  screw  (5);  a  small  gas-flame  is  then  placed  opposite  the  tube  C  to  illuminate 
the  scale.  The  breadth  of  the  slit  can  be  regulated,  by  means  of  the  screw  e,  according 
to  the  degree  of  illumination  present,  or  the  purity  of  the  spectrum  required.  A  black 
cloth,  with  holes  for  the  tube  C,  is  thrown  over  the  whole  apparatus  to  shade  off  stray 
light.  In  order  to  bring  the  two  sources  of  light,  D  and  E,  into  position,  the  following 
method  may  be  employed  : — If  the  lamp  E  be  pushed  past  the  slit,  a  point  is  easily 
found  at  which  tlie  blue  lines  of  the  hydrocarbon-flame  (Swan,  p.  3S8)  are  plainly 
seen  ;  the  lamp  must  then  be  pushed  to  the  left  still  farther,  until  these  lines  nearly  or 
quite  disappear ;  the  right  mantle  of  the  flame  is  now  before  the  slit,  and  into  this  the 
bead  of  substance  under  examination  must  be  brought.  In  the  same  way  the 
position  of  the  flame  (D)  may  be  ascertained  (Bunseu).  Owing  to  variations  in  the 
refracting  power  of  the  prisms,  the  positions  of  the  lines  of  the  same  substances, 
measured  by  the  photographic  scale,  on  two  ditferent  instruments  will  not  coincide 
exactly.  Bun  sen  has,  however,  given  (Pogg.  Ann.  cxix.  6)  an  easy  method  for  reducing 
these  variations,  rendering  comparable  the  measurements  thus  made  with  different  instru- 
ments. He  has  also  XJroposed  a  graphical  method  (shown  in  fff.  770,  opposite  page  382)  of 
mapping  not  only  the  position  of  the  bright  lines,  but  also  their  relative  intensities  and 
degrees  of  sharpness :  this  consists  in  shading  in  the  lines  under  a  millimetre-scale  (repre- 
senting that  seen  through  the  telescope),  the  starting-point  being  taken  to  be  the  D  Unes, 
the  position  of  which  is  always  represented  at  50  mm.  The  height  of  the  shading  gives 
the  intensity  of  the  bright  band,  the  extent  of  the  shading  gives  the  breadth  of  the  line  or 
band,  and  the  degree  of  sharpness  is  indicated  by  the  sudden  or  gradual  growth  of  the 
shaded  portions.  This  method  cannot,  of  course,  give  to  one  unfamiliar  with  the  spectra 
themselves,  any  idea  of  their  real  appearance  ;  this  can  only  be  attained  (and  but 
imperfectly)  by  chromo-lithographic  tables,  which  accompany  some  of  the  memoirs, 
and  of  which  an  enlarged  series  has  been  published  by  Lenoir  of  Vienna. 

The  discovery  of  four  new  elementary  bodies  (csesium,  rubidium,  thallium,  indium), 
by  help  of  spectral  analysis,  since  1860,  serves  to  show  the  value  of  this  new  method; 
of  its  delicacy,  some  idea  may  be  formed  by  the  following  numbers,  which  give, 
in  fractions  of  a  milligi-amme,  the  weights  of  the  smallest  quantities  of  the  metals  in 
question  which  can  thus  be  detected  ■with  certainty: — ■ 

mi^m.  mgm. 

Sodium       .       .       0-0000003  '  "' 

Lithium      .       .  0-0000009 

Calcium      .       .  O'OOOOl 


Ca?sium  .  .  0-00005 
Strontium    .       .  0-00006 


Thallium  .  .  0-00002 

Eubidium  .  .  '  0-0002 

Potassium  .  .  0-001 

Barium    .  .  .  0-001 


Spectrum  Beactions  of  the  Metals  of  the  Alkalis  and  Alkaline  Earths. 

Sodium. — The  spectrum-reaction  of  this  metal  is  the  most  delicate  of  all.  The 
yellow  line,  Na  a,  is  the  only  one  which  appears  in  the  sodium-spectrum  as  seen  in  the 
flame  -with  the  ordinary  spectroscope.  Examined  at  the  high  temperature  of  the 
electric  spark  with  a  more  powerful  set  of  prisms,  this  yellow  line  is  seen  to  be  double, 
and  it  is  found  to  be  exactly  coincident  with  the  dark  double  solar  line  known  as  D ; 
under  these  circumstances,  three  other  pairs  of  lines  and  a  nebulous  band  become 
visible,  in  addition  to  the  yellow  D  lines  (Huggins.Phil.  Trans.  186i,  p.  139,  on  The 
Spectra  of  some  of  the  Chemical  Elements).  The  line  Na  a  is  remarkable  for  its  exactly- 
defined  form  and  extraordinary  brightness.  If  the  quantity  of  sodium-compoimd 
present  in  the  fiame  is  very  large,  some  portion  is  precipitated  in  the  solid  form, 
and  this  gives  rise  to  a  faint  continuous  spectrum  stretching  at  each  side  of  the 
double  yellow  line;  if  a  small  piece  of  the  metallic  sodium  be  volatilised  in  the  flame, 
the  important  phenomenon  of  the  reversal  of  the  sodium-spectrum  is  observed — tliat  is, 
the  briffht  sodium-lines  on  a  dark  background  become  clianged  to  a  dark  one 
upon  a  background  of  a  briffht  continuous  spectrum.    The  explanation  of  this  will  be 
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given  hereafter.  All  the  sodium-compounds  yield  the  yellow  line  when  heated  in  the 
flame ;  those  (such  as  the  oxides,  chloride,  iodide,  bromide,  sulphates,  and  carbonates) 
which  are  easily  volatilised  give  the  reaction  most  vividly,  but  the  non-volatile  phos- 
phates, silicates,  and  borates  also  exliibit  the  line  plainly.  8wan  in  1857,  and  indeed 
Melville  in  1752,  pointed  out  the  delicacy  of  this  reaction.  Tlie  3000,100  P^'rt  of  a  milli- 
gi-ammo  of  soda  can  be  easily  detected,  and  this  reaction  shows  the  constant  presence 
of  sodium-compounds  floating  about  as  motes  in  the  sunbeam  ;  all  bodies,  after  exposure 
to  the  air  for  a  few  minutes,  exhibit  the  soda-lines  on  ignition.  This  dust  of  sodium- 
compounds  is  derived  from  the  evaporation  of  the  minutely-divided  particles  of  sea- 
spray,  and  from  the  transportation  of  the  infinitely  small  solid  particles  by  the  winds. 

Lithium. — The  luminous  vapour  of  lithium,  obtained  by  the  ignition  of  the  salts  of 
this  metal  in  the  flame,  yields  a  spectrum  consisting  of  two  bright  lines  :  the  one  a 
bright  red  line,  Li  a  (31  mm.  on  Eunsen's  scale),  and  the  other  a  very  much  less 
distinct  orange  line,  Li  ;3  (45  mm.  on  Bunsen's  scale).  When  lithium-vapour  is 
more  strongly  heated,  as  in  an  oxyhydrogen-flame  or  in  the  electric  discharge,  a  blue 
lino  or  band  becomes  visible,  in  addition  to  the  other  two  lines  which  do  not  change 
their  position  (Tyndall  and  Frankland,  Phil.  Mag.  [4],  xxii.  472).  This  new  blue 
lithium-line,  when  viewed  with  one  prism,  appears  coincident  with  the  blue  strontium- 
line,  !Sr  5  (seep.  380).  On  examination  with  three  prisms  and  a  high  magnifying  power, 
the  blue  lithium-line  is  seen  to  be  somewhat  more  refrangible  than  the  strontium,  5, 
the  lines  being  separated  by  a  space  about  equal  to  that  separating  the  two  sodium- 
lines.    (Roscoe  and  Clifton,  Proc.  Manch.  Phil.  Soc.  1861-62,  p.  227.) 

All  the  lithium-compounds  give  the  reaction;  indeed,  minerals  containing  lithium 
(such  as  triphylline,  triphane,  and  petalite)  only  require  to  be  held  in  the  flame  to 
exhibit  the  red  line,  Li  a,  most  distinctly.  Lithium-compounds  were  formerly  supposed 
to  occur  most  sparingly  on  the  earth's  crust,  but  spectral  analysis  has  shown  that  this 
metal  is  most  widely  clitfused.  It  has  been  found  in  the  waters  of  the  Atlantic,  in  the 
ashes  of  marine  plants,  in  all  the  quartz  and  orthoclase  of  the  Odenwald,  as  well  as 
in  very  many  other  minerals  from  ditferent  localities  ;  in  almost  every  mineral-water, 
as  well  as  in  almost  all  well-  and  river-waters ;  in  the  ashes  of  tobacco,  of  wood  of 
the  vine;  in  milk,  coffee,  tea;  in  human  blood,  and  in  muscular  tissue.  Lithium-salts 
have  been  found  to  occur  in  large  quantities  in  a  spring  in  Cornwall  (W.  A.  Miller, 
Brit.  Assoc.  Report,  1864).  Lithium  has  also  been  found  in  meteoric  stones.  (Buu- 
sen,  Ann.  Ch.  Pharm.  cxx.  253. — Engelbaoh,  Pogg.  Ann.  cxvi.  512.) 

Potassium. — Volatile  potassium-compounds,  when  placed  in  the  flame,  give  a  widely- 
extended  continuous  .spectrum,  which  consists  of  two  chief  lines :  one  line,  K  a,  situated  in 
the  outermost  red(from  16-5  to  18'5  on  Bunsen's  scale),  and  a  second  line,  K  /3,  situated 
far  in  the  violet  rays  towards  the  other  end  of  the  spectrum  (152-6  to  153'o  on  Bun- 
sen's scale).  AVhen  the  vapour  of  potassium  is  heated  in  the  electric  spark,  several 
other  lines  make  their  appearance  (Huggins).  All  potassium-salts  containing 
volatile  acids  exhibit  the  two  lines  when  placed  in  the  flame,  but  the  potash-silicates 
and  some  other  non-volatile  compounds  do  not  show  it,  and  must  therefore  be  ignited 
with  sodium-carbonate.  The  presence  of  the  sodium-salt  does  not  interfere  with 
the  reaction,  and  scarcely  diminishes  its  delicacy.  Orthoclase,  sanidine,  and  aduhiria 
may  in  this  way  bo  easily  distinguished  from  albite,  oligoclase,  labradorite,  and 
anorthite.  If  only  a  trace  of  potash  is  present,  the  silicate  must  be  heated  with 
ammonium-fluoride  in  a  platinum-basin,  and  the  residue  brought  into  the  flame  on  a 
platinum-wire. 

The  potassium-red  line,  K  a,  was  at  one  time  supposed  to  be  coincident  with 
Fraunhofer's  line  A  (Kirchhoff,  Researches,  part  i.)  ;  it  has  since  been  shown 
that  the  red  line  is  a  double  one  (Roscoe),  and  that  it  is  not  coincident  with  Fraun- 
hofer's A.    (Kirchhoff,  Researches,  &c.,  partii.) 

Rubidium  and  Ceesium. — These  two  new  alkali-metals  were  discovered  by  Bun- 
sen  in  the  mineral-water  of  Diirkheim,  and  in  Saxon  lepidolite  (Berlin.  Acad.  Ber. 
10  Mai  1860,  p.  221;  Chem.  News,  iii.  132).  Since  their  discovery  they  have  been 
found  to  be  widely  diffused;  indeed,  rubidium  may  be  said  to  be  a  commonly-occurring 
substance ;  for  although  it  exists  only  in  small  quantities,  it  is  met  with  in  a  large 
number  of  mineral  waters,  and  in  the  ashes  of  many  vegetables,  such  as  tobacco, 
coffee,  and  beetroot  (Grand can,  Compt.  rend.  liv.  450.  1057).  The  chemical  pro- 
perties of  the  cwsium-compounds,  together  with  the  methods  cmpiloyed  for  the  sepa- 
ration of  this  metal  from  i-ubidium,  are  described  in  vol.  i.  p.  1112  of  this  Dictionary  ; 
the  rubidium-compounds  are  noticed  in  vol.  v.  pp.  127-131  ;  hence  it  will  here  only  bo 
necessary  to  describe  their  spectra. 

The  spectra  of  the  new  metals  exhibit,  in  the  first  place  (in  accordance  with 
their  correspondence  in  other  chemical  properties),  a  striking  analogy  with  the 
potassium-spectrum  ;  all  three  metals  possess  spectra  which  are  continuous  in 
the  centre,  decreasing  in  intensity  towards  each  end.    In  the  case  of  potassium,  the 
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contiBUOUs  portion  (indicated  in  the  mass  by  a  dark  band  above  the  division)  is  most 
intense,  in  that  of  rubidium  less  intense,  and  in  the  e»sium-spectrum  this  luminosity  is 
least.  In  all  three  we  observe  the  most  intense  and  characteristic  lines  towards  both 
the  red  and  blue  ends  of  the  spectrum.  Of  the  rubidunn-Uncs,  those  marked  Kb  o  and 
Eb  /3  (137  and  135 — 136  mm.)  are  the  most  brilliant,  and  best  suited  for  the 
recognition  of  the.  metal.  Less  brilliant,  though  still  characteristic,  are  the  red 
lines  Rb  y  and  Rb  5  (15 — 16  and  13 — 14  mm.),  from  which  the  metal  derives  its 
name;  they  are  remarkable  as  both  being  less  refrangible  than  the  potassium  red 
lines  K  a,  and  the  outer  one  of  them  lies  so  far  in  the  dark  red  as  to  be  only  rendered 
visible  by  a  special  arrangement.  The  other  lines,  which  are  found  on  the  continuous 
portion  of  the  spectrum,  cannot  so  well  be  used  as  a  means  of  detection,  because  they 
only  appear  when  the  substance  is  very  pure,  and  when  the  degree  of  illumination  is 
very  great.  The  nitrate,  chloride,  chlorate,  and  perchlorate,  on  account  of  their  easy 
volatility,  show  these  lines  most  distinctly ;  but  even  the  least  volatile  rubidium-com- 
pounds, such  as  the  silicates,  yield  spectra  in  which  all  these  details  are  plainly  seen. 

The  spectrum  of  ccesium  is  chiefly  characterised  by  the  two  lines  Cs  a  and  Cs  ;3  (109 
and  106  mm.),  remarkable  for  their  brilliancy  and  sharpness  of  definition,  as  well  as  by 
the  absence  of  any  line  in  the  red  as  in  the  two  other  spectra.  The  line  Cs  7  in  the 
orange  (42  mm.)  is  the  next  most  distinct.  The  other  yellow  and  green  lines  marked 
on  the  map  first  appear  when  the  luminosity  is  great ;  and  though  they  cannot  be 
used  for  detecting  the  presence  of  small  quantities  of  the  CEesium-compounds,  they 
may  serve  with  advantage  as  tests  of  the  purity  of  the  cfesium-salt  under  examination, 
as  they  are  seen  only  when  all  foreign  matter  is  got  rid  of. 

The  delicacy  of  the  spectrum-test  for  the  pure  compounds  is,  for  rubidium  0'0002 
mgm.,  and  for  ca}sium  0'00005  mgm.  ;  if  other  members  of  the  alkaline  group  of  metals 
be  present,  the  delicacy  of  the  reaction  is  of  course  impaired ;  but  even  when  mixed  with 
from  300  to  400  times  its  weight  of  the  chlorides  of  potassium  and  sodium,  the  caesium- 
chlorides  would  be  easily  detected ;  whilst  the  rubidium-salt  will  bear  dilution  with 
from  100  to  150  times  its  weight  of  the  common  alkalis  before  its  spectrum  is  ren- 
dered indistinct.  (Bunsen.) 

The  following  is  a  list  of  the  chief  sources  in  which  the  new  alkaline  metals  have  as 
yet  been  found  : — ■ 

In  mineral  waters : — Durkheim,  Kissingen,  Nauheim,  Kreuznach,  Baden-Baden, 
Wiesbaden,  Soden  near  Frankfort,  all  contain  both  metals :  see  the  Second  Memoir  by 
Bunsen  and  KirchhofiF. 

Vichy,  Bourbonne.    (Grrandeau,  Compt.  rend.  liii.  1100.) 

Ebensee,  Haller,  Grastein.    (Eedtenbacher,  J.  pr.  Chem.  Ixxxv.  458.) 

Aussee.    (Schrotter,  ibid.  p.  458.) 

Topusco,  Lassinga,  Karlsbrunn.    (Schneider,  ibid.  p.  458.) 
Salins  (Jura),  Contrexeville  (Vosges). 

Dead  Sea  water.   (Grandeau,  Ann.  Ch.  Phys.  [3],  Ixvii.  175.) 
Inminerals: — Lepidolite  from  Eoxena,  Cs  and  Rb.    (Bunsen  and  Kirchhoff.) 
Lepidolite  from  Hebron  in  Maine,  Rb  and  Cs.  (O.D.Allen,  Phil. Mag.  [4],xxv.  189). 
Lepidolite  from  Prague,  Petalite  from  Uto,  Rb  and  Cs.    (Grandeau,  Ann.  'Ch. 
Phys.  [3],  Ixvi.  172,  173.) 

Triphylline,  Rb  and  Cs.    (Bunsen,  Chem.  News,  iv.  163.) 

Litliia-micafromZinnwaldin  Bohemia,  Rb  and  Cs.  (Bunsen,  Chem. News. iv.  286. — 
Schrotter,  J.  pr.  Chem.  Ixxxv.  458.) 

Gneiss  fromFroiberg,  Rb.  (Rube,  Berg-und  Huttemann.  Zeitung,  1862,No.  8,  p.  75.) 
Carnallite,  Rb  and  Cs.    (Erdman,  J.  pr.  Chem.  Ixxxvi.  377.) 
Orthoclase  from  Carlsbad,  Rb.    (Erdman,  ibid.  p.  448.) 

Chile  saltpetre.  (Bunsen,  Pogg.  Ann.  cxiii.  361. — Grandeau,  Ann.  Ch. Pliys.  [3], 
Ixvii.  207.) 

Pollux  from  Elba  (Pisani,  Compt.  rend.  Iviii.  714)  contains  34  per  cent,  of 
caesium ;  in  all  former  analyses  of  the  mineral  this  had  been  taken  for  potassium. 
In  vegetables  and  vegetable  products,  rubidium  alone  is  found. 

In  beetroot  and,  the  saltpetre  derived  from  it: — Grandeau  (Compt.  rend.  liv.  450  ; 
Ann.  Ch.  Phys.  [3],  Ixvii.  201).— Lef  eb  re  (Compt.  rend.  Iv.  430). 

In  tobacco  (Havana  and  Kentucky),  in  coffee,  tea,  cream  of  tartar. 

In  the  ash  of  the  oak-tree,  Quercus  pubescens.  (Von  Thann,  J.  pr.  Chem.  Ixxxvi. 
254.) 

Strontium. — The  spectra  of  the  alkaline  earths  are  by  no  means  so  simple  as  those 
produced  by  the  alkalis  ;  that  of  strontium  is  characterised  by  the  absence  of  green 
bands.  Eight  lines  in  the  strontium-spectrum  are  remarkable — Fix  red,  one  orange, 
and  one  blue  line :  of  these  the  orange,  Sr  a  (45 — 47  mm.),  two  red,  Sr  0  and  Sr  7 
(31-5—33  and  33-5— 34-6  ram.),  and  the  blue  line,  Sr  5  (104-5— 105  5  mm.). 
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The  chloride  and  other  haloid  salts  of  strontium  give  the  best  reaction,  whilst  it  is  seen 
less  distinctly  with  the  sulphate  and  carbonate,  and  cannot  be  obtained  at  all  with  the 
non-volatile  compounds.  On  moistening  the  bead  with  hydrochloric  acid,  the  lines  are 
i^een  more  vividly  ;  the  sulphate  must  previously  be  reduced  to  sulphide  by  holding 
the  bead  in  the  reducing  flame,  and  the  silicates  must  be  fused  on  a  platinum-loop, 
with  carbonate  of  sodium,  and  the  fused  mass  powdered,  and  washed  on  a  plate  by 
decantation.  The  insoluble  carbonate  of  strontium  is  thus  obtained,  of  which  one  or 
two-tenths  of  a  milligramme,  brought  on  to  a  platinum-wire  and  moistened  with  hydro- 
chloric acid,  suffices  to  give  the  most  distinct  reaction.  The  strontium-lines  do  not  in- 
terfere with  the  indications  of  potassium  and  sodium  ;  and  lithium  can  also  be  detected 
in  presence  of  strontium  when  the  proportion  of  the  former  metal  is  not  very  small. 
The  lithium-line  appears  as  an  intensely  red  and  sharply-defined  line  upon  a  less 
distinct  red  ground  of  the  broad  strontium-band,  Sr  ^.  (Bunsen  and  Kirch - 
boff.) 

If  the  temperatTire  of  the  incandescent  strontium-compounds  be  greatly  increased,  as 
when  they  are  volatilised  in  the  intense  induction-spark,  a  sudden  change  in  the  spec- 
trum is  noticed,  especially  if  a  more  powerful  spectroscope  is  employed.  Not  only  do 
new  lines  thus  become  visible  which  were  not  seen  in  the  flame-spectrum,  but  the 
broad  bands,  characteristic  of  the  spectrum  at  the  lower  temperature,  totally  disappear, 
and  a  mass  of  fine  bright  lines  supply  their  place.  These  are,  however,  not  coincident 
with  any  part  of  the  band,  being  sometimes  more  and  sometimes  less  refrangible.  The 
lines,  Sr  a,  )3,  y  disappear  in  the  intense  spark,  whilst  the  blue  line,  Sr  5,  does  not  alter 
either  in  intensity  or  in  position  with  the  alteration  of  temperature,  but  four  new 
violet  lines  make  their  appearance.  An  exjilanation  of  this  phenomenon  of  the  disap- 
pearance of  the  broad  bands  and  the  production  of  the  bright  lines  may  be  given  by 
the  supposition  that  the  glowing  vapour  at  the  low  temperature  consists  of  the  oxide 
or  other  compound  of  the  difficultly  reducible  metal,  whereas,  at  the  enormously  high 
temperature  of  the  intense  spark,  these  compounds  are  decomposed,  and  the  time 
bright  lines  of  the  metal-spectrum  are  obtained  (Roscoe  and  Clifton,  Proe.  Mauch. 
Society,  1861-62,  p.  227).  The  bright  lines  of  metallic  strontium  have  been  carefully 
mapped  by  Huggins  (loccit.). 

Kirchhoff  states  in  his  memoir  (Part  i.  p.  11)  his  opinion  that  the  position  of  the 
bright  bands,  or  maxima  of  light,  is  not  dependent  upon  the  temperatm-e,  upon  the 
presence  of  other  vapours,  or  upon  any  other  condition  except  the  chemical  constitu- 
tion of  the  vapour.  The  appearance  of  the  speetnim  may,  however,  Kirchhoif  states, 
be  very  different  imder  different  circumstances.  "  Even  the  alteration  of  the  mass  of 
the  incandescent  gas  is  sufficient  to  effect  a  change  in  the  character  of  the  spectrum. 
If  the  thickness  of  the  film  of  vapour  whose  lines  are  being  examined  be  increased,  the 
luminous  intensities  of  all  the  lines  increase,  but  in  different  ratios.  The  intentity  of 
the  bright  lines  increases  more  slowly  than  that  of  the  less  visible  rays.  The  im- 
pression which  a  line  produces  on  the  eye  depends  on  its  breadth  as  well  as  its  bright- 
ness. Hence  it  may  happen  that  one  line  being  less  bright,  although  broader  than  a 
second,  is  less  visible  when  the  mass  of  incandescent  gas  is  smaU,  but  becomes  more 
distinctly  seen  than  the  second  line  when  the  thickness  of  the  vapour  is  increased. 
Indeed,  if  the  luminosity  of  the  whole  spectrum  be  so  lowered  that  only  the  most 
striking  of  the  lines  are  seen,  it  may  happen  that  the  spectrum  appears  to  be  totally 
changed  when  the  mass  of  the  gas  is  altered.  Change  of  temperature  appears  to 
produce  an  effect  similar  to  tliis  alteration  in  the  mass  of  the  glowing  vapour,  no 
deviation  in  the  maxima  of  light  being  observed,  but  the  intensities  of  the  lines 
increasing  so  differently,  that  those  most  visible  at  a  high  temperature  are  not  those 
most  readily  seen  at  a  low  temperature  "  (Kirchhoff).  Although  this  explanation 
of  the  changes  observed  may  certainly  apply  to  many  cases,  yet  there  can  be  no  doubt 
that  experiments  made  since  the  foregoing  opinion  was  expressed,  prove  that  in  most 
instances  the  changes  which  occur  are  sudden,  and  are  due  to  an  alteration  in  the 
chemical  constitution  of  the  incandescent  vapour. 

Calcium. — The  spectrum  of  this  metal  is  immediately  distinguished  from  all  the 
preceding  by  the  characteristic  green  band,  Ca  /3  (57  to  62'.5  mm."),  and  by  the  orange 
band.  Can  (39'0  to  44  mm.).  The  chloride,  iodide,  and  bromide  give  the  reaction  best; 
the  non-volatile  calcium-compounds  must  be  decomposed  either  by  hydrochloric  acid,  or 
by  ammonium-fluoride,  before  the  spectrum  can  be  plainly  obtained;  and  then,  if  the 
quantity  of  metal  present  be  very  small,  the  characteristic  lines  are  seen  to  flash 
out  only  for  a  moment  as  the  salt  rapidly  becomes  basic  and  non-volatile.  In  this 
W'ay,  either  by  heating  the  substance  alone,  or  after  treatment  with  hydrochloric 
acid  or  ammonium-fluoride,  the  mineralogist  and  geologist  is  provided  with  a  simple 
method  of  recognising  the  components  of  a  minute  fragment  of  substances  with  an 
ease  and  certainty  attained  in  the  ordinary  method  only  by  a  large  expenditure  of 
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time  and  material.  Examples  of  the  application  of  these  tests  are  given  in  Bunsen 
and  Kirchhoff's  second  memoir :  these  prove  that  some  limestones  contain  lithium 
and  strontium,  as  well  as  sodium  and  potassium ;  and  it  is  probable  that  an  exact 
series  of  experiments  on  the  amount  of  these  ingredients  contained  in  these  various 
limestones  may  prove  of  the  highest  geological  interest,  both  as  regards  the  order  of 
their  deposition  and  their  local  distribution.  The  calcium-spectrum  shows  the  same 
kind  of  remarkable  change  on  increase  of  temperature  as  the  strontium-spectrum 
(Kirohhoff,  Researches,  i.  12);  thus  the  broad  band,  Ca  ^,  is  replaced  in  the 
intense  spark- spectrum  by  five  fine  green  lines,  all  of  which  are  less  refrangible  than 
any  part  of  the  band  Ca  ^,  whilst  in  place  of  the  orange  band,  Ca  a,  tliree  more 
refrangible  orange  lines  are  seen.  The  total  disappearance  in  the  spirk-spectrum  of  a 
well-defined  yellow  band  seen  in  the  flame-spectrum  at  the  lower  temperature  was 
strikingly  evident  (Ro SCO e  and  Clifton).  The  spark-spectrum  of  calcium  contains 
also  two  bright  lines  in  the  violet,  which  may  coincide  with  the  two  solar  lines  known 
as  Fraunhofer's  H.  (Huggins.) 

Barium. — This  is  the  most  complicated  of  all  the  flame-spectra  of  the  alkalis  and 
alkaline  earths.  It  is  at  once  distinguished  from  all  the  others  by  the  green  bands, 
Ba  o  (69'6  to  73  mm.)  and  Ba/3  (75  to  79  mm.);  these  are  by  far  .the  most  distinct, 
appearing  at  the  first,  and  continuing  during  the  whole  of  the  reaction.  Ba  y  (59  to 
63  mm.)  is  not  quite  so  distinct,  but  is  still  a  well-marked  and  peculiar  line.  The 
chloride,  bromide,  iodide,  and  fluoride,  as  well  as  the  hydrate,  carbonate,  and  sulphate, 
yield  the  reaction  ;  the  silicates  must  be  treated  previously  with  hydrochloric  acid,  or 
fused  wdth  sodium-carbonate,  and  the  resulting  barium-carbonate  dissolved  in  acid.  If 
barium  and  strontium  occur  in  small  quantities  together  with  large  amounts  of  calcium, 
the  carbonates  obtained  by  fusion  are  dissolved  in  nitric  acid,  and  the  dried  salt 
exhausted  with  alcohol.  The  residue  contains  only  barium  and  strontium,  both  of 
which  can  be  almost  always  detected. 

Unless  one  or  more  of  the  bodies  to  be  detected  is  present  in  very  small  quantities, 
the  methods  of  separation  just  mentioned  are  quite  unnecessary,  as  a  simple  inspection 
of  the  flaiue-spectrum  generally  exhibits  the  bright  lines  of  the  various  substances, 
appearing  one  after  the  other  in  the  order  of  their  volatility,  and  dying  gradually  out 
again  as  the  pictures  in  a  dissolving-view.  The  absence  of  any  one  or  of  several  of 
these  bodies  is  at  once  indicated  by  the  non-appearance  of  the  corresponding  bright 
lines  (Bunsen  and  Kirchhoff).  The  same  phenomenon  of  change  from  broad 
bands  to  fine  lines  on  increase  of  temperature  has  been  observed  in  the  barium  as  in 
the  two  foregoing  spectra. 

The  spectrum  of  magnesium,  as  well  as  the  spectra  of  almost  all  the  other 
metals,  cannot  be  obtained  by  means  of  the  flame,  owing  to  their  compounds  being 
non-volatile  at  the  temperature  of  burning  coal-gas.  In  order  to  obtain  the  spectra  of 
these  substances,  recourse  must  be  had  to  the  method  with  the  electric  spark,  explained 
hereafter. 

Thallitim. — The  compounds  of  this  new  metal,  discovered  by  Mr.  Crookes  (Chem. 
News,  March  30,  1861)  in  certain  specimens  of  iron-pyrites,  give  when  brought  into 
the  flame,  a  splendid  green  coloration,  and  this  yields  a  spectrum  consisting  of  one 
green  line,  Tl  a  (77'5  to  78  mm.),  which  coincides  with  a  part  of  the  green  barium- 
band,  0.  When  examined  with  one  prism,  the  extreme  brilliancy  of  this  line  renders 
the  detection  of  traces  of  thallium  in  pyrites  easy  (see  the  article  Thallium  in 
this  volume  ;  also  Crookes,  Phil.  Trans.  1863,  p.  173).  When  the  spark-spectrum  of 
thallium  is  examined,  five  lines  are  observed,  in  addition  to  the  intense  one  in  thegreen ; 
first  a  very  faint  one  in  the  orange  ;  next  two  of  nearlj'  equal  intensit^^  jn  t,]io  green, 
more  refrangible  than  Tl  a,  with  a  third  much  fainter,  these  lines  being  nearly  equi- 
distant;  whilst  fifth  in  the  blue  is  a  bright  well-defined  line  (W.  A.  Miller,  Proc. 
Eoy.  Soc,  1863,  p.  407).  Gassiot  (Proc.  Koy.  Soc.  xii.  536)  found  that  the  two 
green  thallium-  and  barium-lines  do  not  coincide  when  examined  with  a  magnifying 
power  of  80. 

Indmm. — This  metal  was  discovered  by  Drs.  Reich  and  Richter  in  the  Freiberg 
zincblende  (Phil.  Mag.  [4],  March  1864,  xxvii.  199).  Its  compounds  .are  recog- 
nised by  the  deep  indigo-coloured  tint  which  they  impart  to  flame.  The  indium-spec- 
trum is  characterised  by  two  blue  lines,  which  are  best  seen  when  a  bead  of  an 
indium-compound  is  held  between  two  electrodes  from  which  a  spnrk  passes.  The 
lines  In  a  and  In  ;8  fall  respectively  upon  divisions  107'5  and  140  mm.  of  the  photo- 
graphic scale  of  the  spectroscope  when  Na  a  =  50  and  Sr  5  =  100-5.  The  specific 
gravity  of  the  metal  is  7'277,  and  its  atomic  weight  about  37  =  In  (mcn.atomic). 
(Reich  and  Richter,  J.  pr.  Chem.  xcii.  480  ;  see  p.  268,  vol.  iii.  of  this  Dictionary; 
also  Strong,  Berg-  und  Hiittenm.  Zeit.  1865,  p.  191  ;  A.  Winkler,  J.  pr.  Chem. 
xeiv.  1;  Weselsky,  AVien.  Acad.  Borichte,  li.  286,  May  1865.) 
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time  and  material.  Examples  of  the  application  of  these  tests  are  given  in  Bunsen 
and  Kijchhoif 's  second  memoir :  these  prove  that  some  limestones  contain  lithium 
and  strontium,  as  well  as  sodium  and  potassium ;  and  it  is  probable  that  an  exact 
series  of  experiments  on  the  amount  of  these  ingredients  contained  in  these  various 
limestones  may  prove  of  the  highest  geological  interest,  both  as  regards  the  order  of 
their  deposition  and  their  local  distribution.  The  calcium-spectrum  shows  the  same 
kind  of  remarkable  change  on  increase  of  temperature  as  the  strontium-spectrum 
(Kirchhoff,  Researches,  i.  12);  thus  the  broad  baud,  Ca  /8,  is  replaced  in  the 
intense  spark- spectrum  by  five  fine  green  lines,  all  of  which  are  less  refrangible  than 
any  part  of  the  band  Ca  ;8,  whilst  in  place  of  the  orange  band,  Ca  a,  three  more 
refrangible  orange  lines  are  seen.  The  total  disappearance  in  the  spirk-spectrura  of  a 
well-defined  yellow  band  seen  in  the  flame-spectrum  at  the  lower  temperature  was 
strikingly  evident  (E.0 SCO e  and  Clifton).  The  spark-spectrum  of  calcium  contains 
also  two  bright  lines  in  the  violet,  which  may  coincide  with  the  two  solar  lines  known 
as  Fraunhofer's  H.  (Huggins.) 

Barium. — This  is  the  most  complicated  of  all  the  flame-spectra  of  the  alkalis  and 
alkaline  earths.  It  is  at  once  distinguished  from  all  the  others  by  the  green  bands, 
Ba  o  (69'5  to  73  mm.)  and  Ba/3  (7o  to  79  mm.);  these  are  by  far  the  most  distinct, 
appearing  at  the  first,  and  continuing  diu-ing  the  whole  of  the  reaction.  Ba  y  (59  to 
63  mm.)  is  not  q\iite  so  distinct,  but  is  still  a  well-marked  and  peculiar  line.  The 
chloride,  bromide,  iodide,  and  fluoride,  as  well  as  the  hydrate,  carbonate,  and  sulphate, 
yield  the  reaction  ;  the  silicates  must  be  treated  previously  with  hydrochloric  acid,  or 
fused  with  sodium-carbonate,  and  the  resulting  barium-cai-bonate  dissolved  in  acid.  If 
barium  and  strontium  occur  in  small  quantities  together  with  large  amounts  of  calcium, 
the  carbonates  obtained  by  fusion  are  dissolved  in  nitric  acid,  and  the  dried  salt 
exhausted  with  alcohol.  The  residue  contains  only  barium  and  .strontium,  both  of 
which  can  be  almost  always  detected. 

Unless  one  or  more  of  the  bodies  to  be  detected  is  present  in  very  small  quantities, 
the  methods  of  separation  just  mentioned  are  quite  unnecessary,  as  a  simple  inspection 
of  the  flanie-spectrum  generally  exhibits  the  bright  lines  of  the  various  substances, 
appearing  one  after  the  other  in  the  order  of  their  volatility,  and  dying  gradually  out 
again  as  the  pictures  in  a  dissolving-view.  The  absence  of  any  one  or  of  several  of 
these  bodies  is  at  once  indicated  by  the  non-appearance  of  the  corresponding  bright 
lines  (Bunsen  and  Kirchhoff).  The  same  phenomenon  of  change  from  broad 
bands  to  fine  lines  on  increase  of  temperature  has  been  observed  in  the  barium  as  in 
the  two  foregoing  spectra. 

The  spectrum  of  magnesium,  as  vrell  as  the  spectra  of  almost  all  the  other 
metals,  cannot  be  obtained  by  means  of  the  flame,  owing  to  their  compounds  being 
non-volatile  at  the  temperature  of  burning  coal-gas.  In  order  to  obtain  the  spectra  of 
these  substances,  recourse  must  be  had  to  the  method  with  the  electric  spark,  explained 
hereafter. 

ThalHum. — The  compounds  of  this  new  metal,  discovered  by  Mr.  Crookes  (Chem. 
News,  March  30,  1861)  in  certain  specimens  of  iron-pyrites,  give  when  brought  into 
the  fiame,  a  splendid  green  coloration,  and  this  yields  a  spectrum  consisting  of  one 
green  line,  Tl  a  (77'6  to  78  mm.),  which  coincides  with  a  part  of  the  green  barium- 
band,  AVhen  examined  with  one  prism,  the  extreme  brilliancy  of  this  line  renders 
the  detection  of  traces  of  thallium  in  pyrites  easy  (see  the  article  Thallium  in 
this  volume;  also  Crookes,  Phil.  Trans.  1863,  p.  173).  When  the  spark-spectrum  of 
thallium  is  examined,  five  lines  are  observed,  in  addition  to  the  intense  one  in  thegreen ; 
first  a  very  faint  one  in  the  orange  ;  next  two  of  nearly  equal  intensit)'  in  the  green, 
more  refrangible  than  Tl  a,  with  a  third  much  fainter,  these  lines  being  nearly  equi- 
distant;  whilst  fifth  in  the  blue  is  a  bright  well-defined  line  (W.  A.  Millei',  Proc. 
Koy.  Soc,  1863,  p.  407).  Gassiot  (Proc.  Koy.  Soc.  xii.  S36)  found  that  the  two 
green  thallium-  and  barium-lines  do  not  coincide  when  examined  with  a  magnifying 
power  of  80. 

Indium. — This  metal  was  discovered  by  Drs.  Reich  and  Richter  in  the  Freiberg 
zincblende  (Phil.  Mag.  [4],  March  1864,  xxvii.  199).  Its  compounds  are  recog- 
nised by  the  deep  indigo-coloured  tint  which  they  impart  to  flame.  The  indium-spec- 
trum is  characterised  by  two  blue  lines,  which  are  best  seen  when  a  bead  of  an 
indium-compound  is  held  between  two  electrodes  from  which  a  spark  passes.  The 
lines  In  a.  and  In  ;8  fall  respectively  upon  divisions  107'5  and  140  mm.  of  the  photo- 
graphic scale  of  the  spectroscope  when  Na  a  =  50  and  Sr  5  =  100-5.  The  specific 
gravity  of  the  metal  is  7'277,  and  its  atomic  weight  about  37  =  In  (mcnatomio). 
(Reich  and  Richter,  J.  pr.  Chera.  xeii.  480  ;  see  p.  268,  vol.  iii.  of  this  Dictionary; 
also  Strong,  Berg-  und  Hiittenm.  Zeit.  1865,  p.  191;  A.  AVinklcr,  J.  pr.  Chera. 
xciv.  1;  Weselsky,  Wien.  Acad.  Borichte,  li.  280,  May  1865.) 
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Although  Bunseu  and  KirchhofF  have  the  merit  of  founding  tlie  method  of  spectral 
analysis,  inasmuch  as  they  placed  it  on  a  complete  scientific  basis,  yet  previous 
observations  on  this  subject  had  not  been  wanting.  Thus,  so  long  ago  as  1752, 
Thomas  Melville  pointed  out  the  peculiar  nature  of  certain  coloured  flames,  and 
observed  the  yellow  soda-flame,  although  unacquainted  with  its  cause.  In  1822 
Brewster  proposed  his  monochromatic  lamp,  but  the  first  idea  of  this  is  due  to  Mel- 
ville. In  1822  Sir  John  Herschel  (Phil.  Trans,  p.  455)  investigated  the  spectra  of 
many  coloured  flames  (muriates  of  strontia  and  lime,  nitrate  of  copper,  and  boracic 
acid),  and  ho  writes  in  1827  about  them  as  follows,  in  the  Encyclopaedia  Metropvli- 
tana :  "  The  colours  thus  communicated  by  different  bases  to  flame  afTord  in  many 
cases  a  ready  and  neat  way  of  detecting  extremely  minute  quantities  of  them."  Fox 
Talbot,  writing  in  1826,  makes  the  following  valuable  suggestions  respecting  these 
spectra:  "The  red  fire  of  the  theatres,  examined  in  the  same  way,  gave  a  most 
beautiful  spectrum,  with  many  light  lines  or  maxima  of  light ;  in  the  red  these  rays 
were  more  numei-ou.s,  and  crowded  with  dark  spaces  between,  besides  an  exterior  ray 
greatly  separated  from  the  rest,  and  probably  the  efiect  of  the  nitre  in  the  composi- 
tion "  (really  K  a).  "  In  the  orange  was  one  bright  line,  one  in  the  yellow,  three  in  the 
green,  a  very  bright  one  in  the  blue,  and  several  that  wei'O  fainter.  ...  If  this  opinion 
(about  the  formation  of  these  lines)  should  prove  correct,  and  applicable  to  the  other 
definite  rays,  a  glance  at  the  prismatic  spectrum  of  a  flame  might  show  it  to  contain 
substances  whicli  it  woidd  otherwise  require  a  laborious  chemical  analysis  to  detect." 

These  early  observers,  however,  got  altogether  wrong  with  respect  to  the  soda- 
reaction,  and  hence  they  cannot  bo  considered  in  any  way  to  have  founded  the  science 
of  spectrum-analysis.  Thus  Herschel  says  that  he  found  "that  when  sulphur  is 
thrown  into  a  white-hot  cruciVile,  a  very  large  quantity  of  a  definite  and  purely  homo- 
geneous yellow  light  is  produced,"  and  that  "Dr.  Brewster  obtained  the  same 
yellow  light  by  setting  fire  to  spirits  of  wine  diluted  with  water  and  heated."  Talbot 
states  :  "  Hence  the  yellow  rays  may  indicate  the  presence  of  soda,  but  they  neverthe- 
less frequently  appear  where  no  soda  can  be  supposed  to  be  present."  He  then  men- 
tions that  the  yellow  light  of  burning  sulphur  is  identical  with  the  light  of  a  spirit- 
lamp  with  a  salted  wick,  and  states  that  he  is  inclined  to  believe  that  the  yellow  light 
which  occurred  when  salt  was  strewed  upon  a  platinum-foil  and  placed  in  a  flame, 
"was  owing  to  the  water  of  crystallisation  rather  than  the  soda."  He  is  puzzled  to 
know  wh}',  if  this  be  the  case,  the  same  result  is  not  obtained  with  salts  of  potash ;  he 
then  finds  that  wood,  ivory,  paper,  &c.  give  more  ur  less  of  this  yellow  light,  always 
the  same  in  its  characters.  The  only  principle  which  these  have  in  common  is  water, 
and  yet  he  doubts  whether  water  can  cause  this  yellow  light,  as  ignited  sulphur  pro- 
duces the  same.  At  one  part  of  his  paper  he  attributes  this  yellow  colour  to  soda- 
salts,  and  in  another  part  he  says:  "The  bright  line  in  the  yellow  is  caused  without 
doubt  by  the  combusticm  of  the  sulphur."  Talbot  further  on  states  that  the  "  mere 
presence  "  of  the  substance,  "  which  suffers  no  diminution  in  consequence,"  as  in  the 
case  of  chloride  of  calcium,  causes  a  red-and-green  line  to  appear  in  the  spectrum.  (See 
Kirchhof  f,  on  Hisiorj/  of  Spectrum  Analysis,  Phil.  Mag.  [4],  xxv.  250.) 

In  February  1834,  Talbot  writes  (Phil.  Mag.  iv.  114) :  "Lithiaand  strontia  are  two 
bodies  characterised  by  the  fine  red  tint  which  they  communicate  to  the  flame.  Now, 
it  is  difficult  to  distingiiish  lithia-red  from  strontia-red  by  the  unassisted  eye,  but  the 
prism  displays  between  them  the  most  marked  distinction  that  can  be  imagined.  The 
strontia-flame  exhibits  a  large  number  of  red  rays,  well  separated  from  each  other  by 
dark  intervals,  not  to  mention  an  orange  and  a  bright-blue  ray.  The  lithia  exhibits 
only  one  single  red  ray.  Hence  I  hesitate  not  to  say  (referring  to  some  experiments  of 
Herschel),  that  optical  analysis  can  distinguish  the  minutest  portion  of  these  sub- 
stances from  any  other  with  as  much  certainty  if  not  more  than  any  other  method." 
In  1845,  AV.  Allen  Miller  (Pliil.  Mag.  [S],  xxvii.  81)  published  an  investigation  on 
the  spectra  of  coloured  flames,  as  well  as  the  dark  absorption-bands  produced  when  white 
light  passes  througli  certain  gases.  Coloured  diagrams  of  the  spectra  accompany  the 
memoir,  but,  owing  to  the  fact  that  the  flame  employed  was  a  luminous  one,  these 
spectra  are  not  distinctive  enough  of  the  particular  substance  to  enable  them  to  be  used 
as  characteristic  tests  for  the  metals  in  question.  Amongst  the  spectra  described  and 
drawn  are  chloride  of  copper,  boracic  acid,  nitrate  of  stronti:i,  chloride  of  calcium, 
and  chloride  of  barium  :  also  the  chlorides  of  sodium,  manganese,  and  mercury,  and  of 
a  large  number  of  other  metals. 

The  first  to  point  out  the  extreme  delicacy  of  the  spectrum-test  for  soda  was  Swan 
(Edin.  Phil.  Trans,  xxi.  411),  who  showed  that  the  reaction  could  be  produced  by 
■■'.'■.oi'ooo  P"'"'  of  grain  of  common  salt.  And  he  concludes  as  follows  :  "  When,  indeed, 
we  consider  the  almost  imiversal  diffusion  of  the  salts  of  sodium,  and  the  remarkable 
energy  with  which  they  produce  yellow  light,  it  seems  highly  probable  that  the  yellow 
line  R,  which  appears  in  the  spectra  of  almost  all  flames,  is  in  every  case  due  to  the 
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presence  of  minute  quantities  of  sodium."  The  following  literature,  in  addition  to  the 
memoirs  already  cited  on  this  part  ot  the  subject,  may  be  consulted: — (1)  Lectures 
on  Spectrum  Analysis,  hy .  A.  Miller,  Pharm.  Joiirn.  Feb.  1862;  (2)  Ditto  by 
H.  E.  Eoscoe,  Chem.  News,  iii.  153,  170;  ibid.  v.  218,  261,  287.— Grandeau, 
Instruction  pratique  sur  H Analyse  Spectrale,  Paris,  1863. — Dibbits,  H.  C,  De 
Speetraal  Analyse,  Rotterdam,  1863  (containing  an  able  historical  summary  of  the 
discoveries  in  the  subject). — Mous  son,  Reswrne  de  nos  Connaissances  sur  le  Spectre, 
Arch.  Sc.  Natur.  de  Geneve.  Mars.  1861. 

Examination  of  the  Spectra  of  Bodies  volatilised  in  the  Electric  Spark. 

This  method  is  applicable  not  only  to  all  those  bodies  which  are  non-volatile  at  the 
temperature  of  the  colourless  gas-flame,  but  also  to  those  which  are  gaseous  at  the 
ordinary  temperature  (such  as  hydrogen),  and  require  to  be  heated  by  the  electric 
spark  in  order  to  be  made  incandescent. 

As  the  number  of  lines  which  become  visible  in  the  spectrum  of  the  spark  is  very 
much  larger  than  is  seen  in  the  flame-spectrum,  a  much  more  perfect  and  powerful 
spectroscope  is  needed  for  these  observations.    Fig.  771  represents  ' HQ  arrangement 


employed  by  KirchholF  in  his  Ecsearehes  on  the  Solar  Spectrum  and  Spectra  of  the 
Chemical  Elements  (Macmillan,  London,  1862  and  1863),  and  made  by  Steinheil  of 
Munich.  It  consists  of  a  collimator,  A,  screwed  on  to  a  planed  circular  iron  table, 
and  carrying  the  slit,  formed  of  two  knifo-edges,  the  breadtli  of  which  can  be  regu- 
lated by  a  micrometer-screw.  The  slit  itself  can  be  brought  into  the  focus  of  the 
achromatic  object-glass  by  a  rack-and-pinion  motion.  The  telescope  B,  containing  a 
similar  objective,  is  fastened  to  a  brass  arm  movable  about  the  centre  of  the  plate, 
either  by  the  hand  or  with  a  micrometer-screw.  Between  the  two  objectives  four 
flint-glass  prisms -are  placed;  the  circular  refracting  surface  on  each  is  18  Paris  lines 
in  diameter;  three  of  them  have  a  refracting  angle  of  45°,  and  the  fourth  of  60°. 
Each  of  the  prisms  is  cemented  on  to  a  small  brass  stand  with  three  set-screws. 
The  telescope  B,  having  a  magnifying  power  of  40,  has  a  horizontal  motion  with  respect 
to  the  brass  arm ;  it  can  be  moved  about  a  horizontal  axis,  and  can  be  drawn  in  and 
out  in  the  direction  of  this  axis,  as  seen  in  the  figure.  In  setting  up  this  train  of  prisms, 
the  greatest  care  must  be  taken,  in  the  first  place,  that  the  axis  of  the  two  tubes  are 
in  the  same  horizontal  plane,  and  parallel  to  that  of  the  iron  table ;  secondly,  that 
the  refracting  surfaces  of  the  prisms  are  all  perpendicular  to  this  plane ;  and  thirdly, 
that  the  prisms  are  all  placed  at  the  angle  of  minimum  deviation  for  the  i-ays  about 
to  be  observed  (Kirchhoff).  A  large  spectroscope,  containing  a  powerful  train  of 
crisms,  has  been  described  by  Gassiot  (ProcRoy.  Soc.  1863,  xii.  636),  and  known  as 
rne  Kew  spectroscope;  and  a  second,  containing  eleven  hollow  prisms,  filled  with 
carbonic  disulphide,  is  also  described  by  Gassiot  (Phil.  Mag.  [4]  xxviii.  69).  Wol- 
cott  Gibbs  (Sill.  Am.  Journ.  [2]  xxxv.  110)  has  also  described  a  large  spectroscope. 
Fig.  772  exhibits  the  "Gassiot"  spectroscope  with  four  flint-glass  prisms,  as  manu- 
factured by  Mr.  Browning  of  the  Minories.  The  arrangement  employed  by  Huggins 
(Phil.  Trans.  1864,  p.  139),  in  his  researches  on  the  spectra  of  some  of  the  chemical 
elements,  was  similar  to  that  used  by  Kirchhoff ;  he  employed  six  dispersing  and 
one  reflecting  prism;  the  total  deviation  of  the  light  in  passing  through  the  train  of 
prisms  was  for  the  D  ray  198°,  and  the  distance  traversed  by  the  vernier  of  the 
telescope  in  passing  fi-om  one  of  the  D  lines  to  tlie  other  was  75". 


Fig.  771. 
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Wollaston,  who  discovered  the  dark  lines  in  the  solar  spectrum,  was  the  firsi 
to  observe  the  bright  lines  in  the  spectrum  of  the  electric  spark  ;  but  Faraday 
first  asserted  that  the  electric  spark  consisted  solely  of  the  material  particles  of  the 
poles  and  of  the  medium  through  which  it  passes.  Wheatstone,  in  1836,  showed 
that  the  spectra  produced  by  the  sparks  from  different  metals  were  dissimilar,  and 
he  concluded  that  the  electric  spark  results  from  the  volatilisation  and  ignition,  and 


Fig.  772. 


not  the  combustion,  of  the  ponderable  matter  of  the  poles  itself,  as  the  same 
phenomena^  were  observed  in  hydrogen.  AVh  eat  stone  (Abstract  Brit.  Assoa. 
Report,  1835)  writes  as  follows,  concerning  the  differences  observable  in  the  spectra, 
produced  by  the  poles  of  different  metals^:  "  These  differences  are  so  obvious,  that 
one  metal  may  instantly  bo  distinguished  from  another  by  the  appearance  of  its 
spark  ;  and  we  have  here  a  mode  of  discriminating  metallic  bodies,  more  readily 
applicable  even  than  a  chemical  examination,  which  may  hereafter  be  employed  for 
usetul  purposes."  Angstrom,  in  1855  (Phil.  Mag.  [4]  ix.  327),  pointed  out  that  a 
\  OL.  V.  C  C 
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twofold  spectrum  is  always  seen  when  wo  examine  the  electric  spark,  one  set  of  lines 
being  derived  from  the  ignition  of  the  particles  of  air  or  gas  through  which  the  sparks 
pass,  whilst  the  second  set  is  caused  by  the  incandescence  of  the  metallic  particles 
themselves. 

In  order  to  obtain  the  spark  easily  and  of  the  requisite  degree  of  intensity,  a  power- 
ful Kuhmkorffs  induction-coil  is  used  (Van  der  Willigen,  Pogg.  Ann.  cvi.  615  ;  see 
also  p.  458  vol.  ii.  of  this  Dictionary) ;  the  one  employed  by  KirchhotF gave,  by  means 
of  a  moderately  powerful  battery,  a  spark  0'3  metre  in  length,  whilst  the  coil  used  by 
Huggins  gave  a  spark  3  inches  long.  In  order  to  intensify  the  spark,  the  ends  of 
the  secondary  coil  are  placed  in  contact  with  the  coatings  of  a  large  Leyden- 
jar.  The  electrodes,  also  of  course  connected  with  the  poles  of  the  secondary  coil, 
consist  of  the  metals  under  examination,  either  in  the  form  of  vnre,  or  of  irregular 
pieces  held  by  forceps  on  a  moveable  stand.  Many  precautions  must  be  taken  in 
working,  especially  with  two  different  sets  of  electrodes,  as  it  has  been  found  that  the 
cmrrents  of  air.  caused  by  the  rapid  passage  of  the  electric  spark  between  the  electrodes, 
are  sidScient  to  carry  over  to  a  second  set  of  electrodes,  placed  at  the  distance 
of  a  few  inches,  a  very  perceptible  quantity  of  the  materials  undergoing  volatilisa- 
tion. Hence  no  separate  observation  of  the  two  spectra  (at  any  rate  where  volatile 
metallic  compounds  are  introduced  as  beads  into  the  spark)  can  be  relied  on,  unless 
one  is  made  a  considerable  space  of  time  after  the  other,  and  unless  all  the  electrodes 
which  have  been  once  used  are  exchanged  for  new  ones  (Koscoe  and  Clifton).  For 
further  details  of  the  arrangements,  the  memoirs  of  Kirchhoff  and  Huggins  must  be 
consulted. 

The  positions  of  the  metallic  lines  have  been  mapped  by  Kirchhoff  with  reference  to 
the  dark  solar  lines,  whilst  Huggins  has  employed  the  bright  air-lines  as  a  constant 
scale  upon  which  to  note  the  position  of  the  metal  lines  ;  but  both  experimenters  use  an 
arbitrary  scale  of  divisions,  by  which  the  lines  can  be  designated.  The  following 
elements  were  examined  by  Kirchhoff : 

1.  Sodium.  9.  Strontium.  17.  Antimony.  25.  Aluminium. 

2.  Calcium.  10.  Cadmium.  18.  Arsenic.  26.  Lead. 

3.  Barium.  11.  Nickel.  19.  Cerium.  27.  Silver. 

4.  Magnesium.  12.  Cobalt.  20.  Lanthanum.        28.  Gold. 

6.  Iron.  18,  Potassium.  21.  Didymium.         29.  Kuthenium. 

6.  Copper.  14.  Rubidium.  22.  Mercury.  30.  Iridium. 

7.  Zinc.  15.  Lithium.  23.  Siliciuni.  31.  Platinum. 

8.  Chromium.  16.  Tin,  24.  Glucinum.  32.  Palladium. 

The  spectrum  of  each  of  these  metals  contains  a  large  number  of  lines,  and  these 
spectra  are  much  more  complicated  than  the  flame-spectra :  thus,  in  the  green  portion 
alone,  there  exist  no  fewer  than  70  bright  iron  lines.  Great  care  is  needed,  therefore, 
in  the  discrimination  of  metals,  although  it  is  easy  for  a  trained  eye  to  distinguish 
even  such  closely  analogous  metals  as  lanthanum  and  didymium,  or  erbium  and 
cerium.  In  Kirchhoff" s  maps  many  of  the  metallic  lines  figure  as  broad  bands ;  this 
is  especially  the  case  with  the  mercury-  and  zinc-spectra. 

In  I\jrchhoff s  maps  the  degi-ee  of  blackness  of  the  solar  lines,  and  the  relative  in- 
tensities of  the  metallic  lines,  are  denoted  by  different  shades  of  the  same  colour,  whilst 
their  breadth  is  likewise  represented  in  the  drawing.  The  maps  of  the  two  experi- 
menters do  not  agree  exactly  with  each  other,  because  Kirchhoff  altered  the  position 
of  his  prisms  several  times  during  the  measurements,  in  order  to  bring  the  different 
rays  as  nearly  as  possible  to  the  point  of  minimum  deviation,  whilst  Huggins  allowed 
the  position  of  his  prisms  to  remain  unaltered.  The  following  metals  have  been  mapped 
by  Huggins: 

Na,  K,  Ca,  Ba,  Sr,  Mn,  Tl,  Ag,  Te,  Sn,  Fe,  Cd,  Sb,  Au,  Bi,  Hg,  Co,  As,  Pb,  Zn,  Cr, 
Os,  Pd,  Pt. 

In  both  sets  of  tables,  several  of  the  bright  lines  of  different  metals  seem  to 
coincide :  when,  however,  these  cases  of  apparent  coincidence  are  narrowly 
observed  in  the  instrument,  most  of  the  lines  are  found  to  show  real  differences  of 
refi'angibility ;  but  the  following  still  remain  as  unresolved  coincidences  (on  Iluggins's 
maps) : 

Zn,  As    909       Na,  Ba  1005       Os,  As  1737. 
Na,  Pb  1000       Te,   N    1366       Cr,  N  2336. 
Future  research  must  prove  whether  these  apparent  coincidences  are  resolved  on 
application  of  a  still  higher  power. 

For  a  description  of  the  individual  spectra  of  these  metals,  the  above-mentioned 
memoirs  and  maps  must  be  referred  to,  as  it  is  impossible,  by  a  brief  description,  to 
give  any  idea  of  the  characteristic  features  of  the  masses  of  bright  lines  constituting 
these  spectra. 
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The  long  Spccfrmn  nf  the  Electric  Light.— Stokes  (Phil.  Trans.  1862,  p.  699)  has 
examined  the  spi'ctx'iim  of  the  electric  spark  ■when  the  lens  and  prisms  are  made  of 
qnartz ;  this  substance  allows  rays  of  high  refrangibility  to  pass,  whereas  glass  cuts 
them  all  off.  These  rays  are  invisible  to  the  eye,  but  can  be  rendered  risible 
when  allowed  to  fall  on  a  fluorescent  body,  such  as  paper  moistened  with  quinino- 
soUition  (iii.  633).  On  forming  a  pure  spectrum  of  the  electric  spark  fi'om  a  Leyden 
jar,  and  receiving  it  on  a  highly  fluorescent  substance,  the  existence  of  rays  of  liglit 
was  revealed,  at  a  distance  from  the  last  visible  violet  rays,  equal  to  six  times  the 
length  of  the  whole  visible  spectrum.  Each  metal  exhibits  a  peculiar  series  of  these 
bands,  and  of  all  the  metals,  aluminium  is  found  to  be  the  richest  in  these  rays  of 
extreme  refrangibility.  Those  rays  act  chemically,  and  photographs  of  the  invisible 
metal  lines  have  been  made  by  Mi  11  er  (Phil.  Trans.  1S63,  p.  1),  whilst  the  same 
observer  has  determined  the  photographic  transparfncy  of  different  media  (iii.  690). 

Absorption  Spectra. — This  subject  has  already  been  siifliciontly  discussed  (iii.  636). 
It  only  remains  to  notice  a  remarkable  phenomenon  lalely  observed  by  Bun  sen 
(Pogg.  Ann.  cxxxvii.  100)  in  the  absorption-spectrum  of  didymium.  He  finds  that 
tills  spectrum  undergoes  an  alteration  if  it  be  viewed  by  polarised  light,  according  as 
the  ordinary  or  the  extraordinary  ray  is  allowed  to  pass  through  the  crystal.  Bunsen 
also  observed  differences  in  the  absorption-spectra  of  the  various  didymium-salts. 


Projection  of  the  Metal  Spectra  on  a  Screen. 


The  spectra  of  the  metals  can  be  thrown  on  a  screen  by  help  of  a  Duboscq's 
electric  lamp  (ii.  472).  The  metal  or  metallic  compound  of  which  it  is  desired 
to  obtain  the  incandescent  vapour,  is  placed  in  a  small  cup  hollowed  out  in  the 
lower  carbon  ;  on  making  contact  with  a  battei-y  of  50  to  GO  Grove's  cells,  the  metal  is 
gradually  vaporised,  and  the  light  passing  through  the  slit  and  a  lens  is  dispersed  by 
two  large  prisms  filled  with  carbonic  disulphide.  A  continuously  bright  spectrum  can 
thus  be  obtained  from  the  incandescent  carbon-points  alone,  and  the  presence  of  the 
several  metals  is  indicated  by  the  appearance  of  characteristic  bright  bands.  In  this 
way  the  bright  bauds  of  zinc  and  copper  may  be  beautifully  shown  by  volatilisinrr 
brass,  whilst  silver,  tin,  and  other  metals  yield  their  peculiar  bands ;  the  salts  of  the 
alkalis  and  alkaline  earths,  either  separately  or  when  mixed  together,  can  also  be  made 
to  exhibit  their  bright  bands.  The  spectra  thus  obtained  cannot,  however,  be  com- 
pared for  purity,  fineness  of  detail,  or  exactness,  with  those  received  on  the  retina 
directly  from  the  electric  spark,  and  are  therefore  unsuited  to  the  purposes  of  research, 
partly  because  the  optical  arrangement  is  necessarily  imperfect,  and  also  because  the 
impurities  (consisting  of  sodium,  lime,  &c.)  always  present  in  the  gas  carbon-points, 
render  the  spectrum  impure.  Debray  has  proposed  (Ann.  Ch.  Phys.  [3],  Ixv.  331) 
to  employ  the  oxy-hydrogen-flame  as  the  source  of  heat  for  the  volatilisation  of 
the  metals;  the  projected  spectra  thus  obtained  are,  however,  necessarily  much  inferior 
to  the  electric  spectra  in  brilliancy  and  distinctness. 

The  .ipectra  of  certain  solid  elements — sn'eh  as  silicon,  sulphur,  carbon,  phospho- 
rus, &c. — cannot  be  satisfactoi-ily  obtained  by  means  of  the  ordinary  electric  spark  ■ 

either  (in  the  case  of  silicon,  see  Kirchhoff)  because  they  cannot  be  volatilised,  or 
because  they  yield  solid  oxidation-products,  such  as  phosphoric  pentoxide,  giving  a 
continuous  spectrum.  These  latter  elements  must  be  vaporised,  and  their  rarefied 
vapours  ignited  by  the  pass;ige  of  the  induction-spark  through  vacuum-tubes. 

Examination  of  the  Sprc/ra  of  Bailies  which  arc  Gn.srniis  eit  the  oreUnari/  Temperatures 
or  which  require  to  lie  heated  in  Vaciaiin  Tnhcs.  ' 

The  spectra  of  the  g.ases  can  be  obtained  either— (1)  by  passing  the  electric  spark 
from  polos  of  some  metal  whoso  lines  are  known,  through  t  he  gas  in  question  under  lli'e 
common  atmospheric  pressure ;  or  (2)  byob.serving  the  speetnim  of  the  induction-spark 
passing  through  a  capillary  tube  (by  Geissler's  tubes,  ii.  390,  472,  &c.)  containiuo'ilie 
gas  in  an  extremely  rarefied  stale.  The  first  of  these  methods  has  been  follow^ed  by 
Kirchhoff  and  Huggins  {Inc.  cit.),  and  the  second  by  Pliieker.  (Pogo-  Ami 
Miirz  1S5S,  vol.  civ.;  ihid.,  Aug.  IS.'iS,  toI.  cv.  ;  ihirl..  May  18."i9,  vol  cvii  im  497" 
638  ;  also  Pliieker  and  Hittorf.  Phil.  Trans.  186.5,  p.  1.)  ' '  ' 

Spectrum  of  Atmo.-<phenc  Air. — The  air-lines  are  present  with  all  electrodes,  when  tlje 
spark  is  taken  in  air  at  the  common  pressure.  The  lines  thus  obtained,  between  oiie 
set  of  electrodes  of  platinum  and  the  other  of  gold,  were  observed  simultaneously  •  tho,«ie 
linos  common  to  both  spectra  can  be  measured  as  those  due  to  the  components  of  i'ir 
The  spectrum  thus  obtained  remains  invariably  constant,  with  reference  to  the  position 
and  relative  characteristics  of  the  lines,  with  all  the  different  metals.  The  air-spec- 
trum varies  as  a  ichole,  however,  in  distinctness,  according  to  the  metal  emploved 

c  c  2  ^  i 


388 


SPECTRAL  ANALYSIS: 


electrodes,  owing  to  the  difiference  in  volatility  of  the  metals,  the  air  in  and  about  the 
electrodes  being  more  or  less  replaced  by  the  metallic  vapours.  The  air-spectrum  is 
made  up  of  the  spectra  of  the  following  components — nitrogen,  oxygen,  and  hydrogen 
(from  aqueous  vapour). 

The  air-lines  have  been  carefidly  mapped  by  Huggins,  and  are  employed 
by  him  as  a  scale  of  reference  for  the  recognition  of  the  lines  of  the  metals ; 
Kirchhoff  has  noted  on  his  maps  only  a  few  of  the  most  important  air-lines.  Gran  - 
deau  (Chem.  News,  ix.  66)  has  observed  the  spectrum  of  a  flash  of  lightning,  and,  in 
addition  to  the  hydrogen-  and  nitrogen-lines,  he  noticed  the  bright-yellow  sodium-line. 

Hydrogen. — The  spectrum  of  hydrogen  consists  of  three  bright  fine  lines — H  a  (coin- 
cident with  Fraunhofer's  C)  in  the  red,  H  &  (coincident  with  Fraunhofer's  F)  in  the 
bluish-green,  and  H  7  in  the  violet.  These  lines  are  exhibited  both  at  the  ordinary 
and  at  a  reduced  pressure.  If  the  rarefaction  of  the  gas  be  greatly  increased,  the  red 
line  H  a.  gradually  disappears,  whilst  H  /3,  though  fainter,  remains  well  defined.  When 
the  intensity  of  the  spaik  is  increased,  the  bands  H  ;8  and  H  7  begin  to  enlarge 
(Pliicker);  and  when  the  tension  of  the  hydrogen  is  increased  to  360  mm.,  and  a 
Leyden-jar  is  introduced  to  raise  the  temperatm'e,  the  bright  lines  are  seen  to  have 
given  place  to  a  continuous  spectrum.  This  change  is  never  observed  when  the  spark 
passes  through  the  gas  under  ordinary  pressure.  (May  this  phenomenon  not  be  due  to 
the  incandescence  of  the  abraded  solid  particles  of  the  glass  of  the  fine  thermometer- 
tubing,  or  of  the  platinum-electrodes  ?) 

The  hydrogen-lines  may  likewise  be  obtained  by  passing  the  spark  through  a 
vacuous  tube  containing  a  trace  of  aqueous  vapour,  the  water  being  decomposed. 

Nitrogen. — The  spectrum  of  nitrogen,  taken  by  a  spai-k  through  air  at  the  ordinary 
pressure,  is  a  very  complicated  one,  and  especially  characterised  by  an  alternation  of 
bright  lines  and  dark  spaces  in  the  red,  and  a  succession  of  bands  in  the  violet.  With 
pure  nitrogen  afew  of  the  lines  of  the  air-spectrum  are  wanting,  but  no  new  lines  appear, 
and  the  air-lines  which  remain  in  nitrogen  preserve  unaltered  their  relative  bright- 
ness and  their  distinctive  characters.  (Huggins.) 

Pliicker  and  Hittorf  have  made  some  remarkable  observations  on  certain  changes 
which  the  nitrogen-spectrum,  obtained  when  the  gas  is  highly  rarefied,  undergoes  on 
intensifying  the  current.  Thus,  like  other  gases,  nitrogen  in  the  state  of  greatest 
rarefaction  does  not  allow  the  induction-current  to  pass  ;  but  when  its  tension  is  only 
a  fraction  of  a  millimetre,  the  current  begins  to  pass,  and  the  gas  becomes  luminous. 
Below  a  certain  limit  of  temperature,  nitrogen  thus  ignited  emits  a  golden-coloured 
light,  giving  a  spectrum  of  bands  ;  above  this  temperature  the  colour  becomes  bluish- 
violet,  and  a  new  spectrum  of  bands  appears.  If  a  Leyden-jar  be  added  in  the  circuit, 
the  temperature  rises  to  a  second  limit,  a  brilliant  white  light  is  emitted,  and  the 
spectrum  is  again  changed  to  one  of  bright  lines  on  a  dark  ground;  and  these  lines  do 
not  alter  in  position  on  further  increase  of  temperature,  though  the  brilliancy  of  all 
does  not  increase  in  the  same  ratio.  Those  spectra  which  consist  of  larger  bauds, 
showing  various  appearances  from  being  differently  shaded  by  fine  dark  lines,  are 
called  by  Pliicker  "  spectra  of  the  first  'order,"  whereas  those  formed  by  bright  lines 
on  a  dark  background,  or  the  true  spectra,  he  terms  "spectra  of  the  second  order." 
The  nitrogen-spectrum  of  the  second  order  is  doubtless  that  of  the  air-spectrum. 
Pliicker  explains  these  differences  by  the  assumption  of  several  allotropic  modifications 
of  the  element  existing  at  the  various  temperatures. 

Oxygen. — It  is  difficult  to  obtain  all  the  lines  of  the  oxygen-spectrum;  some  of  them, 
however,  have  been  tabulated  by  Huggins.  Pliicker,  operating  as  with  nitrogen,  got 
only  one  "  secondary  "  spectrum  of  oxygen,  although  the  lines  appeared  to  expand  so 
as  to  form  a  continuous  spectrum  at  the  highest  temperature.  Huggins  finds  that 
several  lines  are  apparently  common  to  oxygen  and  nitrogen,  but  he  regards  them  as 
due  to  the  superposition  in  the. air-spectrum  of  lines  of  oxygen  and  nitrogen. 

Sulphur. — The  flame  of  sulphur  burnt  in  common  air  gives  a  continuous  spectrum  ; 
if  a  small  quantity  of  sulphur  be  introduced  into  a  Geissler's  tube,  which  is  then 
evacuated  by  a  Geissler's  exiiauster  and  sealed,  the  sulphur-spectrum  is  seen  on  passing 
the  spark  if  the  tube  be  warmed.  A  baud-spectrum  of  the  first  order  is  seen  at  a 
low  temperature,  but  this  changes  on  continuing  to  heat  the  tube,  and  a  spectrum  of 
bright-coloured  lines  becomes  visible.  These  two  spectra  are  figured  by  Pliicker 
and  Hittorf  [loc.  cit.). 

Selenium  yields  two  spectra  like  sulphur. 

PAosp^orws,  treated  like  sulphur,  yields  a  spectrum  of  the  second  order.  The  bright 
lines  characteristic  of  phospliorus  are  a  triple  line  in  the  orange,  a.nd  two  bright  lines 
in  the  green.  These  green  bands  may  also  be  seen  by  observing  the  spectrum  of  the 
green  spot  which  makes  its  appearance  in  the  interior  of  a  hydrogen-flame,  when 
the  slightest  trace  of  a  phosphorus-compound  is  placed  in  contact  with  the  dissolving 
zinc.    (Christofle  and  Beilstein,  Compt.  rend.  Ivi.  399.) 
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Arsenic  also  yields  a  well-defined  spectrum  when  treated  like  sulphur  ;uid  jihos- 
phorus. 

Cldorinc,  bromine,  and  iodine  yield  spectra  with  bright  lines,  none  of  wliich  ure 
coincident.  Drawings  of  these  Uiree  spectra  are  given  in  PUicker  and  Ilitturff's 
niemoir. 

In  these  cases  of  bodies  whose  spectra  change  from  bands  (first  spectrum)  to  bright 
linos  (second  spectrum)  on  increase  of  temperature,  it  is  found  that  on  cooling  a  re- 
combination of  the  elements  occurs,  and  the  spectrum  of  the  compound  reappears 
(Pliioker).  Alexander  Mitscherlich  (Pogg.  Ann.  exxi.  459;  Phil.  Mag.  [4], 
xxviii.  169)  has  examined  the  spectra  of  the  elements  and  their  compounds.  He  arrives 
at  the  conclusion  (already  referred  to),  that  compounds  whose  vapours  can  be  heated  up 
to  incandescence  without  undergoing  decomposition,  yield  spectra  different  from  those 
of  their  elementaiy  constituents.  The  sahs  of  the  greater  number  of  the  metals  (as, 
for  instance,  K,  Na,  Li,  Mg,  Zn,  Cd,  Hg,  and  Ag)  decompose  at  so  low  a  temperature, 
that  llie  compounds  of  these  metals  always  yield  the  metallic  spectrum.  Certain 
metallic  salts  (such  as  those  of  copper)  require  for  their  decomposition  so  high  a  tem- 
perature, that  the  true  metal-spectrum  can  only  be  obtained  when  thc^  solid  compound 
is  used  as  the  electrode  ;  whilst  other  compounds,  such  as  those  of  calcium,  strontium 
and  barium,  are  partially  decomposed  at  the  temperature  of  the  flame  of  a  Bunsen's 
gas-lamp.  The  spectra  of  the  elements  consist  of  bright  lines,  those  of  their  com- 
pounds of  broad  bands  with  narrow  dark  spaces  (see  ante),  and  this  division  would 
correspond  to  PHicker's  division  of  the  first  and  second  order  of  spectra.  Mitscherlich 
observed  (like  Pliicker)  that  iodine  in  the  spark  shows  bright  lines,  whilst  in  tho 
liydrogen-flame  it  exhibits  broad  bands ;  and  hence  he  draws  certain  conclusions 
respecting  the  probable  compound  nature  of  this  body.  At  present,  however,  we 
know  so  little  of  the  state  of  combination  into  which  bodies  in  the  flame  may  enter 
(possible  formation  of  hydriodic  acid,  for  example)  that  such  speculations  seem  pre- 
matm'e.  Mitscherlich  has  also  added  some  singular  and  somewhat  improbable  specula- 
tions concerning  a  supposed  relation  between  the  atomic  weights  of  the  haloid  com- 
pounds of  barium,  and  the  distance,  on  an  arbitrary  scale,  read  off  between  the  chief 
lines  of  their  spectra. 

Carbon. — Carbon  itself,  when  ignited,  always  yields  a  continuous  spectrum,  but 
the  spectra  obtained  by  the  combustion  of  the  various  carbon-compounds  consist  of 
comjilicated  bright  bands,  and  appear  diffinvnt  from  one  another.  Swan  (Ed.  Phil. 
Trans,  xxi.  411 )  was  the  first,  in  lHd6,  to  examine  thelines  in  the  spectrum  of  the  flame 
of  15unsoa"s  gas-lamp,  and  of  the  flames  of  many  hydrocarbons.  In  the  blue  portion  of 
the  gas-flame.  Swan  observed  four  bright-blue  lines,  and  these  lines  appeared  in  the 
flame  of  a  large  number  of  hydrocarbons,  their  position  remaining  unaffected  by  alter- 
ation in  the  composition  of  the  burning  body,  either  in  carbon,  hydrogen,  or  oxygen. 
Swan  adds  careful  measurements  of  the  position  of  these  lines.  Att field  (Phil. 
Trans.  1862,  p.  221 )  examined  the  lines  in  the  non-illuminating  flames  of  burr.ing  hydro- 
carbons ;  he  obtained  similar  results  to  Swan,  but  observed  a  larger  number  of  lines. 
He  attributes  these  lines  to  the  glowing  vapour  of  carbon,  as  all  the  carbon-compounds 
appeared  to  give  the  same  spectra.  Pliicker  and  H i  1 1  orf  obtained  diflTorent  spectra 
fromdifferent  carbon-compounds,  especially  when  their  particles  were  heated  in  Gcissler's 
tubes.  They  found  that  all  the  lines  obtained  by  all  the  various  carbon-compounds 
existed  in  the  cyanogen-spectrum,  but  they  express  themselves  unable  to  explain  fully  the 
various  types  of  spectra  of  carbon.  Dibbits  (Pogg.  Ann.  cxxii.  497)  also  found  are- 
niarkable  difference  between  the  spectrum  of  a  hydrocarbon  and  that  of  cyanogen  burn- 
ing in  oxygen. 

The  flame  issuing  from  the  Bessemer-steel  converter,  and  especially  that  seen  when 
tho  specular  iron  is  poured  into  the  moUen  iron,  exhibits  the  carbon-lines  most  vividly 
(Koscoe).  Huggins  has  observed,  that  when  air  contains  some  quantity  of  carbonic 
anhydride,  several  new  lines  are  seen  in  tho  air-gpectrum,  and  these  coincide  with  the 
spectrum  of  graphite  ;  one  of  tho  strojigest  and  most  characteristic  of  these  is  a  red  lini-, 
rather  less  refrangible  than  the  liydrogen-line,  and  this  may  housed  as  a  test  of  th'. 
presence  of  au'bonic  anhydride. 

Solar  and  Stellar  Ctaemistry, 

Fraunhofer,  in  1814,  examined  tho  relative  positions  of  thedark  lines  observed  in 
the  spectra  of  the  Moon  and  Venus  (  reflected  sunlidit ),  and  found  that  in  the  .spectra  of 
both  these  sources  of  light,  the  dark  lines  were  idiiitical  in  number  and  position  with 
tho.so  seen  in  the  solar  spectrum.  Fraunhofer  saw  in  Venus-light  the  double  1)  lines, 
b  also  was  seen  double,  and  the  relative  distance  from  D  to  E  and  from  E  to  F  was 
the  same  in  the  Venus  as  in  the  Solar  spectrum.  He  also  examined  the  light  given 
off  by  the  brightest  fixed  stars  (Sirius  for  instance),  and  found  that  lines  or  bands 
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were  present  which  do  not  exist  in  sunlight,  direct  or  reflected.  Amongst  the  lines 
of  Proeyon,  Fraunhofer  recognised  the  solar  line  D,  and  in  those  of  Capella  andBetal- 
genx  he  found  both  D  and  h,  but  all  the  stellar  spectra  differed  in  certain  respects  from 
that  of  sunlight.  Hence  Fraunhofer  concluded  that  the  lines  which  we  notice  in  the 
solar  spectrum  are,  in  some  way  or  other,  produced  in  the  sun.  Fraunhofer  made 
another  important  observation — viz.,  that  of  the  exact  coincidence  of  the  bright 
sodium-line,  Na  a,  with  the  dark  double  solar  line  D.  These  early  observations  of 
Fraunhofer  have  lately  been  confirmed  by  Miller  and  Euggins  (Phil.  Trans.  1864, 
p.  418).  It  was,  however,  reserved  for  Kirclihoff  (Monatsber.  d.  Berlin.  Acad. 
Oct.  20,  1859)  definitively  to  explain  this  coincidence,  and  thereby  to  obtain  a  key  to 
the  determination  of  the  chemical  composition  of  the  sun  and  stars. 

The  Beversal  of  the  Spectra  of  Coloured  Flames. 

In  the  year  1849  Foucault  (Institut.  1849,  p.  45)  observing  the  spectrum  of  the 
electric  arc,  and  comparing  it  with  the  solar  spectrum,  found  that  in  both  spectra  the 
dark  double  line  D  was  seen,  the  bright  (sodium)  lines  present  being  changed  into 
dark  bands  in  the  spectrum  produced  by  the  light  from  one  of  the  carbon-poles  which 
had  been  allowed  to  pass  through  the  luminous  arc.  This  experiment  was  in  no  way 
explained,  nor  did  it  attract  much  attention  at  the  time,  and  it  was  unknown  to 
Kirchhoff  and  B  iusen  when  they  began  their  researches  in  1859. 

The  mode  in  which  Kirchhoff  first  obtained  the  true  explanation  of  this  important 
point  cannot  be  given  more  concisely  and  clearly  than  in  his  o\ni  words  {^Researches, 
part  i.  p.  13):  "In  order  to  test,  by  direct  experiment,  the  truth  of  the  frequently 
asserted  fact  of  the  coincidence  of  the  sodium-lines  with  the  lines  D,  I  obtained  a 
tolerably  bright  solar  spectrum,  and  brought  a  flame  coloiu-ed  by  sodium-vapour  in 
front  of  the  slit.  I  then  saw  the  dark  lines  D  change  into  bright  ones.  The  tlame  of 
a  Bunsen's  lamp  threw  the  bright  sodium-lines  upon  the  solar  spectrum  with  un- 
expected brilliancy.  In  order  to  find  out  the  extent  to  which  the  intensity  of  the  solar 
spectrum  could  be  increased,  without  impairing  the  distinctness  of  the  sodium-lines,  I 
allowed  the  full  sunlight  to  shine  through  the  sodium-flame  upon  the  slit,  and,  to  my 
astonishment,  I  saw  that  the  dark  lines  D  appeared  with  an  extraordinary  degree  of 
clearness.  I  then  exchanged  the  sunlight  for  the  Drummond's  light,  giving  a  continuous 
spectrum.  When  this  light  was  allowed  to  fall  through  a  suitable  flame  coloured  by 
common  salt,  dark  lines  were  seen  in  the  spectrum  in  the  position  of  the  sodium-lines. 
The  same  phenomenon  was  observed  if,  instead  of  the  incandescent  lime,  a  platinum 
wire  was  used,  which,  being  heated  in  a  flame,  was  brought  to  a  temperature  near  to  its 
melting-point  by  passing  an  electric  ciu'rent  through  it. 

"  The  phenomenon  in  question  is  easily  explained  upon  the  supposition  that  the 
sodium-flame  absorbs  rays  of  the  same  degree  of  refrangibility  as  those  it  emits,  whilst 
it  is  perfectly  transparent  for  all  other  rays.  This  supposition  is  rendered  probable 
by  the  fact,  which  has  long  been  known,  that  certain  gases,  as  nitrous  acid  and  iodine- 
vapour,  possess  at  low  temperatures  the  property  of  such  a  selective  absorption. 
The  following  considerations  show  thatthis  is  the  true  explanation  of  the  phenomenon. 
If  a  sodium-flame  be  held  before  an  incandescent  platinum-wii-e  whose  spectrum  is 
being  examined,  the  brightness  of  the  light  in  the  neighboui'hood  of  the  sodium-lines 
would,  according  to  the  above  supposition,  tiot  be  altered  ;  in  the  position  of  the  sodium- 
lines  themselves,  however,  the  brightness  is  altered,  for  two  reasons :  in  the  first  place, 
the  intensity  of  the  light  emitted  by  the  platinum-wire  is  reduced  to  a  certain  fraction 
of  its  original  amount  by  absorption  in  the  flame,  and  secondly,  the  light  of  the  flame 
itself  is  added  to  that  from  the  wire.  It  is  plain  that  if  the  p>latinum-wire  emits  a 
sufficient  amount  of  light,  the  loss  of  light  occasioned  by  absorption  in  the  flame 
must  be  greater  than  the  gain  of  light  from  the  luminosity  of  the  flame  :  the  sodium- 
lines  must  then  appear  darker  than  the  surrounding  parts,  and,  by  contrast  with  the 
neighbouring  parts,  they  may  seem  to  be  quite  bhick,  although  their  degree  of 
luminosity  is  necessarily  greater  than  that  which  the  sodium-flame  alone  would  have 
produced.  The  absorptive  power  of  sodium-vapour  becomes  most  apiparent  when  its 
luminosity  is  smallest,  or  when  its  temperature  is  lowest." 

If  the  spectrum  emitted  by  a  piece  of  sodium  burning  in  the  air  be  examined,  the 
true  sodium-spectrum  will  be  seen  to  be  reversed,  exhibiting  two  dark  lines  (D)  on  a 
background  of  a  continuous  spectrum.  Here  the  solid  particles  of  soda  give  the 
continuous  spectrum,  and  the  sodium-vapour  absorbs  a  great  portion  of  the  yellow 
rays.  This  can  be  well  shown  to  an  audience,  and  the  black  absoi-ptiou-band  pro- 
jected on  a  screen,  by  placing  a  small  piece  of  sodium  on  the  lower  carbon  in  the 
electric  lamp  ;  by  approacliing  and  separating  the  poles,  this  black  line  can  be  made 
alternately  to  appear  and  disappear  for  the  space  of  several  minutes.  Another  mode 
of  showing  that  sodium-vapour  is  opaque  to  the  light  which  it  emits,  is  to  burn  a 


REVERSAL  OF  SPECTRA  OF  COLOURED  FLAMES.  391 


small  jet  of  hydrogen,  in  which  two  soda-beads  are  placed,  in  front  of  a  large  slieet  of 
ttame  rendered  yellow  by  biu'iiing  a  piece  of  sodium  near  it.  If  the  small  flame  be 
now  looked  at  projected  on  a  background  of  tho  large  yellow  flame,  the  hydrogen-flame 
appears  surrounded  by  a  dark  zone,  as  if  it  smoked  ;  this  is  due  to  the  absorption  of 
the  yellow  light  of  the  large  flame,  by  the  vapour  of  sodium  at  the  outside  of  tho 
small  flame  (Orookes).  A  second  method  of  showing  this  same  property  is  to  seal 
up  some  sodium  in  a  vacuous  tube;  on  volatilising  the  sodium,  the  vanour  of  the  metal 
appears  colourless  by  white  light,  but  is  dark  and  opaque  when  illuminated  by  the 
yellow  soda-flame.  (Roscoe). 

KirchhofF  has,  in  like  manner,  reversed  the  red  lithium-line  Li  a  ;  if  direct  sunliglit 
be  allowed  to  pass  through  a  lithium-flame,  the  spectrum  exhibits,  in  place  of  the  red 
lithium-line,  a  black  line,  which  in  distinctness  bears  comparison  with  the  most 
remarkable  of  Fraunhofer's  lines,  and  disappears  when  the  flame  is  withdiawn.  Tho 
bright  lines  of  potassium,  strontium,  calcium,  and  barium  (Kirclihoff  and  Bunsen), 
and  some  of  the  blue  lines  in  the  copper-spectrum  (W.  A.  Miller)  have  also  been 
reversed. 

Kirclihoff  has  added  to  these  discoveries  a  mathematical  treatment  of  the  pro- 
position upon  which  the  phenomena  are  based  ( f7t'/«r  de7i  Zusammenhang  zwisckcn 
Emission  unel  Absorptiun  von  Licht  ttnd  Wiirmc,  15  Dec.  1859,  Monatsberichte 
d.  Berliner  Acad.,  and  Phil.  Mag.  March  ISGO).  This  principle  is  known  as  the 
"  Theory  of  Exchanges,"  and  may  be  thus  expressed  :  "  The  relation  between  the 
power  of  emission  and  power  of  absorption,  for  each  kind  of  rays  (light  or  heat),  is  the 
same  for  all  bodies  at  the  same  temperatm-e.  From  this  proposition  it  follows  that  a 
glowing  body  which  emits  only  rays  of  certain  wave-lengths  likewise  absorbs  only  rays 
of  the  same  wave-lengths ;  and  from  this  we  learn  how  the  dark  lines  in  the  solar 
spectrum  reveal  the  constituents  of  the  sun's  atmosphere."  This  definite  relation, 
whicli  exists  between  the  radiating  and  alisorbing  piowcrs  of  bodies  for  definite 
desiTiptions  of  light  and  heat,  is  thus  clearly  expressed  by  Kirchhoflf : 

"  Let  li  denote  tlie  intensity  of  radiation  of  a  particle  for  a  given  description  of  light 
at  a  given  temperature,  and  let  A  denote  the  proportion  of  rays  of  this  description 

incident  on  the  particle  w^hich  it  absorbs  ;  then  -  has  tho  same  value  for  all  bodies  at 

the  same  temperature — that  is  to  say,  this  quotient  is  a  function  of  the  temperature  only." 

Other  physicists  had  previously  approached  very  close  to  tho  "  Theory  of  Exchanges," 
as  expressed  by  Kirchholf ;  thus  Balfour  Stewart,  in  1858  (Trans.  Koy.  Soc.  Edin.), 
enunciated  this  principle  completely  for  the  heating  rays,  which  indeed  had  previously 
been  proposed,  first  by  Prevost,  and  afterwards  by  Provostaye  and  Dosains. 
Stewart  afterwards  (Feb.  1860),  applied  this  theory  to  the  luminous  ray.s,  but  his  pub- 
lication was  later  than,  .although  independent  of  Kirchhoflf's.  Angstrom,  especially, 
came  near  to  Kirchhoff's  discovery ;  in  his  Optischen  Untirsuchcngen  (Phil.  Mag. 
ix.  329),  he  st-ates  the  proposition  that  a  body  "in  the  state  of  incandescence  must 
emit  exactly  all  those  kinds  of  light  which  it  absorbs  at  the  common  temperature." 
In  his  fm'tlier  development  of  the  subject  there  appear  to  be  some  contradictions,  but 
he  concludes  by  saying  that — "lam  convinced  that  tho  explanation  of  the  dark 
lines  in  the  solar  spectrum  embraces  that  of  the  luminous  lines  in  the  electric 
spectrum." 

Stokes  and  William  Thomson  (Phil.  Mag.  1862,  p.  158)  seem  also  to  have 
expressed  in  conversation  (although  not  to  have  published),  the  true  explanation  of  the 
ea.u.so  of  the  dark  D  lines,  for  some  years  before  Kirchhoff's  publication  ;  but  still,  tho 
experimental  verification  and  scientific  proof  were  wanting,  until  the  latter  physicist 
gave  it,  partly  by  his  theoretical  considerations,  and  partly  by  the  experiments  above 
referred  to.  (See Balfour  Stewart,  Report  on  ilie  2'heori/  of  Excheingcs, Brit.  Assoc. 
1861. — Kirclihoff,  On  tlie  Histori;  of  Anaft/si.t  of  the  Solar  Atmosijhcre,  Phil.  Mag. 
I^lxxv.  250. — B.  Stewart,  Tic^y  to  Kirt/ihoffs  Paper  on  the  Histori/,  &c.  Phil. 
Mag.  [4],  May  1863.) 

E  u  1  e  r  was  tho  first  to  predict  the  existence  of  the  Law  of  Exchanges,  by  assuming,  as 
a  fundamental  principle,  that  a  body  absorbs  all  the  series  of  oscillations  which  it  can 
itself  assume.  Stokes  (Phil.  Mag.  1860),  in  commenting  on  Kirchhoff's  discovery, 
illustrates  the  principle  by  a  dynamical  example  concerning  sound,  in  which  the  well- 
known  phenomenon  of  resouauce  is  tho  equivalent  to  the  emission  and  absorption  of 
light. 

On  the  Coincidence  of  the  Bright  Bags  of  certain  Mdals  with  the  Bari  Lines  in  tho 
Solar  Spectrum,  and  the  Existence  of  certain  Metals  in  the  Solar  Atmosphe  re. 

The  coincidence  of  the  yellow  soda-lines  with  the  dark  D  line  was  observed  by 
Frauuhofer,  and  Kirchhoff  having  discovered  the  phonomenou  of  tho  reversal  of  tho 
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bright  lines,  concluded  that  sodium-vapour  is  present  in  the  solar  atmosphere.  In 
order  to  determine  with  certainty  whether  the  bright  lines  of  any  other  metal  were 
coincident  with  solar  lines,  KirchholF  mapped  the  solar  lines  with  great  care,  and 
compared  their  position  with  the  bright  metal  lines.  Fig.  773  gives  a  representation 
of  his  drawings  of  a  very  small  portion  of  the  spectrum  between  h  and  F,  showing  the 
coincidences  of  many  metallic  lines.  In  thus  examining  the  two  spectra,  KirchhoiF 
found  that  dark  lines  occur  in  the  solar  spectrum  in  the  positions  of  all  (about  80) 
the  bright  iron  lines,  and  he  believes  that  each  of  the  coincidences  thus  observed  may 
be  at  least  as  well  established  as  that  of  the  sodium-lines  with  the  D  line  was  up  to  the 
present  time.  KjrchhofF  proceeds  to  calculate,  from  the  average  distance  between  each 
of  the  lines,  and  their  number,  the  probability  that  this  coincidence  is  a  mere  work  of 

chance :  this  he  finds  to  be  less  than  {Vf",  or  less  than   ^  . 

1,000,000,000,000,000,000 

This  probability  is  increased  by  the  fact  that  the  brighter  a  given  iron  line  is  seen 
to  be,  the  darker,  as  a  rule,  does  the  corresponding  solar  line  appear.  Hence  this 
coincidence  must  be  produced  by  some  cause,  and  a  cause  can  be  assigned  which  affords 
a  perfect  explanation  of  the  phenomena.  It  is  explained,  if  we  suppose  that  the  rays 
of  light  which  we  thus  examine  have  at  one  time  been  rays  of  all  degrees  of  refrangi- 
bility,  such  as  we  get  from  the  Drummond's  hght;  that  this  light  has  passed  through 
the  vapour  of  iron  ;  and  that  this  iron-vapour,  absorbing  exactly  the  same  kind  of  light 
which  it  is  capable  of  emitting,  produces  the  dark  lines  which  we  observe.  The 
vapour  of  iron  causing  these  dark  lines,  may  be  present  either  in  our  own  atmosphere, 
or  in  that  of  the  sun.  It  is,  however,  very  unlikely  that  there  can  be  sufficient 
iron-vapour  in  our  atmosphere  to  effect  this  alteration,  and  we  observe  that  tlie  star- 
light also  passing  through  our  atmosphere  diifers  essentially  from  sunlight;  whilst,  on 
the  other  hand,  it  does  not  seem  unlikely,  owing  to  the  high  temperature  which 
we  must  suppose  the  sun's  atmosphere  to  possess,  that  such  vapours  should  be  present 
in  it.  "Hence,"  says  KirehhofF,  "the  observations  of  the  solar  spectrum  appear  to 
me  to  prove  the  presence  of  iron-vapour  in  the  solar  atmosphere,  with  as  great  a 
degree  of  certainty  as  we  can  attain  in  any  question  of  natural  science." 

As  soon  as  the  existence  in  the  solar  atmosphere  of  one  terrestrial  element  has  been 
discovered,  the  comparison  of  the  spectra  of  other  metals  is  immediately  suggested,  as 
it  is  reasonable  to  suppose  that  other  bodies  well  known  on  this  earth  may  in  like  manner 
be  found  to  be  jjresent  in  the  sun.  In  this  way,  coincidences  were  foimd  to  exist 
between  the  solar  lines  and  those  of  the  following  metals  ;  and  although  the  number 
of  these  coincidences  for  each  of  these  metals  is  smaller  than  was  observed  with  iron, 
yet  they  are  so  characteristic  and  distinct,  as  to  leave  no  doubt  of  the  presence  of 
these  metals  in  the  solar  atmosphere : — 

1.  Sodium.  6.  Chromium.  10.  Strontium. 

2.  Calcium.  7-  Nickel.  11.  Cadmium. 

3.  Barium.  8.  Copper.  12.  Cobalt. 

4.  Magnesium,  9.  Zinc.  13.  Hydrogen. 
6.  Iron. 

There  is  some  degree  of  doubt  about  strontium,  cadmium,  and  cobalt,  either  because 
only  a  few  coincidences  have  been  observed,  or  because  one  or  more  prominent  metal 
lines  have  no  dark  representative  in  the  solar  spectrum.  The  following  elements 
appear  to  be  absent  from  the  solar  atmosphere  : — 

1.  Gold.  8.  Lead.  16.  Lanthanum. 

2.  Sliver.  9.  Antimony.  16.  Didymium. 

3.  Mercury.  10.  Arsenic.  17.  Ruthenium. 

4.  Aluminium.*  11.  Lithium.  18.  Iridium. 

6.  Eubidium.  12.  Silicium.  19.  Palladium. 

6.  Tin.  13.  Glucinum.  20.  Platinum. 

7.  Potassium.  14.  Cerium. 

Hydrogen  has  been  shown  by  Angstrom  and  Pliicker  to  be  present  in  the  sun's 
atmosphere.  The  cause  of  many  of  the  best-known  of  the  Fraimhofer's  lines  has  thus 
teen  already  ascertained  : 

The  line  C  is  caused  by  hydrogen  (Angstrom). 
„    „    D     „       ,,     sodium  (Kirchhoff). 
,1    II    E     „       „     iron  ,, 
„     ,,    C     ,,        „     magnesium  „ 
„    „    F  and  G    „     hydrogen  „ 

„    H     „       ,,     aluminium  (Angstrom). 

*  Atco7ding  to  Angstrom,  a  line  of  aluminium  corresponds  to  Frauniiofer's  H.  Kirchholf 's  maps  do 
not  extend  so  far  as  this. 
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It  is  not,  however,  to  be  supposed  that  the  whole  of  the  dark  lines  <are  produced  by 
absorption  in  tlie  sol^r  atmosphere  ;  tliere  are  certain  lines  or  bands  which  are  doubt- 
less produced  by  absorption  in  our  own  atmosphere.  This  is  ascertained  by  the  fact, 
that  these  bands  increase  in  darkness,  and  new  ones  become  apparent  when  the  sun 
approaches  tlie  horizon,  and  the  light  has  to  pass  through  a  deeper  column  of  air. 
These  air-absorption  lines  have beeu  studied,  and  many  of  them  mapped,  by  Brewster 
and  Gladstone  (Phil.  Trans.  1860,  p.  149).  Several  have  also  been  mapped  by 
Hofmann,  and  described  in  Kirchhoff's  second  memoir;  of  these  some  were  found  to 
be  coincident  with  the  brightest  lines  of  the  air-spectrum,  obtained  with  the  spark. 

The  increase  or  otherwise  of  these  atmospheric  absorption-lines  has  been  applied 
byHuggins  and  Miller  (Phil.  Trans.  1864,  p.  420)  to  the  investigation  of  the 
question  as  to  the  existence  of  a  lunar  atmosphere ;  not  the  smallest  change  could  be 
observed  in  the  lines  of  the  spectrum,  either  as  respects  relative  intensity,  or  in  the 
addition  or  disappearance  of  any  lines  when  the  moon's  spectrum  was  examined. 
Hence  the  result  of  the  spectnma-analysis  of  the  light  reflected  by  the  moon  is  wholly 
negative  as  to  tlie  existence  of  any  considerable  lunar  atmosphere.  The  light 
reflected  from  Jupiter  exhibits,  on  the  other  hand,  a  distinct  difference,  especially  from 
direct  sunlight,  inasmuch  as,  especially,  one  band  in  the  red  is  seen  to  appear  in  light 
reflected  from  this  planet.  Hence  spectrum-analysis  confirms  astronomical  observation 
in  the  conclusion  that  Jupiter  possesses  an  atmosphere  of  considerable  density. 
Some  of  tlie  lines  in  Saturn-light,  although  much  weaker,  appear  to  be  the  same  as 
those  seen  in  the  spectrum  of  Jupiter.  Mars  does  not  exhibit  the  lines  characteristic 
of  tlie  atmosphere  of  Jupiter  and  Saturn ;  groups  of  lines  apipear  in  the  blue  portion  of 
the  spectrum,  and  these,  by  causing  the  predominance  of  the  red  rays,  may  be  the 
cause  of  the  red  colour  which  distinguishes  the  light  of  this  planet.  Venus  showed 
no  additional  lines. 

In  the  case  of  most  of  the  planets,  the  solar  light  is  probably  reflected,  not  from  the 
planetary  surface,  but  from  clouds  at  some  elevation  above  it ;  under  such  circum- 
stances, the  light  woidd  not  be  subjected  to  the  absorbent  action  of  the  lower  and 
denser  portions  of  the  planet's  atmosphere  ;  and  it  is  precisely  these  in  our  atnio^pliere, 
which  are  most  effectual  in  producing  the  so-called  atmospheric  lines.  (Huggins.) 

M.  Janssen  has  lately  (Compt.  lend.  Ivi.  538;  Ix.  213)  obtained  the  complete 
absorption-spectrum  of  aqueous  vapour,  by  passing  the  rays  from  a  gas-flame  through 
a  tube  40  metres  long  filled  with  high-pressure  steam.  He  has  observed  the  coincidence 
of  a  very  large  number  of  these  aqueous  lines  with  lines  observed  in  the  solar 
spectrum,  especially  when  the  sun's  altitude  is  low ;  and  hence  he  has  proved  that 
these  atmospheric  fines  are  due  to  the  presence  of  aqueous  vapour.  Janssen  has  also  ob- 
sen-ed  the  existence  of  these  lines  in  light  reflected  from  Jupiter  and  Saturn,  and  hence 
it  appears  very  probable  that  the  atmospheres  of  these  planets  contain  aqueous  vapour. 

A  most  interesting  confirmation  of  the  accuracy  of  Kirchhoff's  drawings  of  the 
dark  lines  has  recently  been  made  by  Rutherford  of  New  York,  who  has  succeeded 
in  obtaining  most  exact  photographs  of  the  solar  spectrum,  on  a  scale  nearly  equal  to 
that  of  the  drawings  ;  and  on  comparing  the  two,  the  correspondence  of  line  for  line  is 
so  complete,  that  it  requires  a  close  examination  to  detect  differences  which,  however, 
are  visible  on  careful  inspection. 

For  details  concerning  the  physical  constitution  of  the  sun,  we  must  refer  the 
reader  to  the  original  memoirs,  as  the  questions  at  issue  become  purely  physical  and 
astroucmical.  The  following  extract  from  Kirchhoff's  first  memoir  must  sutfice  as 
giving  his  views  on  the  subject : — 

"  In  order  to  explain  the  occurrence  of  the  dark  lines  in  the  solar  spectrum,  we  must 
assume  that  the  solar  atmosphere  encloses  a  luminous  nucleus  producing  a  continuous 
spectrum,  the  brightness  of  which  exceeds  a  certain  limit.  The  most  probable  sup- 
]iosition  that  can  be  made  respecting  the  sun's  constitution,  is  that  it  consists  of  a 
solid  or  liquid  nucleus,  heated  to  a  temperature  of  the  brightest  whiteness,  surrounded 
by  an  atmosphere  of  a  somewhat  lower  temperature.  This  supposition  is  in  accordance 
with  Laplace's  celebrated  nebular  hypothesis  respecting  the  formation  of  our  planetary 
system.  If  the  matter  now  concentrated  in  the  several  heavenl}'  bodies  existed  in 
former  times  as  an  extendiil  and  continuous  mass  of  vapoiu',  by  the  contraction  of 
which  sun,  planets,  and  stars  have  been  formed,  all  these  bodies  must  necessarily  possess 
mainly  the  same  constitution.  Geology  teaches  us  that  the  earth  once  existed  in  a 
state  of  fusion  ;  and  we  are  compelled  to  admit  that  the  same  state  of  things  has 
occurred  in  the  other  members  of  our  solar  system.  The  amount  of  cooling  which  the 
various  heavenly  bodies  have  undergone,  in  accordance  with  the  laws  of  the  radiation 
of  heat,  differs  greatly,  mainly  owing  to  difference  in  their  masses.  Thus,  whilst  the 
moon  has  become  cooler  than  the  earth,  the  temperature  of  the  sun  has  not  yet  sunk 
below  a  white  heat.  Our  terrestrial  atmosphere,  in  which  now  .so  few  elements  are 
found,  must  have  possessed,  when  the  earth  was  in  a  state  of  fusion,  a  much  more 
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complicated  composition,  as  it  then  contained  all  those  substances  which  are  volatile 
at  a  white  heat.    The  solar  atmosphere  at  present  possesses  such  a  constitution." 

[On  the  physical  constitution  of  the  sun,  see  "  The  Heavens,"  by  Guillemin  and 
Lockyer  (Bentley,  1866),  p.  17,  &c.  ;  Brayley,  in  Companion  to  the  Almanac  for  1864 
and  1865  ;  Memoirs  by  Carrington  and  by  De  la  Rue,  Stewart,  and  Loewy.] 

Stellar  Chemistry. 

It  has  already  been  stated,  that  Fraunhofer  was  aware  that  the  star-spectra  differed 
from  the  spectra  of  the  sun,  moon,  or  planets.  In  1862  Donati  published  diagrams 
of  three  or  four  lines  in  iifteen  stars  {Intorno  alle  strie  degli  spettri  stcUari,  II  Nuovo 
Cimento,  xv.  292),  but  the  position  of  these  lines  did  not  correspond  with 
Fraunhofer's  results.  In  February  1863,  Huggins  andW.  A.  Miller  communicated 
to  the  Koyal  Society  some  measurements  of  the  lines  in  Sirius,  Aldebaran,  and  o 
Ononis,  whilst  Rutherford  about  the  same  time  made  similar  observations  (Sill.  Am. 
Journ.  XXXV.  71).  Secchi  (Astronomische  Nachrichten,  3.  Marzl863)  also  measured 
a  few  lines,  as  also  did  the  Astronomer  Royal  (Monthly  Notices,  xxiii.  190).  By  far 
the  most  complete  and  accurate  investigation  of  the  stellar  spectra  is  that  by  H  u  g  g  i  n  s 
and  W.  A.  Miller  (Phil.  Trans.  1864,  p.  413).  The  investigation  was  carried  on 
at  Mr.  Huggins's  observatory,  and  the  spectroscope,  containing  two  prisms  having  each 
a  refracting  angle  of  60'-',  is  fixed  to  an  8-iuch  refracting  telescope  by  Alvau  Clarke. 

In  order  to  obtain  evidence  of  the  presence  of  dark  lines  in  the  steDar  spectrum,  the 
line  of  light  obtained  as  the  spectrum  of  the  luminous  point  required  to  be  spread  out 
to  a  band;  this  was  effected  by  a  cylindrical  lens  placed  within  the  focus  of  the  object- 
glass,  and  immediately  in  front  of  the  slit  of  the  collimator  of  the  spectroscope.  The 
apparatus,  when  adjusted,  is  powerful  enough  to  show  the  fine  nickel  line  within  the 
double  D  Ime  in  the  solar  spectrum.  A  micrometer  movement  is  attached  to  the 
spectroscope,  by  which  the  position  of  the  lines  can  be  determined  to  within  the  5^ 
part  of  the  distance  of  A  to  H. 

Such  measurements  are,  however,  not  sufficient  to  determine  tlie  chemical  constitution 
of  the  stellar  atmosphere  ;  this  can  only  be  done  by  direct  comparison  with  the  metallic 
spectra,  and  hence  arrangements  were  made  for  throwing  the  light  from  a  flame  or  from 
the  electric  spai-k  into  the  instrument,  so  that  the  two  spectra  are  seen  at  once. 

The  following  gives  the  results  of  careful  comparison  of  the  spectra  of  Aldebaran 
and  Betelgeux  (a  Orionis)  with  bright  lines  of  the  metals  : 


Coincident  Elements. 
1.  Hydrogen  with  lines  C  and  F. 


Aldebaran. 


2.  Sodium 

3.  Magnesium 

4.  Calcium 
6.  Ii'on 

6.  Bismuth 

7.  Tellurium 

8.  Antimony 

9.  Mercury. 


double  line  D. 
triple  line  b. 
four  lines, 
four  lines  and  E. 
four  lines, 
foiir  lines, 
three  lines, 
four  lines. 

Betelgeux 


Coincident  Elements. 
1.  Sodium      with  double  line  D. 


2.  Magnesium 

3.  Calcium 

4.  Iron  , 
6.  Bismuth  , 
6.  Thallium  (?) 


triple  lino  b. 
four  lines, 
three  lines  and  E. 
four  lines. 


Non-coincident  Elements. 
Nitrogen  with  three  lines. 
Cobalt       ,,    two  lines. 
Tin  ,,    five  lines. 

Lead  „    two  lines. 

Cadmium   ,,    three  lines. 
Barium      ,,    two  lines. 
Lithium     „    one  line. 

Seventy  lines  measured. 

(a  Okionis). 

Bon-coincident  Elements  (eont.) 
Tin         with  five  lines. 


Non-coincident  Elements. 
Hydrogen  with  C  and  F 
Nitrogen     ,,    three  lines. 


Load 

Gold(?) 

Cadmium 

Silver 

Mercury 

Barium 

Lithium 


two  lines 

three  lines 
two  lines. 

four  lines, 
two  lines. 

one  line. 


Eighty  lines  measured. 


Fiff.  774  is  a  copy  of  Huggins  and  Miller's  drawing  of  the  spectra  of  Aldebaran  and 
of  Betelgeux  (half  original  size). 

The  seventy  or  eighty  lines  measured  indicate  only  some  of  the  stronger  of  the 
numerous  lines  which  are  seen  in  the  spectra  of  these  stars.  "  Some  of  these  are  pro- 
bably due  to  the  vapours  of  other  terrestrial  elements  which  have  not  been  compared 
with  these  stars.  It  would  be  assumption  to  suppose  that  the  sixty-five  so-called 
elements  constitute  the  entire  primary  material  of  the  universe.    Doubtless  in  the 
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spoctra  of  the  stars  the  chemist  is  introduced  to  muny  new  elements — would  tliat  it 
were  possible  for  him  to  recognise  and  to  isolate  them  !  "    (Huggi  ns.) 

In  only  two  out  of  tifty  stars  examined  wero  tlie  lines  of  hydrogen,  C  and  F,  found 
absent  ;  tliese  are  a  Orionis  and  ^  Pegasi : 

Pegasi        contains  sodium,  magnesium,  perh-ips  barium. 
Sirius  ,,  „  „         iron,  hydrogen, 

a  Lyrae  (Vega)     „  „  „  „  ,, 

Pollux 

All  the  stars  which  have  been  examined  yield  spectra  containing  dark  lines,  star 
differing  from  star  only  in  the  grouping  and  arrangement  of  the  numerous  fine  lines 
which  cross  their  spectra.  Hence  the  physical  constitution  of  the  fixed  stars  resembles 
that  of  our  sun  ;  the  source  of  their  light  is  solid  or  liquid  matter  in  a  state  of  inean- 
desccnee,  and  this  nucleus  is  surrounded  by  an  atmosphere  of  the  vapours  of  such  of 
the  elements  of  the  star  as  are  volatile  at  their  high  temperature.  The  results  already 
obtained  respecting  the  chemical  composition  of  stellar  atmospheres  have  an  interesting 
bearing  upon  Laplace's  nebular  theory,  as  these  results  appear  to  show  that  the 
visible  universe  is  composed  nuunly  of  the  same  elementary  constituents,  many  of 
those  known  on  this  earth  being  found  in  the  far-distant  stars. 

These  spectrum-observations  also  lead  to  the  presumption,  that  the  well-known  dif- 
ference in  colour  observed  in  the  stars  may  be  caused  by  a  dllFerence  in  the  chemical 
constitution  of  the  stellar  atmospheres,  causing  a  variation  in  the  absorption  of  the 
white  light  of  the  nucleus,  and  thus  giving  a  difference  in  the  colour  to  the  starlight  as 
seen  by  us. 

One  of  the  most  interesting  and  extraordinary  of  astronomical  observations  ever 
made  with  respect  to  the  stars  has  lately  been  described  by  Huggins  and  iVliller 
(Proc.  Koy.  Soc.  xv.  146,  May  17,  1866).  Ontheevening  of  May  15,  Mr.  Baxen- 
dell,  of  Manchester  (an  authority  on  variable  stars'),  observed  a  new  star.  "  This,"he 
says,  "  suddenly  burst  forth  in  Corona.  It  is  somewhat  less  than  a  degree  distant  from 
E  of  that  constellation  in  a  south-easterly  direction,  and  last  night  (May  15)  was 
fully  equal  in  brilliancy  to  3  Serpentis  or  v  Hercules,  both  of  the  third  magnitude  ;  " 
and  Mr.  Baxendell  describes  the  star  as  exhibiting  a  nebulosity,  "  as  if  the  yellow  of 
the  star  were  seen  through  an  overlying  film  of  a  blue  tint."  On  examining  the  light 
of  the  star,  Huggins  found  that  its  spectrum  was  unlike  that  of  any  celestial  body 
hitherto  examined.  The  light  of  the  star  is  compound,  and  has  emanated,  as  Baxendell 
surmised,  from  two  sources.  Each  light  forms  its  own  spectrum,  and  those  two  spectra 
appear  superposed  in  the  telescope.  The  chief  spectrum  is  analogous  to  that  of  the 
sun,  consisting  of  dark  lines  on  a  bright  backgTound,  caused  by  light  from  a  glowing 
nucleus  passing  through  an  absorbing  atmosphere ;  the  second  spiectrum  consists  of 
a  few  bright  lines,  indicating  that  the  light  is  formed  by  matter  in  the  condition  of 
incandescent  gas.    The  spectrum  of  this  star  is  represented  in  %.  775. 

Fig.  775. 


The  brightest  of  the  bright  bands  coincided  with  Fraunhofer's  F,  and  therefore  with 
the  blue  hydrogen-band  ;  on  account  of  the  faintness  of  the  red  end  of  the  spectrum, 
the  coincidence  of  the  red  band  with  the  red  hydrogen-line  could  not  be  determined 
with  equal  certainty,  though  it  is  probaUe.  The  physical  constitution  of  the  star,  as 
thus  seen,  must  be  very  remarkable ;  it  must  consist  of  a  solid  nucleus  and  gaseous 
atmosphere,  like  an  ordinary  star,  together  with  a  separate  outburst  of  ignited  gas 
(probably  hydrogen).  The  luminosity  of  rhe  star  quickly  diminished,  and  on  May  24  it 
had  become  as  low  as  the  eighth  magnitude  ;  the  bright  bands  wero  seen  gradually  to 
disappear,  whilst  the  other  spectrum  remained.  Hence  the  bold  speculation  suggests 
itself  that  large  quantities  of  gas  have  been  evolved  by  some  vast  convulsion;  that  this 
gas  (liydrogen),  by  burning,  was  heated  to  incandescence,  and  that  this  heated  the 
wliole  solid  matter  and  photosphere  of  (he  star,  but  that,  as  the  hydrogen  becomis 
exhausted,  all  the  phenomena  diminish  in  intensity,  and  the  star  rapidly  wanes. 
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Spectra  of  the  Nebulm  (Huggins,  Phil.  Trans.  1864,  p.  437). — The  special  ex- 
aminatiou  of  the  bodies  known  as  planetary  nebulae  has  proved  that  their  constitution 
is  totally  different  from  tliat  of  sun,  planets,  and  fixed  stars.  They  are  aU  found  to 
yield  a  spectrum  consisting  entirely  of  bright  lines,  without  any  continuous  spectrum. 
Thus  a  bright  nebula  in  Draco  (No.  4373)  gave,  on  careful  examination,  a  spectrum 
consisting  of  one  bright  line  coincident  with  the  brightest  of  the  air  (nitrogen)  hnes,  a 
second  less  brilliant  line  nearly  coincident  with  a  green  barium-band,  and  a  third  still 
more  refrangible  line  very  much  fainter,  and  coincident  with  one  of  the  hydrogen-Unes, 
„_g  viz.  F  of  Fraunhofer  ;  a  very 

^9'  ' '  '  faint  and  scarcely  visible  con- 

^  ^  tinuous  spectrum  was  just  per- 

ceived on  each  side  of  the 
group  of  bright  lines,  due 
probably  to  the  solid  or  liquid 
matter  of  the  micleus,  which 
in  this  nebula  is  visible  by 
its  greater  luminosity  in  the 
centre.  A  second  bright  ne- 
bula in  Taurus  Poniatowskii 
(No.  4390)  exhibited  the  same 
^•5'  spectrum  as  the  last-men- 

tioned nebulae,  and  six  other  nebulae  showed  either  some  or  all  of  these  same  three  lines. 
Of  the  sixty  nebulse  examined  by  Huggins,  about  one-third  exhibited  these  bright 
lines,  whilst  about  forty,  when  spread  out  by  the  prism,  yielded  spectra  apparently 
continuous.  It  is  evident,  from  these  observations,  that  many  of  the  nebulas  can 
no  longer  be  regarded  as  aggregations  of  suns,  after  the  order  to  which  our  own 
sun  and  the  fixed  stars  belong.  We  have  in  these  objects  no  longer  to  do  with 
a  special  modification  only  of  our  own  type  of  suns,  but  find  ourselves  in  the 
presence  of  objects  possessing  a  distinct  and  peculiar  plan  of  structure  (Huggins). 
A  question  of  great  interest  next  presented  itself — viz.,  do  those  nebulae,  which  have 
certainly  been  resolved  by  the  telescope  into  star-clusters,  exhibit  a  spiectrum  which 
shows  the  source  of  light  to  be  glowing  gas?  For  this  purpose  Huggins  examined 
the  celebrated  nebula  in  the  sword-handle  of  Orion  (Proc.  Roy.  Soc.  1865,  p.  39). 
The  light  from  the  brightest  part  of  the  nebula,  near  the  trapezium,  was  resolved  by 
the  prisms  into  three  bright  lines,  similar  in  all  respects  to  those  of  the  other  gaseous 
nebulae.  When  the  stars  of  the  trapezium  were  brought  into  the  slit,  a  continuous 
spectrum  was  at  once  seen  ;  but  the  whole  of  the  nebula  emits  the  same  kind  of  light, 
differing  only  in  intensity.  Thus,  whilst  the  evidence  afforded  by  the  largest  telescopes 
appears  to  be  that  the  brighter  parts  of  this  nebula  consist  of  a  "  mass  of  stars,"  the 
conclusions  drawn  from  a  prismatic  analysis  of  the  light,  is  that  these  luminous  points 
are  not  stars,  but  masses  of  gaseous  matter.  Conclusions  respecting  the  distance  of 
these  nebulae,  founded  upon  the  erroneous  supposition  that  they  consist  of  stellar 
masses,  must  therefore  be  given  up,  as  far  at  least  as  concerns  the  nebulas  which  are 
proved  to  be  gaseous. 

Comets. — The  light  of  comets  has  not  escaped  the  searching  investigation  of  Hug- 
gins's  spectroscope  (Proc.  Eoy.  Soc.  xv.  5  ;  Jan.  1866).  He  finds  that  the  spectrum  of 
Comet  I.  1866  consists  of  a  broad  continuous  spectrum,  with  a  bright  point  about 
midway  between  h  and  F  in  the  solar  S25ectrum,  and  coincident  with  the  bright  uitrogeu- 
line  observed  in  many  nebiilae.  Hence  we  learn  that  the  light  from  the  coma  of  this 
comet  is  different  from  that  of  its  nucleus.  The  nucleus  is  self-luminous,  and  the  matter 
of  wh'ch  it  consists  is  in  the  state  of  ignited  gas.  As  we  cannot  suppose  the  coma  to 
consist  of  incandescent  solid  matter,  the  continuous  .spectrum  probably  indicates  that 
it  shines  by  reflected  simlight,  and  this  appears  to  be  in  accordance  with  observations 
on  the  polarisation  of  light  in  the  tails  of  some  comets.  (Bond.) 

Meteors. — Mr.  Alexander  Herschel  has  recently  succeeded  in  observing  the  spec- 
trum of  a  bright  meteor,  and  also  the  spectra  of  some  of  the  trains  which  meteors  leave 
behind  them.  A  remarkable  result  of  his  obseiTations  is,  that  sodium  exists  in  ihe 
state  of  luminous  vapour  in  the  trains  of  most  meteors. 

The  results  of  the  examination  of  the  spectra  of  the  stellar  bodies  may  be  shortly 
summed  up  in  the  words  of  Mr.  Huggins  (Le.;tiu:e  at  Nottingham  Meeting  of  the 
British  Assoc.  1866) : 

1.  All  the  bi'ightef  stars,  at  least,  have  a  structure  analogous  to  that  of  the  sun. 

2.  The  stars  contain  material  elements  common  to  the  earth  and  sun. 

3.  The  colours  of  the  stars  have  their  origin  in  the  chemical  constitution  of  the 
atmospheres  which  surround  them. 
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4.  Tho  changes  in  brightness  of  some  of  the  variable  stars  are  attended  with  changes 
in  the  lines  of  absorption  of  tlicir  spectra. 

5.  The  phenomena  of  the  star  in  Corona  aj^pear  to  show  that  in  this  object  at  least, 
great  physical  changes  are  in  operation. 

6.  There  exist  in  the  heavens  true  nebidtp.    These  objects  consist  of  luminous  gas. 
7.,  Tlie  material  of  comets  is  very  similar  to  tho  matter  of  gaseous  nebulae,  and  may 

be  identical  with  it. 

8.  The  bright  points  of  the  star-clusters  may  not  be  in  all  cases  stars  of  the  same 
order  as  the  separate  bright  stars.  H.  E.  B. 

SPECUZiAR  IKOM".    Syn.  with  red  haematite,  or  native  ferric  oxide  (iii.  338,  339). 

SPECXriiUBI  IVISTAZi.  An  alloy  of  tin  and  copper,  with  a  small  proportion  of 
arsenic,  sometimes  also  containing  zinc.    (See  Copper,  Alloys  op,  ii.  44.) 

SPSISS.  A  mixture  of  tho  sulphides,  arsenides,  or  antimonides  of  nickel,  iron, 
and  copper,  which  collects  at  tho  bottom  of  tho  pot  wlien  ores  of  cobalt  or  lead, 
containing  sulphur  and  arsenic  or  antimony,  are  melted  with  fluxes.  Tlie  terra  is 
applied  cliiefly  to  the  nickeliferous  product  wliich  is  obtained  in  the  preparation  of. 
smalt  (p.  313^,  and  used  as  a  source  of  nickel. 

SPEZiTER.    A  commercial  name  of  zinc. 

SPERMACETI.  The  fatty  substance  found  in  peculiar  cavities  in  the  head  of 
the  sperm-whale  {I'/ii/scter  macruccphalus),  also  of  Ph.  Tursio  and  others,  and  of  the 
Belijh'mus  edentulus,  being  kc'jpt  in  solution  in  the  sperm-oil  by  the  heat  of  the  animal's 
body,  and  crystallising  out  after  death.  It  is  freed  as  much  as  possible  from  oil  by 
filtration  and  bj' treatment  with  potash-ley,  and  then  melted.  The  fused  and  solidiiie'l 
mass,  constituting  the  spermaceti  of  commerce,  is  white,  scaly,  brittle,  soft  to  the 
touch,  of  specific  gravity  0-943  at  1.5°  (0-843  at  50°,  0-824  at  81°,  0-813  at  94°,  the 
specific  gravity  of  water  at  If)'^  being  taken  as  1 — Saussure);  melting-point  from 
38°  to  47-";  neutral,  inodorous,  and  nearly  tasteless. 

Spermaceti  is  also  found  in  small  quantity  in  the  blubber  of  the  Bahena  rostnifa 
(Scharling,  .T.  pr.  Chem.  xliii.  2o7),  and,  with  but  slightly  different  properties,  iu 
the  oil  of  Di/jMmis  glohiceps.  (Chevreul.) 

When  spermaceti  is  freed  from  adhering  sperm-oil  by  means  of  cold  alcohol,  and 
the  residue  repeatedly  crystallised  from  hot  alcohol,  the  spermaceti-fat  (or  cetin  of 
Chevrenl)is  obtained.  This  may  be  still  further  purified  by  crystallisation  from 
boiling  ether  (i.  838). 

SPE3ZIVT-OSX.  This  oil  occurs,  together  with  spermaceti — from  which  it  is 
separated  liy  mechanical  means — in  the  head  of  Physetcr  macroccphalus,  &c. 

When  freed  as  completely  as  possible  from  admixed  spermaceti-fat,  by  leaving  the 
latter  to  crystallise  out,  it  is  neutral,  remains  liquid  at  18°,  is  saponified  with 
diflSculty  by  potash,  and  yields  by  that  process  the  same  fatty  acids  as  spermaceti-fat ; 
but  instead  of  ethal,  a  neutral  product  melting  at  23°  (Chevreul,  Rcchrrches,  p.  237). 
Sperm-oil  appears  to  he  isomeric  with  spermacei^i-fat  or  cetin  (St en  house). — The  oil 
which  runs  off  from  the  spermaceti-fat  solidifies  almost  completely  at  0°,  to  a  compact 
light-brown  mass,  in  consequence  of  still  retaining  spermaceti-fat.  "When  saponified  it 
gives  off  ammonia,  with  traces  of  methylamine,  and  yields  physetoleic  acid  (iv.  634), 
valerianic  acid,  small  quantities  of  solid  fatty  acids,  with  a  small  quantity  of  glvcerin. 
(Hofstfidter.) 

SPERMiLTIC  FZiUIB.  The  sexual  secretion  of  the  male,  supplied  mainly  by  the 
testes,  but  receiving  some  of  its  constituents  from  other  glands  (prostate,  &c.) — a  ropy, 
whiti.'h,  neutral  or  faintly  alkaline  fluid,  of  a  peculiar  odour.  It  contains  remarkable 
minute  locomotive  bodies  called  .'•peniiato-oa  (the  essential  agents  of  fecundation), 
swimming,  together  with  sperm-corpuscles,  mucus-corpuscles,  and  epithelium-scales, 
in  an  albuminous  medium.  The  spermatozoa,  which  are  but  very  slowly  aflfected  by 
processes  of  decomposition,  and  whose  movements  are  variously  modified  by  saline 
solutions  of  various  degrees  of  concentration,  and  by  other  chemical  agents,  are  rich  in 
protagon,  and  appear  to  be  composed,  in  part  at  least,  of  some  albuminoid  substance; 
but  they  offer  great  resistance  to  reagents,  and  lose  their  outlines  only  in  warm  con- 
centrated solutions  of  caustic  alkalis.  The  fluid  in  which  they  swim  contains  an 
albuminoid  matter,  resembling  to  some  extent  both  mucin  and  casein,  to  which  thp 
name  of  spcrmafin  has  been  given.  It  is  coagulated  by  alcohol,  but  not  by  heat ; 
acetic  acid  produces  a  precipitate  which  is  soluble  in  an  excess  of  the  reagent,  but  can 
be  rcprecipitated  from  the  acid  solution  by  ferrocy.anide  of  potassium.  Spermatin  when 
dried  becomes  insoluble  in  -n-ater,  but  soluble  in  dilute  alkalis,  from  which  it  may  be 
precipitated  by  the  addition  of  conientrated  solutions  of  the  alkaline  carbonates. 
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Spermatic  fluid  is  rich  in  salts,  especially  in  earthy  phosphates ;  crystals  of  triple 
phosphate  very  speedily  appear  in  decomposing  specimens.  According  to  Kollicker, 
100  parts  of  the  spermatic  fluid  of  the  ox  contain  17'94  solid  matters,  of  which  lo'H 
are  albuminoid  and  extractives,  2'16  fat,  and  2'637  salts.  The  secretion  of  the  prostate 
of  the  dog  contains,  according  to  Buxmann  (Henle  und  Meissner's  Bericht,  1864, 
p.  286)  98  5  per  cent,  of  water,  4'5  per  cent.,  and  nearly  1  per  cent,  of  chloride  of 
sodium,  together  with  small  quantities  of  stdphate  and  phosphate  of  potassium  and 
calcium.  M.  F. 

SPESSARTXH'.    Manganese  garnet  (ii.  772). 

SPH2:rxa  SEUSTJI..  This  fungus  yields  (?  air-dried)  6'5  per  cent,  of  an 
alkaline  ash,  containing  ferric  oxide  and  a  large  quantity  of  silica.  Moderately 
dilute  hydrochloric  acid  extracts  from  the  plant  about  half  its  fixed  constituents, 
leaving  a  dark-brown  or  black  residue,  which  withstands  the  action  of  all  concentrated 
mineral  acids  (except  nitric  acid),  imparts  only  a  slight  colour  to  boiling  potash-ley, 
and  yields  (dried  at  120°,  and  calculated  upon  the  substance  free  from  ash),  61'6  per 
cent.  C,  4-0  H,  1-2  N,  and  33-2  O.  The  fungus  yields,  by  dry  distillation,  an  acid  fetid 
distillate.    (A.  and  W.  Knop,  Pharm.  Centr.  1851,  p.  648.) 

SPII.SROCOCC;us  XiICIISTTOXSSaS.  According  to  Q-onnermann  and 
Ludwig  (Arch.  Pharm.  [2]  cxi.  204),  this  alga  (from  Ceylon)  contains  in  its  cells 
true  starch-grains,  which  are  at  first  coloured  yellowish  by  iodine,  and  turn  blue  only 
on  warming. 

SPHACSTITIU.  A  club-moss  which  grows  chiefly  on  peat-moors,  and  often 
plays  an  essential  part  in  their  formation.  Sph.  acutifolium  contains,  according  to 
C.  Sprengel  (J.  techn.  Chem.  xv.  32),  3'05  per  cent,  ash  (a);  according  to  Vo hi, 
(Ann.  Ch.  Pharm.  cix.  185),  the  same  from  a  high  moor  in  the  Canton  of  Zurich 
contains  0'92  per  cent,  of  ash  (6) ;  and  Sph.  cuspidatum,  from  Upper  Bavaria, 
contains,  according  to  Wittstein  (Jahresb.  1862,  p.  510),  2-014  per  cent,  ash, 
composed  of — 

K20.    Na20.  CaO.    MgO.  A1203.  Fe203.  S03.    P205.  Si02.    002.    CI.  NaCl. 
Sph.  acutifolium  (n).     10-9    13-9   .    .     5-8     3-4     7  0     4  0     .    .   43  8   .   .    ir2     .    .  =100 

(b).      8  02  1-84     3-17   4-92   5  89   6  35*  4-33    1  06  41-69  ....    19-92  =  97-19 
„  cuspidatum.  4-89  6-37    14  06   3-02  2-84  10-35   3-16   2-79   39-92  6-97    .   .     4  96  =  99  33 

SPHAXiSKITIE:.    Syn.  with  Blende.    (See  Zinc.) 

SPHBSJX:.  A  calcic  silico-titanate,  occurring  in  monoclinic  crystals  having  the 
axes  a:h:c  =  1-326  :  1  :  0-5678  ;  angle  of  inclined  axes  (A,  c)  =  60°  27';  <»P  :  ooP 
=  113°  28';  oP:Poo  =  159°  34'.  Cleavage  sometimes  distinct,  parallel  to  odP; 
less  distinct,  parallel  to  the  orthodiagonal  and  to  —  P.  The  mineral  sometimes 
also  occurs  massive,  rarely  lamellar.  Hardness  =  5 — 5-5.  Specific  gravity  = 
3-4 — 3-56.  Lustre  adamantine  to  resinous.  Colour  brown,  grey,  yellow,  green,  and 
black.  Streak  white,  slightly  reddish  in  greenovite.  Transparent  to  opaque.  Brittle. 
The  yellow  varieties  do  not  alter  in  colour  before  the  bloivpipe ;  the  others  turn  yellow ; 
they  all  slightly  intumesce,  and  fuse  on  the  edges  to  a  black  enamel.  With  borax  they 
yield  a  clear  yellowish-green  glass.  The  mineral  is  imperfectly  soluble  in  hot 
hydrochloric  acid,  and,  if  the  solution  be  concentrated  in  contact  with  tin,  assumes  a 
fine  violet  colour. 

Analyses. — a.  From  the  St.  G-othard  (Cordier,  J.  des  Mines,  No.  Ixxiii.  67). — 
h.  Felberthal  in  the  Pingzau  (Klaproth,  Bcitrdge,  i.  245  ;  v.  239). — c.  Sehwarzenstein 
in  the  Zillertbal :  yellow-green;  specific  gravity  =  3-535  (H.  Eose,  Gilb.  Ann. 
Ixxiii.  94;  Pogg.  Ann.  Ixii.  253). — d.  Areudal:  brown  (Eosales,  see  H.  Eose). — 
e.  Passau :  bi-owu  (Brooks,  see  H.  Eose).—/.  St.  Marcel,  Piedmont:  Greenovite 
(Delesse,  Ann.  Min.  [4],  vi.  825). — g.  The  same  (Marignac,  Ann.  Ch.  Phys.  [3], 
xiv.  47). — Frugard,  Finland:  black-brown;  specific  gravity  =  3-45  (Arppe, 
Analyser  af  finsk.  Min.  p.  34). — i.  Grenville,  Canada:  brown;  specific  gravity  = 
3-49—3-51  (Hunt,  Sill,  Am.  J.  [2],  xv.  442)  : 


Silica   ....    28-0    36    32-29    31-20    30-63    80-1    32-26  31-03  31-83 

Titanic  oxide .    .    33-3    46    41-58    40  92    42-56    42-5    38-57  43-57  40-00 

Lime    ....    32-2    16    26-61    22-25    25  00    24-0    27-65  21-76  28-31 

Ferrous  oxide                          0-96     5-06      3  93     .    .      0-76  0-75 

Manganous  oxide  -.    .      3-2  0-76 

Magnesia   0-08 

Alumina   1-05 

Loss  by  ignition  _^  .      .    .     .    .     .    .  0-38  0-40 

9F5    98  101-44    99^3  102-12    W9,  lOO'OO  98^  100-54 


*  With  trace  of  manganic  oxide. 
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Most  of  these  analyses  may  bo  nearly  ropreseutcd  by  the  formula  Ca"0  ||  rjijQo  = 

Ca"SiO^Ca"TiO',  requiring  3M3  silica,  40-49  titanic  oxide,  and  28-38  lime.  In  the 
brown  varieties  of  sphene  the  lime  is  partly  replaced  by  ferrous  oxide,  in  the  mineral 
from  Arendal  to  the  amount  of  one-seventh. 

The  species  was  formerly  divided  into  sphene  and  titanite,  the  former  including 
the  lighter-coloured,  the  latter  tlio  brown  and  black  varieties.  The  name  sphene  is 
deri^-ed  from  (T<p^u,  a  wedge,  alluding  to  the  usual  form  of  the  crystals. —  Grernovite, 
from  St.  Marcel,  was  shown  to  be  identical  in  crystalline  form  with  sphene  by 
Breithaupt  (Pogg.  Ann.  Iviii.  257)  and  Descloizcaux  (Ann.  Ch.  Phys.  [3],  xx. 
84). — Ligurite,  from  a  talcose  rock  in  the  Apennines,  has,  according  to  Dufrenoy,  the 
angles  and  characters  of  sphene. 

Sphene  occurs  in  imbedded  crystals,  in  gneiss,  granite,  mica-slate,  and  granular 
liinrsl(jne;  also  in  beds  of  iron-ore,  in  .syenite,  as  at  Strontian  in  Argyleshire,  and  in 
volcanic  rocks,  as  at  Lake  Laaeh,  and  Andernach  on  the  Khine.    (Dana,  ii.  269.) 

SPHSNOCXiASS.  A  mineral  occurring  in  parallel  layers  of  various  thickness  in 
a  bluish  granular  limestone  at  Gjelleback  in  Norway.  It  is  of  a  pale  greyish-yellow 
colour,  translucent  on  tho  edges,  has  a  splintery  fracture,  and  often  breaks  into  wedge- 
shaped  fragments  when  struck.  Specific  gravity  =  3-2.  Hardness  nearly  equal  to 
that  of  orthoclase.    Fusible.    Gives  by  analysis  : 

Si02.      Al-03.  Fe-03         CaO.  MgO.  MnO. 

46-08      13-04         4-77        26-50       6-25  3-23 

leading  to  the  formula  3(4M"0.3SiO').(2E'^0^.3SiO-).  (Von  Kobell,  J.  pr.  Chem. 
xei.  344.) 

SPHETI03WITE.  Shepard's  name  for  a  peculiar  mineral  resembling  sphene, 
wliich  hi;  s\i]>iioses  to  exist  in  eex'taiu  meteorites. 

SPHEROZSAX  STATE.    Sec  Heat  (iii.  88). 

SPHEII.OSIDE21ITE.  A  variety  of  native  ferrous  carbonate,  occm-ring  in 
grernstone  at  llaiihau,  Steinhcim,  Dransbcrg,  and  other  places. 

SPHEROSTXX.BITZ:.    See  Stildite. 

SPHERUIiITS.  Kidn<'i/f:tone.  These  names  are  applied  to  certain  spherical 
granules  occurring  imbedded  in  pitchstoue  and  pearlstone.  They  are  of  grey,  yellow-, 
or  i-ed  colour,  with  little  or  no  lustre,  translucent  or  opaque,  and  have  a  splintery 
fracture;  hardness  =  7:  speeitic  gravity  =  2-4  to  2-5.  Analysis  byErdmanu  (.1. 
teclin.  Chem.  xv.  32),  77-20  percent.  SiO'',  12-47  APO^  2-27  Fe-0^  3-34  CaO,  073 
SIgO,  4-27  Na-0  and  K'O  (=  100-28). 

SPIDER.  Spider-threads  appear  to  consist  essentially  of  the  same  substance  as 
silk  and  gossamer-threads,  viz.  sericin  (p.  235). — The  excrements  of  the  spider  con- 
tain guanine.    (Handw.  d.  Chem.  viii.  99.) 

SPIGEXiIA.  A  genus  of  plants  belonging  to  the  gentianaceous  order.  Sj).  antliel- 
mhit.ii-a,  a  South  Aniei-ican  annual,  contains,  according  to  Feneulle  (J.  Phai'm.  ix. 
197),  in  the  leaves,  together  with  fixed  oil.  and  in  the  root  together  with  volatile 
oil,  an  amorphous,  very  bitter,  nauseous  substance,  soluble  in  water  and  in  alcohol, 
to  -which  he  attributes  tho  anthelmintic  action.  Bicord-Madiana  (Brandos, 
Archiv.  xxv.  28),  on  the  other  hand,  did  not  find  any  such  substance. 

SPXKE-OZI..  Ohitm  spic(s. — A  volatile  oil,  obtained  by  distilling  Lavandida 
S/iicti  with  water.  It  has  a  less  agreeable  odour  than  true  lavender-oil,  is  specifically 
heavier,  and  is  said  to  deposit  a  larger  quantity  of  camphor.  According  to  Gasteli, 
spike-oil  is  obtained  from  the  leaves  and  stalks,  true  lavender-oil  from  the  flowers,  of' 
several  species  of  Lavandula.  Spike-oil  is  frequently  adulterated  with  oil  of 
turpentine,  which  may  be  detected  by  its  smaller  solubility  in  alcohol.  According  to 
Gasteli,  pure  spike-oil  does  not  require  more  than  5  pts.  alcohol,  of  specific  gravity 
0-894,  to  dissolve  it. 

SPIXiASTTHES  OIiERACEA.  An  annual  synantherous  plant,  indigenous  in 
India  and  in  South  America.  It  has  a  sharp  taste,  apparently  due  to  the  presence  of 
a  volatile  oil.  The  alcoholic  tincture  of  the  leaves  and  flowers  is  kno-wn  as  Paraguay 
r  c  d. 

SpdaniJies  tincioria  contains  a  substance  which  yields  indigo  on  exposure  to  tho 
air. 

SPINACH.  Spinaeia  olcracca. — The  leaves  of  tin's  well-kno-wn  culinary  herb, 
belonging  to  the  chenopodiaceous  order,  contain,  according  to  Braconnot,  acid  oxalates, 
nialates,  and  phosphates.    Richardson  (Jahrcsb.  1847,  p.  1074)  found  in  the  air- 


400 


SPINDLE-TREE— SPINEL. 


dried  plant  2-03  per  ceut.  ash;  and  Saalmiiller  (Ann.  Ch.  Pharm.  Iviii.  389)  found 
in  the  plant,  dried  at  100°,  10-7  per  cent,  ash,  containing: 

K20.      Na^O.     CaO.    MgO.      SO^.    SiO^.    FOs.  Fe"'POi.  NaCI.  Fe-O^. 

9-7      35-0      13-1      5-3      9-3     3-1      7-9     S-7       7  9     .  .  Eichardson. 
23-4     24-6      10-fi      7-5     4  4     6-9      8-6     .  .     12-8     2-1  Saalmiiller. 

SPIXfSIiE-TKSE.  Eiwiiynms  europesus.  A  celastraceous  tree,  the  light  ■wood 
of  which  yields  good  charcoal  for  gunpowder.  The  red  seed-capsules  have  a  saline 
taste,  and  contain  grape-sugar,  cerin,  tannin,  resins,  citric  acid,  &c.  The  orange- 
coloured  seed-coating  contains  a  fat  oil,  wliich  dissolves  out  the  colouring-matter  when 
expressed. 

The  rose-coloured  shell  of  the  seed  contains  tannic  acid,  gum,  mineral  constituents, 
&c. ;  the  kernels  contain  3'9  per  cent,  resin  and  28'1  fat  oil,  together  with  emulsin, 
sugar,  &c. 

SPIsrSXiS-TI^SE  OIli.  The  fatty  oil  expressed  from  the  seeds  of  the 
spindle-tree  is  clear,  viscid,  red-brown,  yellow  in  thin  layers,  has  a  repulsive  odour, 
and  a  bitter  taste,  with  irritating  after-taste.  Specific  gravity  =  0'938.  It  is 
sparingly  soluble  in  alcohol,  easily  in  ether.  It  solidifies  between  12°  and  16°,  a  con- 
siderable portion  of  the  colouring-matter  separating  out  with  the  fat,  and  remaining, 
if  the  oil  is  carefully  melted,  in  beautiful  red  granules  on  the  sides  of  the  vessel. 

The  oil  contains,  in  addition  to  the  colouring-matter,  a  bitter  resin  called  by 
Eiederer  (Buclmer's  Eepert.  [2],  xliv.  1)  spindie-tree  hitter  or  euonymin;  also 
volatile  acids.  By  the  saponification  of  the  fat-oil,  Schweizer  (J.  pr.  Chem.  liii. 
437)  obtained  oleic  and  margaric,  together  with  acetic  and  benzoic  acids,  the  last  two 
remaining  in  the  under-ley  after  the  saponification  of  the  oil. 

Spindle-tree  oil  is  prepared  chiefly  in  Switzerland,  where  it  is  used  for  burning  in 
lamps,  and  for  destroying  vermin  in  the  hair  of  men  and  animals,  also  as  an  application 
to  wounds. 

SPIKTEIi.  Spindle,  including  Ceylanite  or  Plconastc,  Spinclh  Buby,  Balas  Buhy, 
Almandine  Euby,  Canditc,  Gahnite  or  Automolite,  Dysluite,  Herdnite,  Kreittmite, 

CMorospinel. — A  mineral  species  represented  by  the  general  formula  M"O.R'''0', 
in  which  M"  =  Mg,  Fe,  Ca,  Zn,  and  Mn ;  and  "R"'  =  Al  or  Fe.  The  crystalline 
form  is  monometric,  generally  the  cube,  rhombic  dodecahedron,  and  intermediate 
forms,  also  with  cubic  faces  (Ceystai,lography,  Ti^is.  172,  174,  175,  176,  178,  199,  200.) 
Cleavage  octahedral.    Twins  like  fg.  319  (ii.  160). 

Hardness  =  8.  Specific  gravity  =  3-5 — 4-9.  Lustre  vitreous.  Colour  red, 
especially  carmine-red ;  also  bluish-red  to  blue,  brown,  or  yellow ;  pure  magnesic 
aluminate,  MgAl'O',  is  colourless.  Transparent  to  neai-ly  opaque.  Fracture  con- 
ehoidal,  brittle.  Infusible  before  the  blowpipe.  Insoluble  in  acids,  but  becomes  com- 
pletely soluble  after  fusion  with  acid  potassic  sulphate.  Gives  with  fluxes  the 
reactions  of  iron,  and  occasionally  of  chromium. 

The  name  ainnel  is  restricted  by  Rammelsberg  and  others  to  the  varieties  consisting 
of  nearly  pure  magnesic  aluminate,  and  having  only  a  small  proportion  of  the  magnesia 
replaced  by  ferrous  oxide ;  while  those  in  which  the  proportion  of  iron  is  larger  are 
regarded  as  forming  a  distinct  species,  called  CeyJanite,  Plconastc,  Canditc,  or  C'hryso- 
vtclane:  they  all,  however,  crystallise  in  the  same  forms,  and  the  gradations  of  chemical 
composition  are  not  very  sharply  defined. 

Pure  magnesian  spinel,  MgO.Al'-O',  would  contain  71 '97  per  cent,  aluminium  and 
28-03"magnesia.  Red  (precious)  spinel  from  Ceylon  contains,  according  to  Abich's 
analysis  (coiTected  by  Rammelsberg),  70'43  alumina,  1'12  chromic  oxide,  26'75  mag- 
nesia, and  0'73  ferrous  oxide ;  blue  spinel  from  Aker  in  Sweden  contains,  according  to 
the  same  authority,  70-53  alumina,  26'31  magnesia,  and  3'57  feiTous  oxide.  Precious 
spinel  is  distinguished  by  several  names,  according  to  its  colour,  the  deep  red 
variety  being  called  ruby  spinel,  the  pale  red  halas  riihy,  the  brownish-red  (frum  its 
resemblance  to  some  garnets)  almandine  ruhy,  and  the  yellowish-red  rubicellc. 

The  following  are  analyses  of  the  more  ferruginous  varieties,  ceylanite  or  pleonaste 
{^Bammelsberg's  Mineralchemie,  p.  162) : 

A.  Containing  all  the  iron  as  ferrous  oxide. — a.  Hilrmala  in  Finland  (Thoreld). — 
b.  Barsowskoi,  near  Kysehtimsk  in  the  Ural  (Abich). — c.  Tiinaborg  in  Sweden :  dark- 
green  (A.  Erdmann).— o!.  Ronsperg  in  Bohemia,  Hercinite  (Quadrat). 

B.  Containing  ferric  as  well  as  ferrous  oxide. — a.  Vesuvius  (Abich). — b.  Franklin, 
■  New  Jersey:  large  greenish-black  octahedrons,  accompanied  by  red  zinc-cre  and 
calcspar  (Vogel). — c.  Stulgrabe,  near  Arendal  in  Norway  (S cheer er). — d.  Ceylon 
(C.  Gmelin). — e.  Iserwiese  in  the  Riesengebirge  (Abich): 
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A.  B. 


Alumina        .       .    07-90  G6-95  62  95  61  17  68-31    67-01    58-12    59-00  61-30 

Ferric  oxide   3-37      2-47    11-41    10-54  7-09 

Ferrous  oxide.       .    11-88  14-33  23-46  35-67  2-06      8-55    11-88*  11-86  13-42 

Magnesia      .       .    19-00  18-03  13-03    2-92  26-26    21-97    18-59    18-60  18-19 

Zinc-oxide     .       .  1-38   

100-16  99-31  99T4  99-76  100-00  100-00  100-00  100-00  100-00 


Gahuite  or  Atifomolilc,  h-om  Fahlun  in  Sweden,  is  a  spinel  in  -which  the  magnesium 
is  wholly  or  in  groat  part  replaced  by  zinc  (ii.  757). 

Krcittonite  is  a  black  spinel,  of  specific  gravity  4-49,  nearly  allied  to  gahnite, 
and  containing,  according  to  v.  Kobell,  49-62  per  cent.  Al^O',  18-48  Fe'^O^  26  67  ZnO, 
3-40  MgO,  and  1-44  MnO  (=  99-61). 

Bi/sluite  (ii.  360)  from  Sterling,  New  Jersey,  is  a  ferrieo-aluminate  of  zinc  and  man- 
ganese, containing  30-49  per  cent.  A1=0^  41-93  Fe'O^  16-80  ZnO,  7-60  MnO,  2-96 
silica,  and  0-40  water.  (Thomson.) 

Chlorospincl  is  a  grass-green  spinel  from  Slatoust,  of  specific  gravity  3-591  — 

3-  594,  containing,  according  to  H.  Rose : 

Al-l)3.        Fe^O'.         MgO.         CuO.  CaO. 

64-13  8-70  26-77  0-27  0-27  =  100  14 
57-34       14-77       27-49       0-62       .     .     =  100-22 

Spinel  occurs  imbedded  in  granular  limestone,  and  with  calcareous  spar  in  serpen- 
tine and  gneiss  ;  it  also  occupies  the  ca-vities  of  volcanic  rocks.  In  Ceylon,  Siam,  and 
other  Eastern  countries,  it  occurs  of  beautiful  colours,  as  rolled  pebbles  in  the  channels 
of  rivers. 

SPIM'i:xiiAM'&.    A  blue  variety  of  nosean  (iv.  135). 

SPXM-THEM-z:.    Syn.  with  Sphene  (p.  398). 

XTIiiaAIlIA.  Meadow-sweet. — The  flowers  of  this  rosaceous  plant 
yield  by  distillation  -with  water,  a  -volatile  oil  consisting  for  the  most  part  of  salicy- 
lol  (p.  167),  -which  however  appears  not  to  exist  ready-formed  in  the  plant,  but  to  be 
produced  by  the  action  of  water ;  it  contains  also  a  neutral  oil  (likewise  obtained  by 
agitating  the  distilled  -water  with  ether),  composed  of  71  2  per  cent,  carbon,  10-1  hydro- 
gen, and  I8-7  oxygen,  and  a  camphoroi'dal  substance,  -which  crystallises  in  white 
nacreous  scales,  and  remains  solid  at  ordinary  temperatures. 

When  the  dried  flowers  of  meadow-sweet  are  exhausted  with  ether,  a  colouring- 
matter  called  spirsein  is  dissolved  out,  together  with  fat,  wax,  traces  of  a  neutral 
volatile  oil,  and  a  volatile  acid,  but  no  salicylol.  The  volatile  oil  is  the  same  that  is 
obtained,  together  with  salicylol,  by  distilling  the  flowers  with  water.  The  volatile  acid 
just  mentioned  is  found  also  in  tho  watery  distillate  ;  it  crystallises  in  colourless  needles, 
dissolves  easily  in  water,  -with  difficulty  in  ether,  and  colours  ferric  salts  red.  (Handw. 
d.  Chcm.  viii.  100.) 

SPXR2:iN'.  (Lowig  and  Weidmann,  J.  pr.  Chem.  xix.  236.) — The  yello-w 
colouring-matter  of  the  flowers  of  Spiraa  tclmaria,  whence  it  may  be  extracted  by  ether. 
The  ethereal  solution  is  precipitated  by  water,  the  precipitate  is  dissolved  in  hot  alco- 
hol, which  on  cooling  deposits  a  quantity  of  fatty  matter ;  the  flltered  liquid  is 
evaporated;  and  the  spiraiin  thereby  deposited  is  dissolved  several  times  in  alcohol. 

Spira;in  thus  obtained  is  a  yellow  crystalline  powder,  insoluble  in  water,  very  soluble 
in  ether  and  in  alcohol ;  the  soluti(jus  are  of  a  deep  green  colour  when  concentrated, 
yellow  when  dilute,  and  redden  litmus  slightly.  Spirtein  is  not  volatile  without 
decomposition.  It  gave  by  analysis  59-62 — 59-94  per  cent,  carbon  and  5-32 — 5-14 
hydrogen,  whence  Lowig  and  Weidraann  deduce  the  formula  C^''H^''0",  requiring  58  6  C, 

4-  9  H,  and  36-5  O.  Gerhardt  suggested  C'-'H-'O'",  which  however  does  not  agree  so 
well  with  the  analysis. 

Hotconcentrated  nii)-ic  acid  dissolves  spirsein,  forming  a  red  solution,  and  decomposes 
it  only  after  prolonged  boiling,  but  without  formation  of  oxalic  acid.  It  dissolves 
■without  alteration  in  su/pJiuric  acid,  and  is  precipitated  therefrom  by  water.  Hydro 
chloric  acid  has  no  action  upon  it. — With  brvmiitc  it  forms  a  red  mass,  consisting  of 
several  substitution-products. — When  oxidised  by  ck  omic  acid,  it  yields  formic  and 
cai'bonic  acids. — It  dissolves  -^vith  yellow  colour  in  caustic  alkalis,  decomposes-potassio 
carbonate  vihen  heated,  and  is  precipitated  from  its  alkaline  solutions  by  acids.  The 
same  solutions  turn  brown  and  decompose  on  exposure  to  the  air. 

The  alcoholic  solution  of  spir*in  forms  yellow  precipitates  with  haryta-xDater,  sul- 
phate (>/  aluminium,  and  tartar-emetic  ;  with  ace^rti^eo/YtrttZ  a  crimson  precipitate,  which 

*  Witli  maneanous  oxide. 
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blackens  on  drying ;  viithfcrrous  salts  a  dark-grepn,  with  ferric  salts  a  black  precipitate ; 
with  zinc-salts  mixed  with  a  little  ammonia,  a  yellow  precipitate  soluble  in  excess  of 
ammonia  ;  with  cupric  salts  a  grass-green  precipitate  ;  with  nitrate  of  silver  on  addition 
of  ammonia,  a  black  precipitate  insoluble  in  ammonia  ;  with  mercurous  nitrate  a  yel- 
lowish-brown precipitate  which  soon  becomes  dark-brown ;  no  precipitate  with 
mercuric  or  platinic  chloride. 

SPIRIT.  Spiritiis. — The  word  spirit  was  used  in  old  chemical  language  as  a 
generic  name  for  liquids  obtained  by  distillation.  At  the  present  day  it  is  applied  in 
ordinary  language  chiefly  to  ethylic  alcohol,  which  is  called  spirit  of  wine,  and  methy- 
lic  alcohol,  which  is  also  called  wood-spirit.  In  pharmaceutical  language  it  is  still  used 
as  a  generic  name  for  aromatic  alcoholic  distillates  and  certain  alcoholic  solutions — e.g., 
Spiritus  cochlcaricB,  Sp.  lamiidulis,  8p.  camphoratiis,  Bp.  saponatus. 

Spiritiis  abstractus,  Sjj.  aromaticus.  —These  names,  especially  the  latter,  are  applied 
to  odoriferous  products  obtained  by  distilling  various  substances  with  moderately 
strong  aqueous  alcohol ;  they  are  further  distinguished  as  Spiritus  aromaticus  simplesr, 
and  cojnpositus. 

Spiritus  aceti  dulcificatuSfS.Sp.dulcis'l  oi  Liquor  anodinus  vegetabilis.  A  solution 
Spiritus  acetico-csthereus  J      of  acetic  ether  in  alcohol. 

Spiritus  Aeruginis,  s.  Sp.  Veneris,  Spirit  of  Verdigris. — An  old  name  of  the  con- 
centrated acetic  acid  obtained  by  distilling  crystallised  cupric  acetate  (i.  10). 
Spiritus  aromaticus,  s.  Sp.  abstractus. 

Spiritus  CercB,  Spirit  of  Wax. — The  watery  liquid  containing  empyreumatic  oils, 
acetic  acid,  &c.,  obtained  by  the  dry  distillation  of  wax. 

Spiritus  Conm  Cervi,  Spirit  of  Hartshorn. — The  solution  of  impure  ammonium- 
carbonate  obtained  by  the  distillation  of  animal  matters  (i.  190). 

Spiritus  Mindereri. — An  aqueous  solution  of  ammonium-acetate  (i.  13). 

Spiritus  muriatico-athereus,  s.  Spiritus  Salis  dulcis.  Sweet  Spirit  of  Salt,  Heavy 
HydrocUoric  Ether. — The  product  obtained  by  saturating  alcohol  with  hydrochloric 
acid  and  distilling  it  over  peroxide  of  manganese,  or  by  distilling  a  mixture  of  alcohol 
and  sulphuric  acid  over  a  mixture  of  common  salt  and  peroxide  of  manganese  (ii.  632). 

Spiritus  inuriaticus. — Hydrochloric  acid. 

Spiritus  nitro-acidus. — Nitric  acid. 

Spiritus  nitro-cBthereus,  s.  Sp.  dulcis,  Sweet  Spirit  of  Nitre. — (See  Niteous  Ethers, 
iv.  75.) 

Spiritus  rector. — Boerhave  supposed  that  volatile  oils  were  compounds  of  resins, 
with  a  peculiar  odoriferous  substance  which  he  called  by  this  name. 
Spiritus  Sail  ammoniacus,  SalmiaJcgeist. — Aqueous  ammonia. 
Spiritus  Salis  didcis. — See  Spiritus  rnuriatico-csthereus. 

Spiritus  Salis  fumans,  or  Sp.  Salis  fumans  Glauberi. — Fuming  hydrochloric 
acid. 

Spiritus  sulphurico-ethereus. — Common  ether  containing  alcohol. 

Spiritus  Sulphuris  per  campanam. — Obsolete  name  for  aqueoiis  sulphurous  acid. 

Spiritus  Sulphuris,  s.  Sp.  sidphuratus  volatile  Bcguini. — A  solution  of  various 
polysulphides  of  ammonium,  strong  enough  to  fume  in  the  air  (i.  194). 

Spiritus  sylvestris.  Gas  sylvestre. — An  old  name  of  carbonic  anhydride. 

Spiritus  Tartari,  Liquor  pyrotartaricus. — An  old  name  for  the  brownish  empyreu- 
matic liquid,  containing  empyreumatic  oils,  pyrotartaric  acid,  acetic  acid,  and  (ac- 
cording to  Gobel)  formic  acid,  obtained  by  dry  distillation  of  tartar. 

Spiritus  Veneris. — See  Spiritus  Aeruginis. 

Spiritus  Vini,  Spirit  of  Wine. — Aqueous  alcohol. 

Spiritus  Vitrioli. — Dilute  sulphuric  acid. 

Spiritus  Vitrioli  coagulabilis. — An  old  name  of  potassic  sulphate. 

SPIRO&'S'RA  QUZN'IirA.  A  fresh-water  alga,  which  contains  97'5  parts 
W'Hter  to  2'5  dry  substance,  the  latter  containing  7'5  percent,  nitrogen  and  0'8  ash.  The 
ash  yields  35'8  per  cent,  carbonates  and  sulphates  of  the  alkali-metals  and  chloride  of 
sodium,  r5  carbonate  of  calcium,  9'8  carbonate  of  magnesium,  18'-1  phosphate  of 
calcium,  3'4  phosphate  of  magnesium,  and  31'6  silica,  with  traces  of  ferric  oxide. 
(Handw.  d.  Chem.  viii.  150.) 

SPIllOZi.  A  name  applied  to  phenylic  alcoliol,  because  it  may  be  obtained  from 
spiroylic  (salicylic)  acid,  in  the  same  way  as  benzol  from  benzoic  acid. 

SPIROYlb.  Lowig's  name  for  the  radicle  C'H'O'  (more  generally  called  salicyl, 
or  salicosyl),  which  may  be  supposed  to  exist  in  oU  of  spiraea  (sahcylol).  (See  pp.  160, 
167.) 

SPIBOVIiXC  ACI3>.    Syn.  with  Salicylic  Acid. 
SPIXtOYXiOTTS  ACXS.    SjTi.  with  Salicylol. 
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SPXRVIi,  SFXRYIiXC  ACID,  &c.  Names  given  by  Berzelius  to  Salicy], 
Salicylic  acid,  &c. 

SPIiEESr.  Tlio  largest  of  the  "vascular"  or  "ductless  glands"  of  the  body. 
Besides  albuminoid  matters  (among  them  one  precipitable  by  acetic  acid,  and  con- 
taining much  iron,  possibly  as  phosphate),  pigments,  fats,  and  cholesterin,  there  havo 
been  found  in  the  spleen,  formic,  acetic,  butyric,  lactic,  succinic,  and  uric  acids  (the 
juice  of  spleen  is  acid),  inosito,  sarcine,  xanthine,  leucine,  and  tyrosine.  In  100  parts 
of  spleen  are  found  water  74'031,  organic  matter  2i'866,  inorganic  matters  1'103. 
The  following  table  (from  Lud wig)  gives  the  percentage  composition  of  the  ashes 
of  spleen,  according  to  0  i  d  t  m  an  n  : 

CI.         P205.     S03.   Si02.    K20.      Na^O.    CaO.    MgO.   Fe'-O'.  MnO.  CuO.  FbO. 

Man         -55    27-11    2-5-i    -07     9  19    43-30    7-50     -39     7-27    -08  -01 
Woman    1-31    18-87    1-43    '72    17-41    35-12    7-26    1-02    16-20    -04    -40  -03 


Infant    33-03      9-53      -50    -95  43-87         3-35  -20 

SFIiIN-T-COAIi.  A  hard  kind  of  coal  having  a  brown-black  to  deep  black 
colour,  resinous  lustre,  splintery  cross-fracture,  and  uneven  principal  fracture  :  it  is 
less  easily  inflammable  than  caking  coal,  but,  when  once  set  on  fire,  burns  with  a 
bright  flame  and  great  evolution  of  heat. 

SPODtrniEBrE.  Triphane.  Swedish  Zeolite. — A  silicate  of  aluminium  and  lithium 
(potassium  and  sodium),  occurring  in  monoclinic  prisms,  isomorphous  with  augite, 
especially  with  diopside.  Angle  of  inclined  axes  =  69°  40'  ;  ooP  :  ooP  =  87°  ;  oP  : 
[2Poo  ]  =  130°  30'.  The  crystals  are  usually  large,  exhibiting  very  perfect  cleavage 
parallel  to  ooP  oo  ;  distinct  also  parallel  to  coP  ;  in  traces  parallel  to  [Pco  ]  ;  seen  in 
striae  on  [  ooPoo  ].  Twins  occur  with  face  of  composition  parallel  to  ooPoo  .  The 
mineral  also  occurs  in  cleavable  masses. 

Hardness  —  6-5  to  7.  Specific  gravity  =  3-132 — 3-137  (Kammelsberg).  Lustre 
pearly,  vitreous  on  the  cross-fracture.  Colour  greyish-green,  passing  into  greenish- 
white  and  greyish-white,  rarely  faintly  reddish.  Streak  uncoloured.  Translucent  to 
subtranslucent.  Fracture  uneven.  Before  the  blowpipe  it  loses  its  transparency  and 
colour,  intumesces,  and  melts  to  a  glass  globule  ;  gives  the  reactions  of  lithia. 

Anali/ses  (Rammelsberg's  Mineralcliemie,  p.  500). — 1.  Island  of  Uto,  Siiderman- 
land,  Sweden.  Specific  gravity  =  3-133  (Eammelsberg). — 2.  Sterzing in  the  Tyrol: 
specific  gravity  =  3-137  (R.)- — 3.  Sterling,  Massachusetts  ;  specific  gravity  =  3-182 
(Brush);  3-073  (R.).— 4.  Norwich,  Massachusetts:  specific  gravity  =  3-18  (Brush): 


Silica  . 
Alumina 
Ferrous  oxide 
Lime  . 
Magnesia 
Lithia  . 
Soda 
Potash 


Ram-      Ram-  Ram-  Smith 

Hagen.     mels-      mels-    Hagen.     mels-     Hagen.   Brush.      ?,  lI" 
berg.       herg.  berg.  Brii^h. 

65-02  65-02  65-53  66-03  65-27  65-25  62-89  63-86 
26-84  29-14  29-04  26-45  27-47^07':;-  <28-42  27  84 
0-86  .  .  1-42  .  .  .  .  J  -''^'^  I  .  .  0  64 
,  .  0-50  0-97  .  .  0-30  .  .  1-04  0  30 
.    .       0-14      0-07     .    .  0-10 

3-84      5-47      4-49     .    .       2-90      .    .       6-67  5-08 
2-68      0-46      0-07     .    .       0-44     .    .       2-51  0-66 
.    .       0  14      0-07     .    .       4-54      .    .       .    .  0-16 
99-24  100-87  lOree  101-02  100-53  H^OO-50 

99-04 

The  analyses  by  Hagen  and  Rammelsberg  lead  to  the  formula  3(Li^O.SiO-).4(  Al  'O^ 
3SiO'-'),  the  lithia  being  partly  replaced  by  potash  and  soda.  A  pure  lithia-spodumene 
thus  composed  would  contain  64-98  per  cent,  silica,  28-88  alumina,  and  6-14  lithia. 
The  North  American  specimens,  except  the  last,  had  undergone  some  decomposition. 

Spodumcne  occurs  also  at  Lisens  in  the  Tyrol,  at  Killiney  Bay  near  Dublin, 
and  at  Peterhead  in  Scotland ;  also  at  Goshen  and  other  localities  in  Massachusetts,  at 
AYiiidliaii]  in  Maine,  and  Brookfiekl  in  Connecticut. 

SPOIiTCrE.  Sponges  are  organisms  living  in  water,  and  consisting  of  a  soft 
gelatinous  mass,  mostly  supported  by  an  internal  skeleton  composed  of  reticular 
auastomosing  hairy  fibres,  in  or  among  wliich  are  usually  imbedded  calcareous  or 
sometimes  silicious  spiculfe.  They  are  found  adhering  to  rocks,  chiefly  in  the  Medi- 
terranean, where  they  are  collected  by  divers,  and  treated  with  hydrochloric  acid  to 
remove  the  lime.    Two  or  three  species  are  found  in  fresh  water. 

Sponge  has,  by  some  naturalists,  been  referred  to  the  vegetable,  by  others  to  the 
animal  kingdom  ;  of  late  years,  however,  the  evidence  has  appeared  to  be  conclusive  as 
to  its  animal  nature. 
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The  organic  matter  of  sponges  was  formerly  regarded  as  identical  with  horny  tissue, 
till  Posselt  (Ann.  Ch.  Pharm.  xlv.  192)  and  Crookewit  {ibid,  xlviu.  i3)  showed 
that  it  exhibits,  in  many  respects,  the  same  characters  as  the  fibroin  of  silk  and  of 
gossamer-threads.  Stadeler,  however  {ibid.  cxi.  12),  has  shown  that  the  organic 
matter  of  silk,  when  treated  with  sulphuric  acid,  yields  leucine  and  tyrosine,  whereas 
that  of  sponge  yields  leucine  and  glycocine,  without  a  trace  of  tyrosine  :  he  accordingly 
designates  the  organic  matter  of  sponges  as  spongin,  restricting  the  name  fibroin 
to  that  of  silk  and  gossamer-threads.  Schlossberger,  on  the  other  hand,  designates  the 
former  as  fibroin,  the  latter  as  sericin.  In  some  sponges,  the  fibroin  is  combined 
with  iodine,  sulphur,  and  phosphorus. 

Charred  or  bm-nt  sponge,  Spongia  usta,  has  long  been  used  in  medicine  ;  its  action  is, 
doubtless,  to  be  attributed  to  the  iodine  which  it  contains.  Herberger  found  in  it  1'16 
per  cent,  potassiiim-iodide,  0-702  potassium-bromide,  and  traces  of  cupric  oxide. 
Preuss  found  2-14  per  cent.  KI,  and  0'76  NaBr.  In  preparing  burnt  sponge,  care  must 
be  taken  not  to  employ  too  high  a  temperature,  as  a  loss  of  iodine  may  thereby  be 
occasioned. 

SPOIMGIN.  Stadeler's  name  for  the  organic  matter  of  sponge.  He  prepares  it  by 
exhausting  the  sponge,  cut  up  into  small  pieces,  with  dilute  liydrocliloric  acid,  then  with 
weak  soda-ley,  washing  it  thoroughly,  and  drying. 

SPBAT.  Chipca  Spratiiis  ;  Fr.  Esprct ;  Ital.  Sordino. — Tliese  fishes,  when  pressed 
and  dried,  contain,  in  100  parts,  6-1  parts  water,  19  fat,  and  1-9-1  nitrogen,  equivalent  to 
12'3  per  cent,  albuminoidal  substance.  They  yield  2'1  per  cent,  ash,  containing, 
according  to  Way  (Jahresb.  1849,  p.  658): 

K-O.  Na=0.  ChO.   MeO.  Fe'^O^.  SO'.      SiO^.    P^O".    KCl.  NaCI. 

17-2    1-2    23  6    3-0    0-3    trace    trace    43-5    .  .    11-2    =  100 

21-9    .  .    27-2    3-4    0-6     1-4      OS      40-5    2  3      2-3    =  100 

Sprats  are  caught  in  large  quantities  on  the  coasts  of  Sussex,  Kent,  and  Essex,  and 
are  there  used  for  tlie  preparation  of  artificial  manure. 

SQXTAIiUS.  The  liver  of  the  Basking  Shark,  Squalas  maximus  (Linn.),  yields  about 
80  per  Cent,  of  oil,  which  has  a  faint  yellow  colour,  a  density  of  0'870  to  9'876,  and  a 
repulsive  odour ;  does  not  solidify  at  a  few  degrees  below  0'.  By  dry  distillation  it 
yields  a  yellow  oil  having  the  odour  of  acrolein,  bu.t  no  sebacic  acid.  It  appears  to 
contain  a  peculiar  oleic  acid.    (Ronalds,  Chem.  Gaz.  1852,  p.  420.) 

STAIiACnXITSS  and  STiLIiiLCTITSS.  Deposits  formed  in  caverns,  chiefly 
in  limestone  rocks,  by  water  filtering  through  the  rock  and  taking  up  some  of  its 
substance,  and  subsequently  dripping  from  the  roof.  The  solution  (of  calcic  carbonate, 
for  instance),  on  exposure  to  the  air,  deposits  the  solid  matter,  which  partly  forms 
stalactites,  depending  from  the  roof  like  icicles,  partly  deposits  called  stalagmites, 
on  the  floor  of  the  cavern. 

STAIiAdMCOnXSTEB  {L7Ta\ayfji6s,  drop ;  fxtrpuv,  measure).  An  instrument 
employed  by  G  u  t  h  r  i  e  for  measuring  the  size  of  drops.  A  drop  is  defined  as  a  more 
or  less  spherical  mass  of  liquid  matter,  which  has  been  separated  from  other  matter 
by  gravitation.  Such  a  definition  is  necessary,  because  the  term  "drop"  is  frequently 
r.pplied  to  a  variety  of  liqmd  matters,  having  little  or  nothing  in  common,  except 
shape,  either  as  to  origin  or  condition. 

The  subst  ances  concerned  in  drop-formation  are — 1.  The  substance  to  which  the  drop 
clings  ;  2.  The  substance  of  which  it  is  formed  ;  3.  The  medium  in  which  it  is  formed. 
If  the  drop  be  formed  in  a  liquid  medium  more  dense  than  the  drop,  the  drop  rises. 
If  the  dropping  fluid  be  a  gas,  and  the  medium  a  liquid,  the  drop  becomes  a  bubble. 
Hence  there  is  no  essential  ditference  between  the  formation  of  a  drop  and  that  of  a 
bubble ;  there  is  also  an  agreement  in  the  laws  which  govern  the  sizes  of  the  two. 

The  factors  which  are  found  experimentally  to  be  most  concerned  in  determining 
the  size  of  a  drop  in  the  case  of  a  liquid  dropping  from  a  solid  through  a  gas  are : 

\.  The  rate  at  which  the  dropping  takes  place,  or  the  growth-time,  gt,  of  the  drop. — 
2.  The  quantity  and  chemical  nature  of  the  solid  matter  which  the  dropping  liquid 
holds  in  solution. — 3.  The  chemical  nature  of  the  dropping  liquid. — 4.  The  size  and 
shape  of  the  solid  at  the  part  from  which  the  drop  falls. — 5.  The  chemical  nature  of  the 
solid  from  which  the  drop  falls. — 6.  The  temperature  at  which  the  dropping  takes  place. 

In  the  case  of  a  liquiil  dropping  through  a  liquid,  the  additional  factors  are — 7.,  the 
chemical  nature,  and  8,  the  density  of  the  liquid  medium. 

The  stalagmometer  consists  of  two  parts  :  the  first  to  produce  a  perfectly  uniform 
flow  of  the  dropping  liquid ;  the  second  to  collect,  and  either  measure  or  weigh,  a  given 
number  of  drops  formed  under  various  conditions.  For  particulars  of  the  experiments 
and  description  of  the  different  forms  of  stalagmometer,  see  Proc.  Hoy.  Soo.  (xiii.  444, 
457  ;  xiv.  22). 

The  following  are  the  main  laws  which  have  been  deduced : 
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A.  When,  from  a  solid,  a  liquid  drops  through  a  gas. 

1.  The  drop-size  depends  upon  the  rate  of  dropping.  Generally,  the  quicker  the 
succession  of  the  drops,  the  greater  is  the  drop.  The  slower  the  rate,  the  more  strictly 
is  this  the  case.    Example  : 

Drop-size  of  cocoanut-oil,  ff^  •  0'5"  __  80*17 
Drop-size  of  cocoanut-oil,  gt  =  12'0"  f>2'00 

2.  The  drop-size  depends  upon  the  nature  and  quantity  of  the  solid  which  the 
dropping  liquid  holds  in  solution.  If  the  liquid  stands  in  no  direct  chemical  relation 
to  the  solid,  the  drop-size,  in  general,  diminishes  as  the  quantity  of  solid  contained  in 
the  liquid  increases. 

3.  The  drop-size  depends  upon  the  chemical  nature  of  the  dropping  liquid,  and  little 
or  not  at  all  upon  its  density  ;  or,  rather,  increase  of  density  implies  increase  of  cohesion. 
Of  all  the  liquids  examined,  water  has  the  greatest  and  acetic  hydrate  the  smallest  di-ops. 
Water  =  148-2.  Glycerin  =  102-8.  Butyric  acid  =  58-0.  Mercury  =  57-9. 
Eenzene  =  55-2.  Oil  of  turpentine  =  60-1.  Alcohol  =  49-6.  Acetic  ether  =  4G-4. 
Acetic  hydrate  =  43'0. 

4.  The  drop-size  depends  upon  the  geometric  relation  between  the  solid  and  liquid. 
If  the  solid  be  spherical,  the  largest  drops  fall  from  the  largest  spheres.  The  drops 
are  largest  which  fall  from  a  plane.  Absolute  diiferonce  in  radius  takes  a  greater 
effect  upon  the  di'op)S  formed  from  smaller  than  upon  those  formed  from  larger  spheres. 
Of  circular  horizontal  pilanes,  within  certain  limits  towards  the  minimum  size,  the 
drop-size  varies  directly  with  the  size  of  the  plane.    Exam]plcs  : 


Drop-size  of  water  from  disc  of  radius 


5.  The  di-op-size  depends  upon  the  chemical  nature  of  the  solid  from  which  the  drop 
falls,  and  little  or  not  at  aU  upon  its  density.  Of  all  the  solids  examined,  antimony 
delivers  the  least  and  tin  the  largest  drops.  Example: 

Drop-size  of  water  from  antimony         =  119'8 
„  ,,  sulphur  =  120-2 

,,  ,,  cadmium         =  121-8 

„  „  zinc  =  122-4 

„  „  lead  =  122-6 

,,  „  phosphorus      =  122-7 

„  bismuth         =  122-8 

tin  =  124-2 

6.  The  drop-size  depends  upon  temperature.  Generally,  the  higher  the  temperature 
,  the  smaller  the  drop.    Example  : 

Drop-size  of  water  at  20-4°  C.  =  132-6 
30  G°  C.  =  130-6 
40  3°  C.  =  129-8 

B.  W7ien,from  a  solid,  a  liquid  drojJS  through  a  liquid. 

7.  The  drop-size  does  not  depend  mainly  upon  the  density  of  the  medium,  and  conse- 
quent variation  of  the  weight,  in  the  medium,  of  the  dropping  liquid. 

8.  If  there  be  two  liquids,  A  and  B,  which  drop  under  like  conditions  through  air, 
and  the  drop-size  of  the  one.  A,  be  greater  than  that  of  the  other,  B,  then,  if  a  third 
liquid,  C,  be  made  to  drop  througli  A  and  through  B,  its  drop-size  through  A  will  bo 
greater  than  its  drop-size  through  B. 

9.  If  the  drop-size  of  A  through  B  be  greater  than  the  drop-size  of  A  through  C, 
then  the  di-op-size  of  D  through  B  will  also  be  gveater  than  tho  drop-size  of  D  through  C. 

10.  If  a  liquid,  A,  drop  uuder  like  conditions  in  succession  through  two  liquids,  B  and 
C,  then  its  drop-size  through  any  mixture  of  B  and  C  is  intermediate  between  its 

drop-size  through  B  and  its  di-op-size  through  C;  and  the  gi-eater  the  proportion  of  ^ 

tho  mixture,  the  more  nearly  does  tho  drop-size  of  A  through  the  mixture  approach  to 

tho  drop-size  of  A  through  ^  alone. 
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11.  The  drop-size  of  any  mixture  of  two  liquids,  A  and  B,  dropping  through  a  third 
liquid,  C,  is  intermediate  taetween  the  drop-size  of  A  through  C  and  that  of  B  through 

C;  and  the  greater  the  proportion  of  ^  in  the  mixture,  the  more  nearly  does  the  drop- 
size  of  the  mixture  approach  to  the  drop-size  of  ^  alone,  whether  the  dropping  liquid 
be  hea'\'ier  or  lighter  than  the  liquid  medium. 

12.  If  the  liquid  X  has  a  larger  drop-size  than  the  liquid  Y  in  the  liquid  Z,  then  the 
liquid  Z  has  a  larger  drop-size  in  X  than  it  has  in  Y. 

13.  If  a  liquid  X  has  a  larger  drop-size  in  air  than  a  liquid  Y,  then  the  drojj-size  of 
X  through  Y  is  larger  than  the  drop-size  of  Y  through  X. 

14.  If  the  drop-size  of  X  be  greater  than  the  drop-size  of  Y  in  air,  and  the  drop-size 
of  Y  greater  than  the  drop-size  of  Z  in  air,  then  the  ratio  between  the  drop-sizes  of  X 
in  any  mixture  of  Y  and  Z,  and  the  drop-size  of  that  mixture  of  Y  and  Z  through  X,  is 
greatest  when  the  ratio  between  Y  and  Z  is  unity. 

Laws  10  and  11  may  be  applied  to  quantitative  analysis.  Thus,  a  mixture  of 
benzene  and  oil  of  turpentine  causes  water  to  assume  agreater  or  less  drop-size,  accord- 
ing to  the  proportion  of  its  constituents.  It  is  easy  by  means  of  the  stalagmometer  to 
detect  a  difference  of  one  per  cent,  in  the  proportion  of  either  of  the  constituents. 

The  term  "bubble"  is  also  in  common  speech  applied  to  a  variety  of  dissimilar  things. 
The  definition  adopted  has  been  abeady  given  in  speaking  of  drops. 

In  measuring  the  size  of  a  drop,  the  barometric  pressure  is  found  to  have  little  or 
no  influence.  In  the  case  of  bubbles  it  forms  an  important  factor.  Also  the  tempera- 
ture is  of  greater  influence  with  bubbles  than  with  drops.  The  chief  points  of  interest 
with  regard  to  bubble-size  are  the  influences  of  change  in  the  chemical  nature  of  the 
gas  and  of  the  liquid  medium. 

The  chief  results  at  present  obtained  with  regard  to  bubble-size  are  these: — 

15.  Every  different  liquid  causes  the  same  gas  which  bubbles  through  it  under  the 
like  conditions  to  assume  a  different  btibble-size. 

16.  If  the  bubble-size  of  a  gas  through  a  liquid,  A,  be  greater  than  its  bubble-size 
through  B,  then  its  bxibble-size  through  any  mixture  of  A  and  B  is  intermediate 
between  its  bubble-size  through  A  and  its  bubble-size  through  B. 

This  law  is  quite  analogous  to  Law  10.  Further,  the  singular  connection  between 
drops  and  bubbles  is  shown  in  the  following  law : — 

17.  If  the  liquid  A  has  a  larger  drop-size  than  the  liquid  B  in  dropping  through 
the  gas  C,  then  the  gas  C,  in  bubbling  through  the  liquid  A,  has  a  larger  bubble- 
size  than  in  bubbling  through  the  liquid  B.  F.  G. 

STiiZJ'M'ilZWSrXi.    See  TiN-KADiCLES,  Oeganic. 

ST&JI'NILTTSIS.    Salts  of  stannic  acid.    (See  Tin,  Oxides  or.) 

STilSTSrSTHVi^.    See  TrN-EABicLES,  Oeganic. 

STAWNIC  ACID,  STAN'BTXC  OXXBE.    See  Tin,  Oxides  of. 

STANSrirr.    Syn.  with  Tin-Pyhites  (q.v.). 

STAIMUITES.    Salts  of  stannous  oxide  (see  Tin,  Oxides  of.) 

STAUST-ItXSTHVXi.    See  Tin-radicles,  Organic. 

STAWNOTJS  A.CIB,  STAWWOUS  OXIBE.    See  TiN,  OxTDES  OF. 
STAIffSrUJSI.    Syn.  with  Tin. 
STAUZAXTX:.    Syn.  with  Andalusite  (i.  291). 

STAPSXiIA.  A  genus  of  apooynaceous  plants,  indigenous  at  the  Cape  of  Good 
Hope.  Stapdia  hirsiita,  after  being  scratched  with  a  knife,  yields  a  limpid  gummy 
juice,  which  hardens  to  an  amorphous  mass  on  exposure  to  the  air,  and  contains  a 
bitter  substance  soluble  in  water,  alcohol,  and  ether.  (Bernap,  Eepert.  Pharm. 
Ixxxviii.  95.) 

STAPHXSAC'RIC  ACXO.  A  peculiar  acid,  said  by  Hofschlager  (Brandes 
Archiv.  xix.  160)  to  exist  in  the  seeds  of  Delphinium  Stapkisagria.  It  is  described  as 
wliite,  crystalline,  sublimable,  and  as  exerting  an  emetic  action ;  but  the  statements 
respecting  it  are  very  doubtful. 

STAPHISAGRXITE.  An  alkaloid  existing,  according  to  Couerbe  (Ann.  Ch. 
Phys.  [2],  lii.  352),  in  the  seeds  of  BelpUninm  Staphisngria,  and  constituting  the 
matter  insoluble  in  ether,  obtained  ill  the  preparation  of  delphinine  (ii.  310)  from  that 
plant.  It  is  a  slightly  yellowish  body,  having  a  sharp  taste,  nearly  insoluble  in  water 
and  in  ether,  easily  soluble  in  alcohol.  It  dissolves  also  in  acids;  but  witliout  neutralis- 
ing them.  It  is  decomposed  by  chlorine,  and  converted  by  hot  nitric  acid  into  a  bitter 
resinous  substance. 
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STAPHISiVITJE.    Syn.  with  Staphisagrine. 

STAK-AirZSE  OIIi.  A  volatile  oil  obtained  from  the  seeds  and  seed-capsnles 
of  Ilh  iiivi  auimtii.m,  a  magnoliaceoiis  tree  indigenous  in  China  and  Japan.  It  has  a 
pale-yellow  colour,  and  resembles  anise-oil  from  Pinqmidla  Avisum  (i.  297)  in  taste 
and  odour,  but  is  more  njobile,  and  reniains  liquid  at  +  2°.  At  lower  temperatures  it 
deposits  a  camphor  or  stearoptene  identical  with  that  of  ordinary  anise-oil.  Star-anise 
oil  likewise  agrees  with  ordinary  anise-oil  in  nearly  all  its  reactions  ;  but,  according  to 
Limpricht  and  Bitter,  it  is  not  directly  converted  by  nitric  acid  into  anisol  and  anisic 
aoid,  but  yields  an  intermediate  product  which  they  designate  as  anisoic  add  (i.  304). 

STARCH.  C"H'"0*  or  C''-'H=»0'°.  Fcciila,  Ainidin,  Amidon,  Amylum,  Matih-e 
amylacte.  Starke,  Satzmehl,  Kraftmchl.  (For  a  complete  list  of  memoirs  relating  to 
Starch,  down  to  1862,  see  Gmchn's  Hand/iook,  xv.  72.) 

This  substance  is  very  widely  diffused  in  the  vegetable  kingdom,  occurring  in  variable 
quantity,  for  a  time  at  least,  in  every  plant  that  has  been  examined.  It  is  especially 
abundant  in  certain  families  of  plants,  and  often  occurs  in  very  large  quantity,  especially 
in  the  albumen  of  the  seed,  in  the  cotyledons  of  the  embryo,  in  the  pith  of  stems  and 
stalks,  in  bulbs,  tubers,  rhizomes,  and  roots;  also  in  the  bark  and  splint  of  trees  in 
the  winter  season;  sometimes  in  flowers. 

Starch  is  formed  in  plants  only  when  the  nutriment  is  in  excess,  and  is  dissolved  and 
used  up  at  a  later  stage  of  the  vegetative  process,  when  the  nutriment  becomes 
deficient  (Payen);  it  is  probably  formed  from  vegetable  mucus  (Schleiden).  Before 
the  starch  appears  in  the  cells,  they  are  filled  with  a  granular  or  a  homogeneous  mass, 
the  development  of  which  is  slower  than  that  of  the  cell ;  so  that  it  spreads  itself,  in  a 
layer  of  varying  thickness,  over  the  inner  surface  of  the  cell,  enveloping  the  nucleus 
perhaps  already  present,  and  sometimes  spreading  in  a  thread-like  form  over  its  surface  ; 
the  starch  is  most  frequently  formed  in  this  protoplasma,  more  rarely  on  the  surface  or 
in  the  interior  of  the  nucleus.    (Trecul,  Compt.  rend,  xlvii.  782.) 

Tlio  following  table  exhibits  the  proportions  of  starch  in  various  alimentary  sub- 
stances, as  determined  by  Krocker  (Ann.  Ch.  Pharm.  Iviii.  212): 

Alimentary  substance  ^.T'i'''  Starch  in 

100  pts.  substance. 

I.  II. 

Pure  flour  of  Haricot-beans   99-96 

Wheat-flour,  No.  1    65-21  66-16 

No.  2    66-93  67-42 

No.  3    57-70  57-21 

Talavera  wheat   55-92  56-29 

Whittington  ,   53-06  61-84 

Saudonier     „   53-83  62-92 

Eye-flour,  No.  1    61-26  60-56 

„       No.  2    54-84  54-12 

„       No.  3    57-07  57-77 

Eye  {Sccale  ccrcale)   45-39  44-80 

„  {Scc.  ccr.  arundin)   47-71  47-13 

Oats   27-93  36-90 

„  Kamtschatka   39-55  40-17 

Barley-flour   04-63  64-18 

Barley   38-62  37-99 

„    Jerusalem   42  66  42  03 

Buckwheat-flour   65-05 

Buckwheat   43-80  44-45 

Maize-flour    ........  77"74 

Maize   65  88  66-80 

Millet   55-51  53  76 

Haricot-beans   37-71  37-79 

Peas   38-81  38-70 

Lentils   39-62  4008 

Potatoes  (air-dried)   23-20  22-80 

„   18-14  17-98 

,   16-48  16-09 

Prcparaiion :  1.  From  Wheat. — "Wheat,  after  being  softened  in  cold  water,  is  pressed 
under  millstones  or  rollers,  or  in  bags  under  water,  as  long  as  milky  water  runs  off 
from  it.  This  liquid,  w-hen  left  to  itself,  deposits  starch  containing  gluten  ;  the  latter, 
however,  dissolves  for  the  most  part  in  the  supernatant  liquid,  which  gradually  turns 
sour:  and  on  decanting  this  acid  liquid,  repeatedly  stirring  up  the  starch  with  fresh 
■water,  and  leaving  it  to  settle,  it  is  at  length  obtained  pm-e,  and  may  be  dried  in 
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suitable  desiccating  chambers.  Or 'wheat-flour  is  mixed  with  four  to  five  volumes  of 
water,  and  I  to  vol.  sour  water  obtained  from  former  operations :  this  sets  up  a  fermen- 
tation, which  lasts  from  two  to  four  weeks,  according  to  the  temperature,  and  is  inter- 
rupted as  soon  as  the  nitrogenised  substances  are  decomposed  and  dissolved.  The 
sediment  of  starch,  which  remains  at  the  end  of  a  fermentation,  is  repeatedly  washed 
with  water,  sifted,  and  dried  in  desiccating  chambers.  Starch  may  be  freed  from 
gluten  by  means  of  cold  dilute  potash-ley  (Kirchhoff),  or  distilled  vinegar 
(Saussure) ;  from  pieces  of  fat  and  other  matter,  by  prolonged  treatment  with  cold 
water,  alcohol,  or  ether. 

2.  From  Potatoes. — Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  con- 
tinued stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside  for  a 
few  minutes,  till  the  heavier  impurities  have  settled  down,  and  then  left  to  stand  for  three 
or  four  hours  in  another  pan.  The  starch  which  collects  at  the  bottom  of  the  clear  liqiiid 
is  stirred  up  with  water,  poured  through  hair-sieves,  then  left  to  settle,  repeatedly 
washed  with  cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desiccating 
chambers.  The  starch  thus  obtained  is  purified  by  successive  washing  with  the 
following  liquids: — 1.  Cold  alcohol. — 2.  Water. — 3.  AVater  containing  0-002  per  cent, 
hydrochloric  acid. — 4.  Water. — 5.  AVater  containing  O'OOS  per  cent,  potash. — 6.  Water 
(Payen).  After  this  treatment,  the  starch  contains  hydrochloric  acid  (Jaequelain, 
G-erhardt,  Traite,  ii.  486),  but  maybe  purified  by  boiling  with  alcohol  containing 
O'l  per  cent,  hydrate  of  potash,  then  washing  with  pure  alcohol  and  ■nith  water. 

3.  From  the  root-sprouts  of  Mc(ranta  indica  and,  M.  arundinacea :  American 
starch.  Arrowroot. — Mode  of  preparation  the  same  as  from  potatoes. 

4.  From  the  roots  of  Janipha  Manihot:  Tapioca. — The  washed  and  bruised 
roots  are  pressed  in  bags  under  water ;  the  starch  which  separates  from  the  milky 
\\<\u\(\.  is  mealy  tapioca  ;  after  drying  upon  hot  plates,  it  becomes  granular  tapioca; 
the  portion  of  the  j^ulp  which  remains  after  washing  and  pressing  is  spread  out  on 
iron  plates,  in  a  layer  one  or  two  inches  deep,  and  strongly  dried  into  cakes;  this  is 
Cassava-bread ;  when  pulverised  it  forms  Manjok  flour,  and  when  again  heated  on 
iron  plates  till  it  swells  up,  MaiulioJcJca.    (Sureau,  J.  Pharm.  xx.  622.) 

5.  From  the  stems  of  several  species  of  Sac/us  and  Cycas:  Sago.— The  starch  is 
washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of  water,  then  left  to  settle, 
washed  on  cloths  or  mats,  rubbed  when  half  dry  through  metal  sieves;  and  when  thus 
granulated,  it  is  dried  at  about  60°  in  ovens  of  peculiar  construction. 

6.  From  Eice. — Eice  is  heated  with  weak  soda-ley,  which  dissolves  the  nitrogenous 
impurities,  and  leaves  pure  starch  ;  then  with  a  solution  of  borax,  cream  of  tartar,  or 
some  other  salts,  to  facilitate  the  separation  of  the  starch  from  gluten. 

7.  From  Horse-chestnuts,  ^x. — The  same  method  as  in  2,  excepting  that  the  starch 
is  likewise  well  washed  with  aqueous  sodic  carbonate  to  remove  the  bitter  principle 
(Flandin,  Compt.  rend,  xxvii.  349);  or  merely  with  water,  like  potato- starch. 
(Belloe,  ibid,  xxviii.  83.) 

For  details  on  the  manufactm-e  of  Starch,  see  TJre's  Dictionary  of  Arts,  &c., 
iii.  745. 

Properties. — Starch  is  a  white  shining  powder,  soft  to  the  touch,  grating  between 
the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous  masses,  but  more  frequently 
of  granules  recognisable  by  the  microscope.  These  granules,  of  various  diameter 
[from  ^  to^o  of  a  line  (Fritzsch  e),  from '185  to'002  millimetre  (Pay  en)], and  various 
form,  have  commonly  a  small  eccentric  nucleus,  surrounded  by  layers  arranged  concen- 
trically one  over  the  other.  These  envelopes  increase  by  the  successive  deposition  of  new 
layers  within  the  old  ones,  so  that  each  layer  is  younger  and  less  compactly  aggregated 
than  the  one  which  immediately  surrounds  it;  and  since  the  layers  are  for  the  most 
part  of  variable  thickness,  they  cause  the  granule  to  deviate  gradually  in  form  from  the 
originally  spherical  nucleus,  and  assume  for  the  most  part  an  ovoid  form.  According  to 
Maschke,  the  starch-granules  appear  like  bundles  of  three  to  six  concentric  bladders, 
with  light  and  dark  rings,  the  light  rings  being  formed  of  insoluble,  the  dark  of 
soluble  starch,  and  enclosing  the  central  cavity  of  the  innermost  bladder,  which  is 
either  empty,  or  filled  with  liquid  amylone. 

The  following  table  exhibits  the  greatest  diameter  of  several  kinds  of  starch-granules. 


according  to  Payen  : — 

Starch  from:  Millimetre. 

Large  Eohan  potatoes   0-185 

Menispermum  fcnestrattim  (colombo-root)       ....  'ISO 

Ehizomes  of  Canna  gigantea  .......  •175 

„       „  Canna  discolor   -160 

„       ,,  Maranta  arundinacea  (arrowroot)       .       .       .  '140 

•  Various  kinds  of  potato  ........  '140 

Bulbs  of  the  lily   -115 

Tubers  of  Oxalis  crenata   •100 
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Stem  of  a  very  large  Echinocactns  crinacois  (imported)    .       .  '075 

Sago   -070 

Broad  beans   "075 

Lentils   '067 

Haricot-beans   '063 

Peas   -060 

Grain  of  white  wheat   '060 

Fresh  pith  of  sago-tree  (C^crtrfftp)   '045 

Hyacinth-bulbs       .       .   '045 

Tubers  of  Spanish  potato  {Batatas  cdulis)       ....  •045 

Corms  of  Orchis  latifolia  and  0.  bifolia   '045 

Maize  (white, 'yellow,  and  violet)   '030 

Fruit  of  Chinese  sugarcane  {Sorylmm  saccharatiim) .       .       .  '030 

Stem  of  Cactus  pcruviamis      .......  '030 

Seeds  of  Na'ias  major      ........  '030 

^tem  of  Cactus  2m-es'kia  grandijlora   -022.5 

Seeds  of  Aimtogcton  distachyum   '0225 

S:tem  of  Givlcgo  l)il(iha{Salisbiiria  adiayithifolia)      .       .       .  '022 

„        Cactus  hrasiliensis   '020 

Yixat  of  Panicumitalicum      .       .       .       "       .       .       .  '016 

Half-grown  seeds  of  iVI^ifli  Mqy'or     ......  '016 

Pollen  of  Glohha  nutans   "016 

Stem  of  Cactus  flagtiliformis   'OlS 

„       Echinocact2(s  crinaceus  {gvo'^n 'm\\o\\\ou^Q) .       .       .  '012 

'£o\\m  of  Eupia  7naritima      .       .       .       .       .        .       ,  "Oil 

Stem  of  Opuntia  tuna  and  Ficzis  mclica   .....  '010 

,,       Opuvtia  ciirassavica   .......  "010 

Fruit  of  Panicum  miliaceum  (millet)   '010 

Stem  of  Cactus  mainmilaria  discolor       .....  "008 

H^cik  of  Aglantlws  glandulosa.       ......  "008 

Stem  of  Cactus  scrpcntinus     .......  '0075 

Parsneps   •0075 

Pollen  of  Na'ias  major    ........  -0075 

Stem  of  Cactus  monstruosus    .......  '006 

Seeds  of  beetroot    .........  "004 

„       Chcnopodium  Quinoa .......  ^002 


The  specific  gravity  of  starch  is  1-605  at  19-7°  (Payen).  When  piu-e  it  is  neutral, 
and  has  neither  taste  nor  smell.  It  maybe  dried  completely  in  a  vacuum  at  100°,but 
at  ordinary  temperatures  it  always  retains  a  certain  quantity  of  water  (from  12  to  IS 
per  cent.)  meclianically  interposed  between  the  granules. 

Starch  heated  to  160°  is  converted  into  dextrin  (ii.  318)  ;  first,  however,  according  to 
Maschke,  into  the  soluble  modification  of  starch  mentioned  below. 

By  dry  distillation  it  yields  carbonic  auhydi'ije,  gaseous  hydrocarbons,  water,  acetic 
acid,  and  empyreumatic  oil,  and  leaves  a  porous  cinder.  In  tlie  open  fire  it  softens, 
swells  up,  evolves  choking  vapours,  and  at  last  burns  with  a  bright  flame. 

It  is  oxidised  slowly  by  oxpgcn,  more  quickly  by  ozonised,  air,  yielding  but  little 
carbonic  anhydride.  By  distillation  with  manganic  peroxide  and  dilute  sulphuric  acid, 
it  yields  carbonic  anhydride,  aqueous  formic  acid,  and  furfurol. 

Starch,  so  long  as  it  retains  its  natural  state  of  aggregation,  is  insoluble  in  water, 
alcohol,  and  eth(r  ;  but  when  it  is  placed  in  contact  with  hot  water,  the  water  pene- 
trates between  the  different  layers  of  which  the  granules  are  composed,  swelling  them  up, 
and  forming  a  gelatinous  mass  known  as  starch-paste,  and  usedfor  stiffening  linen, 
&c.  If  this  paste  bo  largely  diluted  with  water,  the  swollen  starch-granules  slowly 
subside,  whilst  a  certain  quantity  of  amylaceous  matter  remains  in  solution. 

When  water  into  which  one  or  two  hundredths  of  starch  has  been  introduced  is 
heated  to  boiling,  the  grains  swell,  and  disintegrate  till  thej'  apipear  to  be  dissolved  in 
the  water ;  but  on  exposing  the  liquid  to  a  temperature  below  0°,  the  water  freezes, 
and  the  starch,  recovering  a  certain  degree  of  aggregation,  separates  from  the  liquid  in 
the  form  of  small  pellicles. 

When  starch  is  boiled  under  pressure  at  about  150°,  with  from  5  to  15  times  its 
weight  of  water,  a  thin  solution  is  obtained,  which  may  be  filtered  from  the  insoluble 
portion  ;  this  liquid,  as  it  cools,  deposits  minute  spherical  grantiles,  which,  when  dried, 
have  the  whiteness  of  starch  without  its  glistening  aspect.  These  granules  are 
slightly  soluble  in  cold  water,  but  are  readily-  dissolved  when  the  water  is  heated  to 
70"^  or  upwards.  This  soluble  starch,  which  is  distinguished  from  dextrin  (ii.  312) 
by  being  turned  blue  by  iodine,  and  by  possessing  :i  greater  dextro-rotatory  power 
(  =  211°  according  to  Eechamp,  whereas  that  of  dextrin  is  17G°),  is  like^A-ise  produced 
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from  common  starch  by  the  action  of  diastase  at  ordinary  temperatures  ;  by  heating  it 
for  a  certain  time  with  dilute  sulphuric  acid;  by  heating  with  glacial  acetic  acid  in  a 
sealed  tube,  or  with  strong  tiitric  acid,  till  red  vapours  begin  to  pass  olF ;  by  boiling 
with  chloride  of  zinc  ;  and  by  trituration  for  a  short  time  in  the  cold  with  strong  sulphuric 
acid.  If,  however,  the  action  of  the  diastase  takes  place  at  a  temperature  of  66° — 80° 
(it  is  completely  interrupted  by  boiling),  or  if  the  heating  with  dilute  acids  be  con- 
tinued beyond  a  certain  time,  the  starch  is  converted  into  dextrin,  and  ultimately  into 
dextroglucose. 

Starch  is  also  converted  into  dextrin  and  sugar  by  boiling  with  aqueous  oxalic  or 
dilute  acetic  acid ;  by  contact  with  glutin  at  a  moderately  high  temperature,  also  by 
contact  with  saliva  ;  into  sugar  also  by  contact  with  beer-yeast,  and  with  various 
animal  substances — yiz.,  pancreatic  juice,  gelatin,  mucous  memhrane,  urine,  hile,  sper- 
matic fluid,  blood-scrum,  animal  tissue,  and  by  watery  infusions  prepared  at  40°  from 
the  heart,  brain,  lungs,  liver,  kidneys,  spleen,  and  muscles.    (Gm.  xv.  92.) 

On  the  conversion  ofstarch  into  dextrin  and  sugar,  see  also  Musculus  (Compt. 
rend.  liv.  194  ;  Ann.  Ch.  Phys.  [3],  Ix.  203;  Jahresb.  1860,  p.  502;  1861,  p.  717.) 

Starch  dissolves  in  glycerin  when  heated  therewith  for  a  considerable  time,  and  is 
precipitated  in  the  soluble  modification  by  addition  of  alcohol  to  the  solution.  (W. 
Kabsch,  Zeitselir.  anal.  Chem.  ii.  216.) 

Starch  tritm-ated  in  the  cold  with  oil  of  vitriol,  is  converted  successively  into  soluble 
starch,  sulphamidonic  acid,  dextrin,  and  sugar. 

With  nitric  acid,  starch  yields  various  products,  according  to  the  strength  of  the 
acid,  the  temperature,  and  the  duration  of  the  action  : 

a.  Cold  concentrated  nitric  acid  (specific  gravity  =  1'52)  dissolves  starch  without 
evolution  of  gas;  water  added  to  the  solution  precipitates  xylo'idin  or  nitramidin, 
C''H''(NO-)0^  as  a  white  powder  (Braconnot,  Pelouze).  If  water  is  added  imme- 
diately, nothing  remains  dissolved ;  but  if  the  solution  is  allowed  to  stand,  it  gives 
with  water  less  and  less  xyloi'din,  and  at  last  none,  while  a  substance  resembling 
saccharic  acid  remains  in  solution.    (Pelouze,  Compt.  rend.  vii.  713.) 

b.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric  acid,  and  twice  its 
weight  of  ordinary  nitric  acid  (2NH0^3H^O),  and  allowed  to  stand  for  24  or  30  hours 
at  the  mean  temperature,  or  if  it  is  mixed  with  enough  common  nitric  acid  to  form  a 
thick  mud,  and  heated  in  the  water-liath  until  red  fumes  are  evolved,  unorganised 
insoluble  starch  is  at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  starch 
soluble  in  cold  water  (Be champ). — Starch  that  has  been  moistened  with  -j^  per  cent, 
nitric  acid  and  water,  and  then  allowed  to  dry  spontaneously,  yields  dextrin  when 
heated  (Pay en).  A  mixture  of  starch  with  2  per  cent,  nitric  acid  and  4  per  cent, 
water,  dried  at  first  in  the  air,  afterwards  in  a  water-bath,  gives,  with  5  parts  of  warm 
water,  a  solution  which  solidifies  to  a  jelly  like  lichenin  on  cooling,  and  gives  sugar 
when  boiled  with  acids.    (Mitscherlich,  Pogg.  Ann.  Iv.  121.) 

c.  Hot  nitric  acid,  either  concentrated  or  dilute,  employed  in  excess,  evolves  nitrous 
gas  and  forms  oxalic  acid,  together  with  malic  and  acetic  acids. — Nitric  peroxide 
acting  on  starch  neither  evolves  gas  nor  produces  oxalic  acid.  (Bouij  s-Ballot,  J.  pr. 
Chem.  xxxi.  21 1.) 

A  mixture  of  strong  nitric  and  sulphuric  acids  converts  starch  into  an  explosive  com- 
pound, analogous  to  or  identical  with  gun-cotton  (De  Vrij,  Compt.  rend.  xii.  120). 
According  to  Bechamp  (Ann.  Ch.  Phys.  [3],  Ixiv.  322),  the  product  consists  of 
nitroxyloidin  or  dinitramidin,  C''H''(NO^)^0^. 

Chlorine-gas,  either  dry  or  moist,  does  not  act  upon  starch  either  at  ordinary  tempe- 
ratures or  at  100°;  when  starch  is  exposed  under  water  to  the  action  of  chlorine  for 
eight  hours,  only  ^is  decomposed,  with  evolution  of  carbonic  anhydride  (Lie big). — 
Starch  distilled  with  hydrochloric  acid  and  manganic  'peroxide  yields,  among  other 
products,  trichlorinated  acetic  aldehyde  (chloral)  and  pentachlorinated  propionic  alde- 
hyde. 

When  bromine-water  is  added  to  a  solution  of  starch  in  dilute  hydrochlOTic  acid,  an 
orange-yellow  powder  is  formed,  consisting  of  a  compound  of  starch  with  bromine, 
which,  however,  cannot  be  dried  without  loss  of  bromine. 

Starch-paste  is  coloured  deep-blue  by  an  aqueous  solution  of  iodine,  or  by  mixing  it 
with  solution  of  potassic  iodide,  and  then  adding  a  drop  of  chlorine-water,  nitrous  acid, 
sulphuric  acid,  &c.,  to  set  the  iodine  free.  This  blue  coloration,  which  aiFords  an 
extremely  delicate  test  either  for  starch  or  for  iodine,  is  due  to  the  formation  of  a 
loose  combination  of  starch  and  iodine,  or  perhaps  to  the  mere  mechanical  precipita- 
tion of  the  iodine  upon  the  starch,  inasmuch  as  it  is  destroyed  by  alcohol,  potash, 
snlphydric  acid,  and  in  general  by  all  liquids  which  take  up  the  iodine.  The  liquid 
may  also  be  decolorised  by  ebullition,  whereby  the  iodine  is  volatilised;  if,  however, 
the  boiling  be  not  continued  for  a  sufdcient  time  to  volatilise  the  whole  of  the  iodine, 
the  blue  coloiir  reappeiu-g  as  the  liquid  cools.  When  potato-starch  is  powdered  in  a 
mortar  with  cold  water,  the  filtered  liquid  is  coloui-ed  blue  by  iodine  ;  this  effect  is  not 
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observed  with  wlieat-starcli,  the  gr.iins  of  which,  being  smaller,  are  not  crushed  under 
the  pestle  (Redwood,  Kepert.  Pharm.  [3],  xxxix..  84).  Respecting  the  various  circum- 
stances whicli  atfeet  and  modify  the  blue  colour,  see  Gmdin's  Handhook,  xv.  97. 

Starch  slowly  absorbs  jhtunde  of  boron,  becoming  liquid,  but  without  coloration. 

Starch  heated  with  live  times  its  weight  of  poiassic  hj/dndc  and  a  little  water,  gives  off 
hydrogen  at  a  temperature  much  below  redness,  and  forms  potassic  oxalate  (Gay- 
Lussac).  By  digestion  with  potash-ley  for  twelve  hours,  at  60°  or  60°,  it  is 
converted  into  dextrin  (Pay en).    Soda  acts  in  like  manner. 

Starch-paste  yields,  with  ban/fa-  and  lime-water,  precipitates  consisting  of  com- 
pounds called  Amilate  of  barium  or  calcium.  A  dilute  solution  of  starch,  mixed 
with  ammoniacal  acetate  of  lead,  yields  a  precipitate  of  plumbic  amilate, 
C'-H'"Pb"0'».Pb"0. 

According  to  Blondcau  (Compt.  rend.  lix.  403),  starch  unites  with  ammonia, 
forming  the  compound,  C'll'^O^-NIP  cidled  amidia,  which  acts  like  a  weak  base, 
uniting  with  acids,  but  is  not  capable  of  decomposing  metallic  salts. 

The  aqueous  solution  of  starch  is  precipitated  by  tannic  acid. 

Estimation  and  Separation  of  Starch. — The  following  method  of  estimating  starch 
in  vegetable  organs,  &c.,  given  by  D  ragcudorf  f  ( Jahresb.  1862,  p.  631),  depends  upon 
the  insolubility  of  starch  in  alcoholic  potash,  and  its  solubility  in  diastase  and  when 
heated  with  dilute  acids.  Two  or  tliree  grains  of  the  substance  dried  at  100°,  and 
pulverised,  are  mixed  with  25  to  30  grains  of  a  solution  of  6  to  6  pts.  potassic  hydrate 
in  94  to  96  pts.  of  absolute  alcohol,  and  digested  at  100°  for  18  to  30  hours  in  a 
sealed  tube  (or  a  Hask  which  can  be  closed  airtight) ;  and  the  contents  are  thrown,  while 
still  hot,  on  a  weighed  filter  and  thoroughly  washed,  first  with  hot  absolute  alcohol, 
then  with  cold  spirit  of  ordinary  strength,  and  finally  with  distilled  water  mixed 
(in  the  case  of  gummy  substances)  with  a  small  quantity  of  alcohol.  The  filter,  with 
its  contents,  is  dried,  first  at  60°,  then  at  100°,  and  weighed.  The  difference  between 
the  weight  thus  obtained  and  that  of  the  original  substance  gives  the  quantity  of  pro- 
tein-substances, fat,  sugar,  and  part  of  the  salts  present.  The  residue,  together  with 
the  filter  cut  in  pieces,  is  next  heated  with  water  containing  5  per  cent,  hydrochloric 
acid,  till  a  sample  is  no  longer  turned  blue  by  solution  of  iodine  ;  and  the  residue 
separated  from  tlie  acid  liquid  is  waslicd,  dried  at  100°,  and  weighed.  The  loss  of  weight 
thus  found  gives  very  nearly  the  quantity  of  starch  in  the  substance  under  examination. 
Any  mineral  substances  insoluble  in  potash,  alcohol,  and  water,  but  soluble  in  hydro- 
chloric acid,  that  would  introduce  an  error,  may  be  estimated  by  evaporating  the  acid 
liquid  to  dryness,  and  incinerating  the  residue  at  as  low  a  temperature  as  possible. 
Tills  error  may  also  be  avoided  by  extracting  the  starch  with  concentrated  extract  of 
malt  at  56°,  instead  of  acidulated  water.  In  the  case  of  substances  which  contain  a 
large  quantity  of  mucus,  it  is  best  to  perform  the  extraction  with  a  concentrated 
solution  of  common  salt  slightly  acidulated  with  hydrochloric  acid,  and  wash  the 
insoluble  residue  with  weak  spirit. 

Tlie  residue  left  after  the  extraction  of  the  starch  contains  cellulose,  mucus,  lignin, 
cuticula,  and  cork-substance,  the  last  four  of  which  may  be  separated  from  the  cellu- 
lose by  digestion  with  chlorate  of  potassium  and  dilute  nitric  acid. 

Starch  may  also  be  estimated  by  converting  it  into  glucose,  and  determining  the 
quantity  of  that  product.  For  this  purpose  Siegert  (Jahresb.  1865,  p.  743) 
digests  one  gramme  of  the  air-dried  substance  (potatoes  for  instance)  with  50  c.c.  water 
and  2  grammes  oil  of  vitriol  on  the  water-bath  for  two  hours  ;  tlien  dilutes  to  100  c.c, 
and  again  warms  50  c.c.  of  the  filtered  liquid  with  4  grammes  of  sulphuric  acid  to  95° 
for  seven  or  eight  hours.  The  sugar-solution  thus  obtained  is  then  made  up  to  100  c.c. 
with  water,  or,  if  very  much  coloured,  with  basic  acetate  of  lead,  and  the  amount  of 
sugar  is  determined  with  an  alkaline  cupric  solution  in  the  usual  way  (ii.  865). 

Starch  immersed  in  a  saturated  solution  of  bromide  or  iodide  of  potassium  swells  up 
to  a  pasty  mass  of  20  to  30  times  its  original  volume,  which  dissolves  in  water,  leaving 
only  a  vei-y  small  quantity  of  membrane  ;  and  on  adding  iodine-water  to  the  solution, 
the  blue  compound  of  starcli  and  iodine  is  precipitated  iu  flocks.  As  cellulose  is  not 
affected  by  bromide  or  iodide  of  potassium,  these  salts  may  be  employed  for  detecting 
and  separating  starch  in  vegetable  tissues.    Dilute  solutions  act  less  strongly. 

Animal  SlarcJi  (?) — A  substance,  supposed  to  be  starch,  has  been  observed  in  certain 
parts  of  the  animal  body.  Gramdes,  which  after  being  moistened  with  oil  of  vitriol 
turn  blue  on  addition  of  iodine,  occur  in  the  brain,  and  formations  of  similar  character 
occur  in  the  spleen,  liver,  kidneys,  and  mucous  membranes  in  certain  states  of  disease, 
and  iu  small  quantity  even  in  health.  This  substance,  however,  is  not  true  starch,  as  it 
contains  nitrogen,  and  does  not  yield  sugar  when  heated  with  dilute  acids. 

Glycoejen,  the  sugar-forming  substance  of  the  liver,  has  the  same  composition  as  starch 
(ii.  906). 
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STARS,  SPBCTRA  OP.    See  Spectral  Analysis  (p.  394). 

STASSrUBTHITB.  A  borato-ehloride  of  magnesium,  occurring  in  the  salt- 
beds  of  Stassfurth  near  Magdeburg,  in  masses  having  a  niicrocr3'staIline  structure : 
hardness  =  4  to  5,  and  specific  gravity  =  2'&13.  Contains,  according  to  the  mean  of 
recent  analyses  by  Heintz  and  Ludwig,  8'20  per  cent,  chlorine,  2'77  magnesium,  26'24 
magnesia,  60-82  boric  anhydride,  and  1-97  water,  agreeing  nearly  with  the  formula 
Mg"CP.2(3Mg"0.4B20')  +  4  aq.    {Eammclsberg's  Mineralchemie,  p.  256.) 

STATICS.  A  genus  of  plumbaginaceous  plants,  growing  in  the  neighbourhood  of 
the  sea  or  of  salt-springs,  and  containing  considerable  quantities  of  common  salt.  100 
pts.  of  Statice  Gmelini,  air-dried,  yield  7'7  per  cent,  ash,  of  which  ll'o  per  cent,  are 
soluble  in  water,  and  88'0  per  cent,  inisoluble.  St.  siiffruiicosa  yields  5'7  per  cent, 
ash,  of  which  45'75  per  cent,  is  soluble  in  water.  The  soluble  portions  of  the  two 
contain,  in  100  pts. : 

K-SO'.  Na-SO".         NaCl.      Na^CO'.  NaHO. 

Statice  Gnui'mi      .       22-2  297  29-0  7-0 

Statice  suffriUicosa        18-4  24-8  46-0  27  1  2 

STAUROZiITE:.  Staurotidc,  Granatitc,  Croisctte,  Pierre  de  Croix,  Cc7iorl 
cruciforme  gri-naiitr. — These  names  are  applied  to  certain  silicates  of  alum  nium 
occurring  in  trimetric  crystals,  often  forming  cruciform  groups,  on  the  St.  Gothard,  in 
tlie  Ural,  and  other  localities.  Staurolite  from  the  St.  Gothard  has  the  composition 
4A120'.3SiO- ;  that  from  Airolo,  in  Tessin,  is  lOAPO^gSiO^;  that  from  Polewskoi,  in 
tlie  Ural,  is  8Al-0'.9SiO- ;  that  from  Bretague  is  SAl'-'O^GSiO^.  (See  Silicates,  p.  255  ; 
also  Dana,  ii.  261 ;  Rammelsberg,  p.  567.) 

The  name  staurolite  is  also  used  as  a  synonym  of  harmotome. 

STATTROSCOPE.  An  optical  instrument,  invented  by  F.  v.  Kobell,  for  ex- 
amining the  polarising  structure  of  crystalline  bodies.  (Pogg.  Ann.  xcv.  320  ;  J.  pr. 
Chem.  Ixiv.  389.) 

STAtTROTXSE.    Syn.  with  Staurolite. 

STEARAIffiXBE.    C'SH^NO    =  N  |  Obtained  by  heating  ethylic 

stearate  with  alcoholic  ammonia  for  20  to  25  days  in  a  sealed  tube  immersed  in  a 
salt-bath,  and  purified  by  recrystallisation  from  hot  alcohol  and  repeated  washing 
with  cold  ether.  After  melting  it  solidifies  at  107"5°.  (Carlet,  BuU.  Soc.  Chim. 
[1859],  i.  76.) 

STEARAiriXoZBE.    Plunyl-stearamide.    C^'H^'NO  =  N  J   CH*  .—When  an 

.    t  .H 

excess  of  aniline  is  distilled  over  stearic  acid  heated  to  230°  in  an  oil-bath,  the  whole 
of  the  stearic  acid  is  converted  into  anilide.  The  product  is  purified  by  repeated 
crystalhsation  from  alcohol ; 

C18H3602  +  C'H'N  =  C2'H"N0  +  H^O. 
It  forms  white,  dehcate,  shining  needles,  melting  at  93'6°,  and  solidifying  to  a  mass 
of  radiated  crystals. — An  alcoholic  solution  does  not  precipitate  nitrate  of  silver. 
STEAREITE.    See  Stearoxe. 

STEARERXST.  The  fat  contained  in  the  wool  of  Merino  sheep  is,  according  to 
Chevreul  (J.  Pharm.  xxvi.  123),  a  mixture  of  a  more  liquid  fat,  elaerin,  and  a 
more  solid  fat,  stearerin.  This  latter  melts  at  60^,  and  dissolves  only  in  100  pts. 
alcohol  of  specific  gravity  0-805,  whereby  it  may  be  separated  from  the  much  more 
soluble  elaei'in.  When  treated  with  strong  potash-ley,  it  yields  a  salt,  stearerate  of 
potassium,  which  is  more  like  a  resLn-.salt  than  a  true  soap.  The  fat  is  probably 
only  a  mixture. 

STEARIC  ACII>.    C'^H'^O-  =      jj     >  O.—Acide  stcarique,  Acide  margareux, 

Talgsdure.  (Chevreul,  Ann.  Chim.  lxxx-\-iii.  225 :  Ann.  Ch.  Phys.  [2],  ii.  354  ;  xxiii. 
19;  Rccherches  sur  les  corps  gras. — Braconnot,  Ann.  Chim.  xciii.  250. — Eedten- 
ba.cher,  Ann.  Ch.  Pharm.  xxxv.  46. — Bromeis,  ibid.  xxxv.  86;  xxxvii.  303. — 
Stenhouse,  ibid,  xxxvi.  57. — Erdmann,  J.  pr.  Chem.  xxv.  497. — Francis,  Ann. 
Ch.  Pharm.  xlii.  256. — Gottlieb,  ibid.  Ivii.  35. — Laiirent  and  Gerhardt,  ibid. 
Ixxii.  272.— Hardwick,  Chem.  Soc.  Qu.  J.  ii.  232.— Cro wder,  Phil.  Mag.  [4],  iv. 
21.— Heintz,  sec  references  under  Myhtstic  Acid,  iii.  1069. — Berthelot,  Ann.  Ch. 
Phys.  [3],  xli.  216,  432;  xlvii.  297— Pebal,  Ann.  Ch.  Pharm.  xci.  138.— Gm.  xvii. 
103.) 

Stearic  acid  was  discovered  by  Chevreul  as  a  constituent  of  the  more  solid  fats  of 
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the  auimiil  kingdom.  It  is  most  abundaut  in  these,  especially  in  beef-  and  mutton- 
suet;  but  exists  also,  together  with  palmitic,  m^Tistic  acid,  &e.,  in  the  softer  fats,  such 
as  the  butter  of  cow's  milk,  human  fat,  in  that  of  the  goose,  of  serpents,  of  cantharides, 
and  in  spermaceti.  It  occui'S  also  in  vegetable  fats,  especially  in  cacao-fat ;  less 
abundantly  in  olive-oil,  in  the  fat-oil  of  black  mustard,  in  the  fat  of  Brindonia  indica, 
and  many  others.  The  stearophanic  acid,  prepared  by  Francis  from  the  berries  of 
Coccnlus  indicus,  and  the  bassic  acid,  obtained  by  Hardwick  from  bassia-oil,  have 
been  shown  by  Crowder  to  be  identical  with  each  other,  and  by  Heintz  to  be 
identical  with  the  stearic  acid  obtained  from  mutton-suet.  Stearic  acid  appears,  then, 
to  be  a  frequent  constituent  of  fats,  both  of  the  animal  and  of  the  vegetable  kingdoms  ; 
it  rarely,  however,  occurs  in  the  free  state,  but  almost  always  as  a  glyccrido,  viz.  in  the 
form  of  tristearin  (p.  422).  In  the  fat  of  cocculus-grains,  part  of  the  stearic  acid  is  in 
the  free  state. 

Preparation. — Stearic  acid  is  prepared  from  beef-  or  mutton  -  suet,  or  better  from 
cacao-fat,  by  saponifying  the  fat  with  soda-ley,  heating  the  soap-paste  with  water 
and  dilute  sulphuric  acid,  removing  the  separated  fatty  acids  after  cooling,  washing 
them  with  water,  and  then  dissolving  them  in  as  small  a  quantity  as  possible  of  hot 
iilcohoL  On  cooling,  the  greater  part  of  the  solid  acid  separates  out,  while  the  oleic 
acid  remains  in  solution  ;  and  may  be  separated  by  subjecting  the  mass,  after  draining, 
to  strong  pressure,  redissolviug  the  residue  in  a  small  quantity  of  hot  alcohol,  leaving 
it  to  separate  by  cooling,  and  again  pressing  the  solid  mass.  From  the  mixture  of 
solid  fatty  acids  thus  obtained,  the  stearic  acid  may  be  separated,  in  a  comparatively 
pure  state,  by  repeated  crystallisation  from  considerable  quantities  of  alcohol,  only  the 
portion  which  first  separates  being  each  time  selected.  But  to  obtain  pure  stearic 
acid,  it  is  better  to  subject  the  alcoholic  solution  of  stearic  and  palmitic  acids  to  frac- 
tional precipitation  with  acetate  of  lead,  barium,  or  magnesium,  the  stearate  then 
separating  out  first. 

For  this  purpo.se  Heintz  dissolves  the  impure  stearic  acid  (4  pts.),  melting  at  about 
6U°,  in  such  a  quantity  of  hot  alcoliol  that  nothing  will  separate  out  on  cooling,  even 
to  0°,  and  mixes  the  hot  liquid  with  a  boiling  alcoholic  solution  of  magnesic  acetate 
(1  pt.).  The  magnesium-salt  which  separates  on  cooling,  is  pressed  and  boiled  for 
some  time  with  a  largo  quantity  of  dilute  hydrochloric  acid,  and  the  stearic  acid 
thereby  separated  is  repeatedly  crystallised  from  alcohol,  till  it  melts  constantly 
between  69°  and  70°. 

Stearic  acid  is  also  easily  prepared  from  stearophanin  (?  tristearin),  the  fat  of 
cocculus-berries,  by  saponifying  it  with  potash,  salting  out  the  soap,  decomposing  it 
with  hydrochloric  acid,  and  crystallising  the  separated  fat  from  alcohol.  The  fatty 
iieid  is  thus  obtained  in  small  needles,  melting  at  68°  :  probably  not  quite  pure  stearic 
acid. 

According  to  Buff  and  Oudemanns  (J.  pr.  Chem.  Ixxxix.  215),  the  best  matei'ial 
for  the  preparation  of  stearic  acid  is  shea -butter,  which  contains  about  70  per  cent, 
stearic  and  30  per  cent,  oleic  acid,  but  no  other  solid  fatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manufacture  of  stearin-candles 
by  saponifying  some  of  the  haider  fats,  generally  with  lime.  The  resulting  lime-soap, 
decomposed  by  sulphuric  acid,  yields  a  mixture  of  fatty  acids,  which  are  pressed  first 
in  tlio  cold,  and  afterwards  at  a  higher  temperature,  in  order  to  separate  the  oleic  acid 
from  the  less  fusible  palmitic  and  stearic  acids. 

Another  method,  applied  chiefly  to  palm-oil,  consists  in  decomposing  the  fat  with 
superheated  steam,  a.s  described  under  Glycekin  (ii.  885). — A  third  method  consists 
in  treating  the  fat  with  sulphuric  acid  and  distilling  the  product.  When  a  hot  fat  i.s 
brought  in  contact  with  strong  sulphuric  acid,  it  is  immediately  resolved  into 
fatty  acid  and  glycerin,  which  unites  with  the  sulphuric,  acid,  forming  glyceryl- 
sulphuric  acid.  In  the  original  process,  patented  by  Gwynne,  AVilsou,  and  Jones,  37 
per  cent,  sulphuric  acid  of  60°.  Bm.  was  introduced  into  the  hot  fat,  and  the  mixture 
was  heated  for  24  hours  to  90° — 92°.  It  was  soon  found,  however,  that  the  quantity 
of  sulphuric  acid  might  be  considerably  diminished  (5  to  9  per  cent,  being  sufficient  for 
many  fats),  provided  the  temperature  was  raised  proportionately  higher  (to  155°  when 
the  quantity  of  sulphuric  acid  was  small).  (For  details  of  the  stearin-candle  manu- 
facture, see  Ures  Dictkmarr/  of  Arts,  &c.,  iii.  754;  Chemical  Tcchiology,  vol.  i.  part  ii. 
p.  432;  Handw.  d.  Chcm.  viii.  201.) 

Properties. — Pure  stearic  acid  crystallises  from  alcohol  in  nacreous  laminae  or 
needles;  it  is  tasteless  and  inodorous,  and  has  a  di.stinet  acid  reaction  (Chevreul, 
Heintz).  At  low  temperatures  it  is  heavier  than  water,  having  a  specific  gravity  of 
101  at  0°  (Saussure);  but  between  9°  and  10°,  its  specific  gravity  is  the  same  as 
that  of  water.  It  melts  at  69° — 69-2°  (Heintz)  to  a  colourless  oil,  which  on  cooling 
solidifies  to  a  white,  scaly,  crystalline  mass,  lamiuo-crystalline  on  the  recently- 
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fractured  surfaces.  The  impure  acid  solidifies  in  masses  of  acicular  or  -wavellitic 
structure.  Tlie  melting-point  was  found  by  Chevreul  to  be  75°  (solidifying-point  70°), 
by  DuflFy  68°  (solidifying-point  65-8°),  by  Stenliouse  69°;  by  Eedtenbacher,  Kopp^ 
and  others,  70° ;  by  Hardwick,  70-5°  Pebal  found  that  the  purest  acid  molted  at 
69-2°. 

When  stearic  acid  is  melted  with  more  fusible  fatty  acids,  the  mixtiire  fuses,  not 
at  the  medium  fusing-point,  but  mostly  at  a  lower  temperature,  often  even  below  that 
of  the  most  fusible  acid  in  the  mixture  :  this  phenomenon  is  similar  to  that  which  is 
exhibited  by  many  metallic  alloys,  as  of  lead  with  tin,  or  with  tin  and  bismutli.  The 
following  tables  exhibit  the  melting-points  and  modes  of  solidification  of  mixtures  of 
stearic  acid  with  laurie,  myristic,  and  palmitic  acids,  in  various  proportions,  as  de- 
termined by  Heintz : 


1,  Stearic  and  Laurie  Acids. 

A  mixture  of : — 


Stearic  acid. 

Laurie  acid. 

Kelts  at 

Mode  of  solidifying. 

10 

90 

41-5° 

Non-crystalline 

20 

80 

38-5 

Non-crystalline,  warty 

30 

70 

43-4 

Small  shining  crystalline  facets  on  the  surface 

40 

60 

50-8 

Warty,  non-crystalline 

60 

60 

65-8 

Scarcely  crystalline,  slightly  granular 

60 

40 

69-0 

More  distinctly  granular ;  commencement  of 

scaly  crystallisation 

70 

30 

620 

Somewhat  more  distinctly  granulo-sealy 

80 

20 

64-7 

Distinctly  scaly-crystaUine 

90 

10 

67-0 

The  same 

2.  Stearic  and  Myristic  Acids. 

A  mixture  of : — 

Stearic  acid. 

Myristic  acid. 

Melts  at 

Mode  of  solidifying.  ! 

10 

90 

61-7° 

Non-crystalline,  opaque  j 

20 

80 

47-8 

Indistinctly  crystalline 

30 

70 

48-2 

Lamino-crystalline 

40 

60 

50-4 

Beautiful  broad  laminae 

60 

50 

54-5 

Non-erystaUine,  opaque 

60 

40 

69-8 

Neither  needles  nor  laminae;  commencement 

of  scaly  crystallisation. 

70 

30 

62-8 

More  distinctly  scaly 

80 

20 

650 

Still  more  distinctly  scaly 

90 

10 

671 

Scaly-crystalline 

3.  Stearic  and  Palmitic  Acids. 

A  mixture  of : — 


Stearic  acid. 

Palmitic  acid. 

Melts  at 

Solidifies  at 

Mode  of  solidifying. 

90 

10 

67-2° 

62-5° 

Scaly-crystalline 

80 

20 

65-3 

60-3 

Finely  aciculo-crystalline 

70 

30 

62-9 

59-3 

The  same 

60 

40 

60-3 

56-5 

Rough,  non-crystalline 

60 

60 

56-6 

55-0 

Broad,  lamino-crystalline 

40 

60 

56-3 

54-5 

The  same 

35 

65 

55-6 

54-3 

Non-crystalline,  wavy,  shining 

32-5 

67-5 

55-2 

540 

The  same 

30 

70 

651 

540 

Non-crystalline,  wavy,  dull 

20 

80 

57-5 

53-8 

Scarcely  acicular 

01 

90 

60-1 

54-5 

Beautifully  acicular 

4.  Stearic,  Palmitic,  and  Myristic  Acids. — The  melting-point  of  a  mixture  of  32-5 
per  cent,  palmitic  acid  with  67-6  per  cent,  myristic  acid,  which  is  situated  at  46-2°, 
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sinks  lower  when  to  20  pts.  of  this  mixtiire  there  are  added  from  1  to  7  pts.  of 
stearic  acid  ;  the  melting-points  of  the  several  mixtures  are  as  follows 

With  1  pt.  stearic  acid  the  melting-point  is  45'2° 

2  „  „  44-5 

3  „  „  440 

4  „  „  43-8 

5  „  „  44-6 

6  „  „  45-4 

7  „  „  46-0 

8  „  „  46-5 

These  mixtures  solidify  to  non-crystalline  masses.  (Heintz.) 

5.  Stearic  and  Margaric  Acids. — Mixtm-es  of  these  two  acids  melt  more  easily  than 
stearic  acid,  but  only  a  few  of  them  less  easily  than  margaric  acid.    They  solidify 
almost  in  the  same  manner  as  unmixed  fatty  acids,  differing  therefore  in  this  respect 
from  mixtures  of  stearic  with  palmitic  acid.  (Heintz.) 
A  mixture  of : — 


Stearic  acid. 

Margaric  acid. 

Melts  at 

Mode  of  solidifying. 

10 

90 

59-5° 

Scaly-crystalline 

20 

80 

69-8 

The  same,  but  less  distinctl/ 

30 

70 

60-8 

Like  the  last 

40 

60 

61-2 

The  same 

50 

60 

62-0 

The  same,  but  less  pearly 

60 

40 

63-1 

The  same 

70 

30 

64-7 

The  same 

80 

20 

66-2 

The  same 

90 

10 

67-6 

Scaly-crystalline 

Pure  stearic  acid  expands  very  strongly  when  heated,  especially  at  the  moment  of 
fusion  (about  11  percent.),  and  contracts  so  much  in  solidifying  that  east  lumps  appear 
porous.  Its  volume,  that  at  0°  being  taken  for  unity,  is  r038  at  50°,  r054  at  60°, 
1-079  at  70°,  and  by  fusion  the  volume  at  70°  increases  to  1-198. 

The  volume  of  the  solid  acid  at  different  temperatures  is  expressed  by  the  formula : 

F  =  1  +  0-0013490  i  +  0-000034007      +  0-00000044180  ; 
and  that  of  the  liquid  acid  by — 

V  =  1-1980  +  0-0010095,  or  F  =  1  +  0-0008425; 

where  Kis  the  volume  of  the  solid  acid,  =  1  at  0°;  P,  the  volume  of  the  liquid  acid, 
=  1  at  70°;  t  denotes  temperatiu-es  below  70°,  and  5  temperatures  above  70°  (Kopp, 
Ann.  Ch.  Pharm.  xciii.  184).  The  specific  gravity  of  the  fused  acid  =  0-864  (Saus- 
sure).    It  solidifies  on  cooling  in  a  scaly  crystalline  mass,  or  in  shining  needles. 

Stearic  acid  distils  in  a  vacimm,  and  in  quantities  of  15  to  20  grammes,  under  the 
ordinary  atmospheric  pressure,  for  the  most  part  without  alteration.  When  heated  to 
300 — 330°  in  a  sealed  tube  for  several  hours,  it  does  not  alter  either  its  appearance  or 
its  melting-point,  or  give  off  either  gas  or  watei\    (Berth  elot.) 

Stearic  acid  is  insoluble  in  water,  moderately  soluble  in  alcohol,  more  readily  in 
eikir,  benzene,  sulphide  of  ceirhon,  and  oils,  both  fixed  and  volatile. 

The  composition  of  stearic  acid  is  determined  by  the  following  analyses  : 


Calculation. 

Chevreul. 

Redten- 

Sten- 

Erd- 

Hard- 

Francis. 

baclier. 

house. 

mann. 

wick. 

.  216 

76-06 

76-30 

75-51 

75-75 

76-50 

76-13 

74-73 

H»«  . 

36 

12-68 

12-43 

12-86 

12-78 

12-81 

12-86 

12-46 

0'^  . 

32 

11-26 

11-27 

11-63 

11-47 

10-69 

11-01 

12-81 

.  284 

100  00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

Laurent  and  Gerhardt. 

Crowder. 

Gottlieb. 

a. 

b. 

Heintz. 

Pebal. 

c   .  . 

.  75-91 

76-29 

75-41 

76-60 

75-57 

to  75-88 

75-84  to  76-15 

H  .  . 

.  13-01 

12-83 

12  53 

12-61 

12-59 

„  12-85 

12-83 

,  12-71 

0    .  . 

.  11-08 

10-88 

12-06 

11-79 

100-00 

100-00 

100-00 

100-00 

The  formute  C"°^r™0'  (Chevreul),  C^'^IPW  (Kedtenbacher,  Erdmann) 
^68^6607  (Stenhouse),  C">H^^O\  or  C'^H^'^O^  (Gerhardt),  have  been  successively 
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proposed  for  stearic  acid.  Laurent  and  Gerhardt  gave  the  formula  C''II"0^,  or 
C"H'''0''^,  according  to  -whicli  stearic  acid  would  be  isomeric  with  margaric  acid.  The 
above  formula,  first  proposed  by  Hardwick  for  stearic  acid  separated  from  bassia-oil 
(bassic  acid),  then  adopted  by  Crowder  for  the  stearophanie  acid  of  Francis,  has  been 
recognised  by  Heintz  as  the  true  formula  of  stearic  acid. 

Decompositions. — 1.  When  90  grms.  of  stearic  acid  are  subjected  to  dry  distillation, 
the  greater  part  passes  over  unchanged,  but  a  smaller  portion  is  resolved  into  carbonic 
anhydride,  water,  and  stearone ;  the  distillate  likewise  contains  acetic  acid,  butyric 
acid,  a  fatty  acid  of  lower  melting-point  than  stearic  acid ;  also  a  hydrocarbon  of  the 
formula  C'R-',  and  ketones  richer  in  oxygen  than  stearone — these,  as  well  as  the  hydro- 
carbons, probably  resulting  from  further  decomposition  of  the  stearone.  The  black- 
brown  residue  in  the  retort  still  contains  stearone,  but  scarcely  any  fatty  acids. 
(Heintz.) 

2.  Stearic  acid  mixed  with  platinum-black,  and  heated  to  100°  in  oxygen-gas,  iorm^ 
carbonic  anhydride,  and  at  200°  is  completely  converted  into  carbonic  anhydride  and 
water  (Eeiset  and  Millon  [3],  Ann.  Ch.  Phys.  viii.  285).  It  burns  in  the  air  like 
wax,  and  when  heated  to  1 80°  in  oxygen-gas  it  burns  with  a  dazzling  light.  With  ozone 
it  behaves  like  palmitic  acid  (iv.  334). 

3.  Heated  with  chromic  acid,  sulphuric  acid,  and  water,  it  yields  chromic  oxide,  and 
an  acid  melting  at  64 — 65°,  the  alcoholic  solution  of  which  first  deposits  unaltered 
stearic  acid,  then  an  acid  (Kedtenbacher's  margaric  acid)  melting  between  59°  and 
60°.  (Kedtenbacher.) 

4.  Permanganate  of  'fotassium  converts  stearic  acid  into  stearate  and  carbonate  of 
potassium.    (Cloez  and  Gruignet,  Compt.  rend.  xlvi.  1110.) 

5.  Utitric  acid  forms  from  stearic  acid  small  portions  of  volatile  acids,  which  mix 
with  the  unaltered  stearic  acid,  and  lower  its  melting-point  (Heintz).  AVhen  stearic 
acid  is  heated  with  2  or  3  pts.  nitric  acid,  violent  action  takes  place  after  half  an 
houi",  nitric  acid  and  pungent  gases  being  given  oflT,  and  the  fused  acid  being  converted 
into  a  tenacious  frothy  mass,  then  becoming  clear  and  mobile,  and  finally  solidifying 
as  it  cools  to  a  tallowy  mas,  which  melts  at  35°  to  45°.  According  to  Bromeis,  this 
ma.ss  contains  margaric  acid,  and  if  crude  stearic  acid  has  been  used,  an  oil  formed 
from  oleic  acid,  and  coloured  blood-red  by  potash.  After  several  days'  treatment  witli 
nitric  acid,  the  stearic  acid  disappears  completely,  being  converted  into  sebacic  and 
succinic  acids  (Bromeis).  In  later  experiments,  Bromeis  obtained  also  azoleic  acid 
(an  acid  isomeric  with  cenanthylic  acid),  and  produced,  according  to  Ai'ppe,  by  the 
action  of  nitric  acid  on  oleic  acid. 

6.  Stearic  acid  fused  with  phosphoric  anhydride  forms  a  yellow  mass,  which,  when 
freed  from  the  unaltered  stearic  acid,  melts  at  54 — 60°,  and  contains,  on  the  average, 
80-4  per  cent.  C,  12-9  H,  and  67  0  (CH'^O^  =  81-2  per  cent.  C,  1277  H,  and 
6'03  0),  and  is  converted  by  hot  nitric  acid  into  a  brittle  waxy  mass  containing  77'25 
per  cent.  C,  12-22  H,  and  10-53  O.   (Erdmann,  J.  pr.  Chem.  xxv.  500.) 

7.  Dry  chlorine  gas  at  100°  converts  stearic  into  chlorostearic  acid.  (Hardwick.) 

8.  Bromine  heated  with  stearic  acid  and  water  in  a  sealed  tube,  forms  a  dark-brown 
liquid,  which  does  not  alter  perceptibly  at  100^,  but  between  130°  and  140°  is  slowiy 
converted  into  a  yellow  oily  mixture  of  bromo-  and  dibromo-stearic  acids,  mixed  with 
unaltered  stearic  acid.    Formation  of  bromostearic  acid : 

C18JJ3G02    +    Br'      =      C'ff^BrO-    +  HBr. 

Wlien  more  than  2  at.  bromine  is  used  to  1  at.  stearic  acid,  a  large  quantity  of  di- 
bromostearic  acid  is  produced,  but  even  then  a  part  of  the  stearic  acid  remains  unaltered. 
If  the  heat  is  raised  above  140°,  the  mass  remains  brown,  or  charcoal  separates  from  it. 
(Oudemanns,  J.  pr.  Chem.  Ixxxix.  193.) 

9.  FeiitacMoride  of  phosphorus  brought  in  contact  with  stearic  acid  at  a  moderate 
heat,  forms  a  colourless  mass,  which  soon  becomes  heated  to  150°,  turning  brown  and 
black.  When  distilled  it  gives  off  hydrochloric  acid,  a  small  quantity  of  water,  a 
hydrocarbon,  stearic  acid,  and  a  solid  product  less  soluble  in  alcohol  than  stearic  acid. 
(Chiozza,  Gerliardt's  Traite,  ii.  851.) 

11.  Stearate  of  potassium,  in  contact  with  oxychloride  of  phosphonts,  becomes 
slightly  heated,  and  at  150°  swells  up  to  a  dark  jelly,  perhaps  forming  chloride  of 
stearyl,  inasmuch  as  the  product  treated  with  alcohol  yields  stearate  of  ethyl.  (Pebal) 

1 2.  AVhen  stearic  acid  is  heated  -n-ith  an  equal  weight  of  sulphur,  a  trace  of  sulphuric 
acid  is  given  olF,  and  the  same  products  are  formed  as  when  stearic  acid  is  heated  by 
itself.    (Anderson,  Ann.  Ch.  Pharm.  Ixiii.  373.) 

13.  The  acid  heated  with  oil  of  vitriol  to  100°,  for  several  hours,  is  decomposed, 
with  evolution  of  sulphurous  anhydride,  and  carbonises  at  a  higher  temperature. 
(Chevreu  1.) 
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14.  Stearate  of  calcium,  subjected  to  dry  distillation,  gives  off  marsh-gas  and 
defiant  gas  (or  gases  having  the  same  composition  as  the  latter),  and  yields  a  distil- 
late containing  a  largo  quantity  of  stearuno,  with  small  quantities  of  other  ketones, 
"while  carbonate  of  calcium  remains  behind.  The  distillate  does  not  contain  any  fatty 
acid  (H  e  i  n  t  z).    See  Stearone. 

15.  Stearic  acid  distilled  %vith  excess  of  aniline,  yields  phenyl-stearamide.  From 
its  alcoholic  solution  mixed  with  aniline,  however,  it  crystallises  unaltered.  (Pebal.) 

16.  Stearic  acid,  heated  with  fncthylie,  ethylic,  and  the  Jiomolognus  ak-ohuls,vi\X\i 
mannitc,  querciti\  pinite,  and  siiffars,  with  gli/ccrin,  orcin,  mcctmin,  erythroghicin , 
and  cholesterin,  yields  ethereal  compounds,  formed  from  tlie  acid  and  the  other  body, 
with  elimination  of  water.  When  heated  for  tliirty-six  hours  with  pt/rogaUic  acid  to 
200°, it  forms  a  crystaUine compound.  (Rosing,  Compt.  rend.  xiv.  1149.) 

Stearates. — Stearic  acid  dissolves  in  a  cold  aqueous  solution  of  alkaline  carbonate, 
probably  from  formation  of  acid  carbonate,  but  does  not  expel  the  carbonic  acid,  and 
form  a  mono-acid  salt,  till  heated  to  about  100°.  On  the  other  hand,  the  stearates 
are  decomposed  by  most  other  acids,  the  separated  stearic  acid  rising  to  the  surface  as 
an  oil  when  the  liquid  is  warm.  The  stearates  have  the  consistence  of  hard  soaps  and 
plasters,  and  are  mostly  insoluble  in  water. 

Stearate  of  Ammonium. — Stearic  acid,  either  in  the  fused  or  in  the  solid  state, 
absorbs  ammonia-gas  without  elimination  of  water,  the  quantity  absorbed  amounting 
after  a  month,  when  the  absorption  ceases,  to  6  68  pts.  ammonia  for  every  100  pts. 
of  acid  (1  at.  NH'  =  5  9  pts.).  The  compound  is  solid,  white,  inodorous,  has  an 
alkaline  taste,  may  be  sublimed  in  a  vacuum,  and  then  gives  off  ammonia,  but  takes 
it  up  again  on  cooling.  When  heated  in  a  vessel  containing  air,  it  gives  off  ammonia 
and  water,  and  yields  a  sublimate  of  acid  salt,  mixed  with  empyreumatic  oil.  The 
neutral  salt,  when  protected  from  the  air,  dissolves  in  hot  water,  especially  in  ammo- 
niacal  water,  and  the  solution  on  cooling  deposits  the  acid  salt  in  nacreous  laminaj 
(Chevreul).  The  solution  of  stearic  acid  in  hot  dilute  aqueous  ammonia  deposits 
small  needles  on  cooling.  When  heated  for  some  time,  it  becomes  turbid,  and  is  then 
not  clarified  by  further  addition  of  ammonia.  The  needles  dissolve  in  alcohol  and  in 
ether.  (Crowder.) 

Stearate  of  Barium.,  C''^H"'Ba"0',  is  obtained  by  precipitating  the  hot  alcoholic 
solution  of  an  alkaline  stearate  with  a  hot  solution  of  barium-chloride,  or  a  hot 
alcoholic  solution  of  stearic  acid  with  a  hot  aqueous  solution  of  baric  acetate.  It  is 
a  white  crystalline  powder,  consisting  of  microscopic  laminw,  and  having  a  nacreous 
lustre  when  dry.  It  is  insoluble  in  water,  and  decomposes  without  melting  when 
heated. 

Stearate  of  Calcium,  C"^II™Ca"0',  obtained  liy  precipitating  chloride  of  calcium 
with  a  boiling  solution  of  potassic  stearate,  and  washing  the  precipitate  with  boiling 
water,  is  a  white,  fusible,  tasteless  powder. 

Stearate  of  Copper,  C"'H"''Cu"0'. — Light-blue,  bulky,  amorphous  powder  ;  melts 
when  heated  to  a  green  liquid,  easily  decomposing  at  the  same  time.  (Heintz.) 

Stearates  of  Lead. — The  monoplumhic  salt,  C"'H'°Pb"0\  is  formed  by  precipi- 
tating a  hot  alcoholic  solution  of  the  neutral  sodic  salt  with  a  hot  aqueous  solution  of 
plumbic  nitrate,  or  of  the  acetate  containing  a  slight  excess  of  acetic  acid  ;  the  pre- 
cipitate is  washed  first  with  alcohol,  then  witli  water.  When  dry  it  forms  a  heavy 
amorphous  powder,  which  is  not  wetted  by  water,  melts  at  about  125°  to  a  colourless 
liquid,  and  solidifies  to  an  op.-que  amorphous  mass.    It  is  insoluble  in  ether. 

The  diplumhic  salt,  C'''H'°rb"0'.Pl3"0,  is  prepared  by  boiling  stearic  acid  in  a  close 
vessel  with  triplumbic  acetate,  and  boiling  the  product  first  with  water,  then  with 
alcohol.    It  forms  a  white,  transparent,  friable  soap-liquid  at  100°.  (Chevreul.) 

Stearate  of  Magnesium,  C^''H'"Mg"0',  is  obtained  by  precipitating  the  neutral 
.«odic  salt  with  sulphate  of  magnesium,  or  by  supersaturating  a  hot  alcoholic  solution 
of  stearic  acid  with  ammonia,  adding  a  sufficient  quantity  of  sal-ammoniac,  and  then 
an  excess  of  dissolved  sulphate  of  magnesium.  After  recrystallisation  from  alcohol,  it 
forms  dazzling  white  flocks,  consisting  of  microscopic  laminse,  which  dry  up  to  a 
light  fusible  powder.  (Heintz.) 

Stearates  of  Mercury. — The  mercuric  salt,  obtained  by  precipitstion  with  mer- 
curic nitrate,  is  a  white  easily  fusible  powder,  which  softens  between  the  finger.s. — The 
mircurous  salt,  obtained  by  precipitation  with  mercurous  nitrate,  is  while  moist  a 
svhito  granular  powder,  but  becomes  grey  when  drj'.  It  is  insoluble  in  water  and  in 
;old  alcohol,  slightly  soluble  in  hot  alcohol,  more  soluble  in  ether,  and  easily  fusible. 

Stearates  of  Potassium. — a.  The  neutral  salt,  C"*II'*KO'-,  separates  on  cooling 
'rom  a  solution  of  1  pt.  stearic  acid  and  1  pt.  potassic  hydrate  in  10  pts.  water,  in 
nhite  opaque  granules,  and  may  be  purified  by  pressure,  solution  in  18  pts.  alcohol 
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of  specific  gravity  0'821,  and  washing  the  needles,  which  then  separate,  with  cold 
alcohal  (Chevreiil).  According  to  Heintz,  it  is  most  easily  obtained  in  the  pure 
state,  by  mixing  a  boiling  alcoholic  solution  of  the  acid  with  a  hot  aqueous  solution 
of  potassic  carbonate  in  excess,  evaporating  the.  mass  to  dryness,  exhausting  the  residue 
with  boiling  absolute  alcohol,  and  leaving  the  filtered  solution  to  crystallise.  It  forms 
shining  delicate  needles,  scales,  and  laminae,  which  aggregate  into  a  hard  soap ;  it 
has  a  faint  alkaline  taste. 

In  air  saturated  with  moisture,  it  takes  up  one-tenth  of  its  weight  of  water.  One 
pt.  of  the  salt  forms,  with  10  pts.  of  cold  water,  an  opaque  gum,  which  melts  at  99°, 
and  solidifies  to  a  pearly  gum  on  cooling.  One  pt.  of  the  salt  dissolves  completely  in 
25  pts.  of  boiling  water,  forming  a  liquid  which  is  still  limpid  at  92°,  and  solidifies 
to  a  pearly  mass  on  cooling. 

Tlie  solution  of  1  pt.  of  the  salt  in  100  pts.  of  hot  water  deposits  on  cooling  a 
mixture  of  neutral  and  acid  stearate  of  potassium,  while  one-fourth  of  the  entire  quan- 
tity of  potash  remains  dissolved.  When  the  solution  of  the  salt  in  alcohol,  or  in  20 
pts.  of  boiling  water,  is  mixed  with  1,000  pts.  of  boiling  water,  or  5,000  pts.  of 
cold  water,  it  deposits  all  the  stearic  acid  as  acid  salt,  whilst  half  the  potash  remains 
dissolved  in  the  water.  In  like  manner  the  neutral  salt,  when  drenched  with  5000 
pts.  of  cold  water,  gives  up  half  its  potash,  and  is  converted  into  the  acid  salt  without 
forming  a  gum.  In  these  cases  the  alkaline  water  contains  a  trace  of  stearic  acid  in 
solution  (Ghevreul).  It  dissolves  at  10°  in  231  pts.  alcohol  of  specific  gravity 
0'794,  in  10  pts.  at  66°,  the  latter  solution  becoming  turbid  at  55°,  and  solidi- 
fying at  38°  ;  in  6'7  pts.  of  boiling  alcohol  of  specific  gravity  0'794,  forming  a 
liquid  which  gelatinises  on  cooling.  It  dissolves  in  ether-alcohol,  and  crystallises 
therefrom  (Crowder,  Hardwick).  Boihng  ether  withdraws  from  the  neutral  salt 
a  certain  quantity  of  stearic  acid,  leaving  a  compound  richer  in  potash.  (Chevreul.) 

jS.  The  acid  salt,  C"'H'*KO-.C'*H^''0^,  is  obtained  by  decomposing  the  neutral  salt 
with  1,000  pts.  or  more  of  water.  When  pressed,  dried,  and  dissolved  in  boiling  alcohol, 
it  separates  on  cooling  in  silvery  scales,  inodorous,  and  soft  to  the  touch.  It  does  not 
melt  at  100°.  It  is  not  altered  by  cold  water,  btit,  when  boiled  with  1,000  pts.  of  water, 
yields  a  milky  liquid,  consisting  of  a  solution  of  the  neutral  salt,  in  which  a  more 
acid  salt  is  suspended;  towards  75°  this  liquid  becomes  clearer,  but  again  turbid  at 
67° ;  if  the  liquid  be  filtered  at  the  boiling  heat,  the  more  acid  salt  remains  on  the 
filter. 

100  pts,  of  absolute  alcohol  dissolve  27  pts.  of  acid  potassic  stearate  at  the  boiling 
heat,  but  retain  only  0-36  pt.  of  it  after  cooling  to  24°.  In  consequence  of  the  tendency 
of  the  alcohol  to  decompose  the  acid  salt  into  the  neutral  salt  and  stearic  acid,  the  por- 
tion which  remains  dissolved  contains  a  salt  richer  in  stearic  acid  than  the  crystallised 
salt.  When  the  acid  stearate  is  dissolved  in  boiling  aqueous  alcohol,  and  the  solution 
is  mixed  drop  by  drop  with  infusion  of  blue  litmus,  the  liquid  is  tiltimately  reddened 
by  the  excess  of  acid  in  the  salt ;  but  on  adding  a  larger  quantity  of  water,  which 
precipitates  a  hyperacid  salt,  and  sets  free  a  certain  quantity  of  alkali,  the  blue  colour 
is  restored. 

7.  Hyperacid  salt,  C'^H^KO'.SCH^'^O^  (?).— Produced  when  the  acid  salt  j8  is 
decomposed  by  boiling  water.  It  melts  in  boiling  water,  and  solidifies  on  cooling ; 
swells  up  in  cold  water.  When  dissolved  in  boiling  alcohol,  it  separates  into  the  acid 
salt  which  is  deposited,  and  stearic  acid  which  remains  dissolved. 

Stearate  of  Silver,  C'H'^AgO''. — Obtained  by  adding  a  solution  of  20  grms. 
of  the  sodium-salt  in  5  or  6  oz.  of  strong  alcohol  to  a  solution  of  12  to  13  grms.  silver- 
nitrate  in  an  equal  quantity  of  alcohol  (Crowder).  Amorphous  white  precipitate, 
very  loose,  and  strongly  electric  when  dry.  Assumes  a  purple  colour  when  exposed  to 
light  in  the  moist  state  ;  not  altered  by  light  when  dry.  Insoluble  in  water,  alcohol, 
and  ether,  easily  soluble  in  aqueous  ammonia. 

Stearates  of  Sodium. — a.  The  neutral  salt,  C"H"NaO^,  is  obtained,  like  the 
potassinm-salt,  by  treating  a  hot  alcoholic  solution  of  stearic  acid  with  excess  of  sodic 
carbonate,  evaporating  the  solution  to  dryness  with  addition  of  a  little  water,  and 
boiling  the  finely-pulverised  residue  with  absolute  alcohol,  which  leaves  the  sodic 
carbonate  undissolved.  The  hot-filtered  alcoholic  solution  is  then  immediately  mixed 
with  i  of  its  volume  of  hot  water,  whereupon  the  greater  part  of  the  sodic  stearate 
separates  on  cooling  in  the  form  of  a  jelly,  while  the  water  retains  in  solution  the 
small  quantity  of  sodic  carbonate  still  present.  The  sodie  stearate  thus  separated  is 
then  strongly  pressed,  and  dried  between  100°  and  120°. 

Neutral  sodic  stearate  is  very  much  like  the  potassium-salt,  but  harder.  From  a 
hot,  concentrated,  alcoholic  solution  it  separates  as  a  jelly,  which,  on  standing,  is  con- 
verted into  shining  translucent  laminae.  Francis  obtained  it  (from  stearophanic  acid) 
in  prismatic  crystals,  having  a  fine  mother-of-pearl  lustre.  It  is  tasteless  at  first,  but 
after  some  time  produces  a  distinct  alkaline  taste.  It  is  permanent  in  air ;  in  moderately 
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dry  air,  and  even  from  air  saturated  with  moisture,  it  absorbs  only  7'5  ppr  cent,  water  in 
twelve  days,  afterwards  not  any  perceptible  quantity.  It  dissolves  in  10  pts.  boiling 
water,  to  a  thick  somitranspnrent  mass,  which  solidifies  and  becomes  opaque  at  62°. 
Wien  covered  with  600  pts.  of  cold  water,  it  becomes  more  opaque  in  14  days  by 
taking  up  water,  and  gives  up  to  the  water  a  trace  of  soda.  With  10  pts.  water  at  90°, 
it  forms  a  thick,  nearly  transpax-ent  solution,  which  solidifies  to  a  white  mass  at  62°  ; 
and  this,  when  heated  with  40  pts.  more  water,  forms  a  solution  which  is  still  filtrable 
below  100^,  and  when  mixed  with  2,000  pts.  more  water,  deposiis  the  acid  salt  on 
cooling,  while  half  the  soda  and  a  trace  of  stearic  acid  remain  in  solution.  It  is  this 
decomposition  by  water  which  renders  the  soap  availaljle  for  washing.  It  dissolves  at 
10°  in  499  pts.  alcohol  of  specific  gravity  0'821,  and  in  20  pts.  at  the  boiling  heat ;  the 
latter  solution  becomes  tiu'bid  at  70°,  and  solidifies  on  cooling  to  a  transparent  jolly, 
which  afterwards  becomes  opaque,  and  contracts,  from  formation  of  numerous  shining 
crystals.  Boiling  ether  withdraws  from  the  salt  a  small  quantity  of  stearic  acid, 
together  with  a  trace  of  soda,  and  yields  a  slight  deposit  on  cooling.  (Chev- 
reul.) 

j8.  The  acid  salt,  C"II"NaO''.C"H^''0^  is  formed,  as  above  mentioned,  when  a 
solution  of  the  neutral  salt  in  10  to  40  pts.  of  hot  water  is  mixed  with  2,000  pts.  or 
more  of  cold  water,  or  when  a  solution  of  the  same  salt  in  2,000  to  3,000  pts.  of  boiling 
water  is  left  to  cool.  It  then  separates  in  nacreous  lamiuie.  It  dissolves  in  alcohol, 
forming  a  solution  which  reddens  litmus  ;  and  on  addition  of  a  large  quantity  of  water, 
deposits  a  still  more  acid  salt,  while  free  alkali  remains  in  solution. 

Stearatc  of  Strontium,  C'^II'°Sr"0'',  is  prepared  by  precipitation,  like  the 
barium-salt,  which  it  resembles  in  every  respect. 

Substitution-derivatives  of  Stearic  Acid. 

Bromostearic  Acid,  C'H'^Bi'O-.  (Oudemanns,  J.  pr.  Chem.  Ixxxix.  195.) — 
Obtained  by  heating  stearic  acid  (7  pts.)  with  water  and  bromine  (4  pts.),  in  a  sealed 
tube,  to  130°  or  140°  at  most,  till  the  brown  colour  of  the  bromine  disappears,  and 
the  mixture  assumes  the  appearance  of  a  yellow  oil,  cooling  to  a  crystalline  solid. 
After  washing  away  the  hydrobromic  acid,  the  contents  of  the  tube  are  dissolved  in 
20  times  their  weight  of  warm  alcohol  of  80  per  cent.,  and  the  unchanged  stearic  acid 
is  separated  by  cooling  to  —10°.  The  liquid  is  then  mixed  with  an  equal  volume  of 
water  and  an  excess  of  crystallised  sodic  carbonate,  and  evaporated  to  dryness  over 
the  water-bath.  The  tough  saline  mass  thus  obtained  is  boiled  with  10  volumes  of 
alcohol  of  80  per  cent.,  and  filtered  as  hot  as  possible  ;  and  the  crj'stals  of  sodic  bro- 
mostearate,  wliicli  form  in  the  filtrate  (and  of  which  more  may  be  obtained  by  evapo- 
rating the  solution),  are  collected  and  purified  by  repeated  crystallisation  from 
alcohol.    The  mother-liquor  contains  dibromostearate  of  sodium. 

From  the  sodium-salt  the  bromostearic  acid  is  separated  by  dilute  sulphuric  acid,  as 
a  yellow  indistinctly  crystalline  mass,  melting  at  41°,  and  of  specific  gravity  r0Go3 
at  20°. 

It  is  very  slowly  decomposed  by  heating  with  excess  of  caustic  ]}otash.  Bromo- 
stearate  of  silver,  heated  with  water,  forms  bromide  of  silver  and  stearidic  acid, 

The  acid  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  in  ether.  It 
forms  with  the  alkalis  soap-like  compounds,  which  crystallise  from  alcohol. — Bromo- 
stearate  of  potassium  is  more  soluble  than  the  sodium-salt.  The  alkaline  bromostearates 
form  precipitates  with  most  metallic  salts. 

Dibromostearic  Acid,  C'^H^'Br-O'. — Formed  as  above  in  the  preparation  of 
bromostearic  acid,  and  obtained  in  the  form  of  an  uncrystallisable  sodium-salt.  This 
salt  is  brown,  tenacious,  very  hygroscopic,  dissolves  easily  in  alcohol,  and  forms  with 
water  an  opaque  soapy  .solution.  After  drying  at  130°,  it  contains  32'5  per  cent,  of 
bromine  and  6-.59  of  soda,  approximating  to  the  formula  C'll^-'NaBr.  (Oudemann.s, 
he.  cif.). 

Cblorostearlc  Acid,  C'^II^'CIO-.  C/iloro/jassic  acid  (Hard wick,  Chem.  Soc. 
Qu.  J.  ii.  232). — Formed  by  treating  stearic  acid  at  100°  with  dry  chlorine,  whereupon 
it  first  becomes  thicker,  and  is  ultimately  converted  into  a  solid  resin,  which  forms 
with  potash  an  amorphous  soap,  not  crystallisable  from  alcohol.  The  barium-scdt 
and  lead-salt  are  insoluble  in  water. 

STEARIC  ASTKYSRISE.  mVO"  =  (C''ir^O)-0.— Obtained  in  a  similar 
manner  to  benzoic  anhydride  (i.  557),  but  diflicult  to  free  from  stearic  acid.  (Chiozza, 
Ann.  Ch.  Pharm.  xci.104.) 

Een:ostearic  Anhydride,  Benzoic  Stearate,  or  Stearic  Bcncoate,  C-^H'"0'  = 
(C-IPO)(C"H«0)0.— Obtained  by  heating  potassie  stearatc  with  benzoic  chloride  lu 
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100°,  and  exhausting  the  product  with  ether.  Crystallises  in  shining  laminae,  which 
melt  at  100°.  (Chiozza.) 

STEARIC  ETHERS,  o.  Stearic  Ethers  containing  the  Alcohol-radicles,  C"H*°+' 
and  (C"H'-")".  Methylic  Stearate,  or  Methylstcaric  Ether,  C"'H^''0^  = 
C"H'''(CH^)0'.  (Lassaigne,  Ann.  Ch.  Pharm.  xiii.  168.)— Produced  by  heating  2 
pts.  methylic  alcohol  with  2  pts.  sulphuric  acid  and  1  pt.  stearic  acid,  or  by  heating 
stearic  acid  with  methylic  alcohol  in  a  sealed  tube  for  a  day.  It  is  a  neutral,  crystal- 
line, semitransparent  mass,  insoluble  in  water,  melting  at  85° ?  (Lassaigne) ;  at  38°. 
(Hanhart,  Compt.  rend,  xlvii.  230.) 

Ethylic  Stearate,  commonly  called  Stearic  Ether,  C-«H"0=  -  C'«H»^(C-H^)0=. 
(L  a s  sa ign e,  ?oc.  rrt. — Redtenbacher,  Ann.  Ch.  Pharm.  xxxv.  51. — Stenhouse, 
ibid,  xxxvi.  58. — Francis,  ihid.  xlii.  261. — Crowder,  J.  pr.  Chem.  Ivii.  292. — 
Heintz,  see  Memoirs  cited,  iii.  1069. — Duffy,  Chem.  Soc.  Qn.  J.  v.  197. — Pebal, 
Ann.  Ch.  Pharm.  xci.  153. — Berthelot,  i'iif/.  Ixxxviii.  312. — Hanhart,  Compt.  rend, 
xlvii.  230.— Berthelot  and  Fleurien,  Ann.  Ch.  Phys.  [3],  Ixvii.  79.)— This  ether  is 
produced :  1.  By  heating  stearic  acid  with  alcohol  to  200° ;  small  quantities  are  produced 
also  by  heating  the  materials  together  to  100°  for  102  hours  (Berthelot);  or  by  boil- 
ing stearic  acid  with  alcohol  (Lassaigne). — 2.  Bypassing  hydrochloric  acid  gas  into  an 
alcoholic  solution  of  stearic  acid  (Redtenbacher)  ;  by  heating  alcoholic  stearic  acid 
with  acetic  acid  to  100°,  the  whole  of  the  stearic  acid  then  entering  into  combination  in 
102  hours  (Berthelot). — 3.  By  the  action  of  alcohol  on  the  product  formed  by  heating 
stearic  acid  with  pentachloride  of  phosphorus  (Pebal). — i.  By  boiling  tristearin  with  a 
solution  of  sodium  in  absolute  alcohol  (Duffy),  or  by  heating  tristearin  with  small 
qxiantities  of  alcoholic  potiish.    (Bonis,  Compt.  rend.  xlv.  35.) 

Properties. — Ethylic  stearate  is  a  crystalline  mass,  semitransparent,  and  resembling 
white  wax.  Melts  at  33-7°  (Duffy,  Heintz);  at  27°  (Lassaigne);  30°— 31° 
(Redtenbacher);  31°  (Hanhart);  32°  (Francis);  32-9°  (Pebal);  33-3° 
(Crowder).  Solidifies  to  a  translucent  mass  (D uffy) ;  to  a  crystalline  mass,  soft 
at  first,  afterwards  becoming  hard  and  brittle  (Heintz).  Volatilises  a  little  at  the 
heat  of  the  water-bath  (Crowder)  ;  boils  at  224°  with  partial  decomposition,  leaving 
a  residue  of  charcoal  (Duffy).  Tasteless;  melts  on  the  tongue,  producing  a  sensation 
of  cold  (Crowder);  has  a  buttery  taste  (Fran  ci  s).  Inodorous  in  the  cold ;  smells 
faintly  when  heated.  (Francis.) 

It  dissolves  very  easily  in  alcohol  and  in  ether,  and  crystallises  from  alcohol,  but  not 
from  ether.  (Duffy.) 

Decompositions. — 1.  For  the  decomposition  by  heat,  see  above. — 2.  By  water  at 
100°,  it  is  partially  resolved  in  102  hours  into  alcohol  and  stearic  acid,  more  abun- 
dantly by  a  mixture  of  1  vol.  acetic  acid  and  2  to  3  vols,  water,  the  latter  reaction  taking 
place  without  any  formation  of  acetic  ether  (Berthelot). — 3.  Fuming  hydrochloric 
acid  at  100°,  converts  it  in  106  hours  into  chloride  of  ethyland  stearic  acid  (Berthe- 
lot).— 4.  it  is  decomposed  by  alcoholic  but  not  by  aqueous  potash  (Duffy). — 
5.  Anhydrous  baryta  heated  with  the  ether  to  200°  in  a  sealed  tube,  decomposes  it 
completely,  and  the  product  heated  with  water  yields  alcoholate  and  stearate  of  bariimi : 

2CMH«02  +  2Ba"0  =  C^i^n'oBa'C^  +  C^E'»Ba"02. 
These  are  the  only  products  ;  no  ethylic  ether  is  formed  (Berthelotand  Fleurien). 
— 6.  Heated  to  100°  with  glycerin,  it  does  not  yield  stearin,  even  in  presence  of 
hydrochloric  acid.  (Berthelot.) 

Ethylenic  Stearate,  C^oH'^O^  +  (^2^"P)'!02  (Wurtz,  Ann.   Ch.  Phys. 

[3],  Iv.  436).  Glycolic  Bistearate.  Glycol  di-stearique. — Obtained  by  the  action  of 
bromide  of  ethylene  on  stearate  of  silver.  The  product  is  exhausted  with  ether,  the 
ethereal  solution  treated  with  potassic  hydrate,  and  the  filtrate  left  to  evaporate.  It 
forms  light  shining  laminae,  melting  at  76°,  and  resembling  tristearin. 

Amvlic  Stearate,  C^'H^O^  =  C'ffXC'H'OO.— Obtained  by  heating  stearic 
acid  with  amylic  alcohol  to  200°  in  a  sealed  tube  for  a  day  ;  or  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  the  acid  in  amylic  alcohol,  or  by  boiling  tri- 
stearin with  a  solution  of  sodium  in  amylic  alcohol.  It  is  a  neutral,  soft,  viscous, 
transparent  mass,  melting  at  25-5°  (Duffy);  at  25°  (Hanhart).  It  is  decom- 
posed by  alcoholic  but  not  by  aqueous  potash ;  dissolves  slightly  in  alcohol,  the 
solution  solidifying  to  a  jelly.    The  ethereal  solution  does  not  yield  crystals. 

Octylic  Steaeate,  C^H^^'O^  =  C'»H'*(C8H")0^— Obtained  by  heating 
stearic  acid  with  octylic  alcohol  to  200°  in  a  sealed  tube  for  a  day.  It  is  colourless, 
inodorous,  tasteless,  neutral,  and  melts  at  45°.    (Hanhart,  loc.  cit.) 


STEARIC  ETHERS. 


421 


Cetymc  Steabatb.C'^HW  =  C'»H"(C'"H")02.  (Bertlielot,  Ann.  Ch.  Pliys, 
[3]  Ivi.  70.) — A  mixture  of  1  part  of  ethal  with  i  or  5  parts  of  stearic  acid  is  heated 
to  200°  in  a  sealed  tube,  for  8  or  10  hours.  The  product  is  mixed  first  with  a  little 
ether,  and  then  with  slaked  lime,  which  takes  up  the  uncombined  stearic  acid ;  and  the 
wliole  is  heated  to  100°  for  some  minutes,  and  afterwards  boiled  "with  ether,  whereby  the 
ethal  and  cetylic  stearate  are  dissolved,  and  remain  behind  on  evaporating  the  solution. 
From  the  mixture  thus  obtained,  the  free  ethal  is  removed  by  boiling  five  or  six  times 
with  6  to  10  I5ts.  of  alcohol,  and  the  undissolved  cetyl-compound  is  then  allowed  to 
crystallise  from  ether.  It  forms  broad  shining  laminse,  resembling  spermaceti,  melting 
at  55°  to  60°,  and  cooling  to  a  crystalline  solid.  It  is  neutral,  but  decomposes  partly 
by  volatilisation,  with  formation  of  a  little  free  acid. 

/3.  Stearic  Ethers  containing  other  Orcfanio  Badicies. — Berthelot  (Ann.  Ch.  Phys. 
[3]  xlvii.  324;  Chimie  organiqtie,  ii.  191 — 219),  by  heating  stearic  acid  with  glucose, 
mannitc,  dulcite,  finite,  and  qucrcite,  and  purifying  the  product  in  the  manner  descril)ed 
under  Mannite  (iii.  824),  has  obtained  the  following  fatty  compounds  resembling 
stearin  and  palmitin : 

Glucic  Distcarato    .       .       .       .  •     .       .       .    .  C'=H"0'    =  {C 

W 

Didcitic,  Maunitic,  rinitic,  Quercitic  Distearate      .       C'^H^O'    =  (C'»IP^O)nO* 


Dulcitic  Tetrastcarato  C"H"W   =  ^(,^sH3l)Q'^,|o^ 

(C«IP)"  ) 

xMannitic  and  Pinitic  Totrastearate  .       .       .      C'H'^^on  =  (C'»ff^0)70'. 

W  ) 

Maunitic  Ilexstearate  C'^ff'-'O"  ? 

All  these  compounds,  when  heated  with  hydrate  of  barium,  are  resolved  into  stearic 
acid  and  the  respective  sugars.    Their  formulae  require  confirmation. 

QI0JJI7  1 

Camphic  Stearate,  C^'H^O^  =  qi»jj35q(0''  Stearate  of  Camphyl.  Camphol 

steariqve.  Stcarinsanrcs  Borneol. — Obtained  by  heating  stearic  acid  with  borneol 
(i.  G2fi)  to  200°  for  eight  or  ten  hours  in  a  sealed  tube  ;  water  is  then  eliminated,  and 
a  mass  is  formed,  from  which  tlie  uncombined  stearic  acid  is  removed  by  cautious  and 
rapid  treatment  with  ether  and  slaked  lime,  and  the  free  borneol  by  heating  the 
evaporated  ethereal  solution  to  l.'jO"  in  an  air-bath  for  half  a  day  or  longer. 

It  is  a  thick,  colomdess,  and  inodorous  oil,  which  solidifies  to  a  crystalline  mass 
after  some  days  or  montlis  ;  neutral  when  freshly  prepared;  volatile  (without  decom- 
position ?),  decomposed  by  alkalis  into  stearic  acid  and  borneol. — Dissolves  .slightly 
in  cold,  and  easily  in  boiling  alcohol  and  in  ether.  (Berthelot,  Ann.  Ch.  Phys.  [3] 
Ivi.  89.) 

Glyceric  Steaeates.    See  Stearins. 

Meconic  or  Opianylic  Stearate,  C"'II'«0«  =  ^^(^s^'^'^2|  O^?     Stearate  oj 

Mcconin.  Stearate  of  Opianyl.  Mcconi^xe  stearique. — Formed  by  heating  meconin  with 
stearic  acid  to  100°  for  several  hours;  boiling  the  product  with  water,  which  takes  up 
uncombined  meconin  ;  and  removing  the  excess  of  stearic  acid  with  lime  and  ether,  as 
in  the  case  of  cetylic  stearate.  It  is  a  neutral,  white,  solid  mass,  which  melts  easily, 
and  solidifies  very  slowly.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi.  75.) 

("C'H'V" ) 

Stearate  of  Orcin,  C"H'=0'  =  qisjjssq  ( — ^W]ienorcin(iv. 211)  is  heated 
with  stearic  acid  to  200°  in  a  sealed  tube  for  some  hours,  a  mixture  is  obtained  from 
M'hich  M'ater  extracts  tbo  imcombincd  orcin.  On  separating  the  excess  of  stearic  acid 
fi-om  the  residue,  by  means  of  ether  and  slaked  lime,  the  stearate  of  orcin  remains 
dissolved  in  the  ether,  and  may  be  purified  by  evaporation  and  solution  in  sulphide  of 
carbon. 

It  is  a  slightly  coloured,  tasteless,  neutral  wax,  which,  when  heated,  evolves  an 
odour  of  orcin  and  stearic  acid,  and  volatilises.  Combustible.  Assumes  a  red  colom- 
with  ammonia.  Heated  to  100°  for  some  days,  with  moist  calcic  hydrate,  it  yields 
calcic  stearate,  and  a  substance  soluble  in  water  and  alcohol ;  the  latter  body  becomes 
coloured  with  ammonia,  like  orcin,  but  docs  not  form  crystals. 

Stearate  of  orcin  is  insoluble  in  mater,  but  easily  soluble  in  ether  and  bisulphide 
of  carbon.    (Berthelot.  Ann.  Ch.  Phys.  [3]  Ivi.  74!) 
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STEARXSIC  ACID.    CH^'O^    (Oudemanns,  J.  pr.  Chem.  Ixxxix.  193.)— 

An  acid  isomeric  with  oleic  acid,  obtained  by  heating  bromostearate  of  silver  with  water. 
It  is  an  amorphous  mass,  resembling  the  soft  animal  fats ;  has  a  peculiar  faint  odour, 
melts  at  35°,  and  distils  unchanged.  It  dissolves  in  alcohol  more  easily  than  elaidic 
acid,  and  does  not  crystallise  from  the  solution.  With  the  alkalis  it  forms  soaps,  the 
alcoholic  solutions  of  which  give  precipitates  with  metallic  salts. 

STEAItlNS.  Glyceric  Stcaraics.  Stearates  of  Glyceryl. — Stearic  ethers  formed 
from  glycerin,  (C^H^)"'.B['.0',  by  the  replacement  of  \,  |,  or  the  whole  of  the  typic 
hydrogen  by  the  monatomic  radicle  stearyl.  They  may  all  be  produced  artificially, 
by  heating  stearic  acid  with  glycerin ;  tristearin  is  also  a  constituent  of  most  of  the 
more  solid  fats  of  the  animal  and  vegetable  organisms. 

(C^ff)'"} 

MoNOSTEAEiN,  C^'H^-O'  =  C'»H^^o|-Ol    (Berthelot,  Ann.  Ch.  Phys.  [3]  xli. 

221.) — Prepared  by  heating  a  mixture  of  equal  parts  of  stearic  acid  and  glycerin  to 
200"-"  in  a  sealed  tube  for  36  hours,  then  leaving  it  to  cool.  On  opening  the  tube,  there 
is  found  floating  on  the  excess  of  glycerin,  a  solid  layer,  containing  monostearin  and 
iincombined  stearic  acid.  This  layer  is  melted,  mixed  with  a  small  qaiantity  of  ether, 
then  with  slaked  limo,  and  heated  to  130^  for  a  quarter  of  an  hour,  whereby  the  stearic 
acid  is  made  to  imite  with  lime.  The  monostearin  is  separated  by  exhatistion  with 
ether  and  spontaneous  evaporation. 

Monostearin  forms  very  small  white  needles,  aggregated  in  roundish  grains,  melting 
at  61°,  and  solidifying  at  60°  to  a  hard,  friable,  waxy  mass.  It  is  neutral  in  alcoholic 
solution ;  volatilises  without  decomposition  in  a  vacuum.  Very  slightly  soluble  in 
cold  other. 

Monostearin  decomposes  when  heated  in  a  tube,  with  formation  of  acrolein.  When 
it  is  heated  on  platinum-foil,  a  portion  evaporates,  while  the  rest  turns  yellow,  and 
buryis  with  a  white  veiy  luminous  flame.  Heated  with  fuming  hydrocJdoric  acid 
to  100°  in  a  sealed  tube  for  110  hours,  it  is  almost  wholly  resolved  into  glycerin 
and  stearic  acid.  A  trace  of  a  neutral  chlorinated  liquid  is  formed  at  the  same  time. 
Monostearin  is  decomposed  by  heating  for  some  hours  to  100°  with  moist  protoxide 
of  lead,  yielding  nearly  25  per  cent,  glycerin  (culc.  25-56  p.  c.  C'H'O^).  It  is  not 
decomposed  by  heating  to  100°  for  26  hours  with  alcoholic  acetic  acid. 
(C'ff)'"  1 

DiSTEAEiN,  C''H"0»  =  (C'»H550)40'.  (Berthelot,  foe.  «;;.)— Obtained :  1.  By 
H  3 

heating  monostearin  with  3  pts.  of  stearic  acid  to  260°  for  three  hours. — 2.  By  heating 
stearic  acid  with  an  equal  quantity  of  glycerin  to  100°  for  114  hours;  or  to  276°  for 
seven  hours. — 3.  By  heating  the  stearin  of  natural  fats  with  excess  of  glycerin  to  200° 
for  22  hours.  Separated  like  monostearin.  It  forms  white  microscopic  laminae,  which 
melt  at  68°,  and  solidify,  like  monostearin,  at  65°.  Obtained  in  needles  by 
spontaneous  evaporation  from  ether.  Neutral ;  decomposible  by  moist  oxide  of  lead 
at  100°. 

Tbisteaein,  C"H"°0^  =  (C"'H^sO)M  '^^^'^''^^^  Substance  cfrasse  of  Ch&vrevl. 
Suif  absolu  oi  3ra,connot.  Talgfett.  (Chevreul,  i?ecAcrcAcs  SMr  les  corps  gras. — 
Braconnot,  Ann.  Chim.  xciii.  225. — A.  Vogel,  ibid.  Iviii.  154. — Lecanu,  Ann.  Ch. 
Pharm.  xii.  25. — Liebig  and  Pelouze,  ibid.  xix.  264. — Eedtenbacher,  ibid.  xxxv. 
195. — Francis,  ihid.  xii.  254. — Arzbacher,  ibid.  Lsx.  239.- — Heintz,  see  Memoirs 
already  cited  (iii.  1069).— Duffy,  Chem.  Soc.  Qu.  J.  v.  197,  303.— Berthelot,  Ann. 
Ch.  Phys.  [3]  xli.  216,  432  ;  xlvii.  297  ;  also  Chimie  organique,  ii.  52  et.  scq. — 
H.  Kopp,  Ann.  Ch.  Pharm.  xciii.  194. — Bonis,  Compt.rend.  xlv.  35  ;  Jahresb.  1857, 
p.  357. — Bonis  and  Pimentel,  Compt.  rend.  xliv.  1355;  Jahresb.  1857,  p.  356. — 
Gm.  xvii.  118.) — This  compound  was  first  prepared,  though  in  an  impure  state,  by 
Che-\Teiil ;  purer  by  Braconnot.  Berthelot's  researches  have  demonstrated  the  identity 
of  the  stearin  of  natural  fats  with  tristearin.  It  occurs  in  many  fats,  especially  in  the 
solid  tallows  and  lards  of  the  animal  kingdom  (p.  413). — The  stearophanin  of  Francis 
is  also  resolved  by  saponification  into  stearic  acid  and  glycerin,  but  differs  widely  from 
tristearin  in  its  melting-point  (p.  426). 

Preparation. — Monostearin  is  heated  for  three  hours  with  15  to  20  times  its  weight 
of  stearic  acid  to  270°  in  a  sealed  tube,  and  the  product  is  purified  in  the  same  manner 
as  monostearin  (Berthelot).  Heintz  (Ann.  Ch.  Pharm.  xcii.  300)  heats  stearic  acid 
with  glycerin  to  200°  for  24  hours,  in  a  sealed  tube  filled  with  carbonic  anhydride; 
the  tube  is  then  opened ;  the  glycerin  decanted ;  the  free  stearic  acid  removed  by 
treatment  with  ether  and  lime  ;  and  the  mass  of  giycerides  dissolved  out  by  boiling 
ether.  The  mixture  thus  obtained  already  contains  monostearin,  and  may  be  converted 
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into  tristearin,  by  heating  to  270°  for  eight  hours  with  a  largo  excess  of  stearic  acid  ; 
the  uncombined  stearic  acid  may  then  be  removed  as  before,  and  the  tristearin  dissolved 
out  by  hot  ether. 

Chevreul's  stearin  is  obtained,  by  dissolving  mutton-suet  in  boiling  alcohol,  and 
rocrystallising  the  fat,  which  separates  out,  till  the  melting-point  becomes  constant. 
Purer  than  this  is  Braconnot's  stearin,  obtained  by  repeatedly  melting  mutton-suet 
with  oil  of  turpentine :  still  purer  is  that  of  Leeanu,  who  melts  mutton-suet  in  the  water- 
bath,  adds  an  equal  quantity  of  ether,  stirring  all  the  while  ;  presses  the  fat  when 
cold,  and  recrystallises  it  till  the  melting-point  rises  to  62°.  Above  this  temperature 
the  melting-point  docs  not  appear  to  be  raised  by  repeated  crystallisation  from  small 
quantities  of  ether;  but  it  may  still  be  raised  by  repeated  crystallisation  from  10  to 
100  times  its  volume  of  ether.  After  32  crystallisations  thus  performed,  the  melting- 
point  rises  to  09-7°  (Duffy)  ;  but  the  fat  thus  treated  is  still  a  mixture  of  tristearin 
and  tripalmitin  (Hcintz),  as  shown  by  its  melting-point,  and  by  that  of  tlie  acids 
( --=  66-0°)  separated  from  it  by  saponification.  The  melting-points  of  the  fatty  acids 
obtained  by  saponifying  different  varieties  of  stearin,  are  as  follows : — 

Chevreul's  stearin,  solidifying  at  44°,  yields  fatty  acids  melting  at  53° 
Braconnot's    „  „  61°  „  „  62-3° 

Lccanu's         „  „  62°  „  „  66° 

LiebigandJ  60-62°     „  „  61-65° 

JrelouzesJ  ' 

Heintz's         „  „  62°  „  „  64° 

From  brindonia-t-allow,  according  to  Bonis  and  Pimentel,  pure  tristearin  may  l)o 
separated  by  recrystallisation,  jaelding  by  saponification  an  acid  having  the  melting- 
point  of  stearic  acid. 

Properties. — Tristearin  forms  white,  pearly,  shining  nodules,  together  with  very  fine 
needles  (Bouis  and  Pimentel) ;  small  pearly  laminae,  resembling  spermaceti  or 
stearic  acid  (Leeanu).  Inodorous  ;  tasteless;  neutral.  Volatile  without  decomposition 
in  a  vacuum  (Chevreul).  A  non-conductor  of  electricity.  (Rousseau,  J.  Pharm. 
ix.  587.) 

The  stearin  of  the  natural  fats,  as  well  as  that  artificially  prepared,  exhibits  two 
(or  three)  different  melting-points,  since  when  heated  it  first  becomes  fluid  and  trans- 
parent ;  afterwards,  when  fiu-ther  heated,  again  solid  and  opaque ;  and,  lastly,  a  second 
time  fluid  (Heintz,  Duffy,  Kopp).  It  expands  when  heated,  but  on  first  melting 
imdergoes  a  contraction  of  about  2^  per  cent. ;  near  its  second  melting-point  it  again 
expands,  and  at  the  moment  of  melting  increases  about  5  per  cent,  in  volume  (Kopp). 
Tallow-stearin  melts  first  at  51 — 62  ',  and  the  second  time  at  62°  ;  at  58°  it  is  quite 
opaque  (Heintz).  With  purer  or  less  pure  tallow-stearin  somewhat  different  teni- 
peratm'es  are  observed. 

This  phenomenon  is  not  produced  by  the  splitting-up  of  tristearin  into  distearin 
and  free  acid,  inasmuch  as  alcohol  of  56°  takes  up  no  stearic  acid  therefrom  (Heintz). 
According  to  Duff\',  it  is  to  be  explained  by  the  hypothesis  of  tliree  modifications  of 
stearin.    (Glyceridi-s,  ii.  879.) 

a.  First  modification. — Produced  when  stearin  melting  at  69'7°  is  heated  to  73'7° 
or  higher,  and  then  cooled,  when  it  solidifies  only  at  51-7°.  It  is  solid  below  52°, 
but  melts  at  that  temperature,  passing  into  the  second  modification.  Shining  nodules 
of  specific  gravity  0-9867  at  15°,  0-9600  at  51-5°  (Duffy),  0-987  at  10°.  (H.  Kopp.) 

;8.  Second  modification. — Produced  by  heating  stearin  of  the  first  modification  to 
52°,  or  a  few  degrees  higher,  for  some  time,  until  the  fused  mass  has  again  become 
solid.    Lamellar,  melting  at  64-2°.    Specific  gravity  =  1-0101  at  15°.  (Duffy.) 

y.  Third  modification.  —Forms  the  crystals  of  stearin  which  separate  from  ether. 
It,  is  also  formed  when  stearin  is  heated  to  65°  or  66°,  after  which  it  solidifies  slowlv, 
at  62— 63°,  to  an  opaque,  friable,  highly  crystalline  mass,  and  melts  again  only  at 
69-7°.  Specific  gravity  at  15°  =  1-0179;  at  51-5°  =  1-009;  at  65-5°  =  0-9931;  at 
68-2°  =  0-9746.  (Duffy.) 

The  specific  gravity  of  melted  stearin  at  65-5°  is  0-9245  (Duffy).  DuflTy's  second 
modification  is  not  obtained  from  pm-e  stearin,  which,  however,  contains  the  first  and 
third  modifications,  even  after  several  recrystallisations  ;  it  is,  therefore,  not  to  be 
regarded  as  pure  stearin  (Heintz).  Tallow-stearin,  melting  at  60°,  possesses  at  50°, 
in  the  first  modification,  a  volume  =  r031,  and  after  passing  into  the  second  modifi- 
cation a  volume  =  1-OOS,  the  volume  at  0°  being  =  1  ;  its  volume  increases  to  r076 
at  tlie  melting-point,  and  on  molting  to  1-127.    (H.  Kopp.) 

Melted  stearin  solidifies  on  cooling  to  a  very  indistinctly  crystalline  mass  (Heintz); 
to  a  blistered  mass,  which  exhibits  transparent  and  dead-white  portions  (Bouis  and 
Pimentel).    The  temperature  of  melted  stearin  falls  several  degrees  below  the 
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solidifying-point  before  the  mass  becomes  solid,  but  rises  again  during  solidification 
to  44°  (Chevreul),  54°  (Lecanu);  it  forms  a  semitransparent  mass,  having  an 
even  surface,  the  central  part  of  which  ultimately  solidifies  in  radiated  crystals. 
(Chevreul.) 

The  percentage  composition  of  tristearin  is  as  follows  : — 


Calculated^  ChevretiU       Lecanu.  Liebig  and  Pelouze. 


C"  , 

.  684 

76-85 

77-7 

76-91 

74-52  to  76-09 

H"»  . 

.  110 

12-36 

11-8 

12-39 

12-39 

,  12-32 

0«  . 

.  96 

10-79 

10-5 

10-70 

890 

100-00 

100-00 

100-00 

Arzbacher. 

Duffy. 

Heintz. 

Berthelot. 

b. 

b. 

c  . 

.  76-51 

77"l2 

76-32 

76-87 

76-74 

76-50 

75-8 

H  . 

.  12-28 

12-30 

12-32 

12-20 

12-42 

12-41 

12-4 

0  . 

.  11-21 

10-58 

11-36 

10-93 

10-84 

11-09 

11-8 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-0 

Berthelot  analysed  artificially-prepared  tristearin.  The  stearin  of  beef-suet  contains, 
according  to  Ai-zbacher,  78-74  per  cent.  C;  but  Heintz  (b)  and  Duffy  (e)  found  it  to 
have  the  same  composition  as  that  from  mutton-suet.  Duffy  examined  stearin  nielting 
(a)  at  62-5°  and  (b)  at  69-7°.  The  formula  of  tristearin  was  deduced  by  Berthelot  from 
tlie  combining  proportions  of  glycerin  with  acids  (Ethees,  ii.  519;  Glycehides,  ii.  877), 
Duffy  having  previously  shown  that  in  the  foi-mation  of  1  at.  stearic  acid  from  stearin 
1  at.  carbon  is  eliminated.  Berthelot's  formula  alone  expl-ains  how,  in  the  saponifica- 
tion of  stearin,  the  undermentioned  amounts  of  glycerin  and  acid  are  produced. 

Stearin  is  not  perceptibly  soluble  in  alcohol  of  30°  B.,  nor  even  in  alcohol  of  97  per 
cent.,  in  the  cold  ;  it  dissolves  abundantly  in  hot  alcohol,  and  separates  in  flocks  on 
cooling  (Lecanu).  100  pts.  of  boiling  alcohol,  of  specific  gravity  0-795,  dissolve 
15-04  to  16-07  pts.  of  Chevreul's  tallow-fat  from  mutton-suet;  15-48  pts,  of  that 
from  beef-suet;  18-25  from  hog's-lard  ;  and  36  from  goose-fat.  100  pts.  of  boiling 
alcohol  of  specific  gravity  0-805,  dissolve  6-63  pts.  of  tallow-fat;  100  pts.  of  specific 
gravity  0-822  dissolve  1-45  of  the  tallow-fat  of  butter,  which  is  deposited  almost  entirely 
on  cooling  (Chevreul).  Stearin  precipitated  from  an  alcoholic  solution  retains  alcohol 
even  after  prolonged  fusion.  (Saussure.) 

Stearin  dissolves  very  freely  in  boiling  et/icr,  which  retains  j^jth  on  cooling  (Lecanu). 
It  dissolves  in  hot  acetone  more  freely  than  in  cold,  and  is  precipitated  on  cooling,  or 
by  the  addition  of  water  (Chenevix).  It  is  easily  soluble  in  volatile  oils,  and  mixes 
with  melted  camphor,  aud  with  drying  and  oil-fat.  A  solution  of  1  pt.  of  stearin  in 
160  pts.  almond-oil  deposits  white  flocks  of  stearin  when  mixed  with  170  pts.  of 
ether ;  it  is  therefore  not  rendered  more  soluble  in  ether  by  admixture  -with  a  fatty  oil. 
(Lecanu.) 

Decompositions. — 1.  Stearin  yields  by  dry  distillation  the  products  of  decomposition  of 
stearic  acid  and  of  glycerin — viz.,  carbonic  anhydride,  gaseous  and  liquid  hydrocarbons, 
acrolein,  acetic  acid,  water,  and  free  carbon  ;  part  of  it,  however,  passes  over  unaltered. 
The  hydrocarbons  boil  between  190°  and  245°,  and  are  polymeric  with  ethylene 
(Gerhardt). — 2.  Pure  stearin  does  not  alter  by  exposure  to  the  air,  and  impiu-e 
stearin  probably  turns  rancid  only  when  it  contains  olein  or  drj'ing  oil.  (Chevreul.) 

3.  Tristearin  is  easily  saponified  by  alkalis,  lead-oxide,  and  other  bases,  yielding 
stearic  acid  (melting  at  70°)  and  glycerin,  1  at.  of  pure  tristearin  yielding  3  at.  stearic 
acid,  and  1  at.  glycerin  : 

Pure  tristearin  from  Brindonia  indica  yielded  95'7  per  cent,  stearic  acid ;  artificial 
stearin  yielded  95-5  per  cent,  stearic  acid,  and  10-2  glycerin  dried  in  vacuo  (Heintz): 
the  quantities  required  by  calculation  are  95-7  stearic  acid,  and  10-3  glycerin;  the 
purity  of  the  substance  and  the  correctness  of  the  formula  are  therefore  fully  proved. 

4.  A  solution  of  sodium-ethylate  in  absolute  alcohol  decomposes  stearin  when  heated, 
yielding  sodic  and  ethylic  stearate,  together  with  glycerin:  in  like  manner,  with 
sodium-amylate,  it  yields  amylic  stearate  (p.  421). 

5.  A  solution  of  dry  ammonia-gas  in  absolute  alcohol  does  not  act  on  stearin,  even 
after  prolonged  boiling. 

6.  Ilroinine  and  chlorine  decompose  stearin,  forming  subs'. itution-products,  which  are 
softer  and  more  soluble  than  stearin  itself.  The  chlorine-compound  contains  21-2  per 
cent,  chlorine ;  the  bromine-compound  35-9  bromine.  (Lefort,  J.  Pharm.  [3],  xxv. 
24.) 
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7.  Stearin  mixed  with,  pancreatic  juice  yields  an  emulsion  in  which  the  whole  of  tlie 
stearin  is  resolved  into  stearic  acid  and  glycerin,  on  standing  for  a  day  or  two  at  a 
temperatui-e  of  30 — 40°.    (Bernard;  Berthelot.) 

{cmT))  ci 

STEABOCHlORHYDKlir.    C='H"C10'   =  C"^H"0  V      .— Produced  by 

passing  hydrochloric  acid  gas  for  some  time  into  a  mixture  of  stearic  acid  and  glycerin 
heated  to  100^.  After  being  left  to  settle,  then  washed  with  sodic  carljoiiate,  and 
repeatedly  dissolved  in  ether,  it  forms  a  solid  mass  melting  at  28°.  (Berthelot.) 

STEABOGS.UCOSE.  Gliicic  Stcarafe  (p.  421).  C"H™0'  =  2C"'H™0-  + 
CH'-O"  —  3H-'0. — A  saccharide  produced  by  heating  stearin  with  certain  kinds  of 
sugar.  To  prepare  it,  a  mixture  of  stearin  and  anhydrous  glucose  is  heated  to  120° 
for  fifty  or  sixty  hours,  and  the  product  is  pui'ified  by  ether  aud  lime,  lilie  monostearin 
(p.  422).  Cane-sugar  and  trehalose  also  yield  the  same  compound  ;  when  trehalose  is 
employed,  the  mixture  may  be  heated  to  180'-'.  Small  quantities  are  obtained  likewise 
from  stearin  and  starch  at  180°,  and  from  stearin  and  woody  fibre  at  200°. 

It  forms  microscopic  fine  granules,  or  a  white  fusible  mass  resemliling  stearin.  It 
is  neutral.  It  assiaues  with  oil  of  vitriol  a  reddisli  colour,  quickly  changing  to  violet 
and  black.  It  reduces  potassio-cupric  tartrate;  is  decomposed  by  treatment  witli 
warm  alcoholic  hydrochloric  acid,  with  formation  of  glucose,  humus-substances,  and 
ethylic  stearate.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ix.  95.) 

STEAROCOITOTE  (from  (rreaj,  tallow ;  aud  k6vis,  powder).— The  name  applied 
by  Couerbo  to  a  fatty  substance,  wliicli  lie  obtained,  together  with  others,  from  the 
brain,  by  exhaustion  with  elher  and  then  with  boiling  alcohol.  It  is  described  as  a 
yellow-brown  pulverulent  fat,  insoluble  both  in  alcohol  and  ether,  unless  fixed  oils  are 
also  present,  in  wliich  case  it  dissolves  in  etlier ;  hence  it  is  dissolved  out  of  the  brain 
by  ether,  and  on  evaporating  the  solution  to  dryness,  and  exhausting  with  alcohol, 
cophalote  (i.  822)  dissolves,  and  stearoconote  remains  beliind.  According  to  Couerbe, 
it  contains  both  sulphur  and  phosphorus.  According  to  Fremy,  however,  it  is  not  a 
definite  substance,  but  a  mixture  of  brain-albumin,  oleopliosphates,  and  cerebric 
acid ;  and  according  to  the  more  i-ecent  investigations  of  v.  Bibra  and  W.  Miiller,  all 
the  substances  found  in  the  brain  by  Couerbe  and  Fremy  are  chiefly  mixtm-es  of 
different  fatly  acids.  The  presence  of  sulphur  and  phosphoms  in  tliesc  fats  appears 
very  doubtful.    (See  Nervous  Tissue,  iii.  32  ;  also  Handw.  d.  Clicm.  viii.  226). 

STEAROIiAURETIfT.  The  name  applied  by  Grosourdi  (J.  Chim.  M&l. 
[3]  vii.  257)  to  a  solid  fat,  which  separates,  on  standing  at  +  10°,  from  the  oil 
obtained  by  warm  pressure  from  the  pericarp  of  bay-berries  (tlie  fruit  of  Laurus  nohilis). 
It  forms  warty  masses,  but  has  not  been  fui'ther  examined. 

STEAKOXiAURXIT.  Grosouxdi's  name  for  a  fat  deposited,  on  standing  at 
^-  10°  to  +  4°,  from  the  oil  obtained  by  warm  pressui'e  from  the  shelled  seeds  (cotyle- 
dons) of  tlie  fruit  of  Laurus  iiobilis.    It  forms  a  yellowish-white  mass. 

STEABONE.  C^H'^O  =  C'»H"O.C"H^^  (Bussy,  Ann.  Ch.  Pharm.  ix.  269. 
— Redtenbaelier,  Hiid.  xxx^'.  57. — Varrcntrapp,  ibid.  xxxv.  80. — Rowney, 
Chem.  Soc.  Qu.  J.  vi.  97. — Heintz,  Pogg.  Ann.  xciv.  272;  xcvi.  65.) — This  body,  the 
ketone  of  stearic  acid,  is  produced  by  the  dry  distillation  of  stearic  acid,  or  more 
abundantly  by  that  of  calcic  or  plumbic  stearate.  To  purify  it,  the  solid  distillate  is 
boiled  with  water,  the  finely  pulverised  residue  is  heated  with  ether  to  the  boiling- 
poiut,  and  after  cooling,  collected  on  a  filter  and  again  treated  with  ether :  pure  stearine 
then  remains  behind.  (Heintz.) 

The  substance  described  as  margarono  by  Bussy, Redtenbacher,  and  Varrentrapp, 
and  obtained  by  the  distillation  of  impure  stearic  acid,  was  a  mixture  of  stearone  and 
palmitone  ;  Rowney's  steareno  (p.  412)  is  doubtless  also  impure  stearone. 

Pure  stearone  forms  delicate,  pearly,  microscopic  laminae  vei-y  strongly  electric.  It 
is  slightly  soluble  in  boiling  alcohol,  and  separates  almost  entirely  on  cooling ;  nearly 
insoluble  in  cold  and  very  slightly  soluble  in  boiling  ether.  It  melts  at  87-8°. 
(Heintz.) 

Bromostearonrs. — Melted  stearone  treated  with  excess  of  bromine,  gives  off  liydro- 
bromic  acid,  and  is  converted  into  a  red  oily  liquid,  which  solidifies  on  agitation  -n-ith 
water,  and  when  washed  with  aqueous  ammonia  and  then  with  cold  alcohol,  and 
repeatedly  cry.stallised  from  ether,  yields  d i bromost earon e,  C^^H^Br-O,  in 
laminar  crystals  which  melt  at  72°,  and  are  moderately  soluble  in  cold  ether. 

By  the  further  action  of  bromine  on  stearone,  a  very  fusible  substance  is  formed 
probably  a  more  highly  bromiiiated  product. 

STEAROPBANZC  ACXS.    Stearic  acid  from  cocculus-grains  (p.  413). 
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STEAROPHA.XrXXI'.  The  glyceride  obtained  from  cocculus-grains.  It  agrees 
with  tristearin  in  nearly  all  its  properties,  but  was  found  by  Praneis  to  melt  at  a 
much  lower  temperature,  viz.  at  35°  to  36°,  doubtless  in  consequence  of  the  admixture 
of  fats  of  lower  melting-point. 

STEAROPTENES.  The  more  solid  constituents  of  essential  oils.  (See  Oils, 
iv.  184.) 

STEABOVXi,  Weltzien's  name  for  the  hydrocarbon  C"H'*,  which  may  be 
supposed  to  exist  in  stearone,  regarding  it  as  (C'^ff*)^0. 

STEARVX..    CH'^O.— The  radicle  of  stearic  acid,  &c. 

STBATIU.    Syn.  with  Ceeebkote  (i.  830). 

STEATITE.  A  mineralogical  term  used  synonymously,  sometimes  with  Soap- 
stone  (p.  324),  sometimes  with  Taxc  (j.?'.). 

STEATOXS.  A  name  applied  to  serpentine  occurring  in  pseudomorphs  at 
Snarum  in  Norway. 

STEEXi.  Acier.  Staid. — The  particular  kind  of  metallic  iron  to  which  this  name  is 
applied  possesses  characters  which  render  it  to  some  extent  intermediate  between  cast- 
iron  and  what  is  commonly  known  as  malleable  iron,  while  it  is  distinguished  from 
both  by  the  capability  of  acquiring  very  considerable  hardness  when  heated  and  sud- 
denly cooled,  and  of  becoming  soft  again  when  heated  and  allowed  to  cool  slowly. 
Steel  is  generally  hardened  by  plunging  it  while  hot  into  water,  oil,  mercury,  or  some 
other  liquid.  The  greater  the  reduction  of  temperature,  and  the  more  rapidly  it  takes 
place,  the  greater  is  the  degree  of  hardness  produced.  Steel  raised  to  a  white  heat 
and  then  immersed  in  cold  mercury,  acquires  a  degree  of  hardness  nearly  equal  to  that 
of  the  hardest  white  cast-iron,  or  even  of  diamond.  It  is  then  also  extremely  brittle.  By 
heating  such  hardened  steel  again,  and  allowing  it  to  cool  gradually,  it  becomes  softer  and 
less  brittle.  It  is  in  virtue  of  this  capability,  which  is  one  of  the  most  distinctive  charac- 
ters of  steel,  that  various  degrees  of  hardness  may  be  communicated  to  it,  by  regulat- 
ing the  temperature  to  which  the  hardened  metal  is  heated  before  being  allowed  to 
cool  gradually,  or  to  which  the  soft  metal  is  heated  before  being  suddenly  cooled. 
Steel  tools  and  instruments  are  made  and  finished  while  the  metal  is  in  the  soft  state, 
and  the  requisite  degree  of  hardness  is  given  to  them  as  above  described.  This 
operation  is  called  tempering  {tremper ;  anlassen).  The  degrees  to  which  the  metal 
requires  to  be  heated,  in  order  to  acquire  diiFerent  degrees  of  hardness,  are  indicated 
by  the  colours  which  it  assumes  when  heated,  and  which  are  due  to  the  formation  of 
an  extremely  thin  film  of  oxide  on  the  surface.    They  are  as  follows  : — 


Temperature.  Colour. 

220°C.  .  Faint  yellow  .  .    for  surgical  instruments. 

230     .  .  Straw-yellow  .  .    for  razors,  penknives,  &c. 

255     .  .  Brownish-yellow  .    for  scissors,  hard  chisels. 

265     .  .  Purple  spots  .  .    for  axes,  knives. 

277     .  .  Purple       .  .  .for  table-knives. 

288     .  .  Pale-blue  .  .  .for  sword-blades,  watch-springs. 

293     .  .  Dark-blue  .  .    for  fine  saws,  boring  tools. 

316     .  .  Blackish-blue  .  .    for  hand-saws. 


The  distinction  between  steel  and  cast-iron  or  malleable  iron  is  not  by  any  means 
absolute,  but  consists  rather  in  the  degree  to  which  considerable  hardness,  or  the 
capability  of  acquiring  that  character,  is  associated  with  tenacity  and  malleability. 
Accordingly,  there  are  numerous  varieties  of  steel  ajiproxi mating  more  or  less  to  cast- 
iron  or  to  malleable  iron.  Together  with  such  differences  in  the  nature  and  qualities 
of  steel,  it  has  generally  been  found  that  there  are  corresponding  differences  in  the 
amount  of  carbon  the  metal  contains  ;  the  closer  the  approximation  to  malleable  iron, 
the  smaller  is  the  amount  of  carbon  in  the  metal,  and  the  reverse.  When  the  amount 
of  carbon  is  less  than  about  0'65  per  cent-.,  the  capability  of  being  tempered  is  either 
wanting  or  very  slight.  When  it  amounts  to  175  per  cent.,  the  metal  is  capable  of 
being  made  very  hard,  but  its  tenacity  is  much  reduced.  The  capability  of  being 
hardened  and  tempered  is  combined  with  the  maximum  tenacity  when  the  carbon 
amounts  to  about  1-5  per  cent.  The  opinion  that  these  characters  of  steel  are  inti- 
mately connected  with  the  amount  of  carbon  it  contains  has  long  been  entertained  ; 
but  it  is  still  uncertain  in  what  manner  these  facts  are  related. 

Among  the  various  substances  which  are  frequently  present  in  metallic  iron  as 
impurities,  those  which  appear  to  be  most  prejudicial  to  the  quality  of  steel  are  sulphur 
and  phosphorus. 

The  fact  that  certain  iron-ores  containing  manganese  are  especially  suitable  for  the 
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proJuotiun  of  steel,  has  given  rise  to  the  opinion  that  this  metal  was  a  necessary 
constituent  of  good  steel ;  but  it  is  rarely,  if  ever,  the  case  that  steel  contains  manga- 
nese, and  whatever  beneficial  influence  the  presence  of  this  metal  may  exercise  in  the 
manufacture  of  steel,  would  appear  to  be  of  a  totally  different  nature. 

The  presence  of  chromium,  nickel,  or  rhodium  in  steel  is  said  to  improve  its  quality, 
but  the  data  on  which  the  opinion  is  founded  are  somewhat  insufficient. 

The  results  of  observations  on  the  influence  of  silver  upon  steel  are  discordant. 
Titvgstcn  and  titanium  have  been  st-ated  to  improve  the  quality  of  steel,  but  further 
ex|)erience  is  requisite  in  regard  to  this  question. 

The  presence  in  steel  of  a  minute  amount  of  nitrogen  as  a  necessary  constituent  has 
been  alleged  byFr^my;  but  Marchand,  Eammelsberg,  and  Boussingault 
have  failed  to  detect,  by  their  analyses,  any  greater  indications  of  nitrogen  than 
might  be  fairly  referred  to  accidental  sources.  Caron  infers,  from  his  observations, 
that  if  steel  contains  nitrogen,  it  is  not  as  an  essential  constituent.  Similar  results 
have  been  obtained  by  Stuart  and  Baker.    (Chem.  Soc.  .T.  [2],  ii.  390.) 

The  colour  of  steel  is  greyish-white,  sometimes  almost  pure  white,  and  the 
hardened  metal  is  somewhat  whiter  than  the  soft  metal.  The  lustre  of  steel  is  not 
remarkably  different  from  that  of  malleable  iron.  The  surfaces  of  fracture  present  a 
very  fine  granular  texture,  very  uniform,  and  without  any  of  the  fibre  characteristic  of 
good  malleable  iron.  The  fracture  of  hardened  steel  presents  a  remarkably  close  fine- 
grained texture.  Steel  is  always  harder  than  malleable  iron,  but  it  is  never  so  haixl 
as  that  kind  of  white  cast-ii'on  known  as  "  Spiegelcisen."  The  tenacity  of  steel  is 
greater  than  of  either  cast-iron  or  malleable  iron,  or  indeed  of  any  other  metal.  Accord- 
ing to  the  experiments  of  Mussch  on  brock  and  Rennie,  it  is  at  least  twice  as  great 
as  that  of  malleable  iron.  It  is  slightly  I'educed  by  hardening,  but  by  annealing  the 
metal  its  tenacity  is  rendered  even  greater  than  that  of  the  unliardened  steel. 


Tenacity  or  Tensile  Strength  of  Steel. 


Kind  of  steel. 

Lengthwise 
iu  iiounds. 

Crosswise 
per 

Ultimate 
extensinn 

Authority. 

square  inch 

lengtii 

cross. 

Shear  steel  bars  rolled  and  forged 
Puddled  steel  bars  rolled  and  forged 
Cast-steel  bars  rolled  and  forged 

Puddled  steel  plates  . 

]  18,468 
90,000 

130,000 
j  102,593 
j  71,532 

85,365 
67,686 

0-135 

■028 
•082 

■013  > 
•057  ( 

Napier 

Fairbairn 

Kennie 

Napier 

Cast -steel  plates 

<  94,289 
j  75,594 

96,308 
69,082 

•057 
•198 

•096/ 
■196{ 

See  Kirkald)-,  Trans.  Institut.  Engineers  in  Scotland,  1858-9;  and  Tensile  Strength 
of  Wrought  Iron  and  Steel  (London,  1862) ;  also  Fairbairn,  Brit.  Assoc.  Report,  1866. 

The  malleability  of  soft  steel  at  the  ordinary  atmospheric  temperature  is  even  less 
than  that  of  hard  east-iron.  Hardened  steel  is  very  brittle,  and  will  not  bear  working 
Willi  the  hammer.  The  malleability  of  steel  is,  however,  considerably  increased  when 
the  iiielal  is  heated. 

Tlic  specific  gravity  of  soft  steel  varies  between  7'6224  and  7-8131  (Karsten). 
It  is  somewhat  reduced  by  hardening  the  metal ;  viz.  from  7'75  to  7^55(Rinnian),  7-79 
to  7'67  (Pearson). 

The  specific  heat  of  steel  is  0-11848  (Regnault).  Its  linear  expansion,  when  heated 
from  0°  to  100'^  C,  is  scarcely  greater  than  that  of  malleable  iron,  but  less  than  that  of 
cast-iron  (Davy).  By  heating  from  summer  heat  to  red  heat,  a  steel  bar  lengthens 
about  malleable  iron  jji^,  and  cast-iron  ^ ;  by  heating  to  -n'hiteness,  steel  lengthens 
i%  malleable  iron  j.^,  and  cast-iron  (Rinman.) 

When  steel  is  heated  to  whiteness,  it  becomes  soft  like  malleable  iron,  under  the 
same  condition,  and  is  then  capable  of  being  wi-ought  and  welded  not  only  to  steel, 
but  also  to  malleable  iron.    It  welds  at  a  lower  temperataire  than  iron  does. 

The  melting-point  of  steel  is  between  that  of  cast-iron  and  that  of  malleable  iron, 
and  is  probably  about  1800°  C.  The  fusibility  of  steel  is,  however,  influenced  by  the 
amount  of  carbon  it  contains. 

Steel  is  less  snsceptilile  of  magnetic  iudiiction  than  pure  iron;  but  it  far  exceeds 
iron  in  the  capability  of  becoming  permanently  magnetic,  for  whicli  reason  it  is 
generally  used  for  making  magnets  (iii.  761). 

Steel  is  oxidised  much  less  readily  than  malleable  iron  by  exposure  to  the  aimo- 
sphcro  at  the  ordinary  temperature,  especially  when  it  is  polished  and  clean.  AVhen 


428 


STEEL. 


gradually  heated  in  contact  vith  atmospheric  air,  it  acquires,  as  the  temperature  riaes, 
a  succession  of  colours  at  the  surface,  from  faint  yellow  to  blackish-Wue.  At  360°  C. 
all  colour  disappears  ;  but  if  the  heat  be  raised  still  further,  the  colours  reappear 
in  the  same  order,  more  faintly  than  at  first.  The  coloration  is  due  to  an  incipient 
oxidation,  and  the  succession  of  colours  is  caused  by  the  increasing  thickness  of  the 
film  of  oxide,  as  in  Newton's  rings  it  is  caused  by  the  unequal  thickness  of  a  layer 
of  air. 

Hardened  steel  is  dissolved  by  acids  less  readily  than  soft  steel.  With  dilute 
hydrocliloric  or  sulphuric  acids,  soft  steel  gives  a  larger  amount  of  the  black  graphitic 
substance  which  is  attracted  by  the  magnet,  than  malleable  iron  does.  By  the  con- 
tinued action  of  the  acid,  this  substance  is  converted  into  a  carbonaceous  mass,  which 
burns  without  leaving  any  residue,  as  in  the  case  of  malleable  and  cast-iron.  With 
dilute  nitric  acid  this  substance  is  not  separated  from  soft  steel.  Concentrated  hydro- 
chloric acid  dissolves  soft  steel  completely  without  residue. 

Manufacture  of  Steel. 

By  smelting  very  rich  and  pure  iron-ores  with  charcoal  in  a  bloomery,  much  in  the 
same  way  as  that  described  under  the  head  of  Iron  (iii.  344),  steel,  or  a  kind  of  steely 
iron,  may  be  produced  direct  from  the  ore  ;  but  this  method  of  manufacture,  though 
much  practised  formerly,  and  still  followed  to  some  extent  at  a  few  places,  has  long 
been  superseded  by  others.  Steel  is  now  generally  produced  indirectly,  either  by 
carbonising  bars  of  malleable  iron,  or  by  partially  decarburising  cast-iron.  The  steel 
produced  by  the  former  method  is  called  Cement  Steel  {acier  de  cementation ;  Brennstahl) ; 
that  produced  by  the  latter  method  is  called  Natural  Steel  {acicr  de  forge ;  Eokstahl), 


Fig.  777. 


Fig.  778. 


when  the  decarburation  is  effected  in  a  finery  hearth  or  forge  similar  to  that  used  in  the 
manufacture  of  malleable  iron  (see  iii.  345).    But  cast-iron  is  also  converted  into  steel 
p.  bypuddling,  an  1  by  the  direct  action 

' '  •  of  atmospheric  air  on  the  melted 

metal,  according  to  the  method 
lately  introduced  by  Bessemer. 

1.  Cabburation  Method  :  Ce- 
mentation.— This  method  of  produ- 
cing steel  is  based  upon  the  fact  that, 
when  malleable  iron  i-s  heated  in 
contact  with  charcoal  or  other  car- 
bonaceous substances,  and  without 
^  access  of  air,  to  a  temperature  somo- 

"^^^^^  what  below  its  m-elting-point,  car- 
bon is  absorbed  by  the  metal. 

The  iron  used  for  producing  steel 
in  this  way  must  be  of  the  best 
quality,  and  free  from  the  impurities 
whicli  have  already  been  men- 
tioned as  prejudicial  to  steel  (see 
ante,  p.  426).  The  cement  or  carburising  material  used  is  coarsely-powdered  charcoal, 
sometimes  mixed  with  horn-shavings,  ferrocyanides,  and  similar  substances. 

The  furnaces  in  whicii  the  operation  is  conducted,  somewhat  resemble  glass-house 
furnaces,  as  shown  hy  figs.  777,  778,  and  770,  and  they  are  arranged  so  that  a  uniform 
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temperature  may  be  kept  up  in  them  for  several  days.  The  bars  of  iron  are  placed  in 
the  rectangular  chambers  C  C,  and  imbedded  in  charcoal-powder.  These  2m/s  {caisscs  ; 
Kastcii)  are  then  closed  with  a  layer  of  loam,  and  the  lieat  gradually  raised,  during 
some  three  or  four  days,  to  the  maximum  degree,  wliich  is  maintained  two  or  throe 
days  longer,  the  progress  of  the  operation  being  ascertained  by  drawing  out  a  bar  and 
testing  it.  When  the  conversion  of  the  iron  into  steel  is  completed,  tlie  furnace  is 
allowed  to  cool  gradually,  and  the  charge  is  taken  out.  The  surfaces  of  the  bars  of 
steel  are  covered  with  niimerous  small  blisters,  for  which  reason  it  is  called  Blister  Steel 
(acier  2>oidc ;  Blasensiahl). 

The  mode  in  which  steel  is  produced  by  cementation  is  still  but  imperfectly  under- 
stood. For  a  long  time  it  was  supposed  that  the  iron  combined  directly  with  carbon  in 
the  solid  state  ;  but  it  is  more  probable  that  tlie  conversion  of  the  iron  into  steel  is 
effected  indirectly  by  gaseous  carbon-compounds,  such  as  carbonic  oxide  and  hydro- 
carbons. At  a  sufficiently  high  temperature,  carbonic  oxide  yields  part  of  its  carbon 
to  iron,  and  is  converted  into  carbonic  acid,  while  marsh-gas  and  olefiant  gas  are 
decomposed  in  like  manner  by  iron,  yielding  carburetted  iron  and  hydrogen.  Some 
years  ago,  Macintosh  proposed  to  manufacture  steel  by  heating  bar-iron  in  an  atmo- 
sphere of  coal-gas ;  and,  though  this  method  has  not  come  into  use,  good  steel  can  be 
made  by  it,  if  the  gas  used  for  the  purpose  be  free  from  sulphur.  Animal  charcoal, 
horn-shavings,  ferroej'anides,  &c.,  are  sometimes  mixed  with  the  chaiToal-powder  used 
in  producing  steel  by  cementation,  and  these  substances  facilitate  the  conversion, 
chiefly  by  yielding  gaseous  carbon-compounds. 

2.  Decakhuration  Methods. — In  all  these  methods  the  abstraction  of  carbon  from 
the  cast-iron,  and  its  conversion  into  steel,  is  effected  by  the  oxidising  action  of  atmo- 
spheric air,  either  directly  or  indirectly,  through  the  medium  of  slags  containing  ferrous 
oxide,  and  the  nature  of  the  product  depends  very  much  upon  the  extent  to  which  that 
action  is  allowed  to  contimie. 

o.  Natural  Steel  is  produced  by  melting  white  cast-iron  {SpiegeleiseTi),  or  easily 
fusible  grey  cast-iron,  with  charcoal,  in  a  finery-hearth  or  forge,  and  under  a  blast  of 
air.  This  method  of  manufacture  is  rcsti'icted  to  countries  where  very  pure  cast-iron 
is  obtained,  by  smelting  spathic  and  magnetic  iron-ores  with  charcoal.  It  is  j)ractised 
in  Westphalia,  Silesia,  Styria,  Carintliia,  Sweden,  and  some  other  places,  with  a  variety 
of  modifications,  arising  chiefly  from  tlie  nature  of  the  cast-iron  to  be  worked,  or  from 
other  local  circumstances.  The  process,  however,  is  essentially  the  same  in  all  cases, 
and  differs  from  that  already  described  as  taking  place  in  the  conversion  of  cast-iron 
into  nuiUoable  iron  (iii.  345),  only  in  so  far  that  the  decarburation  is  not  carried  to  such 
an  extent  as  in  the  manufactui'o  of  malleable  iron. 

;8.  Puddled  Steel  is  produced,  from  such  kinds  of  cast-iron  as  do  not  contain  sub- 
stances prejudicial  to  steel,  byoperating  upon  it,  in  reverberatory  furnaces,  in  the  same 
way  that  cast-iron  is  converted  into  malleable  iron,  but  so  as  to  effect  only  a  less  ad- 
vanced decarburation. 

y.  Bessemer  Steel  is  produced  by  forcing  atmospheric  air  into  melted  cast-iron.  The 
carbon,  being  oxidised  more  readily  than  the  iron,  is  converted  into  cai-bonic  oxide, 
which  escapes  in  a  sufficiently  heated  state  to  take  fire  on  coming  in  contact  with 
atmospheric  air.  Considerable  heat  is  generated  by  the  oxidation  of  the  carbon  and 
iron,  so  that  the  temperature  is  kept  above  the  melting-point  of  steel  during  the  whole 
of  the  operation.  When  the  decarburation  has  been  carried  far  enough,  the  current  of 
air  is  stopped,  and  a  small  quantity  of  white  pig-iron,  containing  a  large  amount  of 
manganese,  is  dropped  into  the  liquid  metal.  This  sei-ves  to  facilitate  the  separation 
of  any  gas  retained  within  the  melted  metal,  which,  after  a  few  minutes'  rest,  is  run 
into  ingot-moulds. 

The  bars  of  blister-steel  obtained  by  cementation  are  never  uniform  throughout 
their  entire  mass,  the  exterior  portion  being  more  highly  carburised  than  the  interior, 
and  this  difference  is  not  always  the  same  at  all  parts  of  the  bars.  To  render  them 
homogeneous,  they  are  drawn  out,  while  hot,  under  hammers  or  rollers,  into  thin  bars, 
and  a  number  of  these  bars  are  laid  together  in  a.  faggot  {trotisse ;  Garbe),  heated  to  a 
welding  heat,  and  then  hammered  or  rolled,  this  operation  being  repeated  several 
times.  The  steel  is  then  called  Shear  Steel  (acier  raffini ;  Gerbstakl).  The  same 
operation  has  to  be  performed  with  the  rough  bars  of  natural  steel,  in  order  to  render 
their  texture  uniform. 

Steel,  produced  by  either  method,  may  be  rendered  still  more  homogeneous  by  melt- 
ing it  in  a  cx'ucible,  and  running  it  into  bars  or  ingots.  Cast  Steel  (acierfoiidu  ;  Gussstahl). 
Bessemer-steel,  from  the  mode  in  which  it  is  produced,  is  always  of  this  kind. 

The  manufacture  of  cast-steel  for  various  purposes  has  long  been  a  very  important 
branch  of  industry,  and  it  is  certain  to  become  .still  more  so,  now  that  the  new  method 
of  producing  steel,  introduced  by  Bessemer,  admits  of  its  being  dealt  with  in  very 
much  larg-  r  masses  than  heretofore.    It  is,  however,  essential  to  the  adoption  of  this 
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method,  to  have  at  command  cast-iron  of  good  quality,  and  free  from  sulphur  and 
phosphorus,  which  are  so  prejudicial  to  the  quality  of  steel,  and  are  not  eliminated  in 
the  process  of  conversion,  but  are  rather  relatively  increased  in  amount  in  the  product 
obtained  by  the  Bessemer  method,  when  they  are  contained  in  the  pig-iron  operated 
upon.  The  gTowing  importance  of  this  method,  and  the  rapid  application  of  steel  to 
new  purposes,  for  which  iron  has  hitherto  been  used,  render  it  extremely  desirable 
that  a  mode  should  be  devised  of  smelting  iron-ores,  so  as  to  prevent  these  deleterious 
substances  from  being  retained  in  the  pig-iron,  or  that  some  means  of  effecting  their 
separation  shoidd  be  discovered.  B.  H.  P. 

STEIJMHEZXiXTS.    Syn.  with  Dicheoite. 

STXSZXJBXiLXJIJITE.  The  name  applied  by  Zippe  to  a  mineral  from  Przibram 
in  Bohemia,  containing  the  sulphides  of  lead  and  antimony.  It  is,  however,  onlygalena 
contaminated  with  accidental  admixtm'es. 

STSZeXuXTI:.    Syn.  with  Pectoi-Ite. 

STSPHA^arxTz:.  Brittle  Silver-ore.  Brittle  Silver-glance.  Black  Silver.  Brittle 
Sulphurct  of  Silver.  Sprodglaserz.  Sprbdglanzerz. — A  sulphantimonite  of  silver 
occurring  in  triraetric  prisms,  homoeomorphous  with  arragonite.  Observed  combina- 
tions: oP.  QcP  .  o-too,  P  .  2fcc.  Angle  ooP :  ooP  =  115°  39'.  Katio  of  axes 
a  :  b  :  c  =  \  :  1-5844:  :  1-0897.  Cleavage  imperfect,  parallel  to  2Pa)  and 
oof  00  .  Twins  are  frequent,  with  plane  of  composition  ocP.  The  mineral  also  occurs 
massive,  compact,  and  disseminated.  Hardness  =  2  to  2-.').  Specific  gravify  =  6-299. 
Lustre  metallic.  Colour  and  streak  iron-black.  Fracture  uneven.  Sectile.  Heated 
in  an  open  tube,  it  melts  and  yields  a  sublimate  of  antimonious  oxide,  sometimes  mixed 
with  arsenious  oxide.  Before  the  blowpipe  on  charcoal  it  fuses  somewhat  readily, 
sometimes  emitting  an  arsenical  odour,  to  a  dark-grey  bead,  which  when  heated  in  the 
reducing  flame,  either  alone  or  with  soda,  yields  a  button  of  silver.  It  dissolves  easily 
in  warm  nitric  acid,  with  separation  of  sulphur  and  oxide  of  antimony. 

Analyses:  a.  Prom Schemnitz  (H.  Kose,  Pogg.  Ann.  xv.  474). — h.  From  Andreas- 
berg  (Kerl,  Berg-  u.  Irattenm.  Zeitung,  1853,  No.  2)  : 

S.  Sb.  As:.  Fe.  Cu. 

a.  16-42  14-68  68-54  .  .  0  64  =  100-28 
h.  16-61       15-79       68-38       0-14       .     .    =  100-82 

These  analyses  may  be  represented  by  the  formula  6Ag'S.Sb^S',  requiring  15-6  per 
cent,  sulphur,  14-0  antimony,  and  70-4  silver. 

Stephanite  is  a  valuable  ore  of  silver,  occurring  in  veins  with  other  silver-o-res  at 
Freiberg,  Schneeberg,  and  Johanngeorgenstadt  in  Saxony,  at  Przibram  and  Ratiebor- 
zitz  in  Bohemia,  at  Schemnitz  andlireranitz  in  Hungary,  at  Andreasberg  in  the  Hartz, 
at  Zacatecas  in  Mexico,  and  in  Peru.    (Dana,  ii.  86.) 

STSRCORITS.  Herapath's  name  for  sodio-ammonio-hydrie  phosphate, 
Na(NII^)HP0\4aq,,  found  in  the  guano  of  Ichaboe  (iv.  581). 

STERirB&RCrXTZ:.  A  sulphide  of  silver  and  iron ,  occurring  at  Joachimsthal  in 
Bohemia,  and  at  Schneeberg  and  Johanngeorgenstadt  in  Saxony,  in  tabular  orthorhom- 
bic  crystals,  commonly  implanted,  and  forming  rose-like  or  fan-like  aggregations. 
Angle  ooP  :  ooP  =  119°  30';  oP  :  P<»  =121°  49'.  Axes:  a:  b  :  c=\:  1-7145  :  1-4379. 
Crystals  sometimes  compound,  parallel  to  ccP.  Cleavage  perfect,  parallel  to  the  base. 
The  mineral  is  opaque,  has  a  dark  pinchbeck-brown  colour,  occasionally  with  z.  bluish- 
violet  tarnish,  and  a  semimetallic  lustre  ;  flexible  in  thin  laminae  ;  very  sectile  ; 
leaves  traces  on  paper  like  plumbago.  Hardness  =  1  to  1-5.  Sjjecific  gravity  =  4-2  to 
4-26.  Before  the  blowpipe  on  charcoal  it  melts,  with  evolution  of  sidphurous  anhy- 
dride, to  a  magnetic  globule  covered  with  silver ;  with  borax  it  yields  a  globule  of  sil- 
ver, and  a  glass  coloured  by  iron.  It  dissolves  in  nitromuriatic  acid  with  separation 
of  sulphur.  Contains,  according  to  Zippe  (Pogg.  Ann.  xxvii.  690),  33-2  per  cent, 
s  Iver,    36-0   iron,  and   30-0  sulphur,  agreeing  approximately  with  the  formula 

(iAg-S.|Fe"S)■'.F'e'S^  which  requires  34-18  per  cent,  silver,  35-44  iron,  and  30-38 
sulphur. 

STETHAI.,  or  STETHYX,IC    AI.COHOX,.     C'^H'^O  =  C"'H".H.O.— The 

alcohol  of  the  series  C"H^"  +  '''0,  corresponding  to  stearic  acid.  It  has  not  been  obtained 
in  the  separate  state,  but  occurs  in  spermaceti,  together  with  ethal  or  cetylic  alcohol 
(C'«H''0),  methal  (C"H™0),  and  lethal  (C'^H^'O).  All  these  alcohols  are  separated 
together  from  the  fatty  acids  of  spermaceti,  when  that  substance  is  saponified  by  alco- 
holic potash,  in  the  manner  described  under  Cetylic  Alcohoi,  (i.  841),  the  ethal 
forming  by  far  the  largest  portion  of  the  alcoholic  mixture.  The  presence  of  these 
several  alcohols  is  manifested  by  their  behaviour  with  potash-lime,  by  which  they  are 
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converted  into  a  mixture  of  palmitic  acid  (tlie  principal  portion),  formed  from  ethol, 
stearic  acid  from  stethal,  myristic  acid  from  methal,  and  lanric  acid  from  lethal.  When 
the  ethal  is  crystallised  several  times  from  alcohol,  till  its  melting-point  is  brought  to 
t9°,  a  portion  of  (he  ethal,  together  wth  the  whole  of  the  methal  and  lethal,  remains  in 
tlie  mother-liqnor, -while  the  portion  which  crystallises  ont  contains  the  stethal  together 
with  ethal.  (Hcintz.) 

STZBETHVXi,  STIBMEETHirii,  &,e.  See  Antimony-radicles,  Organic 
(i.  339). 

STXBIXiITE.  StiUolite.  Stiblite.  Stihiconise. — An  oxide  of  antimony,  formerly  re- 
ferred to  antimony-ochre (i.  324),  occurring  at  Losacio  in  Spain,  Fclsobanya  and  Krem- 
nitz  in  Hungary,  Goldkranach  in  Bavaria,  and  in  the  Carmen  mine  at  Zacualpan  in 
Mexico,  forming  masses  of  fine-grained  to  compact  texture,  sometimes  porous  and 
cracked,  also  psoudomorphs  after  stibnito  (i.  329).  Hardness  =  5-5.  Specific  gravity 
=  5-78.  Colour  sulphm--,  lemon-,  or  straw-yellow  to  yellowish-white  ;  lustre  waxy  to 
dull ;  opaque  ;  streak  yellowish-white  and  shining.  Eeducible  to  antimony  before  the 
blowpipe  with  soda,  but  not  alone.  Contains,  according  to  Delffs  (J.  pr.  Chem.  xl. 
318),  75'83  per  cent,  antimony,  19-54  oxygen,  and  4-69  water,  agreeing  approximately 
with  the  formula  Sb-0^2H-0  (74  58  antimony,  19-83  oxygen,  and  5-59  water). 

STIBISTE.  A  general  namo  for  antimony-bases  formed  on  the  type  of  ammonia, 
NH^;  ihus  SbH' is  stibine;  Sb(C2H-'')3  is  ethylstibine,  &c. 

The  same  tenn  is  used  by  Bcudant  as  a  name  of  native  antimonious  sulphide  ;  better 
called  Stibnite  or  Antimonite. 

STXBIOFHVXiXiITS.    Syn.  with  Valentinite  or  native  antimonious  oxide. 

Sf  IBZOZmcirXiS.  The  name  given  by  Cooke  to  certain  alloys  of  zinc  and 
antimony.    [See  Zinc] 

STX3XTS.    A  name  of  native  antimonious  oxide. 
STXBXtTIVI.    The  Latin  name  of  Antimony. 
STXBXiXTE.    Syn.  with  Stibu-ite. 
STZBNXTE.    Native  antimonious  sulphide,  Sb-S'. 

STXBOTTIXTIMC.    Antimony-radicles  formed  on  the  type  of  ammonium,  NH' ;  thu-s 
Sb(C-'H-^)'  is  tetretliyl-st  i  bon  ium. 
STZCK-X.AC.    See  LiC  (iii.  451). 

STXCTA  p-UZinxoSTilCEA.  A  lichen  fonnerly  used  as  a  remedy  in  diseases 
of  the  lungs.  It  contains  a  peculiar  bitUr  principle,  which,  according  to  Weppen,  is  a 
white  powder,  slightly  soluble  in  water  and  in  ether,  easily  soluble  in  hot  alcohol, 
forming  a  slightly  acid  solution  which  is  precipitated  by  acids,  acetate  of  lead,  and 
silver-salts.  Weppen  (Pharm.  Centr.  1838,  p.  177)  regarded  this  bitter  substance 
as  identical  with  cetrarin  or  cetraric  acid  (i.  839).  According  to  Knop  and  Schnee- 
dermann  (J.  pr.  Chem.  xxxix.  363),  the  acid  of  Siu  ta  pulmonacea,  which  they  call 
stictic  acid,  is  distinct  from  cetraric  acid,  though  very  much  like  it  in  composition 
and  properties,  and  maybe  prepared  in  a  similar  manner;  but  it  is  less  soluble  in 
alcohol ;  the  solution  does  not  turn  blue  -n-hen  boiled  with  hydrochloric  or  sulphuric 
acid,  and  .stictate  of  potassium  is  less  soluble  than  the  cetrarate. 

STXGMAPHVXiXiON'.  In  the  expressed  juice  of  the  tubers  of  Stigmaphylhn 
jatroph<H'oliuin.  a  malpigliiaccous  tree  indigenous  in  Brazil,  De  Luca  and  Ubaldini 
(Cnmpt.  rend.  lix.  527)  found  a  considerable  quantity  of  asparagin. 

STII.BBIirx:.  C"H'=.  Hydride  of  Stilbyl.  Picramyl.  (Laurent,  Rev.  scient.  xvi. 
373.1 — A  hydrocarbon  polymeric  with  benzylene  (C'H'*),  obtained  by  heating  sulphide 
of  stilbeno  (hydride  of  sulphobenzoyl,  i.  571).  The  compound  melts,  gives  ofFsulphy- 
dric  acid  and  sulphide  of  carbon  ;  and  on  increasing  the  heat,  stilbene  passes  over, 
first  solidifying  in  scales,  and  afterwards  thionessal : 

"SC'H^S      =      2CS=    +    3H-S    +    2C"H'-    +  Cm'^S 

Hvilriile  of  Stilbtne.  Tliioiiessal. 

Sulpliobenzoyl. 

Tc  purify  the  stilbene,  the  first  portions  of  tlie  distillate  are  boiled  with  alcohol ; 
the  liquid  is  filtered  to  separate  the  thionessal,  wliich  is  nearly  insoluble  in  alcohol ;  and 
the  liquid  is  left  to  cool.  The  stilbene  is  then  deposited  in  crystals,  which  may  be 
recrystallised  from  ether. 

Stilbene  may  also  be  obtained  from  the  crude  product  resulting  from  the  action  of 
sulphydrate  of  ammonium  on  oil  of  bitter  almonds,  the  materials  being  left  in  contact 
for  two  or  three  weeks. 

Stilbene  crystallises  in  colourless  nacreous  plates  belonging  to  the  monoclinic 
system:  observed  combination  oP.  ooP.  ooPoo  ,  the  basal  face  oP  predominating.  Anglo 
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ooP  :  ooP  =  53°  30';  oP  :  aP  =  100°;  ooP  :  ooPoo  =  116°  45';  oP  :  ooP  a,  =  112°. 
The  crystals  are  commonly  joined  together  by  the  acute  angles  of  the  rhombuses. 
Stilbene  is  very  slightly  soluble  in  cold,  but  moderately  soluble  in  boiling  alcohol, 
more  soluble  in  ether.  It  melts  at  a  few  degrees  above  100°  boils  at  about  292°,  and 
distils  without  alteration.    Vapour-density  =  8'4. 

Stilbene  dissolves  in  warm  fuming  sulphuric  acid,  and  the  solution  saturated  with 
baryta  yields  a  soluble  barium-salt  of  a  conjugated  acid.  Stilbene  is  not  decomposed 
by  dilute  chromic  acid,  but  the  concentrated  acid  decomposes  it  ■nath  violence  when 
heated  with  it,  converting  it  into  benzoic  hydride.  With  boiling  nitric  acid  it 
yields  several  products,  among  which  are  nitrostilbene,  C'''H"NO' — which  is  a 
yellow  resinous  substance, — and  nitrostilbic  acid,  a  yellowish  powder  nearly 
insoluble  in  water,  soluble  in  alcohol,  still  more  in  ether,  and  apparently  consisting  of 
C'*H»(N02)0'.2aq. 

When  chlorine-gas  is  passed  over  fused  stilbene,  two  isomeric  compounds  are 
formed,  viz.  chloride  of  stilbyl  and  hydrogen,  C"H"C1.HC1,  and  chloride  of  stilbene, 
Qi-ijji2Q^2  ^„  ^  chloride  of  stilbyl,  according  to  La^irent).  Both  these  compounds 
are  crystalline ;  one  of  them  is  sparingly  insoluble  in  ether,  and  nearly  soluble  in  boiling 
alcohol ;  the  other  is  easily  soluble  in  alcohol,  still  more  easily  in  ether.  Both  are 
resolved  by  alcoholic  potash  into  two  isomeric  chlorides  of  stilbyl,  or  chlorostilbenes, 
C'*H"C1  (a  and  )3  chlorostilbase,  according  to  Laurent),  with  simultaneous  formation  of 
chloride  of  potassium. 

The  chlorostilbenes  a  and  unite  directly  with  2  at.  bromine,  forming  two  isomeric 
compounds,  C"H"ClBr',  or  perhaps  C"H'°Br'.HCl,  which  dissolve  in  ether,  and 
crystallise  therefrom. 

When  stilbene  is  subjected  to  the  prolonged  action  of  chlorine,  hydrochloric  acid  is 
evolved,  and  trichloride  of  stilbyl,  C"H"CP,  or  dichloride  of  cMorostilhene,  C"H"C1.CP, 
is  produced. 

When  bromine  is  poured  upon  stilbene,  a  white  powder  insoluble  in  ether  is  formed, 
consisting  of  bromide  of  stilbene,  C'^H'^Br',  or  bromide  of  stilbyl  and  hydrogen, 
C'»H"Br.HBr. 

STXIiBEHE,  OXISE  OP.  Laurent  regarded  benzoic  hydride  (bitter-almond 
oil)  as  the  oxide  of  stilbene,  C'H^O. 

STXIiBEZrE,  PEROXXBS  OP.    Syn.  with  Stilbous  Acid. 

STXXiBEUE,  SITXiPHXSE  OP.  Syn.  with  Hydride  of  SripnoBENzoTL  (i.  571). 

STII.HESE,  PEROXIDE  OP.    Syn.  with  Stilbesic  Acid. 

STIXiBESIC  iLCID.  Acide  Stilbcseux.  Suroxide  de  Stilbese.  (Laurent,  J.  pr. 
Cheni.  XXXV.  430. — Laurent  and  Gerhardt,  Compt.  chim.  1850,  p.  117.) — A  product 
obtained  by  treating  crude  bitter-almond  oil  (containing  prussic  acid)  with  chlorine-gas, 
assisting  the  action  by  heat  towards  the  end.  The  whole  then  solidifies,  on  cooling,  to 
a  crystalline  mixture  of  benzoic  acid,  stilbesic  acid,  a  body  crystallising  in  needles, 
and  chloride  of  benzoyl ;  and  if  tlie  chloride  of  benzoyl  be  allowed  to  drain  on  a 
funnel  stopped  with  pounded  glass,  the  mass  pressed  between  paper,  and  treated 
with  ether-alcohol,  stilbesic  acid  remains  behind,  and  may  be  crystallised  by  solution 
in  boiling  ether  and  spontaneous  evaporation.  It  crystallises  in  monoclinic  prisms, 
very  slightly  soluble  in  alcohol  and  ether,  molting  at  106°,  and  containing  71 '60  per  cent, 
carbon,  and  4'33  per  cent,  hydrogen.  Its  solution  in  alcoholic  ammonia  yields,  with  silver- 
nitrate  at  the  boiling  heat,  scales  containing  48-7  per  cent,  silver.  Hence  Laurent 
deduced  for  the  acid  the  formula  C-^H"0',  and  for  the  silver-salt  C^^H^Ag^O' ;  but 
its  composition  is  very  doubtful. 

STXI.BIC  ACXD.    Syn.  with  Benzilic  Acid  (i.  546). 

STXIiBXX>XC  or  STIXiBXIiOITS  ACXS.    Syn.  with  Stilbous  Acid. 

STIXiBISfi    Syn.  with  Stilbene. 

STIIiBXTE.  Heulandite.  Foliated  Zeolite,  Euzeolite.  A  hydrated  calcio-aluminic 
silicate,  occurring  in   monoclinic   crystals,  which  exhibit  the  combination  [  ooPco  ] 

ooPoo  .  +  2Pqo  .  —  2Poo  .  ooP  .  oP  —  P  .  [Poo  ]  ;  tabular  from  predominance  of 
[  ooPw]  .   Ratio  of  axes  a  :  b  :  c  =  2-4785  :  1  :  1-065.    Angle  ft  :  c  =  88°  35';  ooP  : 

ooP  =  136°  4';  oP  :  [Poo]  =  166°  45'.  Cleavage  perfect,  parallel  to  the  clino- 
diagonal.  The  mineral  occurs  also  in  globular  forms,  and  granular.  Hardness  = 
3-5  to  4-0.  Specific  gravity  =  2-1  to  2-2.  Lustre  of  [  ooPcc  ]  pearly,  of  other  faces 
vitreous.  Colour  various  shades  of  white,  passing  into  red,  grey,  and  brown.  Streak 
white.  Transparent  to  subtranslucent.  Fracture  subconchoi'dal  to  uneven.  Brittle. 
Before  the  blowpipe  it  intumesces,  melts,  and  becomes  phosphorescent.  Dissolves  in 
hydrochloric  acid,  yielding  slimy  silica,  but  without  gelatinising. 
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Analyses. — a.  Faroe  Islands  (Thomson,  Outlines,  i.  347). — b.  Iceland (Ramm els- 
berg,  Mincralchemie,  p.  826). — c.  Iceland  (Damour,  Ann.  Min.  iv.  x.  207). — d.  Beru- 
Ijord,  Iceland:  crystallised;  specific  gravity  =  2'175  (Waltershausen,  Vulk.  Gest. 
p.  252). — e.  Nerbudda  Valley, India :  crystallised  (Hau gli ton,  Jahrcsb.  1857,  p.  676): 


a. 

h. 

c. 

d. 

e. 

Silica 

69-14 

58-2 

59-85 

58-90 

56-59 

Alumina 

17-92 

17-6 

16-15 

16-81 

15-35 

Lime 

7-65 

7-2 

7-55 

7-38 

5-88 

0-29 

0-82 

Soda 

1-16 

0-57 

1-45 

Potash 

0-67 

1-63 

0-89 

Water 

15-40 

16-0 

14-33 

14-32 

17-48 

Ferric  oxide . 

0-12 

100-11 

99-0 

99TT 

100-02 

98-46 

These  analyses  are  not  very  accordant,  but  the  third  and  fourth  may  be  nearly 
represented  by  the  formula  Ca"O.AP0^.6SiO-.5  aq.,  requiring  59-76  per  cent,  silica, 
16-61  alumina,  9-06  lime,  and  14-54  water.  According  to  this  formula,  stilbite  is 
very  nearly  related  to  brcwsterito  and  epistilbite,  the  three  minei-als  being  represented 
by  the  formula  RO.APO^OSiO-  +  5  aq.,  and  the  jjrotoxide,  RO,  consisting,  in  stilbite,  of 
lime  -svith  very  little  alkali ;  in  epistilbite,  of  lime  with  a  large  proportion  of  soda  ;  and 
in  brewsterite,  of  strontia  and  baryta,  with  a  small  quantity  of  lime. 

Stilbite  occurs  chiefly  in  amygdaloi'dal  rocks  ;  also  in  gneiss,  and  occasionally  in 
metalliferous  veins.  The  finest  specimens  come  from  Iceland  and  the  Faroe  Islands, 
and  from  the  Vendayah  Mountains  in  Ilindostan.  Red  varieties  occur  at  Carapsie  in 
Stirlingshire,  with  desniiu  of  the  same  colour,  and  brown  in  ore-beds  at  Arendal.  It 
also  occurs  in  the  Kilpatrick  Hills  near  Glasgow,  in  the  Isle  of  Skye,  in  the  Fassa 
Valley  in  the  Tyrol,  in  the  Hartz,  and  elsewhere ;  abundant  in  the  amygdaloid  of 
Abyssinia  ;  occurs  also  at  several  localities  in  North  America.   (Dana,  ii.  331.) 

Beaumontite  from  Jones  Falls,  Maryland,  is  regarded  by  Dana  and  others  as 
identical  with  stilbite;  but  the  analysis  (i.  524)  agrees  more  nearly  with  the  formula 
R"O.Al-0^.8SiO-  +  6  aq. ;  moreover,  according  to  Levy,  the  crystals  belong  to  the 
dimetric  system. 

Sesmln  is  a  hydrated  calcio-ahmiinic  silicate,  in  which  the  ratio  of  the  lime,  alumina, 
and  silica  is  the  same  as  in  stilbite ;  but  the  proportion  of  water  is  larger,  and  the 
crystals  are  trimetrie.  It  was  formerly  called  siilhite  (the  mineral  just  described  under 
that  name  Ijeing  then  called  hculandite) ;  also  radiated  zeolite,  foliated  zeolite,  sphcero- 
stilhite,  and  liypostilbite. 

The  ciystals  of  desmin  usually  exhibit  the^  combination  P.  ooPoo  .  ooPoo ,  like 
fig.  263  (Crystallography,  ii.  46),  without  Poo,  but  with  oP.  Axes  a:  h  :  c  = 
0'9284:  I  :  0-7558.  Angle  P :  P  in  the  brachydiagonal  principal  section  =  119°  15', 
in  ihe  macrodiagonal  =  114°  0' ;  in  the  basal  =  96°.  Cleavage  perfect,  parallel  to 
oof  00  .  It  frequently  occurs  in  sheath-like  aggregations,  and  in  globular,  divergent, 
and  radiated  forms. 

Hardness  =  3-5  to  4.  Specific  gravity  =  2-094  to  2-171.  Lustre  pearly  on  the 
faces  ocPco  and  the  cleavage-faces,  vitreous  on  the  others.  Colour  white,  occasionally 
yellow,  brown,  or  red.  Streak  nncoloured.  Subtransparent  to  subtranslucent.  Frac- 
ture uneven.  Brittle.  Before  the  blowpipe  it  intiimesces,  and  yields  a  millc-wliite  bead. 
AVith  acids  it  yields  slimy  silica,  except  Beudant's  spharostilbite,  which  yields  a  jelly. 

Atialyscs  of  Desmin  (Rammelsberg's  Mincralchemie,  p.  829). — a.  Rddefjords- 
hamm,  in  Iceland  (Hauy's  stilhiie  dodecacdrc  lamelliformc),  Hi  singer. — b  Beru- 
fjord,  Iceland  (R,  Weber). — c.  Dalsmypen,  Faroe  Islands:  prchnitic stilbite  (E  otziu-s). 
— d.  Faroe  Islands  :  so-called  spharostilbite  (Beudant). —  e.  Gustafsberg  in  Jemtlaud 
(Sjogren). — f.  Ilmen  Mountains,  near  Miask  :  specific  gravity  =  2-19  (Hermann). — 
(J.  Andrea sberg,  in  the  Hartz  (Karl). — h.  Rienthal  on  the  Gotthnrdstrasse,  Canton 
Uri  (G.  Leonhard). — i.  Pangelberg,  near  Nimptsch  in  Silesia  (Zellner): 


a.         h.            e.            (i.          e.  f.  p.          h,  i. 

Silica     .       .    58-0    58-02    56-76    65-91    57-41  56-31  56-3    55-75  60-27 

Alumina        .    16-1     1494    17-73    16-61    16  14  16-25  15-9    18  50  14-43 

Lime      .       .      9-2      8-33      4-50      9-03      8-75  7-66  7-4      8-04  6-40 

Sotla                                       2-53      0-68     .    .  1-03 

Potash   .       ...       1-30   0-6 

"Water    .       .    16-4    17-71    18-33    1784    1660  17-75  17-6    17-00  18-50 

Ferric  oxide                                                  0  25  1  00  1-3      0  01  »0-21 

99-7  100-30    99-85  100-07    99-15  10(W10  99-1    92-30  "99^ 
*  I\ragncsi;i. 
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The  greater  number  of  these  analyses  may  be  represented  by  the  formula  Ca"0. 
A1^0'.6SiO-+ 6  aq.,  requiring  58-09  per  cent,  silica,  16-14  alumina,  8'80  lime,  and 
16-97  -water. 

Of  different  composition  are : — a.  The  so-called  Hypostilbite  from  the  Faroe 
Islands  (Beudaut);  ^.  White  and  y.  Eed  desmin  from  Dumbarton  in  Scotland 
(Thorns  on) : 

SiO-.  AI203.  CiiO.  Na^O.  H-O. 

52-43  18-32  8-10  2  41  18-70        =         99  96 

64-80  18-20  9-83  .    .  19-00       =  101-83 

52-50  17-32  11-52  .    .  1845       =  99-79 

Desmin  occurs  mostly  in  cavities  in  amygdaloid  or  trap.  It  is  found  also  in  some 
metalliferous  veins,  and  in  granite  and  gneiss.  It  is  abundant  in  the  Faroe  Islands, 
in  Iceland,  and  on  tlie  Isle  of  Skye  in  trap ;  at  Andreasberg  in  the  Hartz,  and  at  Kongs- 
berg  and  Areudal  in  Norway,  -with  iron-ore  ;  in  the  Vendayah  Mountains,  Hindostan, 
in  large  translucent  crystals ;  in  fine  crystals,  of  a  brick-red  colour,  in  porphyritic 
amygdaloid,  near  Kilpatrick  in  Dumbartonshire,  &c.    (Dana,  ii.  833.) 

STSXiBOIJS  ACXS.  C'-^H'-O^  ?  A  compound  formed  by  treating  crude  bitter- 
almond  oil -with  fuming  sulphuric  acid,  or  with  chloride  of  sulphur  (Laurent,  Ann. 
Ch.  Phys.  [2],  Ixv.  193).  When  first  prepared,  it  crystallises  from  ether  or  boiling 
alcohol  in  monoclinic  prisms  ;  but  if  kept  for  some  time  in  the  ftised  state,  and  then 
dissolved  in  alcohol,  it  crystallises  in  trimetrie  prisms.  It  melts  at  360°  ;  is  insoluble 
in  ammonia  ;  is  resolved  by  boiling  caustic  potash  into  benzoic  acid  and  benzoic 
hydride  ;  but  when  treated  with  very  strong  potash-ley,  unites  -with  the  potash,  foi-ming 
a  compound  insoluble  in  strong,  but  soluble  in  dilute  aqueous  potash. 

This  compound  was  originally  regarded  by  Laurentas  hydrate  of  benzoyl,  C'^H^O.HO. 
It  is  sometimes  regarded  as  identical  with  benzoate  of  benzoic  hydride  (i.  598), 
formed  from  eriide  bitter-almond  oil,  by  the  action  of  moist  chlorine  ;  but  the  identity 
of  the  two  products  is  not  satisfactorily  established.  All  these  compounds  formed 
from  crude  bitter-almond  oil  require  re-examination  :  for  details  respecting  them,  see 
Gmelin's  Handbook,  im.  178. 

STZliSlTXi.  C'^H".  Stilbene  may  be  regarded  as  the  hydride  of  this  radicle, 
C->H".II. 

STSZililWGIA  SSBIFSS&A.  A  euphorbiaceous  plant,  growing  abundantly  in 
the  valleys  of  Chusan,  the  berries  of  -which  yield  the  fat  called  Chinese  vegetable 
talloiu.    This  fat  appears  to  occur  in  several  varieties. 

a.  Greenish-white  ;  melts  at  44-4°;  yields,  by  saponification,  an  acid,  which,  after  re- 
crystallisation  from  alcohol,  softens  at  61-7°,  melts  at  67-8°,  and  forms  a  silver-salt  con- 
taining 27  95  per  cent,  silver;  probably  a  mixture  of  palmitic  (margarie,  according  to 
Thomson  and  Wood)  and  stearic  acids.  (Thomson  and  Wood,  Phil.  Mag.  [3] 
xxiv.  350;  J",  pr.  Chem.  xlvii.  239.) 

b.  The  commercial  tallow  forms  a  light  white  jnass,  of  specific  gravity  0-818  at  12°, 
destitute  of  taste  and  odoiir  (v.  Borck).  Hiis  a  faint  odour,  and  turns  brown  on  ex- 
posure to  the  air  (Ma  skelyn  e).  Melts  at  37°  (v.  Borck,  Maskelyne),  solidifies 
partially  at  3'2°  (Maskelyne),  30°  (v.  Borck) ;  and  hardens  at  22°  (v.  Borck),  26° 
(Maskelyne).  The  tallow  recently  melted  and  cooled  again,  melts  at  44°  ;  by  ex- 
pressing the  more  fusible  portion,  the  melting-point  of  the  residue  may  be  raised  to 
49°  (Maskel  yne).  The  fat  extracted  from  the  husk  by  boiling  alcohol  melts  at  40°, 
and  after  recrystallisation  at  48°  (v.  Borck).  It  dissolves  in  oil  of  tui-pentine,  and  in 
coal-tar  oil,  in  wood-spirit,  ether,  and  alcohol,  or  in  mixtures  of  these  liquids  ;  it  dis- 
solves partially  at  mean  temperatures,  completely  at  the  boiling  heat  (Maskelyne). 
It  has  an  acid  reaction,  arising  from  admixture  of  acetic  or  propionic  acid.  It  contains 
oleiu  and  palmitin.  (Maskelyne,  Chem.  Soc.  Q,u.  J.  viii.  1 ;  v. Borck,  J.  pr.  Chem. 
xlix.  395.) 

STXIiXiXSTEA^XC  ACXI>,  The  name  applied  by  v.  Borck  to  the  fatty  acids  ob- 
tained by  saponification  of  Chinese  tallow,  which  he  supposed  to  have  the  composition 
Qi5jjsoQ2_    Maskelyne  has,  however,  shown  that  it  is  identical  with  palmitic  acid. 

STIX>3[iOXiXTE:.    Syn.  with  SiLicious  Sinter. 

STXXiPTT09C£ZiA.ITS.  A  ferroso-aluminic  silicate,  occurring  at  Obergrund  in 
Silesia,  and  in  the  Frederike  mine,  near  Weilburg  in  Nassau,  in  foliated,  radiated,  and 
compact  masses,  ha-ving  a  specific  gravity  of  3 — 3-4 ;  hardness  3 — -4  ;  a  lustre  between 
vitreous  and  peaxly  on  the  cleavage-surface ;  black  or  greenish-black  coloiu-;  and 
greenish  streak.    Dissolves  imperfectly  in  acids. 

Analyses. — a.  Obergrund  (Kammelsberg,  Miner alchemie,  p.  880). — b.  Weilburg 
(Siegert): 
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SiO=.        A103.         FeO.         CaO.         MgO.         KO.  H. 

a.  45-96       6-84       So'GO       0-19       1-78       0-75       8-63  =  98-75 

b.  45-07       4-92       37-78       1-67       0-94       .     .       8-47  =  98-85 
Some  of  the  iron  appears  to  be  in  the  state  of  ferric  oxide,  but  its  quantity  has  not 

been  detcrminod  with  sufficient  accuracy  for  the  deduction  of  a  formula. 

STIIiPSJOSISERXTE.  A  variety  of  native  ferric  hydrate,  Fe'-'O'.H^O,  occurring 
massive,  stalactitic,  or  incrusting,  at  Amberg  in  Westphalia,  and  two  or  three  other 
ioealities.  It  has  a  black  or  blackish-brown  colour;  hardness  =  4  to  5;  specific  gravity 
=  3-6  to  3-8. 

ST2K'2£STON'B.  A  variety  of  limestone  which  emits  a  fetid  odour  -when  struck 
or  rubbed  (iii.  097). 

STIIM/Vrj.  A  name  applied  by  Breithaupt  to  smaltine  from  Schladming  in 
Styria. 

STOICHIOMETBY.  The  law  of  chemical  combination  in  definite  proportions, 
and  its  application  to  chemical  calculations. 

STOIiPETJXTE.  A  mineral  from  Stolpen,  resembling  bole  in  appearance,  and 
containing,  according  to  Eammelsberg  (Pogg.  Ann.  xlvii.  180),  45-92  per  cent, 
silica,  2-2-15  alumina,  24-86  water,  and  3-90  per  cent,  lime,  with  traces  of  iron  and 
magnesia. 

STOE.SITE.    Native  tungstate  of  lead.    (See  Tdngstates.) 
STOHJ^X.    Soc  Balsams  (i.  497). 

STRASCONXTZZTE.  A  pseudomorph  after  augite,  occurring  in  the  weathered 
gneiss  of  Mutenitz,  near  Strakonitz  in  Bohemia.  It  has  a  greenish-yellow  colour,  and 
specific  gravity  =  1-41.  Contains,  according  to  C.  v.  Hauer,  53-4  per  cent,  silica, 
19-9  water,  15-4  ferrous  oxide,  2-9  magnesia,  1-4  lime,  and  7-0  alumina. 

STRAMOBriUBI.    See  Datuka  Stramonium  (ii.  307). 

STRASS,  or  Mcniz  Flux.    A  kind  of  glass  used  in  the  preparation  of  artificial 

gems  (ii.  811 ). 

STRATIOTES  AXiOZSES.  Water-soldier. — This  hydrocharidaceous  plant 
yields,  wlien  drird,  17-2  pier  cent,  ash,  containing  in  100  pts.,  according  to  Schulz- 
i'loeth  (Pogg.  Ann.  Ixxxiv.  98): 

K'-O.      Na-O.       CaO.       MgO.       Fe^O'.       SiO'^.      P-0\       SO'.        CO^.  NaCI. 
30-8       1-2       10-7       14-3       0-4       1-8       2-8       3-5       30-4  2-7 

STRATOPEITE.  A  manganic  silicate  from  Philipstad  in  Sweden.  (Silicates 
p.  -IM.) 

STREAK  OF  RSXKrBRAI.S.  Coloured  mineral  substances  generally  exhibit, 
when  powdered,  a  lighter  or,  at  all  events,  a  different  colour  to  that  which  belongs  to 
them  in  mass  :  hence  similarly  coloured  minerals  may,  in  some  cases,  be  distinguished 
one  from  the  other  by  the  colours  of  their  powders.  In  order  to  see  the  colour,  how- 
ever, it  is  not  necessai-y  to  pulverise  the  mineral,  as  it  may  be  observed  by  scratching 
the  mineral  with  a  knife,  or  rubbing  its  edge  on  a  rough  white  porcelain 
l.late. 

STROCANO-WITH.  An  altered  scapolite  from  the  Sludiinka  river  in  Dauria 
(p.  203). 

STROMEITE.    Syn.  with  Rhodonite,  or  Silicious  Manganese  (p.  107). 

STROMEYBRXTE.  Native  argento-cuprous  sulphide,  or  argentiferous  copper- 
glance  (p.  305). 

STROMirXTE.  Baryto-strontianite. — A  mineral  from  Stromness  in  the  Orkneys, 
conUiining,  according  to  Traill  (Edinb.  Phil.  Trans,  ix.  81),  27-5  per  cent,  sulphate 
of  barium,  62-6  carbonate  of  strontium,  and  2-6  carbonate  of  calcium,  with  O'l  ferric 
oxide  :  probably  a  mechanical  mixture. 

STRONTIA,  STROSTTXAir.    Oxide  of  strontium  (p.  437). 

STRONTXAM-ITE.  Strontite.  Strontites. — Native  carbonate  of  strontium.  (See 
Carbonates,  i.  797.) 

STRON-TXASTOCAXiCITE.  A  calcspar  containing  strontia,  from  Girgenti  in 
Sicily.  The  crystals  have  the  form  and  cleavage  of  ordinary  calcspar,  are  grouped  in 
spherical  masses,  colourless  and  transparent  to  white  and  translucent,  and  have  a 
motlier-of-pearl  lustre. 
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STRONTIUM. 


STROSf  TX1TMC.    Symbol,  Sr.    Atomic  weight,  87'5. 

The  native  carbonate  of  strontium,  discovered,  in  1787,  at  Strontian  in  Argyleshire, 
was  at  first  regarded  as  carbonate  of  barium.  Crawfurd's  supposition,  published  in 
1790,  that  this  mineral  contained  a  peculiar  earth,  was  confirmed  in  1792  by  Hope 
(Edinb.  Phil.  Trans,  iv.  3),  and  in  1793  by  Klaproth.  H.  Davy,  in  1808,  first  ob- 
tained from  it  the  metal  strontium. 

Strontium  occurs  as  sulphate  in  ccelestin,  and  as  carbonate  in  strontianite  ;  in  small 
quantities  in  arragonite  and  brewsterite,  and  in  very  minute  quantities  in  the  mineral 
waters  of  Karlsbad  and  Kaiser-Franzensbrunnen,  the  salt-spring  at  Eger,  &c.,  and  in 
sea-water. 

Preparation. — Strontium  was  first  isolated  by  Davy  in  the  same  manner  as  barium 
(i.  600).  Hare  obtained  it  in  a  similar  manner,  and  Clarke  prepared  it,  in  the  same 
manner  as  barium,  by  heating  strontia  or  the  nitrate  on  charcoal  in  the  oxyhydrogen- 
blowpipe  flame.    All  these  methods,  however,  yielded  the  metal  in  an  impure  state. 

The  pure  metal  is  easily  obtained  by  electrolysis  of  the  fused  chloride,  in  the  manner 
given  by  Matthi  ess  en  (Electricity,  ii.  438).  Caron  (Compt.  rend,  xlviii.  40) 
obtains  it  by  fusing  the  chloride  with  an  alloy  of  sodium  and  lead,  tin,  &c. ;  the 
reduction  is  not  effected  by  sodium  alone. 

Properties. — Strontium  has  a  yellow  colour,  like  that  of  calcium,  only  a  shade  darker. 
Specific  gravity  =  2'5418.  It  oxidises  in  the  air  much  more  quickly  than  calcium. 
Its  place  in  the  electrolytic  series,  with  water  as  the  exciting  liquid,  is  as 
follows : 

K,  Na,  Li,  Ca,  Sr,  Mg,  &c. 

It  bums  like  calcium,  and  acts  similarly  to  it  when  heated  in  chlorine,  oxygen, 
bromine,  or  iodine,  or  on  boiling  svdphur,  or  when  tlirown  on  water  or  acids.  (Mat- 
thiessen.) 

STROWTXirnx,  BROIVKXSE  or.  SrBr^.— The  anhydrous  bromide  is  obtained 
by  evaporating  and  heating  a  solution  of  the  carbonate  in  hydrobromic  acid,  also  by 
burning  strontium  in  bromine-vapour.  It  is  a  white  mass,  which  melts  without  decom- 
position at  a  red  heat.  Erom  the  aqueous  solution  the  bromide  separates  in  long 
needles,  containing  SrBr-.3H-0,  which  do  not  effloresce  in  dry  air,  or  even  over  oil  of 
vitriol.  When  heated  they  melt  in  their  water  of  crystallisation,  and  then  give  it  off. 
The  salt  is  easily  soluble  in  water,  somewhat  soluble  also  in  alcohol,  and  the  alcoholic 
solution  burns  with  a  purple-red  flame. 

STROITTXU'ZKZ,  CHXiORISZ:  OF.  SrCP. — Produced  when  strontium  burns  in 
chlorine-gas  ;  also,  according  to  Weber  (Pogg.  Ann.  cxii.  619),  by  heating  anhydrous 
strontia  in  a  stream  of  chlorine.  It  is  usually  prepared  from  coelestin  in  the  same 
manner  as  chloride  of  barium  from  heavy  spar  (i.  501).  The  crystallised  chloride, 
SrCl'.SH^O,  forms  long  deliquescent  needles,  which  melt  when  heated,  give  off  their 
water,  and  leave  the  anhydrous  chloride  in  the  form  of  a  white  enamel-like  mass,  or, 
according  to  Dumas,  vitreous  and  transparent  when  perfectly  pure.  The  anhydrous 
chloride  absorbs  8  at.  ammonia,  whereby  it  is  converted  into  a  white  powder.  It  dis- 
solves easily  in  water;  in  116'4  pts.  cold  and  262  pts.  boiling  alcohol  of  99  per  cent. 
(Fresenius.) 

STBOIO'TXU'ni,  SETECTXOSr  AKTB  ESTXZtXATXOXT  Or.— 1.  Blowpipe 
Beactions. — Strontium-compounds  heated  in  the  inner  flame  colour  the  outer  flame 
carmine-red.  An  alcoholic  solution  of  a  strontium-salt  burns  with  a  carmine-red 
flame.  The  spectrum  of  strontium-vapour  is  characterised  by  a  red  line  nearly  coin- 
ciding with  the  solar  line  C,  and  a  blue  line  between  E  and  G  (p.  380).  All  these  re- 
actions are  distinctly  perceptible  in  presence  of  a  considerable  quantity  of  barium-salt. 

2.  Beactions  in  Solution. — The  reactions  of  strontium-salts  closely  resemble 
those  of  barium-salts.  Sulphate  of  strontiimi,  however,  is  somewhat  more  soluble  than 
sulphate  of  barium  :  hence  sulphuric  acid  or  a  soluble  sulphate  does  not  precipitate  a 
dilute  solution  of  a  strontium-salt  so  quickly  as  it  does  that  of  a  barium-salt.  A 
barium-salt  gives  a  precipitate  with  a  solution  of  sulphate  of  strontium,  which  a  stron- 
tium-salt of  course  does  not.  Strontium-salts  are  further  distinguished  from  barium- 
salts  by  not  forming  precipitates  with  silicofluoric  acid  or  acid  chromaie  of  potassium. 
A  few  drops  of  solution  of  strontium-cliloride,  evaporated  on  a  watch-glass,  yield 
needles  of  the  hydrated  chloride,  whereas  a  solution  of  barium-chloride  evaporated  in 
like  manner  yields  small  cubes. 

3.  Estimation  and  Separation. — Strontium  is  best  estimated  as  carbonate  by 
precipiiation  with  ammonium-carbonate  and  ammonia  from  a  hot  solution.  The  pre- 
cipitation of  strontium  by  this  method  is  more  complete  than  that  of  barium.  Car- 
bonate of  strontium  is  not  decomposed  by  ignition  over  an  ordinary  lamp.  Strontium 
may  also  be  estimated  as  sulphate;  but  as  this  salt  is  not  absolutely  insoluble  in 
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water,  it  is  necessary  to  adJ  alcohol  to  complete  the  precipitation,  which  can  only  be 
done  when  the  original  strontium-salt  is  soluble  in  alcohol. 

Strontium  is  separated  from  most  other  metals  in  the  same  manner  as  barium. 
Wlien  a  solution  previously  freed  from  metals  of  the  first  and  second  groups 
(i.  217),  by  treatment  with  sulphydric  acid  and  sulphide  of  ammonium,  is  furtiier 
treated  with  carbonate  of  ammonium,  the  precipitate  m.ay  contain  the  carbonates  of 
barium,  strontium,  and  calcium.  From  barium,  strontium  may  be  separated  by  dis- 
solving the  carbonates  in  a  slight  excess  of  hydrochloric  acid  ;  mixing  the  solution  with 
excess  of  silicofluoric  acid  ;  then  adding  alcohol;  leaving  the  whole  to  itself  for  twelve 
hours;  filtering;  washing  the  precipitate  with  weak  spirit;  and  precipitating  the  stron- 
tium from  the  filtrate  as  sulphate.  If  the  two  metals  are  present  as  sulphates,  it  is 
best  to  treat  tlie  mixture  repeatedly  with  a  solution  of  potassic  or  ammonic  carbonate 
without  applying  heat.  The  residue,  when  thorouglily  washed  and  treated  wilh  diluto 
hydrochloric  acid,  leaves  jiure  sulphate  of  barium,  the  whole  of  the  strontium  dissolving 
as  chloride.    (H.  Rose,  Pogg.  Ann.  xcv.  28 C.) 

From  calcium,  strontium  may  be  separated  by  the  insolubility  of  its  nitrate  in 
absolute  alcohol. 

F"'or  the  methods  of  separating  strontium  from  barium  and  calcium  together,  see 
Calcium  (i.  717). 

For  detecting  small  quantities  of  strontium  (and  barium)  in  calcareous  minerals, 
Engelbach  (Ann.  Ch.  Pharm.  cxxiii.  255)  subjects  the  pulverised  carbonate,  obtained 
by  decomposing  the  natural  sulphate  or  silicate,  to  strong  ignition;  then  boils  it 
thoroughly  with  distilled  water,  and  evaporates  the  rapidly  filtered  solution  with 
addition  of  hydrochloric  acid — or,  if  alkali-metals  are  also  present,  precipitates  with 
ammonia  and  carbonate  of  ammonium — and  examines  the  chlorides  or  carbonates  with 
the  spectroscope. 

4.  Atomic  Weight  of  Strontium. — Stromeyer  inl816  (Scliw.  J.  xix.  228),  by 
decomposing  carbonate  of  strontium  ■with  nitric  acid,  and  determining  the  quantity  of 
carbonic  anhydride  evolved,  estimated  the  atomic  weight  of  strontium  at  88'22.  He 
furtiier  reported  that,  according  to  H.  Eose's  determination,  100  pts.  chloride  of  stron- 
tium yield  by  precipitation  181'25pts.  chloride  of  silver.  This  gives  (for  Ag  =  108, 
and  CI  =  3o-5)  Sr"  =  87-34.  Pelouze,  in  1845  (Ann.  Ch.  Pharm.  Ivi.  204),  by  a 
similar  method,  found  Sr"  =  8770;  and  Dumas  {ihid.  cxiii.  34)  found  Sr"  =  87'5, 
which  number  may  be  taken  as  the  correct  atomic  weight  of  the  metal. 

STROlffTIUM,  FIiUORXBE  OP,  SrF",  is  prepared,  like  the  corresponding 
barium-cnnipouiid,  by  decomposing  oxide  or  carbonate  of  strontium  with  hydrofluoric 
acid,  or  by  jirecipitating  a  strontium-salt  with  fluoride  of  sodium.  It  is  a  white  pow- 
der, insoluble  in  water  and  in  aqueous  hydrofluoric  acid. 

STaONTIUM,  HVSISATZ:  OT.    See  Strontium,  Oxide  of. 

STRONTIUM,  lOSIBS  OP.  SrP.— Obtained  by  saturating  liydriodic  acid 
with  strontia  or  sulphide  of  strontium,  and  evaporating.  It  may  be  fused  without 
decomposition  in  a  closed  vessel ;  but  when  heated  in  contact  with  the  air,  it  gives  off 
iodine,  and  is  converted  into  strontia.  It  dissolves  easily  in  water,  and  may  be  reerys- 
talliscd  therefrom. 

STRONTIUM,  OXIDE  OP.  SrO.  Strontia.  Sdroii^/aw.— Prepared  by 
heating  the  nitrate  to  redness,  or  by  exposing  the  carbonate,  either  alone  or  mixed  with 
charcoal,  to  the  strongest  heat  of  a  forge-fire.  It  is  a  greyish-white  porous  mass,  of 
specific  gravity  S'O  to  4-0  (Davy),  3-932  (Karsten),  infusible,  not  volatile,  and  glows 
ill  the  blowpipe-flame  -with  a  dazzling  white  light.  It  has  an  alkaline  taste  and  reac- 
tion. V^hen  moistened  with  water,  it  becomes  hot,  and  falls  to  powder  like  lime;  if 
onl}'  the  exact  quantity  of  water  required  bo  added,  the  strontia  hardens  to  a  crystal- 
lino  hydrate.  When  heated  nearly  to  redness  in  a  stream  of  chlorine-gas,  it  glows 
brightly  throughout  its  whole  mass,  and  is  converted  into  a  sintered  mass  of  chloride 
of  strontium.    (E.  Weber,  Pogg.  Ann.  cxii.  649.) 

Hi/dratc  or  Hijdratcd  Oxide  of  St  rontium,  SrII-0-  =  Sr"O.H-0,  is  pro- 
duced, as  just  noticed,  by  the  direct  union  of  water  with  tlie  anhydrous  oxide.  On  dis- 
solving this  hydrate  in  5  or  6  pts.  of  boiling  water,  filtering  hot,  and  leaving  the  solu- 
tion to  cool  slowly  in  a  closed  vessel,  it  deposits  small,  needle-shaped,  transparent  crys- 
tals, containing  SrH-'O.SH'O,  which  deliquesce  on  exposure  to  the  air,  and  are  ulti- 
mately converted  into  carbonate.  When  heated  to  100°  or  above,  they  give  off  50  per 
cent,  water,  and  leave  the  monohydrate  SrH-Q-.  By  heating  the  crystals  to  low  red- 
ness, the  hydrate  is  obtained  in  the  fused  state,  and  solidifies  on  cooling  to  a  greyish- 
white  radiated  mass.  According  to  Bloxam  (Chem.  Soc.  Qu.  J.  xiii.  48),  hydrate  of 
strontium  gives  off  all  its  water  at  a  red  heat,  leaving  anhydrous  strontia. 

The  crystals,  Sr'H^O-.SH'O,  dissolve  in  50  pts.  of  cold  and  2-4  pts.  of  boiling  -w'ater. 
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The  solution,  called  strontia-water,  is  colourless,  strongly  alkaline,  and  absorbs  carbonic 
acid  from  the  air,  becoming  covered  with  a  crust  of  carbonate.  It  may  be  prepared, 
like  baryta-water,  by  boiling  a  solution  of  the  sulphide  with  oxide  of  copper  (i.  605). 

A  peroxide  of  strontium  is  obtained  as  a  hydrate,  in  shining  scales,  by  mixing 
strontia-water  with  peroxide  of  hydrogen.  (Thinard.) 

STBOXa-TIUIVX,  O^VSUZiPHIDE  OP.    See  the  next  article. 

STBOZTTIUItX,  STTXiPHIDES  OP.  The  mono  snip  hide,  SrS,  is  prepared, 
like  the  corresponding  barium-sulphide  (i.  507),  by  reducing  the  sulphide  with  coal  or 
charcoal.  It  is  a  white,  granular,  sintered  but  friable  mass.  By  solution  in  a  large 
quantity  of  boiling  water,  it  is  decomposed,  the  liquid,  as  it  cools,  yielding  crystals  of 
strontium-hydrate,  whilst  strontium-sulphydrate  remains  in  solution : 

2SrS  +  2H-0    =    SrH-S-  -h  SrH^O-'. 
If  it  be  treated  with  a  quantity  of  water  not  sutficient  for  this  complete  decomposition, 
a  solution  is  formed  containing  chiefly  sulphydrate  of  strontium,  and  on  treating  the 
residue  with  fresh  quantities  of  water,  a  nearly  pure  solution  of  the  hydrate  is  obtained. 
(H.  Eose.) 

Poli/sidphides  (Schone,  Pogg.  Ann.  cxvii.  56). — By  digesting  1  at.  of  the  monosul- 
phide  and  3  at.  sulphur  in  water,  and  leaving  the  solution  to  evaporate,  at  a  tempera- 
ture not  exceeding  17°,  a  brownish-red  viscid  syrup  is  obtained,  which  at  8°  solidifies 
to  a  crystalline  mass  of  the  tetrasulphide,  SrS*,  with  6  at.  water.  This  compound 
is  very  hygroscopic,  soluble  in  water  and  in  alcohol ;  on  exposing  the  solutions  to  the 
air,  hyposulphite  of  strontium  is  formed  and  remains  dissolved,  while  sulphur  and  a 
small  quantity  of  strontium-carbonate  are  deposited.  On  heating  the  syrup  to  100°, 
or  concentrating  it  under  the  air-pump  at  a  temperature  above  17°  (best  between  20° 
and  25°),  the  tetrasulphide  separates  with  2  at.  water,  as  a  light-yellow  solid  mass. 
When  heated  above  100°,  it  is  decomposed  by  its  water  of  crystallisation.  It  is  not 
acted  upon  by  carbonic  disulphide. 

By  exposing  the  alcoholic  solution  of  the  tetrasulphide  to  the  slow  action  of  air, 
ruby-red,  transparent,  rhombic  crystals  are  obtained,  consisting  of  a  hydrated  oxy- 
tetrasulphide,  SrO.SrSM2H-0,  which  are  decomposed  by  water.  They  are  pro- 
bably identical  with  the  supposed  disulphide,  which  Gray-Lussac  obtained  (Ann.  Ch. 
Pliys.  [2]  xiv.  362)  by  leaving  a  solution  of  strontium-sulphide  to  itself  for  some  time. 

Pentasulphide  of  strontium  is  formed  by  digesting  the  monasulphide  in  water 
with  4  at.  sulphui',  but  exists  in  solution  only.  On  evaporating  the  solution  under  the 
air-pump  at  about  20°,  a  residue  is  obtained  consisting  of  the  tetrasulphide  mixed 
with  sulphur.  (Schone.) 

Sulphydrate  of  Strontium,  SrH-S'^  =  SrS-ffS. — Produced  by  passing  sulphy- 
drlc  acid  gas  to  saturation  through  strontia-water,  or  through  water  in  which  sulphide 
of  strontium  is  suspended,  or  by  dissolving  sulphide  of  strontium  in  a  small  quantity  of 
boiling  water,  whereby  it  is  resolved,  as  above  mentioned,  into  hydrate  and  sulphy- 
drate. Berzelius,  by  evaporating  in  a  vacuum  the  solution  prepared  by  the  first  method, 
obtained  the  sulphydrate  in  large  striated  prisms,  which  when  heated  melt  in  their 
water  of  crystallisation,  then  give  it  otF,  together  with  sulphydric  acid,  and  leave  a 
residue  of  monosulphide  of  strontium.  In  other  respects  the  compound  exactly  resem- 
bles sulphydrate  of  barium  (i.  508). 

STauTHIlW.    Syn.  with  Saponin  (p.  192). 

STI^UVZTE.  Ammonio-magnesic  phosphate,  (NH')Mg-(P0')'.12aq.,  occurring  in 
crystals  in  certain  varieties  of  guano.    (Phosphates,  iv.  568.) 

SXaYCHia-ZC  acid.    Syn.  with  Igasukic  Acid  (iii.  242). 

STSYCHETIIJE.  C^'H^N^O^  (Pelletier  and  Caventou  [1818],  Ann.  Ch. 
Phys.  x.  142  ;  xxvi.  44. — Pelletier  and  Dumas,  Ann.  Ch.  Phys.  xsiv.  176. — Liebig, 
ibid.nlm.  171;  xlix.  244. — Kegnault,  Ann.  Ch.  Phys.  Ixviii.  113. — Gerhardt, 
Eevue  Scientif.  x.  192. — Nicholson  and  Abel,  Chem.  Soc.  Qu.  J.  ii.  241. — Henry, 
Pharm.  viii.  401. — Corriol,  ibid.  xi.  492. — Eobiquet,  ibid^,  xi.  580. — Wittstoek, 
Traite  de  Chimie  de  Berzelius.— JlerxTj,  fls,  J.  Pharm.  xvi.  752. — Gm.  xvii.  479.) 

This  vegetable  alkaloid  exists,  together  with  brucine  and  igasurine,  in  nux-vomica,  in 
St.  Ignatius-beans,  in  the  wood  of  Sirychnos  Coluhrina,  in  Strychnos  Ticute,  Upas 
Tieute,  and  probably  in  several  other  varieties  of  Strychios  (see  Brucine,  i.  681). 
Java  arrow-poison,  found  in  a  bamboo,  contained  62  per  cent,  of  strychnine. 

Preparation:  1.  From  St.  Ignatius-bians. — The  rasped  beans  are  exliausted  with 
ether,  and  then  treated  several  times  with  boiling  alcohol.  The  alcoholic  solution 
having  been  distilled  to  remove  the  alcohol,  is  to  be  treated  with  solution  of  hydrate 
of  potassium  to  precipitate  the  strychnine  (Pelletier  and  Caventou).  This  process 
ia  obviously  imperfect. 
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2.  b'ruiii  yii.i-coiiiiva. — a.  The  beaus  ;iro  cxhaustud  with  alculiol,  and  tlib  solution  is 
<li»lillt;d  to  recover  the  alcohol.  The  residue  is  dissolved  in  water,  and  basic  acetate  of 
lead  added  until  no  further  precipitation  takes  place.  The  strychnine  remains  in 
solution  in  the  state  of  acetate ;  the  liquid  also  contains  colouring-matters,  and  the  excess 
of  basic  acetate  of  lead.  Sulphide  of  hydrogen  is  passed  into  the  solution,  which  is 
then  filtered,  and  boiled  with  magnesia.  The  precipitated  strychnine,  after  being 
wa.slied  with  water,  is  crystallised  from  alcohol.  The  mother-liquors  retain  the  brucine. 
(Pcilotier  and  Caventou.) 

h.  The  pulverised  nux-vomica  is  exhausted  with  boiling  water,  and  the  decoctions 
are  evaporated  until  syrupy ;  powdered  chalk  is  then  added  by  degrees,  until  in  slight 
excess.  The  precipitate  contains  the  calcium-salt  of  an  acid  existing  in  nux-vomica,  the 
strychnine,  and  other  substances.  After  being  washed,  it  is  exliausted  by  treatment 
with  alcohol  of  specific  gravity  0-827,  and  the  liquids  are  then  evaporated  in  the  water- 
bath  to  the  crystallising-point.  The  strychnine  is  purified  either  by  repeated  crystal- 
lisations, or,  better,  by  conversion  into  nitrate,  and  recrystallisation.  The  alkaloid 
may  be  obtained  from  the  nitrate  by  precipitation  with  ammonia.  One  kilogramme  of 
nux-vomica  yields  by  the  above  process  5  or  6  grammes  of  strychnine.  (Henry.) 

e.  The  following  process  is  said  to  be  more  advantageous  than  the  preceding  ones: 
1  kilogramme  of  nux-vomica  is  to  be  softened  by  being  steamed,  then  dried,  and  pul- 
verised moderately  fine.  It  is  then  digested  in  the  water-bath,  with  4  or  5  litres  of 
alcohol  of  specific  gravity  0'8.56  acidified  by  40  or  50  grammes  of  sulphuric  acid. 
Quicklime  is  then  added  to  the  alcoholic  solution,  to  remove  the  acid  and  precipitate 
the  colouring-matter.  The  supernatant  liquid  is  decanted,  and  the  deposit  is  washed 
with  alcohol.  All  the  alcoholic  liquors  are  then  mixed,  carefully  filtered,  and  distilled. 
The  residue  in  the  still  is  coloured  and  alkaline  ;  it  is  saturated  with  dilute  sulphuric, 
hydrochloric,  or  acetic  acid  ;  and  the  solution  is  to  be  filtered,  concentrated,  and  pre- 
cipitated in  the  cold  by  a  slight  excess  of  ammonia.  The  precipitate  is  composed  of 
a  mixture  of  strychnine  and  brucine.  It  is  to  be  digested  with  weak  alcohol  of  specific 
gravity  0'942,  to  remove  the  brucine.  The  remaining  strychnine  is  to  be  dissolved  in 
alcohol  of  specific  gravity  0'837,  and  the  boiling  solution  treated  with  a  small  quantity  of 
animal  charcoal.  The  filtered  solution,  on  cooling,  deposits  the  strychnine  in  crystals. 
(Henry,  fds.) 

d.  Eight  pounds  of  the  powdered  nux-vomica  aremixed  with  an  equal  weight  of  water,  so 
as  to  form  a  thick  paste,  which  is  then  exposed  to  a  temperature  of  20°  to  25°.  In  the 
course  of  a  few  days,  a  violent  fermentation  set-s  in,  which  is  generally  finished  in  about 
eighteen  to  twenty  days.  The  liquid  is  now  pressed  through  a  hair-sieve  ;  the  solid 
residue  pressed,  and  boiled  twice  or  three  times  with  water;  and  the  united  liquids 
evaporated  down  to  12  quarts.  To  this  9  ounces  of  powdered  quicklime  are 
added,  the  whole  left  quiet  for  six  or  eight  hours,  and  the  liquid  separated  from  the 
precipitate  by  pressure ;  it  is  then  mixed  with  sulpliuric  acid,  the  calcic  sulphate  re- 
moved, and  the  liquid  evaporated  to  2  quarts.  One  ounce  of  lime  is  now  added  to  it,  and 
the  treatment  repeated  as  above  described.  The  precipitate  formed  is  submitted  to 
great  pressure,  and  united  to  the  previous  one.  The  dried  precipitate  is  now  digested 
with  2  quarts  of  alcohol  of  specific  gravity  0'935,  which  dissolves  out  brucine  and  colour- 
ing matters  ;  and  from  this  solution  strychnine  is  likewise  obtained  by  crystallisation. 
The  remaining  precipitate  is  digested  repeatedly  with  6  quarts  of  alcohol  of  specific 
gravity  0-838,  the  solution  filtered,  and  four-fifths  of  the  alcohol  recovered  by  distil- 
lation. In  one  or  two  days  the  strychnine  separates  as  a  white  crystalline  powder  ;  it 
is  washed  several  times  with  alcohol  of  specific  gravity  0-935,  to  remove  any  adherent 
brucine,  and  is  obtained  perfectly  pui'o  by  recrystallisation.  (Molyn,  J.  Chim.  mid. 
iii.  607.) 

c.  Nux-vomica  is  to  be  boiled  with  alcohol  of  94  per  cent.  The  liquid  is  to  bo 
decanted,  and  the  residue  dried  in  an  oven  ;  it  then  becomes  easily  pulverisable.  The 
powder  is  to  be  exhausted  with  alcohol,  and  the  liquids  mixed.  After  being  evapo- 
rated to  a  convenient  bulk,  acetate  of  lead  is  to  be  added  as  long  as  a  precipitate  is 
formed.  Colouring  matters,  vegetable  acids,  and  fatty  substances  are  thus  removed. 
The  precipitate  is  thrown  on  a  filter,  and  well  washed ;  and  the  filtered  liquor  is  evaporated 
until  reduced  to  about  a  half  or  a  third  of  the  weight  of  the  nux-vomica  employed. 
Magnesia  is  then  added  to  the  liquor,  and  the  whole  is  left  at  rest  for  several  days, 
until  the  brucine  has  had  time  to  deposit.  The  precipitate,  having  been  collected 
on  linen,  is  to  be  pressed,  di-ied,  and  treated  with  alcohol  of  83  per  cent.,  to  dissolve 
tlic  alkaloids.  On  distilling  off  the  alcoholic  liquors,  the  strychnine  is  first  deposited, 
■while  the  brucine  remains  in  the  mothcr-liqnors.  To  purify  the  crude  strychnine, 
it  is  to  be  saturated  exactly  with  dilute  nitric  acid.  On  concentrating  the  solution, 
the  nitrate  of  strychnine  is  first  deposited,  in  needles,  and  the  nitrate  of  brucine 
is  afterwards  deposited  in  much  larger  crystals.  The  last  mother-liquors  are 
gummy,  but  they  still  contain  some  of  the  alkaloids,  which  must  be  extracted  by 
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a  fresh  treatment  with  magnesia,  &c.  as  before.  When  brucine  is  precipitated, 
there  always  remains  in  solution  a  considerable  quantity,  which  is  deposited  after 
a  time  in  crystalline  grains.  One  kilogramme  of  nux-vomica  yhlds,  on  treatment  as 
above,  2  grammes  of  nitrate  of  strychnine,  and  2  grammes  of  nitrate  of  brucine. 
(Wittstock.) 

3.  From  Upas  Tieute. — The  filtered  aqueous  solution  of  the  upas  is  digested  with 
magnesia ;  the  precipitate  is  washed,  dried,  and  boiled  out  three  times  with  alcohol ; 
the  alcoholic  solutions  are  evaporated ;  the  residue  is  dissolved  in  dilute  sulphiiric  acid 
and  digested  with  animal  charcoal ;  and  the  solution  is  again  precipitated  by  magnesia. 
The  precipitate  is  then  exliausted  with  alcohol,  and  the  solution  evaporated  to  dryness. 
(Pelletier  and  Caventou.) 

Detection  of  Strychnine  in  cases  of  Poisoning  (i.  127). 

Properties. — Small,  white,  four-sided  prisms,  terminated  by  four-sided  pyramids 
(Pelletier  and  Caventou).  —  Crystals  of  the  trimetric  or  rhombic  system. 
Lustre  vitreous,  pearly  on  the  cleavage-faces.  Hardness  between  2  and  2'5  (Kengott, 
Pogg.  xcv.  61-1).  Crystals  permanent  in  air,  tmaltered  by  light.  Eotates  polarised 
light  to  the  left.  May  be  fused  without  decomposition.  Inodorous,  taste  intensely 
bitter.  Excessively  poisonous  ;  one-eighth  of  a  grain  will  kill  a  large  dog ;  three- 
eighths  of  a  grain  cause  in  man  violent  tetanic,  convulsive  spasms  of  the  extremities, 
trismus,  opisthotonos,  and  other  formidable  symptoms  ;  half  a  grain,  given  three  times 
a  day  for  several  days,  caused  death  with  the  usual  symptoms.  {P  ei ^ix  a,,  Materia 
Medica,  ii.  1310.) 

Strychnine  in  poisonous  doses  almost  invariably  produces  tetanic  convulsions.  The 
smallest  dose  yet  known  to  prove  fatal,  was  in  the  case  of  Dr.  Warner,  who  swallowed 
half  a  grain  of  sulphate  of  strychnine  in  mistake  for  morphia.  In  a  few  minutes  he  was 
seized  with  constriction  of  the  throat,  tightness  of  the  chest,  rigidity  of  the  whole  muscidar 
system,  and  tetanic  convulsions.  He  died  in  about  fourteen  minutes  {^Taylor  on 
Poisons,  p.  777).  The  writer  has  tried  the  effects  of  doses  of  one-twelfth  of  a  grain,  re- 
peated every  four  hours.  On  the  second  day  the  effects  were  sufiiciently  unpleasant 
to  render  it  proper  to  cease  the  experiment  for  a  time.  Great  variation  is  found  in  the 
/ower  of  different  individuals  to  resist  the  poison  ;  doses  of  even  three  grains  have 
been  endured  by  patients,  where  the  quantity  has  been  very  gradually  increased  (Gaz. 
mid.,  Mars  1845  ;  Taylor  on  Poisons,  p.  777).  Strychnine  has  an  alkaline  reaction.  It 
resists  putrefaction,  and  may  consequently  be  extracted  successfully  from  bodies  which 
have  been  buried  for  a  long  time,  even  after  three  years.  (Macadam.) 

Strychnine  dissolves  in  6667  parts  of  cold,  and  in  2500  parts  of  boiling  water 
(Pelletier  and  Caventou.) 

Decompositions. — 1.  Strychnine,  when  submitted  to  destructive  distillation,  yields 
pyrrol  among  other  products  (Grev.  Williams).  Wlien  cautiously  heated,  it  gives 
off  colourless  vapours,  probably  of  undecomposed  strychnine,  then  melts  to  a  brown 
liquid,  which  when  further  heated  gives  off  brown  vapours,  and  leaves  a  carbonaceous 
residue  (Duflos).  Strychnine  by  destructive  distillation  yields  small  quantities  of 
chinoline  (Gerhardt).  Strychnine  is  very  easily  oxidised,  at  a  red  heat,  by  oxide 
of  copper  or  chromate  of  lead,  and  therefore,  contrary  to  the  statements  of  many 
chemists,  is  very  easily  analysed  by  the  ordinary  processes  (Abel  and  Nicho  Ison). 
— 2.  Vapour  of  iodine  acts  on  strychnine,  forming  a  peculiar  compound. — 3.  Bromine 
produces,  in  solutions  of  strychnine,  a  resinous  precipitate  of  bromostrychnine  (L  a  u  r  e  n  t). 
— 4.  Dry  chlorine  does  not  act  on  strychnine  or  its  salts,  but  clilorostrychnine  is 
formed  when  the  gas  is  passed  into  water  in  which  strychnine  is  suspended.  A  solu- 
tion containing  1  pt.  of  acetate  of  strychnine  in  8,000  pts.  of  water  is  rendered  turbid 
by  chlorine  (Marchand). — 6.  Solution  of  cA/or/rfe  of  lime  gives  a  white  precipitate  in 
dilute  solution  of  acetate  of  strychnine  (Horsley). — 6.  Strong  nitric  acid,  if  hot,  con- 
verts the  alkaloid  into  a  yellow  explosive  nitro-corapound,  which  is  probably  nitrate  of 
nitrostrychnino.  The  solution,  on  treatment  with  alkalis  in  excess,  gives  off  volatile 
bases  (Anderson).  If  strychnine  turns  red  with  cold  strong  nitric  acid,  it  indicates 
the  presence  of  brucine. — 7.  Cold  oil  of  vitriol  dissolves  strychnine,  forming  a  colour- 
less solution,  which  yields  coloured  reactions  with  most  oxidising  substances.  This 
solution  yields  the  following  reactions  with  various  reagents  :  — a.  Peroxide  of  lead  gives 
a  blue  coloration,  becoming  violet,  then  red,  and  finally  in  a  few  hours  yellow. — h.  Acid 
chromate  of  potassium  in  the  solid  state,  added  to  the  above  liquid  on  a  porcelain  plate, 
gives  a  fine  violet  coloration ;  if  the  quantity  of  strychnine  present  is  large,  the  colour  is 
pale-blue. — c.  Ferrocyanide  of  potassium  yields  a  somewhat  similar  reaction  to  b,  but 
more  permanent. — d.  Black  oxide  of  manganese  affords  a  violet  coloration,  becoming 
dark-red  in  the  course  of  an  hour.  The  presence  of  santonin,  or  starch,  does  not  prevent 
the  recognition  of  strychnine  by  acid  chromate  of  potassium  in  the  above  solution;  sugar, 


STRYCHNINE. 


441 


quinine,  or  morphine  renders  it  indistinct,  but  does  not  affect  tlie  reaction  with  peroxide 
ot  manganese.  The  presence  of  30  pts.  of  tartar-emetic  does  not  prevent  the  coloration 
with  acid  chromato  of  potassium,  but  60  pts.  render  it  indistinct.  Very  small  quanti- 
ties of  animal  matters,  or  vegetable  extractive  matters,  render  the  above  reactions  indis- 
tinct, when  the  strj'chnine  is  present  in  minute  traces  only. — 8.  Hot  solutions  oi  iodic 
acid  colour  strychnine  and  its  salts  violet-red. — 9.  The  iodides  of  the  alcohol-radicles 
form  derivatives  which  will  be  described  further  on. 

Combinations. —  With  Iodine. — a.  When  a  solution  of  1  pt.  of  strychnine  in  1  pt.  of 
alcohol  and  3  pts.  of  water  is  warmed  with  a  little  tincture  of  iodine,  and  left  to  cool 
spontaneously,  crystals  of  an  iodine-componud  are  deposited,  having  the  properties  of 
double  absorption.  Its  formula  is  probably  C^'H--N-O^.I'- (Herapath). — h.  When  a 
solution  of  strychnine  in  weak  alcohol,  acidified  with  hydrochloric  or  hydriodic  acid,  is 
precipitated  with  tincture  of  iodine,  the  precipitate  dissolved  in  boiling  alcohol,  and  the 
solution  left  to  cool,  bright  red-brown  prisms  are  formed  permanent  at  140^,  and  having 
the  formula  C-'H--^N-0-.HI.r.    (T i  1  d  e n.) 

When  2  pts.  of  strychnine  are  triturated  with  1  pt.  of  iodine,  the  resulting  mass 
dissolved  in  boiling  alcohol,  and  the  solution  concentrated  and  allowed  to  cool,  laminae 
are  deposited  having  the  colour  of  mosaic  gold,  and  the  formula  2C-'H-'^]S-0-P. 

Strychnine  Saits. — Acids  easily  dissolve  strj'chnine,  forming  neutral  solutions 
having  an  intensely  bitter  taste,  and  virulently  poisonous. 

Acetates  of  Strychnine. — Neutral  acetate  of  strychnine  crystallises  with  difBculty,  the 
ijcid  salt  easily.    (Pelletier  and  Caventou.) 

Ai-senatc  of  Strychnine,  2C-'H--N-0-.3B[-'O.As'0*  +  H'-O. — Monoclinic  prisms,  solu- 
ble in  16  pts.  of  cold,  and  in  5  pts.  of  hot  water. 

Arscnitc  of  Strychnine,  2C^'H'--N-0^.II-0.As-'0'. — Dull  white  cubes,  efflorescing  in 
the  air. 

Bromoriiercx'.rate  of  Strychnine. — Formed  in  the  same  manner  as  the  iodine-com- 
pound (infra),  but  using  bromide  instead  of  iodide  of  potassium. 

Chloro-aurate  of  Strychnine,  C-'H'^-'N-0'-.HCl.Au"'CP. — Lemon-yellow  precipitate, 
very  slightly  soluble  in  water.  Crystallises  from  alcohol  in  pale  orange-coloured  crj-s- 
tals.    (Nicholson  and  Abel.) 

Chromatc  of  Sirychn/nr,  2C-'H--N'^0-.lI-O.CrO'. — Lemon-yellow  needles,  neutral,  and 
sparingly  .soluble  in  water  and  alcohol.    (Nicholson  and  Abel.) 

Chlorocadmiate  of  Strychnine,  2(C-'H"-N-0-.HCl).Cd"CI-. — AVhito  glittering  scales, 
long  needles,  or  largo  trauisparent  prisms.  Does  not  lose  water  at  130°.  (Gralletly.) 

Chloroniercuratc  of  Strychnine,  C-''H-''N^O'.HCl.Hg"Cl-. — A  dense  pulverulent  pre- 
cipitate, which  soon  turns  gelatinous,  is  thrown  down  on  adding  solution  of  mercuric 
chloride  to  solution  of  hydrochlorate  of  strychnine.  Crystallises  from  alcohol. 
(Nicholson  and  Abel.) 

Strychnine  -with  Mercuric  Chloride,  C"H-''^N^O'.Hg"CP. — Thrown  down  by  a  solution 
of  mercuric  chloride  from  a  solution  of  strychnine  in  weak  alcohol.  White  crystalline 
precipitate,  insoluble  in  water,  alcohol,  and  ether.    (Nicholson  and  Abel.) 

Sulfhate  of  Strychnine  with  Mercuric  Chloride,  2C'-'H"N-0-.H-SO-'.2Hg"CP.— Pro- 
duced by  dissolving  the  mercurous  compound  in  sulphuric  acid. 

Strychnine  u-iih  Mercuric  Cyanide,  C-'H--N-0-'.Hg"Cy*. — An  alcoholic  solution  of 
strychnine,  precipitated  by  excess  of  solution  of  mercuric  cyanide,  yields  this  compound 
in  small  prisms,  slightly  soluble  in  water  and  alcohol,  insoluble  in  ether.  (Nichol- 
son and  Abel.) 

Chlorate  of  Strychnine. — Strychnine  dissolved  in  aqueous  chloric  acid  fonns  a  roso- 
rcil  solution,  which  yields  thin  short  prisms,  and,  when  the  solution  is  concentrated, 
solidifies  completely. 

Ch(oro]>latinate  of  Strychnine,  2C='H--N^O'-.2HCl.Pt''Cl'.— Solution  of  hycboclilorate 
of  strychnine  is  precipitated  pale-yellow  by  a  solution  of  tetrachloride  of  platinum. 
'I'he  precipitate  is  nearly  insoluble  in  water  and  ether,  and  with  difiiculty  in  boiling 
alcohol.    From  the  latter  solution  it  crystallises  in  scales  resembling  mosaic  gold. 

Chloropalladite  of  Strychnine,  2C-''H-'N-0-.2HCl.Pd"Cl-.— When  a  solution  of 
dichloride  of  palladium  is  added  to  a  solution  of  strychnine  in  hydrochloric  acid,  a 
brown  flocculent  mass  is  precipitated.  It  is  soluble  in  water  and  alcohol,  and  from  a 
boiling  solution  in  the  latter  menstruum,  m.ay  be  obtained,  on  cooling,  in  dark-brown 
needles.    It  is  not  decomposed  at  100°.    (Nicholson  and  Abel.) 

Hydrohromato  of  Strychnine,  C-'H"N-0".HBr. — Produced  by  dissoh-ing  strychnine 
in  hydrobroraic  acid,  and  crystallising  from  water.    (Nicholson  and  Abel.) 

Hydriudate  of  Strychnine,  C'-'H--N-0'.HI. — A  dense  crystalline  precipiUite  is  thrown 
down  on  adding  a  solution  of  iodide  of  potassium  to  a  solution  of  strychnine 
(v.  PI  ant  a).  The  alcoholic  solution,  when  evaporated,  yields  glassy  four-sided  needles. 
(Merck.) 
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Hydrochlorate  of  Strych'tiine,  C-'H^-N-O^.HCl. — 100  pts.  of  strychnine,  wlien  exposed 
to  a  current  of  hydrochloric  acid  gas,  and  then  heated  to  150°,  retain  10  67  of  hydro- 
chloric acid  (Kegnault).  The  same  salt  is  easily  obtained  by  dissolving  strychnine 
in  hydrochloric  acid.  It  is  neutral  towards  vegetable  colours  (Nicholson  and 
Abel).  It  rotates  polarised  light  to  the  left ;  [a]r  =  28-18°.  The  salt  is  soluble  in 
about  .50  pts.  of  water  at  22°  (Boucharda  t).  (As  to  water  of  crystallisation,  see  Gm. 
xvii.  494.) 

Hydrocyanate  of  Strychnine. — ^AVhen  strychnine  is  dissolved  in  aqueous  hydrocyanic 
acid,  and  the  solution  is  evaporated,  the  hydrocyanic  acid  is  entirely  expelled.  ("Pel- 
letier  and  Caventou.) 

Hydroferrocyanate  of  Strychnine,  4C''''II^-N^O-.H^Fe"Cy^.2H'0. — Colourless  needles, 
produced  by  mixing  cold  saturated  solutions  of  ferrocyanide  of  potassium  and  neutral 
salts  of  strychnine.  (Brandis.) 

Hydrofluate  of  Strychnine,  2C-'H=2N-02.8HF1.H^0.— Coloiu-less  right  rhombic 
prLsms,  having  an  acid  reaction.  (Elderhorst.) 

Hyposulphite  of  Strychnine,  2C-'H--N'-0'-'.H-S^0^4H-0. — Foi-med  in  a  mixtui-e  of 
strychnine,  alcohol,  and  sulphide  of  ammonium  on  standing  in  the  air.  (How.) 

lodomercurate  of  Strychnine,  C'-'H- 'N'-^O^.HI.Hg'T^. — Obtained  by  mixing  solutions 
of  2  at.  hydrochlorate  of  strychnine,  6  at.  iodide  of  potassium,  and  1  at.  mercuric 
chloride.  Shining  microscopic  crystals,  insoluble  in  cold  and  in  hot  water,  and  but 
little  soluble  in  boiling  alcohol.  (Groves.) 

Nitrate  of  Strychnine,  C-'H'-N'O^.HNO^. — Strychnine  in  fine  powder  is  gently 
heated  until  dissolved  with  nitric  acid,  diluted  until  it  is  but  feebly  acid  to  the 
taste  ;  the  solution,  on  cooling,  deposits  beautiful  colourless  needles  of  nitrate  of 
stiychnine.  If  the  nitric  acid  is  too  concentrated,  the  solution  assumes  a  yellow  colour 
immediately  heat  is  applied,  and  a  nitro-compound  is  formed.  No  acid  nitrate  is  pro- 
duced. 

Mellitate  of  Strychnine. — When  an  alcoholic  solution  of  strychnine  is  mixed  with 
an  alcoholic  solution  of  mellitic  acid,  a  dazzling  white  crystalline  precipitate  falls. 
It  is  soluble  in  1500  pts.  of  cold,  and  in  650  pts.  of  boiling  water;  perfectly  insoluble 
in  alcolioh  (Karmrodt.) 

Oxcdate  of  Strychnine.— Neutral,  2C2'H»N«01C=H20'.  Oxalic  acid  neutralised 
with  strychnine  yields  long  flat  needles,  neutral  to  litmus. — Acid  salt,  C-'H^^N-O-. 
C^H-0*.    Obtained  by  treating  the  neutral  oxalate  with  oxalic  acid. 

PercMorate  of  Strychnine,  C'-'H^-N'-O'-.HCIO*. — A  solution  of  sulphate  of  strych- 
nine decomposed  by  perchlorate  of  barium  yields  small,  pale-yellow,  glassy,  rhombic 
prisms. 

Periodate  of  Strychnine. — Produced  by  dissolving  strychnine  in  a  warm  aqueous 
solution  of  periodic  acid ;  it  crystalhses  in  six-sided  prisms  terminated  by  four-sided 
pyi'amids. 

Phosphantimonate  of  Strychnine. — ^Yellowish-white  cm'dy  precipitate,  produced  by 
adding  a  solution  of  phosphantimonie  acid  to  a  solution  of  a  strychnine-salt. 

Picrate  of  Strychnine. — ^An  alcoholic  solution  of  picric  acid  precipitates  an  alcoholic 
solution  of  strychnine  pale-yellow ;  hot  solutions,  on  cooling,  yield  fine  yellow 
crystals. 

'Sulphate  of  Strychnine.— Neutral,  2C''WW0-.TL-S0'.  Dilute  sulphuric  acid  satu- 
rated with  finely  powdered  strychnine  (Nicholson  and  Abel)  yields  large  four-sided 
prisms.  The  salt  rotates  polarised  light  to  the  left;  [a],.  =  25-58°  for  the  salt  dried 
at  4:0°.— Acid,  C-'H-2N20'''.H-SO<.  This  salt  is  formed  by  adding  diluted  sulphuric 
acid  to  the  neutral  salt ;  it  crystallises  in  long  thin  needles,  and  is  very  acid  to  test- 
paper.    (Nichol  son  and  Abel.) 

Sulphocyanatc,  C^'H^-N^O^.CyHS. — Sulphocyanate  of  potassium  throws  down,  from 
solutions  of  strychnine-salts,  a  dense  crystalline  precipitate;  from  hot  solutions  long 
silky  needles.    (Artus;  v.  Planta.) 

Tartrates  of  Strychnine.— Neutral  dextrotartrate,  2C'^^WW0'^.G''W0''  +  4aq.  Tai-- 
tario  acid  is  neutralised  with  strychnine.  Efflorescent  needles  an  inch  long. — 
Acid  dextrotartrate.  Strychnine  dissolved  in  excess  of  tartaric  acid  yields  slender  needles 
with  acid  reaction. 

Atititartrate  of  Strychnine. — The  neutral  salt  heated  to  100°  loses  T'S  per  cent, 
water,  and  nothing  more  at  200°,  but  becomes  coloured,  but  to  a  less  extent  than  the 
dextrotartrate.  The  acid  salt  loses  all  its  water  of  crystallisation  (10-3  per  cent.)  more 
rapidly  than  the  acid  dextrotartrate. 

Ozystrychnines,  iii.  320. 


STRYCHNINE, 


443 


Derivatives  of  Strychnine. 

Methylstrychnine,  C"H'"N''0=  =  C='H2'N=(CH^)0-.— Finely-powdered  tstryeh- 
nine  is  heated  for  some  hours  with  slight  excess  of  methylic  iodide  in  a  sealed  tube. 
When  the  reaction  is  complete,  the  excess  of  methylic  iodide  is  distilled  off,  and  the  re- 
sidue is  dissolved  in  hot  water  and  filtered,  to  remove  any  uncombined  stiychnine.  On 
cooling,  the  solution  yields  crystals  of  hydriodate  of  methylstrychnine,  from  which 
the  base  may  be  separated  by  means  of  oxide  or  sulphate  of  silver,  as  follows  : — 
a.  By  oxide  of  silver. — The  hydriodate,  prepared  as  above,  is  agitated  with  3  or 
4  pts.  of  cold  water  and  some  oxide  of  silver,  whereby  iodide  of  silver  is  formed  ;  the 
liquid  then  filtered  off,  and  evaporated  to  the  consistence  of  a  syrup,  whereupon  it  de- 
posits crystals  of  hydrate  of  methylstrychnine.  As  the  dark  mother-liquor 
cannot  be  made  to  crystallise,  the  following  process  may  be  substituted  :  —  h.  The 
solution  of  hydriodate  of  methylstrychnine  is  to  be  decomposed  with  au  equivalent 
quantity  of  sulphate  of  silver  ;  the  solution  separated  from  the  iodide  of  silver  is 
mixed  with  baryta-water,  and  evaporated  to  dryness ;  and  the  residue  is  heated  with 
water,  and  evaporated :  i'ryst:ils  of  hydrate  of  methylstrychnine  then  separate  out. 
As  the  salt  thus  obtained  contains  excess  of  water,  it  is  to  be  di'ied  between  130°  and 
140°.  (For  very  full  details  concerning  the  reactions  and  decompositions  of  methyl- 
strychnine, see  Gm.  x^-ii.  607.) 

it  is  remarkable  that  hydrate  of  methylstrychnine  is  not  poisonous.  Babbits  can 
take  11  grains  in  the  course  of  a  day  without  being  poisoned  (Stahlschmidt). 
Hydrate  of  methylstrychnine  forms  easily  soluble  and  crystalline  salts  with  acids. 
Aqueous  methylstrychnine  precipiitates  salts  of  nickel,  cobalt,  iron,  and  copper ;  it 
also  precipitates  alum,  but  an  excess  does  not  redissolve  the  precipitate. 

Pliobphatc  of  Methylstrychnine,  C2'H2'N-(CH')01PH'0-'.— Aqueous  methylstrych- 
nine neutralised  with  phosphoric  acid  yields  a  crystalline  mass,  readily  soluble  in 
water  and  alcohol.  (Stahlschmidt) 

Sulphate  of  Mdhylstrychmne.—a.  Keutral,  2C'm"W{CW)0''.Jl-SO*.—Pre2}aration 
(see  Methylstrychnine,  b).  May  also  be  obtained  by  neutralising  the  aqueous  base 
with  dilute  sulphuric  acid.  Thin  pearly  laminfe,  efflorescent,  easily  soluble  in  water. — • 
l>.  Acid  salt,  C-''H.-'i^-{CW)0-.WSO'.  Crystallises  easily  in  laminte,  which  have  a 
strongly- acid  reaction.  (Stahlschmidt.) 

Hydriodate  of  Methylstrychnine,  C''^'H-'N''(CH')0".HI.  Pearly  laminae,  requiring 
212  pts.  of  cold,  but  easily  soluble  in  hot  water.  Difficultly  soluble  in  alcohol. 
(Stahlschmidt.) 

Hydrohromate  of  Methylstrychnine,  C2'H='N=(CH')02.HBr. —  Thrown  down  when 
In'omide  of  potassium  is  added  to  a  strong  solution  of  the  hydrochlorate.  Sparingly 
soluble  in  cold,  but  easily  in  hot  water.  (Stahlschmidt.) 

Hydrochlorate  of  Meth/lstrychnivc,  C-'H-'N-'(CII')0-.nCl. — Formed  by  neutralising 
the  base  with  hydrochloric  acid,  or  decomposing  the  sulphate  mth  chloride  of  barium. 
Fine  prisms  half  an  inch  long,  soluble  in  water  and  alcohol. 

Chloroplntinate  rf  Met hylstrychn inc. —  Tiih-jcllow  precipitate,  difficultly  soluble  in 
water  and  alcohol,  insoluble  in  ether. 

EtUylstrychnJne,  C-'H-'^N-O-  =  C"^a-^'i^"-{Cm^)0-.— Preparation.  Similar  to 
that  of  methylstrychnine.  'but  substituting  ethylic  for  methylic  iodide.  The  base 
may  be  precipitated  by  ether  from  the  solution  filtered  from  oxide  of  silver. 

Carbonates  of  Ethyl  strychnine. — a.  Neutral.  Wlion  moist  carbonate  of  silver  is  agitated 
with  hydriodate  of  ethylstrychnine  and  water,  a  colourless  solution  is  obtained,  which, 
evaporated  in  a  vacuum,  or  at  100°,  leaves  a  crystiiUine  residue.  Water  dissolves 
carbonate  of  ethylstrychnine,  leaving  flocks  of  a  new  base  (How). — b.  Acid, 
C-''H-''N-^C-H*)O^H■-'CO^ — When  carbonic  acid  is  passed  into  the  solution  of  the 
neutral  carbonate,  and  the  filtrate  is  evaporated  in  vacuo,  or  at  100°,  a  white  crystalline 
mass  is  formed,  having  an  alkaline  reaction.  It  dissolves  in  absolute  alcohol,  and  is 
precipitated  from  the  solution  by  ether  in  colourless  prisms.  (How.) 

Hydriodate  of  Ethylstrychnine,  C-'H-'N'-(C-H^)0-.HI.  —  Shining  white  four-sided 
prism.s.  (How.) 

Nitrate  of  Ethylstrychnine,  C"-'H-'N'(C-H*)0-.HNO'.— Prepared  by  decomposing 
the  hydriodate  with  nitrate  of  silver.  Colourless,  highly  refractive  prisms,  only  slightly 
soluble  in  cold,  easily  in  boiling  water.  (How.) 

Chloroplatinate  of  Ethylstrychnine,  2C-'H-'N'XC=H^)0-.2HCl.Pti'Cl^.— Yellow  pre- 
cipitate, which  becomes  crj'stalline  in  a  few  hours.  (How.) 

Amylstrychnine,  C-'H'-'N-(C*n")0^— Prepared,  like  ethylstrychnine,  by  acting 
with  moist  oxide  of  silver  on  the  hydrochlorate  of  amvlstrvchnine.  (How.) 

Hydrochlorate  of  Amylstrychnine,  2[C-'H■-'N-\C=H")()^HC1]H=0.— Prepared  by 
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heating,  for  100  hours,  finely-powdered  strychnine  with  chloride  of  amyl.  Colourless, 
oblique,  rhombic  prisms.  (How.) 

Nitrate  of  Amylstrychnine,  C''H2'N2(C*H")0-.HNO^— Prepared  by  decomposing 
hydrochlorate  of  amylstrychnine  with  nitrate  of  silver.  Eadiated  groups  of  colourless 
needles. 

Compounds  peodtjced  by  the  action  of  Dibeomidb 
OF  Ethylene  on  Steychnine. 

IHhydrobromate  of  Ethylene-strycTinine,  C^'ff''N'(C2H-')0-.2HBr.— When  strychnine 
is  heated  in  a  sealed  tube  for  a  quarter  of  an  hour,  with  alcohol  and  excess  of  dibromide 
of  ethylene,  and  the  resulting  crystals  are  boiled  with  water  until  the  alcohol  and  excess 
of  dibromide  of  ethylene  are  expelled,  the  solution,  on  standing,  deposits  crystals  of  this 
salt.  White  crystals,  only  slightly  soluble  in  cold,  but  easily  in  hot  water  and  alcohol. 
The  solution  is  not  precipitated  by  ammonia,  potash,  or  soda.  The  crystals,  treated 
with  acid  chromate  of  potassium  and  sulphuric  acid,  yield  the  same  reaction  as  strych- 
nine (Men^tries).  Treated  with  silver-salts,  the  crystals  give  up  half  their  bromine, 
but  moist  oxide  of  silver  removes  the  whole;  thus  two  series  of  compounds  are 
formed. 

a.  Coirfpounds  containing  'Bromine. — An  aqueous  solution  of  the  crystals  is  pre- 
cipitated by  sulphate  of  silver ;  the  excess  of  silver,  and  also  of  sulphuric  acid,  is 
removed  by  baryta-water;  carbonic  acid  is  then  passed  in,  and  the  solution  is  filtered: 
the  resulting  alkaline  liquid,  evaporated  to  dryness,  leaves  a  resin,  which  Menetries 
calls  Hi/drated  Oxide  of  {iirychnine-hrometh.yl-ammoniimi,  and  represents  by  the  foiTnula 
C2'H2'N=(C-H^Br)0-.H^O. 

Sulphate  of  Strychnine-hromethyl,  C2'H2'ls-(C^H^Br)0-.ffS0».— Obtained  by  decom- 
posing dihydrobromate  of  ethylene-strx'chnine  \Y\t\i  sulphate  of  silver. 

Nitrate  of  Strychnine-hronuthyl,  C=^'H-'N-(C2H'Br)0=.HN0^— Obtained  by  decom- 
posing dihydrobromate  of  ethylene-str3'chnine  with  nitrate  of  silver.  White  needles, 
sparingly  soluble  in  cold,  readily  in  hot  water,  not  decomposed  by  alkalis. 

Platinum-salt,  2C-'H-'N-(C-H'Br)0-.2HCl.Pt"Cr'.— Obtained  by  precipitating  the 
dihydrochlorate  with  tetrachloride  of  platiniim. 

h.  Compounds  free  from  Brotnine: — 

Hydrate  of  Ethylcne-stryclininc,  C2'H-''N-(C'H')0=.E=0.— Solution  of  dihydi-obromate 
of  ethylene-strychnine,  digested  with  moist  oxide  of  silver,  becomes  of  a  reddish  colour, 
and  the  hydrate  is  obtained  by  evaporating  the  filtered  solution.    (M^ netri  hs.) 

Trichloretkylene-strychnine,  C-'H"CPN2(C==H^)0'^.  —  A  white  fixthy  substance, 
obtained  by  passing  chlorine  into  an  aqueous  solution  of  hj-drate  of  ethylene-strych- 
nine. (Menetries.) 

Nitrate  of  Nitro-dhykne-strychiine,  C2'H"(N02)N-(C'-H^)02.HN0'.  —  When  an 
aqueous  solution  of  hydrate  of  ethylene-strychnine  is  mixed  with  nitric  acid,  a  white 
crystalline  powder  is  deposited,  insoluble  in  water,  but  soluble  in  strong  acids ;  on 
evaporation  with  nitric  acid,  an  orange-red  substance  is  formed,  which  has  probably 
the  above  formula. 

Cblorostrycbnine,  C^'H^'CIN'O-. — When  a  hot  solution  of  hydrochlorate  of 
strychnine  is  treated  with  chlorine-gas,  a  resin  gradually  deposits,  the  solution  retain- 
ing hydrochlorate  of  chlorostrychnine.  Ammonia  is  then  added  to  the  solution  drop 
by  drop,  until  a  small  permanent  precipitate  is  formed,  the  liquid  is  filtered,  and  the 
filtrate  is  precipitated  with  ammonia.  (Laurent.) 

Sulphate  of  Chlorostrychnine,  2C-'H-'ClN'-0-.H-S0*. — Prepared  by  neutralising  dilute 
sulphuric  acid  with  chlorostrychnine,  and  obtained  in  crystals  by  evaporating  the 
Bolution. 

Classified  List  of  Memoies  on  Steychnine. 

Detection  of  Strychnine. — Brieger,  Jahrb.pr.Pharm.  xx.  87. — Bingley,Chem.  Gaz. 
1856,  p.  229. — DeVrij  and  Van  derBurg,  Pharm.  J.  Trans,  xvi.  448. — Erdmann 
and  Marchand,  J.  pr.  Chem.  xxxi.  374.  .L  Erdmann,  Ann.  Ch.  Pharm.  cxxii. 
360. — Eboli,  Archiv.  der  Pharm.  cxxxv.  186. — Flan  din,  Compt.  rend.  Ixxxvi.  517. — 
Gorup-Besanez,  Handworterb.  [2J  i.  468. — Hiinefeld,  Schw.  Is.  454. — Hagen, 
Ann.  Ch.  Pharm.  ciii.  159. — Jordan,  N.  Kepert.  x.  156. — Mayer,  J.  Pharm.  [3],  xlvi. 
124.— Otto,  Ann.  Ch.  Pharm. c.  39. — Reese,  Chem.  News,  1862,  p.  316. — Eousseau, 
J.  Chim.  Med.  xx.  415. — Eodgers  and  Girdwood,  Pharm.  Trans,  xvi.  497. — Stas, 
J.  pr.  Chem.  Iv.  232.— Steven  son  Macadam,  Phai-m.  J.  Trans,  xvi.  120,  160; 
Kopp's  .Jahresbr.  1856,  p.  759. — Schr6der,N.  Br.  Arch,  xciii.  190.  — Thorn  as,  Amer. 
Journ.  Pharm.  1862,  p.  227.— Thomson,  Pharm.  g.  Trans,  ix.  24.— Vogel,  N.  Eepert. 
Pharm.  ii.  660. — Von  Uslar  and  J.  Erdmann,  Ann.  Ch.  Pharm.  cxx.  121. — 
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Wagner,  Kopp's  Jahresbor.  1861,  p.  867. — Wittstein,  Pharm.  Viortelj.  vi.  273. — 
Lethe  by,  Pharm.  J.  Trans,  xvi.  10.— Davy,  J.  Phann.  [3],  xxiv.  204.— Mack,  N. 
Br.  Arch.  xlvi.  314. 

Alleged  aduUcration  af  Pale  Ale  with  Strychnine.  —  Graham  and  Hofmann, 
Pharm.  J.  Trans,  xi.  504;  Ann.  Ch.  Pharm.  Ixxxiii.  39;  Chem.  Gaz.  1852,  p.  197. 

Preparation  of  Stri/chninc. — Corriol,  J.  Pharm.  xi.  492. — Souboiran,  J.  Pharm. 
[3],  xlv.  230.— Win'ckler,  Mag.  Pharm.  xix.  261.— Neiihaus,  N.  Tr.  xi.  2,  198. 
— Duflos,  Berl.  Jahrb.  xxviii.  2,  208.— 0.  Henry,  J.  Pharm.  xvi.  752.— N.  E.  Henry, 
J.  Pharm.  viii.  401. — Lebourdais  and  Tilloy,  J.  Pharm.  [3],  xxiii.  406. — ^Witt- 
stein,  HarstcU.  u.  Priifung,  p.  215. — Wittstock,  Bcrcciius  Lchrb.  3rd  cd.  vi.  296. 
— Geiseler,  N.  Br.  Arch.  ii.  73. 

Action  of  Nitric  Acid  on  Stri/chninc  and  Brucine. — Gerhardt,  Chem.  Gaz.  1863, 
p.  283.— Gerhardt,  Compt.  Chim.  1845,  p.  136. 

Action  of  Chlorine  and  Bromincon  Strychnine. — Laurent,  Compt.  rend.  xxiv.  220; 
J.  pr.  Chem.  xlvi.  52. — Lepage,  J.  Pliarm.  xxvi.  140. — Eiegel,  N.  Br.  Arch.  Iviii. 
274.— Laurent,  Ann.  Ch.  Phys.  [3],  xxiv.  312. 

Actio7i  of  7iascent  Oxygen  on  Strychnine. — E.  Marchand,  Chem.  Gaz.  1844,  p.  484  ; 
J.  Chim.  med.  July  1844. 

Employment  of  Electricity  in  Cases  of  Poisoning  with  Strychnine.  —  Duclos, 
Buchner's  Kep.  Pharm.  sxxii. 

Strychnine-salts. — Sedts  generally:  Nicholson  and  Abel,  Chem.  Soe.  Qu.  J. 
ii.  2\\.—ylrscnite :  Chiappero,  N.  Br.  Arch.  cxv.  94. — Ceresoli,  N.  J.  Pharm.  [4], 
i.  343. — Betidoretinatc :  Kosmann,  J.  Pharm.  [3],  xxvi.  204. — Carbonate:  Lang- 
lois,  Ann.  Ch.  Phys.  [3],  xlviii.  602.—  Cklorocadmiate:  Galletly,  Ed.  New  Phil.  J. 
iv.  94. — Chlorozincate :  Grafinghoff,  J.  pr.  Chem.  xev.  229. — Hydrochloraie  of 
Strychnine  and  Cyanide  of  Mercury:  Kohl  andSwoboda,  Chem.  Gaz.  1863,  p.  70. 
— Hydrosulphocyanate :  Artus,  J.  pr.Chem.  iii.  320;  viii.  253. — Henry,  J.  Pharm. 
xxiv.  194. — Lepage,  J.  Pharm.  xxvi.  140. — Dollfus,  Ann.  Ch.  Pliarm.  Ixv.  215. 
— Hydroplatinocyanate  :  Schwarzenbach,  Pharm.  Viertelj.  viii.  518. — lodate : 
Serullas,  Ann.  Ch.  Phys.  xlv.  276. — Periodate :  Bodeker,  Ann.  Ch.  Pharm.  Ixxi. 
64. — lod.omcrciirate :  Groves,  Chem.  Soc.  Qu.  .T.  ii.  97. — Hydrojluatc :  Elderhorst, 
Ann.  Ch.  Pharm.  Ixxiv.  77. — Hyposulphate :  How,  Pharm.  Centr.  1855,  p.  95. — 
Hippurate  and  O.valtirate :  Ann.  Ch.  Phanu.  Ixxiv.  77. — Mcllitate  :  Karmrodt,  Ann. 
Ch.  Pharm.  Ixxxi.  170. —  Oxalates:  Elderhorst,  loe.  cit. —  Tartrates:  Arppe,  J. 
pr.  Chem.  liii.  331. — Pasteur,  Ann.  Ch.  Pliys.  [3],  xxxviii.  437. — Stonhouse, 
Ann.  Ch.  Pharm.  cxxix.  25. 

lodo-compoitnds. — Tildcn,  Chcni.  Soc.  J.  [2],  iii.  99. — Herapath,  Chem.  Gaz. 
1855,  p.  320  ;  Proc.  Eoy.  Soc.  June  1856. 

Benzoic  derivatives  of  Strychnine. — Schiitzonbcrger,  Compt.  rend,  xlvii.  233; 
Chem.  Gaz.  1858,  p.  387. 

Substitution-compounds  of  Strychnine. — Methyhtrychnine :  Stahlschmidt, 
Pogg.  Ann.  cviii.  513. — Ethylstrychninc :  How,  Trans.  Roy.  Soe.  Edin.  xxi.  1,27; 
(Ihem.  Gaz.  1854,  pp.  321,  341,  365. — Aniylstrychninc:  How,  loc.  cit. —  Compjou7idsp)ro- 
diwed  by  the  action  of  Dibroniidc  o?i  Ethylene:  Menetri(^s,  J.  pr.  Chem.  Ixxxv.  230. 

Crystalline  form  of  some  Salts. — Descloizeaux,  Compt.  rend.  xliv.  909. 

C.  G.  W. 

STRVCHirOCHROraE  or  STRYCHlffOCHROMIW — A  resinous  yellow 
cuIuuimiil;-  niattrr,  from  the  lichens  of  false  Angustura,  also  from  those  found  on  ihebark 
of  Slrychnos  Pseudochina,  as  well  as  from  Upas  Tieu/e.  The  lichens  are  exhausted  with 
otiier,  and  then  with  alcohol;  thealcoholic  tincture  is  evaporated ;  andthe  residue  is  boiled 
repeatedly  with  water,  which  dissolves  extractive  matters,  and  leaves  the  yellow.  It 
is  a  reddish-yellow,  tasteless,  non-poisonous  powder.  It  dissolves  in  strong  nitric  acid 
with  fine  green  colour,  which  disappears  on  diluting  the  solution  with  water  ;  but  ap- 
pears again  wlien  the  liquid  is  concentrated,  and  is  turned  yellow  by  sulphuric  acid 
and  ferrous  sulpliate.  Strong  nitric  acid  also  throws  down  from  alcoholic  strj'chnochromo 
a  green  precipitate,  which  loses  its  colour  when  washed.  Oil  of  vitriol  turns  stryohno- 
chromo  green  ;  strong  caustic  potash  decomposes  it. — It  is  nearly  insolnble  in  boiling 
water  and  dilute  alkalis;  soluble  in  acetic  acid,  from  which  it  is  precipitated  by 
alkalis  ;  easily  soluble,  with  reddish-yellow  colom-,  in  alcohol ;  and  very  slightly 
solnble  in  ether  and  volatile  oils.  (Pelletier,  J.  Pharm.  v.  546. — Pelletier  and 
Caventou,  Ann.  Ch.  Phys.  [2],  xxvi.  54.) 

The  strychnine  prepared  from  Nnx-vomica,  Faba  St.  Ignatii,  and  Upas  Tieiite  obsti- 
nately retains  a  yellow  colouring-matter,  which  remains  in  solution  when  an  aqueous 
extract  of  the  upas  is  precipitated  with  magnesia,  and  is  obtained  as  a  yellow  extract 
on  evaporation.  This  body  is  coloured  bright-red  by  strong  nitric  acid ;  it  dissolves 
easily  in  water  and  alcohol,  and  is  not  precipitated  by  neutral  acetate  of  lead, 
(Pelletier  and  Caventou.) 
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STRVCHNOS.  A  genus  of  apooynaceous  plants,  including  several  species  •which 
yield  strychnine  and  brucine.  Strychnos  colubrina,  a  tree  growing  in  the  Moluccas, 
yields  snake-wood,  which  contains  a  large  quantity  of  fatty  matter,  and,  according 
to  Pelletier  and  Caventou,  a  certain  quantity  oi  strychnine,  but  less  than  nux-vomica ; 
it  was  formerly  used  as  an  antidote  to  the  bites  of  poisonous  serpents.  The  fruit  of 
8tr.  Nux-vomica  yields  strychnine  and  brucine.  Str.  St.  Iffnatii  yields  the  beans  of 
St.  Ignatius,  which  contain  strychnine  with  a  very  small  quantity  of  brucine.  Sir. 
Tieute  yields  Upas-tieute,  the  Javan  arrow-poison,  which  also  contains  strychnine 
with  traces  of  brucine.  The  bark  of  Str.  Pseudochina,  a  tree  growing  in  Brazil,  and 
used  there  as  a  febrifuge,  is  said  by  Vauquelin  not  to  contain  strychnine. 

STTTDERITE.  A  fahl-ore  occuri'ing  in  the  dolomite  of  Ausserberg,  in  the  Valais. 
It  is  laminar  to  massive,  of  uneven  fracture,  black,  of  specific  gravity  4'6o.  Accor- 
ding to  an  analysis  by  Fellenberg  (Jaliresb.  1865,  p.  872),  it  contains, in  100  parts: 
S.  Sb.  As.  Bi.  Cu.  Zn.  Fe.  Pb.  Ag. 

24-47       15-68       11-49       0-68       38-17       6  11       2-76        0  88  0-96 

STITBSliilTE.    A  mineral  found  in  the  island  of  Lipari,  and  analysed  by 
A.  Stiibel  (Jahresb.  1865,  p.  892).    It  is  amorphous,  botryoidal,  kidney-shaped,  or 
encrusted  ;  very  brittle,  of  conchoidal  fracture,  and  velvet-black  to  pitch-black  colour. 
Hardness  =  4  to  5.    Specific  gravity  =  2-223  to  2-263.    Contains : 
Si02.        APO'.       Fe^O'.        Mn^O'.      IMsO.         CuO.  CI.  H^O. 

26-99       6-37       10  18       21-89       1-03       15-23       0-77       16-86    =  98-31 

STYliOBlTE.    Sj'n.  -with  Gehienite. 

STirSiOZiITES.  Peculiar  elongated  calcareous  formations,  occurring  in  the 
Muschelkalk  at  Kiidersdorf,  near  Berlin. 

STV^OTYPE.    An  antimonial  fahl-ore  from  Copiapo  in  Chile,  occurring  in 
groups  of  four-sided  nearly  rectangular  prisms,  probably  belonging  to  the  trimetric 
system.     It  has  an  imperfectly  conchoidal  fracture,  iron-black  colour,  and  black  . 
streak.    Hardness  =  3.    Specific  gravity  =  4-79.  Contains: 
S.  Sb.  Cu.  Ag.  Fe.         Pb,  Zn. 

24-30       30-63       28-00       8-30       7-00       trace       =  98-13 

f(Q^-  Act'')-} 

agreeing  nearly  with  the  formula  3  j  ^      '  > .  Sb^S",  which  is  of  the  general  form 

3K"S.Sb=S^ 

STVPHWIC  ACID.    Syn.  with  Oxtpiceic  Acid  (iv.  317). 
STVPTERITE.    Native  hydrated  sulphate  of  aluminium.    (See  Sulphates.) 
STYPTICITE.    Native  basic  ferric  sidphate.   (See  Sulphates.) 

C'H'O  / 

STYRACXir.  Styrylic  or  Cinnylic  Cinnamate,  C'*H"'0'  =  c^H'l*"*' 
(i.  986.) 

f    Syn.  with  Styrylic  Alcohol  (p.  447). 
STYRACONE.J  ' 

STYRAX.    Syn.  with  Stoeax  (i.  497). 

STYROZi.    Syn.  with  Cinnambne,  C*H'  (i.  982). 

Bistyrol,  C"*H'^  is  produced  by  heating  cinnamic  acid  -with  aqueous  hydrobromic 
acid  of  specific  gravity  1-12,  or  with  a  mixture  of  1  pt.  oil  of  vitriol  and  2  pts. 

2C»H«02  =  2C02  +  C'=H'«. 
It  is  an  oily  hydrocarbon,  which  forms  with  bromine  the  crystalline  compound, 
Qi6jji6gr2_    n  is  jjot  converted  into  metastyrol  (metacinnamene,  i.  982)  by  continued 
heating  to  200°.    (Erlenmeyer,  Ann.  Ch.  Pharm.  cxxxv.  122.) 

STYRONE.    Syn.  with  Sttbylic  Alcohol. 

STYRYIi.    Syn.  with  Cinnyl,  C'H'. 

STYRYSiAMlKrE.  CH'iN  =  N  j        .    Cinnylamine.     (Kamdohr,  Zeitschr. 

f.  Pharm.  1858,  p.  113;  Jahresb.  1868,  p.  448.)— A  base,  produced  by  heating 
styrylic  chloride  with  a  solution  of  ammonia  in  absolute  alcohol  in  sealed  tubes  to 
100°  (the  tubes  are  apt  to  explode  at  higher  temperatures).  The  resulting  hydro- 
chlorate  of  styrylamine  is  purified  by  recrystallisation  from  water  and  pressure  between 
paper;  and  from  the  aqueous  solution  of  this  salt,  the  base  is  separated  by  potash  as  a 
bulky  precipitate,  which,  by  solution  in  ether  and  spontaneous  evaporation,  is  obtained 
in  small  colourless  crystals. 
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Styrylamine  melts  easily  to  a  yellow  oil,  which  volatilises  at  100°.  The  vapours,  as 
■well  as  the  ethereal  solution,  are  alkaline.  It  has  a  bitter,  caustic,  very  persistent 
taste,  and  dissolves  readily  in  ether.  The  aqueous  solution  exhibits  the  following 
reactions  : — With  the  nitrates  of  barium,  calcium,  and  magnesium,  in  neutral  solution, 
white  precipitates ;  with  ferric  chloride,  a  brown-rod,  rather  dense  precipitate  ;  vritli 
zinc'Sulphafe,  white,  insoluble  in  excess  of  the  alkali ;  with  cupric  sulphate  and  nickel- 
sulphate,  greenish-white,  insoluble  in  excess  ;  with  lead-acctatc,  white ;  with  mercuric 
chloride,  white,  bulky  ;  with  silver-tiitrate,  no  reaction  ;  with  atcric  chloride,  immediate 
yollowish-rcd  precipitate  ;  with  pilatinic  chloride,  egg-yellow  ;  with  potassia permanga- 
nate, copious  brown  precipitate  ;  with  potassic  chromatc  and  sulphuric  acid,  reduction 
of  tlie  chromic  acid  to  chromic  oxide  ;  with  potassic  sulphocyanate,  slight  crystalline 
precipitate  after  some  time ;  with  tannin,  an  immediate  precipitate. 

Hydrochloratc  of  Styrylamine,  C'H"N.HC1,  crystallises  from  water  in  stellate  groups 
of  snow-white  crystals,  belonging  to  the  regidar  system.  The  chJ.oroplatinate,  2C"H"N. 
n'Cr-.Pt''Cl^  is  an  egg-yellow  precipitate,  sparingly  soluble  in  cold,  more  easily  in 
hot  water,  insoluble  in  alcohol  and  ether ;  when  heated  it  melts,  blackens,  gives  off 
strong-smelling  vapours,  and  leaves  a  large  quantity  of  charcoal. 

STYRYIIC  AIiCOHOZi.  CHi'D  =  ^j^'jo.— An  alcohol  produced  by  dis- 
tilling styracin  (styrylic  cinnamate)  with  caustic  potash  or  soda; — already  partly 
described  as  Clnnylic  Alcohol  (i.  992).  According  to  Eamdohr  (Zeitschr.  f. 
Pharm.  1868,  p.  113  ;  Jahresb.  1858,  p.  446),  the  distillation  should  be  conducted  in 
copper  vessels,  because  glass  vessels  are  liable  to  be  broken  by  the  percussive  ebulli- 
tion, caused  by  the  separation  of  the  alkaline  cinnamate  produced.  The  styrylic 
alcohol  passes  over  with  the  aqueous  vapour,  and  separates  on  the  water,  in  the  course 
of  a  few  days,  in  fine  crystals  (or,  in  warm  weather,  sometimes  as  an  oil,  which  may 
remain  liquid  for  a  long  time).  It  is  somewhat  soluble  in  cold  water,  less  soluble  in  a 
strong  solution  of  common  salt. 

Styrylic  alcohol  is  converted  by  oxidation  into  cinnamic  aldehyde,  C'H'O,  and 
cinuamic  acid,  C'H^O-.  When  poured  in  the  fused  state  on  platinum-black,  it  is  con- 
verted, after  a  few  days,  almost  wholly  into  cinnamic  aldehyde  (Strecker). — With 
chromic  acid,  or  a  mixlui'e  of  potassic  chromate  and  sulphuric  acid,  it  becomes  hot,  and 
yields  cinnamic  acid,  which  separates  on  the  surface,  and  if  the  liquid  be  boiled,  is 
further  converted  into  benzoic  aldeh3xle  (bitter-almond  oil)  (Wolff). — Heated  with 
strong  potash-ley  and  peroxide  of  lead,  it  gives  off  a  large  quantity  of  benzoic  aldehyde, 
and  the  residue  contains  cinnamic  acid ;  the  peroxide  of  lead  is,  at  the  same  time, 
reduced  to  protoxide,  or  sometimes  even  to  metal  (Wolff). — With  potash  and  carbonic 
disuiphide,  it  yields  a  salt  analogous  to  santhate  of  potassium  (Scharberg). — When 
heated  witli  nitric  acid,  it  dissolves,  and  is  slowly  attacked,  a  large  quantity  of  nitrous 
acid  being  evolved,  benzoic  aldehyde  distilling  over,  and  benzoic  acid  remaining 
behind.  If  the  formation  of  nitrous  acid  be  prevented  by  addition  of  urea,  a  smaller 
quantity  of  benzoic  aldehyde  is  formed,  and  the  residue  contains  nitro-cinnamic  acid. 
(For  the  other  reactions  see  the  next  article.) 

STYRYIIC  ETHZSRS.  (Ramdohr,  loc.  cit.)—Styrylic  Acetate, 
C'-1I^(_C''H'')0-,  is  produced  by  the  action  of  acetic  chloride  on  the  alcohol ;  it  distils 
without  decomposition. — -Styrylic  Benzoate,  C'H*(C'H'')0^  produced  in  liko 
manner  is  crystalline,  but  not  volatile  without  decomposition. 

Styrylic  Chloride,  C'H''C1. — When  dry  hydrochloric  acid  gas  is  passed  into 
crystallised  styrylic  alcohol,  the  latter  becomes  liquid,  and  separates  into  two  layers ; 
and  on  heating  the  product  to  100°,  washing  with  dilute  soda-ley,  and  drying  with 
calcic  chloride,  styrylic  chloride  is  obtained  as  an  oil  of  light  wine-yellow  colour, 
smelling  of  cinnamon  and  anise-oils,  remaining  liquid  at  —19°,  and  decomposed  by 
distillation,  even  in  a  vacuum. 

Heated  witli  cyanide  of  potassium,  either  in  open  vessels  or  to  100°  in  scaled  tubes, 
it  yields  a  reddish  oil,  which  quickly  decomp)oses,  with  formation  of  a  resinous  mass, 
and  cannot  be  purified  by  distillation. 

Styrylic  Cinnamate,  C''H"0-  =  C'H'(C»H»)0=.— Syn.  with  Cinnylic  Cinna- 
mate or  Styracin  (i.  986). 

Styrylic  Cyan  ide,  C'^N  =  C'H'.CN,  is  produced  by  heating  styrylic  iodide  with 
an  alcoholic  solution  of  potassic  cyanide  to  100°  in  sealed  tubes  ;  on  opening  the  tubes, 
a  strong  odom-  of  cyanogen  becomes  perceptible,  aud  an  oily  layer  separates  on  cooling. 
Addition  of  water  renders  the  contents  of  the  tubes  milky,  and,  on  further  adding 
common  salt,  the  styrylic  cyanide  separates  as  a  yellowish  oil,  easily  soluble  in  ether, 
sparingly  in  alcohol,  insoluble  in  water.  AVhen  heated  w-ith  potash,  it  gives  off 
ammonia,  and  becomes  resinised,  but  does  not  appear  to  yield  an  acid  homologous  to 
cinnamic  acid. 
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Styrylic  Iodide,  C"H°I,  is  produced  by  the  action  of  iodide  of  phosphorus  on 
styrylic  alcohol.  The  action  takes  place  without  aid  of  heat ;  the  styrylic  alcohol 
melts,  and  the  mixture,  when  warmed,  separates  into  two  layers,  the  upper  of  which 
consists  of  styrylic  iodide,  to  be  purified  like  the  chloride.  It  is  heavier  than  water ; 
has  an  aromatic  odour,  and  burning  taste ;  cannot  be  distilled,  either  alone  or  with 
water. 

Sty  rylic  Oxi  de,  (C°II')^0,  is  produced  by  the  action  of  boric  anhydride  on  styrylic 
alcohol.  When  the  two  substances  are  triturated  together,  the  alcohol  first  melts,  and 
the  mixture  solidifies;  and  on  heating  it  in  sealed  tubes  to  100^,  for  five  or  six  hours, 
the  formation  of  the  styrylic  oxide  is  completed ;  the  product  may  be  freed  from  boric 
acid  by  means  of  soda-solution. — Styrylic  oxide  is  a  light-yellow  viscid  oil,  having  an 
odour  of  cinnamon,  heavier  than  water,  partially  decomposed  by  distillation. 

Styryl-cthylic  Oxide,  C°H°.C-H^.O,  produced  by  the  action  of  sodic  ethylate  on 
styrylic  chloride,  is  a  liquid  heavier  than  water,  insoluble  therein,  easily  soluble  in 
alcohol  and  ether,  and  distilling  at  a  very  high  temperature. 

Styrylic  Sulphide,  (C'H')^.?,  obtained  by  mixing  the  alcoholic  solutions  of  styrylic 
chloride  and  potassic  monosulphide,  is  a  yellowish,  fetid,  non-distillable  oil. 

STYI&7XiXITE.  The  name  given  by  Chiozza  to  a  base,  C'H'N,  probably  formed 
by  the  action  of  ammonium-sulphide  on  metastyrol  (i.  983). 


SUBBEAMIC  ACIS.    C'H'^NO'  =  (CH^'O^)"  \  q.— Produced  by  the  dry  dis- 


tillation of  ammonium-suberate.  It  is  fusible,  soluble  in  boiling  water,  and  deposited 
therefrom  on  cooling.  On  boiling  it  with  barium-carbonate,  and  treating  the  filtrate 
with  silver-nitrate,  a  gelatinous  precipitate  is  formed,  containing  38  per  cent,  silver, 
agreeing  approximately  with  tlie  formula  CH'^AgNO^,  which  requires  38'57  percent, 
silver.    (Gerhardt,  Compt.  chim.  1845,  p.  178.)* 

SUBERAMIDE.  C^H'^N^O^  =  N=(CsH"02)".H<.-mite  crystalline  substance, 
produced  by  the  action  of  aqueous  ammonia  on  methylic  suberate,  or  by  passing 
ammoniacal  gas  into  an  alcoholic  solution  of  ethylic  suberate.  (Laurent,  J.  pr.  Chem. 
xxvii.  313.) 


SUBERAXrXI.XC  ACIS     Phenyl-suberamic  Acid,  C^^W^'ilO^  =  (CH'^O^' [■ 


(Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xxiv.  185.) — Produced,  together  with 
suberanilide,  by  melting  suberic  acid  with  an  equal  volume  of  dry  aniline.  AVhen  the 
alcoholic  liquid  from  which  siiboranilide  is  precipitated  by  water,  is  evaporated  tiU 
the  alcohol  is  driven  off,  a  brownish  oil  separates,  which  solidifies  on  cooling.  This 
oil  is  dissolved  in  boiling  ammonia,  which  leaves  a  certain  quantity  of  suberanilide, 
and  filtered ;  from  the  filtrate  hydrochloric  acid  precipitates  colourless  suberanilic 
acid.  If  during  the  boiling  a  slight  excess  of  hydrochloric  acid  be  added,  suberanilic 
acid  will  separate  on  cooling,  partly  crystalline,  and  partly  as  a  pale-yellowish  oil,  which 
afterwards  solidifies. 

The  acid  forms  microscopic  lamina^,  irregularly  notched,  melts  at  128°,  becoming 
crystalline  on  cooling.  It  is  not  soluble  in  cold,  and  but  slightly  soluble  in  hot  water. 
It  dissolves  readily  in  ether.  The  solution  in  hot  water  reddens  litmus.  By  dry 
distillation  it  yields  much  charcoal,  and  a  thick  oil  containing  aniline,  which  partly 
solidifies  on  cooling.    Fused  with  potash  it  yields  aniline. 

Suberanilate  of  Ammonium. — The  acid  dissolves  easily  in  hot  ammonia,  and  the  salt 
is  deposited  in  small  granular  crystals,  whose  aqiieous  solution  is  not  coloured  by 
chloride  of  lime. 

The  ammoniaim-salt  precipitates  chloride  nf  barium;  the  precipitate  dissolves  readily 
in  boiling  water,  and  separates  on  cooling  in  woolly  flakes.  With  chloride  of  calcium 
it  gives  a  white  precipitate,  soluble  in  hot  water ;  with  lead-salts  a  white  precipitate, 
insoluble  in  water.  It  precipitates  ferrous  salts  yellowish-white,  cupric  salts  light- 
blue,  the  precipitate  being  insoluble  in  water ;  with  silver-nitrate  a  white  precipitate, 
insoluble  in  water,  and  turning  violet  on  exposure  to  light. 


SUBBBAWII.IBE.    Themjl-siiberamide.   C^H^^N^O^  =    (C<^H")=  VN'.  (Lau- 


rent and  Gerhardt,  loc.  cit.) — Wlien  equal  measures  of  dry  aniline  and  fused  suberic 
acid  are  melted  together,  water  is  produced.  The  mixture  is  kept  melted  for  ten 
minutes  near  the  boiling  heat;  and  an  equal  bulk  of  alcohol  is  then  added,  which 

*  In  liis  Traile  de  Chimie  orgnnique  (ii.  73S),  published  iu  1854,  Gerhardt  states,  however,  that  suber- 
amic  acid  has  not  yet  been  obtained. 
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immediately  dissolves  the  mixture.  After  a  few  minutes  the  solution  solidifies  to  a 
mass  of  crystals,  which  are  dissolved  in  mure  boiling  alcohol,  and  the  solution  is  left  to 
stand,  whereupon  most  of  the  suberanilide  crystallises  out.  The  rest  is  precipitated 
Ly  water,  suberanilic  acid  remaining  in  solution. 

Suberanilide  crystallises  from  alcohol  in  pearly  laminje.  It  melts  at  18.3°,  and 
crystallises  on  cooling.  It  is  but  slightly  soluble  in  cold  alcohol,  but  dissolves  readily 
in  boiling  alcohol  and  iz  ether. 

AVlien  subjected  to  dry  distillation,  it  leaves  a  small  quantity  of  charcoal,  and  yields 
an  oil,  which  solidifies  on  cooling,  and  crystallises  from  a  hot  alcoholic  solution 
in  pearly  lamina?,  which  however  present  a  different  appearance  under  the  micro- 
scope, and  seem  to  be  somewhat  rounded.  Gently  heated  with  hydrate  of  potas- 
sium, it  immediately  gives  off  aniline.  It  is  not  attacked  by  ammonia,  or  by  boiling 
solution  of  potash. 

SUBERIC  ACID.     C'II"0'  =   (C^'O^)  ]^0-.—Korksdifre.   (Brugn  atelli, 

Crell.  Ann.  1787,  i.  14.5. — Bouillon  Lagrange,  Ann.  Chim.  xxiii.  2;  J.  Pharm.  viii. 
107.— Chevreul,  Ann.  Chim.  Ixii.  323;  xcvi.  182.— Brandes,  Schw.  J.  xxxii.  393; 
xxxiii.  83;  xxxvi.  2G3 ;  Ann.  Ch.  Pharm.  ix.  296. — Bussy,  J.  Pharm.  viii.  107;  xix.426. 
— Boussingault,  J.  pr.  Chem.  vii.  211. — Harff,N.  Br.  Arch.  v.  303.  — Laurent,  Ann. 
Ch.  Phys.  [2],  Ixvi.  157. — Bromeis,  Ann.  Ch.  Pharm.  xxxv.  89. — Tilley,  ibid. 
xxxix.  166. — Sacc,  ibid.  li.  222. — Wirtz,  ibid.  civ.  261.— Arppe,  Oxidation  of  Fats 
bi/  Nitric  Acid,  Ann.  Ch.  Pharm.  cxv.  143;  cxx.  288:  Jahresb.  1860,  p.  246;  1861, 
p.  3u7;  1864,  p.  377.-- Gm.  xiii.  204.) 

This  acid,  belonging  to  the  oxalic  series,  C"H-"— -0'  (i.  52),  was  first  obtained  by 
the  action  of  nitric  acid  upon  cork  (Brugnatelli) :  hence  its  name  (from  the  Latin 
siiher).  It  is  also  produced,  together  with  several  other  acids  of  the  same  series,  by 
the  oxidising  action  of  nitric  acid  on  various  fatty  bodies — e.g.  oleic  acid  (Laurent), 
stearic  acid  (Br  o  mei  s),  castor-oil  (Tilley),  linseed-oil  (Sace),  cocoanut-oil  (Wirtz); 
lastly,  it  is  produced  by  the  action  of  nitric  acid  on  suberone  (p.  460). 

It  is  most  easily  prepared  by  treating  commercial  stearic  or  oleic  acid,  or  castor-oil, 
with  nitric  acid,  in  the  manner  described  under  Lepargylic  Acid  (iii.  571)  and  Pimelic 
Acid  (iv.  646).  The  resulting  acid  solution,  when  duly  conccuti-ated,  yields  a  white 
granular  mass,  which,  when  freed  from  oxalic  acid  by  washing  with  cold  and  recrys- 
tallisatiou  from  warm  water,  and  from  other  more  soluble  acids  by  melting  the  crystals, 
pulverising  the  fused  mass,  and  treating  the  powder  with  water,  yields  a  mixture  of 
azolaic  (lepargylic)  and  suberic  acids;  and  on  treating  this  residue  with  cold  ether, 
the  azelaic  acid  is  dissolved,  while  the  suberic  acid  remains  behind.  Further  purifica- 
tion may  be  effected  by  repeated  treatment  with  water  and  ether  successively. 

Pare  suberic  acid  crystallises,  according  to  Arppe,  in  needles  an  inch  long,  or 
in  tabular  crystals  (six-sided  tables  of  120*^,  apparently  belonging  to  the  hexagonal 
system).  It  melts  at  140°,  solidifies  in  transparent  sharp  needles,  and  sublimes 
between  150°  and  160°,  with  partial  decomposition,  in  slender  needles  half  an  inch 
long.  It  dissolves  sparingly  in  cold,  easily  in  boiling  ivater,  more  easily  in  alcohol 
than  in  water,  sparingly  in  ether ;  sparingly  in  cold,  easily  in  warm  oil  of  turpentine, 
and  mixes  with  fixed  oils. 

Suberic  acid,  when  heated  in  a  test-tube,  gives  ofif  suffocating  vapours,  condensing 
into  drops  which  become  solid  and  crystalline.  It  is  decomposed  by  prolonged  boiling 
with  nitric  acid,  forming  an  oily  acid,  which  has  the  odour  of  butyric  acid  (Sacc). 
Distilled  with  4  pts.  manganic  j^eroxide,  1  pt.  oil  of  vitriol,  and  1  pt.  water,  it  yields 
an  acid  distillate,  smelling  of  formic  acid  (Brandes).  Distilled  with  excess  of  lime,  it 
yields  suberone  (p.  450),  togelhcr  with  other  products.  Distilled  with  excess  of  baryta, 
it  yields  at  80°  a  liquid  distillate,  from  which  bv  rectification  a  hydrocarbon  is  obtained, 
having  the  composition  C"H",  and  boiling  at  76°;  C"11"0'  =  2C0-  +  C-H"  (Riche, 
Ann.  Ch.  Pharm.  cxiii.  105).  According  to  P.  S.  Dale  (Chem.  Soc.  J.  [2]  ii.  258), 
the  acid  distilled  with  anhydrous  or  hj-drated  baryta  yields,  at  a  temperatwe  near 
redness,  a  yellowish  oil,  from  which,  by  treatment  with  a  mixture  of  nitric  and 
sulphuric  acids,  and  subsequent  rectification,  a  hydrocarbon,  C'H",  is  obtained,  agree- 
ing in  properties  with  hoxylic  hydride  obtained  from  coal-tar,  excepting  that  the 
somewhat  lower  specific  gravity  (0-6617  at  17'5°)  brings  it  nearer  to  the  yS-hexylic 
hydride  discovered  by  Wanklyn  and  Erlenmeyer  (iii.  153). 

Suberic  acid  fused  with  aniline  yields  suberanilide  and  suberanilic  acid  (p.  448). 

Suberates. — Suberic  acid  is  dibasic,  the  formula  of  its  normal  salts  being 
CH'-M-O'  or  C»H>-M"0'.  The  suberates  of  the  alkali-metals,  earth-metals,  zinc,  and 
manganese  are  more  or  less  soluble  in  water  :  and  from  their  solutions,  the  suberic 
acid  is  precipitated  by  stronger  acids  as  a  white  powder.  They  are  decomposed  by 
distillation,  yielding  a  white  sublimate  of  the  acid. 

The  aqueous  solution  of  suberic  acid  docs  not  precipitate  any  metallic  salt  except 
Vol.  V.  G  G 
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neutral  acetate  of  lead.  When  saturated  with  ammonia,  it  precipitfites  the  solutions 
of  barium-,  calcium-,  and  strontium-elilorides  only  on  addition  of  alcohol,  but  forms 
an  immediate  white  precipitate  in  solutions  of  the  neutral  salts  of  silver,  mercury, 
zinc,  and  tin — bluish-green  with  cupric  sulphate,  red-brown  with  ferric  sulphate. 

The  composition  and  physical  characters  of  the  suberates,  as  determined  by  Ajppe, 
are  as  follows : 

Neutral  suberate  of  sodium  .  .  2C'H'-Na-0'.H^0  warty  or  dendritic  aggregates. 
Acid  „  .       .    CH^NaO*  tufts  of  needles. 

Suberate  of  barium      .       .       .    C«H'-^Ba"0*  ') 

„         strontium  .       .       .    OTI'-Sr"0'  ^-crystalline  precipitates, 

caloium      .       ,       .    2C^Hi  WO^.H^O ) 

„         magnesium        .       .    C'H''^Mg"0'.3H'^0  warty  crystalline  aggregates. 

„  aluminium.        .....         white  amorphous  powder. 

,,  zinc  ....    C^H'^Zn'O*  fine  granidar  precipitate. 

,,  manganese        .       .    OTl"Mn"0''.3H-0  light-red  crystalline  spangles. 

.       .    C«H'2Mn"0*  produced  on  boiling. 

„  copper      .       .       .    C'H'^Ca"0''.H'0     green  precipitate. 

„  silver        .       .       .    CWAg'O*  white  precipitate. 

„  lead  ....    C"H'*Pb"0*  white  precipitate. 

„  „  (basic)        .       .    C'iI'-Pb"0'.2Pb"0  produced  on  boiling  with  am- 

monia. 

SVMnnzC  ETHERS.  Ethi/lic  Suberate,  Ci^H^O*  =  ^^^g^j^  1 0',  is  obtained 

by  heating  suberic  acid  with  alcohol  and  sulphuric  or  hydrochloric  acid,  or  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  suberic  acid.  It  is  a  limpid  liquid, 
having  a  faint  odour  and  nauseous  taste.  Specitic  gravity  =  1'003  at  15°.  Boils 
without  decomposition  at  230°  (Brom  ei  s),  at  260°  (Laurent).  It  mixes  in  all 
proportions  with  alcohol  and  ether.  It  is  scarcely  attacked  by  aqueous  potash,  but 
alcoholic  potash  quickly  decomposes  it.  With  alcoholic  ammonia  it  yields  sii'heramide 
(p.  448).  By  chlorine  it  is  slowly  converted  into  chlorethylic  suberate, 
C'^H™OPO'.  (Laurent.) 

Meth!/lio  Suberate,  C'WO'  =  "-^(cn?)!^  1 0'.— Prepared  like  the  ethyl-compound 

which  it  resembles.  Specific  gravity  =  1-014  at  18°.  Forms  suheramide  with  ammo- 
nia. (Laurent.) 

SUBERIM".    Cellulose  from  cork. 

SITBEROXfE.  Hydride  of  Subcryl. — When  suberic  acid  is  distilled  ■n'ith  excess 
of  lime,  a  distillate  is  obtained,  which  yields  by  rectification  an  aromatic  liquid 
boiling  at  176°,  and  probably  consisting  of  siiberone,  the  ketone  of  suberic  acid, 
C'-iH-'O^  =  (C«H'202)"(C''H'=^)"— its  formation  taking  place  thus  : 
2C'*H"0'  =  2C02  -1-  2H«0  +  C"H-^0=. 
Its  composition  has  not,  however,  been  ascertained  with  certainty,  and,  moreover,  it 
differs  from  ketones  in  general  in  being  converted  into  suberic  acid  by  the  action  of 
nitric  acid.   (Boussi ngault,  Ann.  Ch.  Pharm.  six.  308. — Tilley,  ibid,  xxxix.  167.) 

SUBERTK.  C'H'-O'. — The  diatomic  radicle  of  suberic  acid,  &c.  Boussingault 
applied  the  same  term  to  the  radicle  ClfO,  which  he  saipposed  to  exist  in  the  so- 
called  suberone,  that  compound  having,  according  to  his  analysis,  the  composition 

civ'o  =  (CH'^oym 

STTBIiXnXATS.  A  body  obtained  in  the  solid  state  by  the  cooling  of  its  vapour — • 
e.g.  sulpliur,  iodine,  sal-ammoniac,  mercm-ic  cliloride  (corrosive  sublimate,  &e.) 

SUBRITBRXN'.  The  name  applied  by  O' Sh  aug  hnessy  (Ann.  Ch.  Pharm.  xv. 
265)  to  a  faintly  reddish  body,  which  he  obtained  from  blood-serum  by  mixing  it  with 
alcohol,  filtering,  and  heating  the  tiu-bid  filtrate  ;  but  its  separate  identity  is  not 
established  by  any  satisfactory  evidence. 

SUBSTITTj-TIOMT,  Under  the  head  of  Equivalents,  freqaient  allusion  has  been 
made  to  the  substitution  of  one  element  for  another.  Substitution  is,  in  fact,  the  great 
agent  of  chemical  change.  The  instances  in  which  compounds  are  formed  by  direct 
union  of  their  elements,  iiltimate  or  proximate,  or  decomposed  by  direct  separation  of 
those  elements,  are  comparatively  rare ;  and  even  these  may  often  be  regarded  as 
particular  cases  of  substitution  (see  Chemical  Affinity,  i.  857) :  thus  the  formation 
of  hydrochloric  acid,  when  chlorine  and  hydrogen  come  in  contact,  may  be  supposed  to 
take  place  by  an  interchange  of  these  elements  between  a  molecule  of  chlorine  and  a 
TOolecule  of  hydrogen,  each  consisting  of  two  atoms  : 

cicl  -h  HH  =  iici  +  nci. 
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The  following  are  the  most  important  cases  of  substitution  : — 
1.  Of  Chlorous  or  Acid  Radicles  for  Hydrogen. — Chlorine  and  bromine  may,  in 
many  instances,  be  introduced  into  hydrogen-compounds  (chiefly  organic)  by  direct  sub- 
stitution, 1  atom  of  hydrogen  being  removed  and  entering  into  combination  with  1  at. 
chlorine  or  bromine,  while  another  atom  of  the  haloi'd  element  takes  the  place  of  the 
hydrogen  removed.  Thus,  when  chlorine  acts  upon  marsh-gas  (mothylic  hydride),  the 
products  are  hydrochloric  acid  and  methylic  chloride  : 

CH'  +  CP    =    HCl  +  CffCl; 

and  by  the  continued  action  of  the  chlorine,  the  latter  compound  may  be  converted, 
successively,  into  CH^CP  and  CHCP,  the  last  being  the  compound  usually  called  chlo- 
roform. In  like  mannei',  acetic  acid  treated  with  chlorine  in  sunshine,  in  different  pro- 
portions, yields  mono-  and  tri-chloracotic  acid  : 

C-H'O^  +    CP    =    HCl  +  C-WC\0-. 

C-H'02  +  3(jp    ^   3HC1  +  C-HCPO'-. 

Iodine  does  not  act  on  hydrogen-compounds  so  easily  as  chlorine  and  bromine  ;  but 
when  it  is  presented  in  the  form  of  cliloride  or  bromide  of  iodine,  an  action  tiikes  place 
exactly  similar  to  that  just  described,  an  atom  of  hydrogen  being  removed  by  the  chlo- 
rine or  bromine,  and  its  place  supplied  by  an  atom  of  iodine :  e.g. — 
C^H'O^  +  ClI    =    HCl  -f-  C^H^IO^ 

P^Tomcconio  lodopyrome- 
acid.  ronic  acid. 

In  some  cases  an  organic  compound  first  unites  directly  with  2  at.  chlorine  or 
bromine,  and  the  product,  when  treated  with  alcoholic  potash,  splits  up  into  hydro- 
chloric or  hydrobromic  acid  (which  is  removed  by  the  alkah),  and  a  chloro-  or  bromo- 
substitution-produet :  thus  ethylene  takes  up  2  at.  chlorine,  forming  the  compound, 
C-H'CP  (Dutch  liquid),  which  is  resolved  by  alcoholic  potash  into  HCl  and  monochlor- 
ethylene,  C-H^Cl.  This  in  like  manner  takes  up  2  at.  CI,  forming  C'-'H-'CP,  resolvable 
into  HCl  and  dichlorethylene,  C-H-CP;  and  by  a  repetition  of  these  processes,  the 
compounds  C-HCP  and  C^CP  are  obtained  (ii.  573).  The  chloro-  and  bromo-naphtha- 
leues  are  prepared  from  naphthalene  by  a  similar  series  of  processes  (iv.  It)). 

Oxygen  may  be  substituted  for  hydrogen  (0"  for  II-  or  HO  for  H),  by  exposing 
organic  compounds  to  the  action  of  oxidising  agents,  a  familiar  example  of  which  is  the 
conversion  of  alcohol,  C-H'O,  into  acetic  acid. 

Nitro-suhstitution,  or  the  substitution  of  nitryl,  NO',  for  hydrogen,  is  effected  by 
subjecting  organic  compounds  to  the  action  of  fuming  nitric  acid,  or  of  a  mixture  of 
strong  nitric  and  sulphuric  acids,  as  in  the  conversion  of  cellulose  into  pyroxylin. 

Allied  to  this  is  the  substitution  of  nitrogen  for  hydrogen  (N  for  H^),  by  the 
action  of  nitrous  acid  on  certain  organic  compounds,  as  in  the  formation  of  the  diazo- 
compounds  discovered  by  Griess  (iv.  292,  460)  :  thus  aniline,  C'H'N,  is  converted  by 
the  action  of  nitrous  acid  into  diazobenzene,  C°H'N'^ : 

C'H'N  +  mio-  =  cmw-  +  21P0. 

2.  Of  Ht/drogcn  and  other  Basylous  Radicles  for  Chlorous  Radicles. — This  reaction, 
sometimes  called  inverse  substitution,  is  effected  by  the  action  of  reducing  agents. 
Chloi'inatcd  acids  are  easily  reduced  to  the  primary  acids  from  which  they  are  derived 
bv  the  action  of  sodium-amalgam  ;  the  first  transformation  of  the  kind  that  was  effected 
was  that  of  trichloracetic  into  acetic  acid.  The  conversion  of  nitro-conipounds  into 
amidogen-compounds  (substitution  of  NH-  for  NO"),  by  the  action  of  sulphydric  acid 
or  ferrous  acetate,  also  comes  under  this  head.  The  well-known  preparation  of 
amidobenzene  (anihne),  C''H\NH-'),  from  nitrobenzene,  C'H^i^NO-),  may  be  taken  as 
an  example. 

An  important  class  of  reactions  belonging  to  this  bead  is  the  substitution  of  alcohol- 
radicles  for  chlorine,  oxygen,  &c.  by  the  action  of  the  zinc-compounds  of  the  alcohol- 
radicles  :  c.  ff.,  the  preparation  of  triethylphosphine,  P(C-II')^,  by  the  action  of  zinc- 
ethyl  on  tricliloride  of  phosphorus  : 

3Zn"(C-II^)=  +  2PCP    =    3ZnCP  +  2P(C'ff)'. 

Another  example  of  this  kind  of  action  is  the  formation  of  diethoxalic  acid  and  its 
homologues,  by  the  action  of  zinc-ethyl,  &c.  on  the  oxalic  ethers  (iv.  272). 

3.  Of  Basi/lous  or  of  Chlorous  Radicles,  one  for  the  other. — To  this  head  belong  the 
innumerable  instances  of  the  mutual  decomposition  of  salts,  and  of  double  decomposi- 
tion in  general  (Chemicax  Affinity,  i.  865);  also,  on  the  one  hand,  the  precipitation 
of  metals  from  their  solutions,  one  by  the  other  (as  of  copper  by  iron,  lead  by  zinc,  &c.), 
the  decomposition  of  acids  by  metals,  with  evolution  of  hydrogen  ;  and,  on  the  other, 
the  decomposition  of  bromides  and  iodides  by  chlorine,  and  of  iodides  by  bromine— tho 
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conversion  of  sulphides  into  oxides  by  direct  oxidation,  &e.  Many  of  these  reac- 
tions appear  to  consist  in  a  simple  substitution  of  one  element  for  another,  which  is 
eliminated  without  entering  into  any  new  combination.  But,  on  closer  examination, 
they  are  found  to  be,  at  least  in  some  cases,  analogous  to  the  chlorine-substitutions 
already  considered.  In  the  oxidation  of  sulphides,  for  example,  a  considerable  por- 
tion, if  not  all,  of  the  sulphur  eliminated  is  oxidised  to  sulphurous  anhydride  ;  in  the 
decomposition  of  bromides  and  iodides  by  chlorine,  the  latter,  if  in  excess,  unites  with 
the  eliminated  bromine  or  iodine;  and  even  in  the  precipitation  of  one  metal  by 
another,  alloys  are  frequently  formed,  as  in  the  precipitation  of  silver  by  mercury. 

An  important  class  of  reactions  belonging  to  this  place  is  the  substitution  of  alcohol- 
radicles  for  hydrogen  and  metals,  as  in  the  several  processes  of  etherification  by  the 
action  of  acids  on  alcohols,  of  alcoholic  chlorides,  iodides,  &c.,  on  alcohols,  and  on  the 
silver-salts  of  acids  (see  Ethers,  ii.  511,  512).  The  formation  of  amines,  or,  in  other 
words,  the  replacement  of  the  hydrogen  in  ammonia  by  alcohol-radicles,  may  be 
effected  directly,  as  when  an  alcoholic  iodide  is  heated  with  ammonia  in  sealed  tubes 
(ii.  554,  iii.  994) ;  or  by  indirect  methods,  as  by  distilling  cyanic  or  cyanuric  ethers 
with  caustic  alkali. 

Most  of  the  methods  of  producing  organo-metallic  bodies,  consist  in  acting  on  alloys 
of  potassium  or  sodium  with  the  alcoholic  iodides,  bromides,  &c. :  e.g. — 

2(CH^)I    +    Na^Hg"      =      (CH')=Hg"    +    2NaI ; 

Methylic  Mercuric 
iodide.  metiiide. 

or  by  acting  on  a  metallic  chloride  with  the  zinc-compound  of  an  alcohol-radicle :  e.g. — 

Zn"(C'H^/    +    Hg"C12      =     Hg"(C=H5)2    +  Zn'-cp. 

Subslitution-derivativps  often  exhibit  a  marked  resemblance  to  their  primitives  in 
physical  and  chemical  characters.  That  this  should  be  the  case  in  bodies  formed  from 
one  another  by  the  interchange  of  similar  elements  or  radicles — such  as  hydrogen  and 
the  metals  on  the  one  hand,  or  chlorine,  bromine,  and  iodine  on  the  other — is  nothing 
rnore  than  might  have  been  anticipated  on  any  view  of  the  constitution  of  chemical 
compounds ;  but  that  a  radicle  of  decidedly  acid  or  chlorous  character,  like  chlorine, 
bromine,  or  iodine,  should  be  capable  of  replacing  hydrogen  atom  for  atom,  and  dis- 
charging functions  similar  to  that  of  the  hydrogen  in  the  primary  compound,  is  the 
doctrine  of  a  comparatively  recent  date,  and  is,  in  fact,  diametrically  opposed  to  the 
older  views  of  the  constitution  of  compounds,  founded  on  the  electrical  relations  of 
their  elements.  The  resemblance  of  such  derivatives  to  their  primitives  is,  however, 
strikingly  exhibited  in  numerous  instances.  Take,  for  example,  acetic  and  triehlor- 
?icetic  acid.  These  two  acids  are  both  cry stalli sable,  deliquescent,  soluble  in  water  and 
alcohol,  have  the  same  capacity  for  saturation,  yield  analogous  salts  and  ethers,  &c. 
Dilute  trichloracetic  acid  treated  with  amalgam  of  sodiimi,  is  reconverted  into  normal 
acetic  acid  ;  and  the  two  acids,  when  heated  with  caustic  alkali,  are  decomposed  ac- 
cording to  similar  equations,  yielding  the  two  analogous  bodies,  marsh-gas  and  chloro- 
form, thus  : 

Acetic  acid  .       .       .       C^H^O^         =      C0=    +     CH'  Marsh-gas. 
Trichloracetic  acid      .       C'HCPO-      =      C0-=    +     CHOP  Chloroform. 

Similar  resemblances  may  be  traced  between  isatin  and  its  derivatives  (iii.  406).  Thus 
isatin  and  chlorisatin  are  both  of  an  orange-red  colour,  are  isomorphous,  partly 
volatile,  slightly  soluble  in  water,  more  soluble  in  alcohol  and  ether ;  form  yellow  solu- 
tions ;  and  react  with  hydi'ate  of  potassium,  by  exchanging  an  atom  of  hydrogen  for  one 
of  potassium,  to  form  analogous  salts,  each  of  which  speedily  absorbs  an  atom  of  water 
into  its  constitution,  to  form  the  isatinate  and  chlorisatinate  of  potassium  respectively. 
Moreover  the  two  bodies,  when  acted  upon  by  sulphydrate  of  ammonium,  ammonia,  and 
alkaline  bisulphites,  yield  hosts  of  analogous  compounds,  and  undergo  hosts  of  analogous 
reactions.  Isatin,  chlorisatin,  and  dichlorisatin  treated  with  hydrate  of  potassium, 
yield  respectively  the  bodies,  aniline,  C"H'N,  chloraniline,  C*H"C1N,  dichloraniline, 
C'H^Cr-'N,  each  of  which,  despite  the  constituent  chlorine,  has  alkaline  characters 
analogous  to  those  of  ammonia,  and  can  unite  directly  with  acids  to  form  salts. 

The  chlorinated  derivatives  of  the  natural  alkaloids  also  resemble  the  primary  alka- 
loids in  many  important  respects,  Thusd  i  chlor  ocinchon  in  e,  C™H'-*CPN'0,  formed 
from  cinehonine  by  the  direct  action  of  chloj'ine,  resembles  the  normal  base,  not  only  in 
alkalinity,  solubility,  crystalline  form,  &c.,  but  likewise  in  turning  the  plane  of  polari- 
sation of  a  luminous  ray  to  the  left.  Chlorostrychnine  also,  C-'H"ClN-0^ 
obtained  from  strychnine  or  its  salts  by  direct  substitution  of  chlorine,  produces  poiso- 
nous effects,  undistinguishable  from  those  of  the  natural  alkaloid. 

From  the  observation  of  .such  resemblances,  Dumas  and  Laurent  were  led  to  conclude 
that  elements,  even  of  opposite  chemical  character,  may  in  many  instances  replace  one 
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another,  with  but  little  alteration  in  the  chai-acter  of  the  products,  and  that  the  proper- 
ties of  a  compound  are  determined  by  the  arrangement  and  relative  position  of  its 
atoms  more  than  by  their  individual  character.  That  this  is  the  case  to  a  considerable 
extent,  is  evident  from  the  instances  just  cited  ;  nevertheless,  the  question  is  altogether 
one  of  degree.  Substitution  is  always  attended  with  some  alteration  of  properties  in 
the  compound,  and  the  alteration  goes  on  increasing  with  the  amount  of  the  substitu- 
tion. Thus  in  volatile  compounds,  such  as  ethylene,  C^H',  and  its  chlorinated  deriva- 
tives, C-HCP,  C^H^CP,  C-HCP,  and  C-C\\  the  vapour-density  increases,  and  the  boiling- 
point  rises  with  each  successive  replacement  of  H  by  CI.  Again,  in  the  chloranilines 
(iv.  438),  the  first  substitution-product,  C''H''CIN,  is  somewhat  less  basic  than  aniline 
itself;  while  dichloraniline,  C"ff  CPN,  is  still  less  basic,  and  in  trielilorauiline,  C'il'CPlSr, 
the  basic  character  has  altogether  disappeared. 

The  substitution  of  alcohol-radicles,  such  as  ethyl  and  methyl,  for  the  hydrogen  of 
ammonia,  gives  rise  to  amines,  whicli  are  basic  like  ammonia  itself;  but  in  the  amides 
derived  from  ammonia  by  .substitution  of  acid-radicles  (benzoyl,  acetyl,  &c.)  for 
hydrogen,  the  basic  character  gives  place  for  the  most  part  to  an  acid  character,  the 
amide,  if  it  still  retains  replaceable  hydrogen,  exhibiting  a  tendency  to  exchange  it 
for  a  metal.    (For  the  further  consideration  of  this  subject,  see  Types.) 

succiNAntzc  ACID,  succna-AaiiBi:,  svcciNAirxz.,  svccin'a- 

TariZiIC  ACID,  SUCCIN'Aia'IZ.IDS.    .So(j  Succinic  Acid,  Amides  of. 

StTCCIN'ASPHAIiT.  A  resinous  substance  resembling  amber,  and  apparently 
related  to  rotinito,  obtained  from  the  granular  clay  iron-ore  of  Bergen  in  IBavaria. 
(Wagner,  llandw.  d.  Chcm.,  viii.  414.) 

StTCCIM'SUPXON'E.  A  name  applied  by  Eisner  to  a  very  light  oil,  obtained  by 
rectifying  oil  of  amber  with  sulphuric  acid. 

SUCCXN-XC  ACID.    CH^O^  =  ^^'"^P")  1 0^.    Volatile  Salt  of  Amber.  Bern- 

sicinsdure.  (Berzelius,  Ann.  Chim.  xciv.  187. — Lecanu  and  Serbat,  J.  Pharm. 
viii.  541;  ix.  89. — Liebig  and  Wohler,  Pogg.  Ann.  xviii.  162. — D'ATcet,  ibid. 
xxxvi.  80. — Dopping,  Ann.  Ch.  Pharm.  xlvii.  253. — Fehling,  ibid.  xlix.  154. — 
Piria,  iAjrf.  Ixviii.  343. — Dessaignes,  ibid.  Ixx.  102. — Fastenr,  ibid.  cv.  264. — - 
Maxwell  Simpson,  ibid,  cxviii.  373.— Gm.  x.  108. — Grerh.,  ii.  454. — Kekule, 
Leiirh.  ii.  23.) 

This  acid,  the  third  of  the  series  of  dibasic  acids,  C"H^"--0',  homologous  with  oxalic 
acid,  was  mentioned  as  volatile  salt  of  amber  by  Agricola,  as  early  as  1657  ;  its  acid 
natui-e  was  recognised  by  Barclihusen,  Bouldiic,  and  Boerhaave  ;  but  the  first  exact 
investigations  of  it  were  made  by  Berzelius  and  by  D'i^-cet. 

Succinic  acid  occurs  ready-formed  in  amber,  and  in  certain  lignites,  as  in  those  of 
Muskau,  Naumberg,  and  Altenburg.  It  has  also  been  foundin  the  turpentine  of  several 
species  of  pine,  and  in  certain  plants — nz.,  in  the  herb  of  Lactuca  virosa,  Artemisia 
Abshithium,  &c.  According  to  Walz  (N.  Jahrb.  f.  Pharm.  xv.  22),  the  chelidoninio 
acid  found  by  Zwenger  in  the  mother-liquor  of  the  preparation  of  chelidonic  acid  from 
Chilidonium  mqjus  (i.  850),  is  nothing  but  succinic  acid.  It  is  also  occasionally  found 
in  the  animal  organism — e.Cf.,  in  the  thymoid  gland  of  the  calf,  the  spleen  of  the  ox, 
(Gorup-Be san e z),  and  in  certain  pathological  exudations  (Heintz).  According  to 
G.  Meissner  and  F.  Jolly  (.lahresb.  1865,  p.  675),  it  occurs  in  the  \irine  of  dogs  fed 
on  flesh  and  fat,  and  in  that  of  rabbits  fed  on  carrots. 

Formation. — 1.  Succinic  acid  is  a  frequent  product  of  the  oxidation  of  organic  sub- 
stances, especially  of  fats.  All  the  fatty  acids  of  the  series,  C"H''°0^,  from  butyric 
acid  upwards,  when  oxidised  with  nitric  acid,  yield  succinic  acid,  together  with  other 
acids  of  the  same  series  (p.  449).  Its  formation  from  butyric  acid  is  represented  by 
the  equation  : 

C^H'O^  +  0^    =    WO  +  C'H«0'. 
According  to  Pasteur  (Bull.  Soe.  Chim.  1852,  p.  52),  it  is  always  formed  during  the 
conversion  of  alcohol  into  acetic  acid  under  the  influence  of  Mi/coderma  aceti,  especially 
when  the  plant  grows  on  the  surface  of  the  alcoholic  liquid  containing  phosphates. 

2.  By  the  action  of  reducing  agents  on  maleic  acid  or  its  isomer,  furaaric  acid,  which 
contains  2  at.  hydrogen  less,  or  on  malic  and  tartaric  acids,  which  contain  respectively 
1  and  2  at.  oxygon  more  than  succinic  acid. 

o.  By  the  action  of  sodium-amalgam  on  maleic  or  fumaric  acid : 
C'H'O^  -1-  Na-Hg    =    Hg  +  C'H^Na-0^. 

Maleic  Succinate 
acid.  of  sodium. 

Chloromaleic  acid,  C'H'CIO'  (iii.  788),  is  also  converted  into  succinic  acid  by  the  action 
of  sodium-amalgam : 
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fi.  From  malic  or  tartaric  acid  by  the  action  of  hydriodic  acid  (E.  Schmitt,  Ann. 
Ch.  Pharm.  cxiv.  106), or  of  iodide  of  phosphorus  (Dessaignes,  V)id.  cxv.  120  :  cxvii. 
134): 

C^H'^O'^  +  2HI    =     H^O  +    P  +  C'WO*. 

Malic  Succinic 
acid.  acid, 

C^H^O'  +  4HI    =    2W0  +  21-  +  C^H«0^ 

Tartaric  Succinic 
acid.  acid. 

3.  In  many  processes  of  fermentation,  e.g.,  of  asparagin  (Piria),  malic,  maleic, 
fumaric,  and  aconitic  acids  (Dessaignes),  and  of  sugar,  whence  it  is  constantly 
present,  to  a  small  amount,  in  wine  and  beer  (Pasteur).  Its  formation  from  malic, 
maleic,  or  fumaric  acid  is  probably  a  simple  process  of  reduction.  Its  formation  firom 
asparagin  may  be  represented  by  the  equation  : 

C^H^N-'O'  +  3H=0  -  0'    =    2NH'  +  C'H«0<, 

4.  By  heating  cyanide  of  ethylene  to  100°  with  alcoholic  potash  (Maxwell 
Simpson,  Ann.  Ch.  Pharm.  cxviii.  373) : 

C^HXCN)'  +  2KH0  +  2W0    =  +  C^H^K^O^ 

This  reaction  is  precisely  analogous  to  that  by  wliich  the  monobasic  acids  of  the  series, 
C"H-"0^,  are  formed  from  the  cyanides  of  monatomic  alcohols  (ii.  202).  Cyanide  of 
ethylene  is  also  converted  into  succinic  acid  by  heating  with  nitric  or  hydjochloric  acid. 
(Simpson,  ibid.  153.) 

Preparation :  1.  From  Amber. — This  substance,  subjected  to  dry  distillation,  yields 
succinic  acid  and  a  volatile  oil,  together  with  water  and  a  small  quantity  of  a  resinous 
substance  eaUed  Colophonium  succini.  On  heating  tlie  watery  distillate  to  the  boiling- 
point,  and  filtering  hot,  a  large  quantity  of  oil  remains  behind ;  and  the  solution,  on 
cooling,  yields  crystallised  succinic  acid,  contaminated  however  with  a  considerable 
quantity  of  empyreumatic  oil,  from  which  it  may  be  freed  for  the  most  part,  but  not  per- 
fectly, by  repeated  crystallisation.  Complete  purification  is,  however,  easily  eflfected 
by  treating  the  crude  succinic  acid  with  nitric  acid. 

2.  By  ftrmcntation  of  Malic  Acid. — This  is  the  moat  advantageous  mode  of  preparing 
succinic  acid,  the  crude  malate  of  calcium,  obtained  by  neutralising  the  juice  of  moun- 
tain-ash berries  with  chalk  or  slaked  lime,  being  generally  used  for  the  purpose.  A 
mixture  of  1  pt.  of  this  salt  with  6  pts.  water  and  \  pt.  yeast,  or  3  pts.  water  and 
~  pt.  decayed  cheese,  is  placed  in  an  earthen  jar,  and  left  for  four  to  six  days  at  a 
temperature  of  30°  to  40°,  till  the  evolution  of  gas  has  ceased.  The  granular  precipi- 
tate is  then  collected  upon  linen,  washed  several  times  with  water,  and  mixed  with 
dilute  sulphuric  acid  till  it  no  longer  eiFervesces  (from  admixed  calcic  carbonate); 
another  equal  quantity  of  sulphuric  acid  is  then  added  ;  the  mixture  boiled  for  awhUe, 
till  the  calcium-salt  is  no  longer  granular;  the  liquid  strained  through  linen;  the  pre- 
cipitate on  the  filter  thoroughly  washed ;  the  whole  of  the  liquid  evaporated  till  a 
crystalline  crust  forms  on  the  surface  ;  oil  of  vitriol  then  added  in  small  quantities,  as 
long  as  gypsum  is  thereby  precipitated ;  the  liquid  strained  oflT  (after  dilution  with 
water,  if  the  gypsum  forms  a  paste) ;  the  precipitate  washed ;  and  the  whole  of  the 
liquid  again  evaporated :  it  then  yields,  on  cooling,  brownish  crystals  of  succinic  acid, 
still  contaminated  with  gypsum.  These  crystals  are  purified  by  recrystallisation 
from  water,  sometimes  with  addition  of  animal  charcoal,  and  ultimately  freed  from 
gypsum  by  solution  in  alcohol  or  by  sublimation.  By  this  process,  12  pts.  of  calcic 
malate  yield  from  3'75  to  4  pts.  of  piu'e  crystallised  succinic  acid:  the  mother-liquors 
do  not  retain  a  trace  of  malic  acid.  Three  pounds  of  calcic  malate  thus  treated  yield 
about  one  pound  of  pure  succinic  acid.  (Liebig.) 

The  formation  of  succinic  acid  in  this  process  is  accompanied  by  that  of  acetic  acid 
and  carbonic  anhydride  :  hence  the  reaction  is  commonly  represented  by  the  equation : 
3CTP0^    =    2C'H''0<  +  C-^H'O^  +  2C0''  +  H=0. 

M  ilic  Succinic  Acetic 

acid.  acid.  acid. 

Probably  two  reactions  go  on  simultaneously,  one  part  of  the  malic  acid  being  con- 
verted by  fermentation  into  acetic  acid,  and  this  fermentation  causing  the  reduction  of 
another  portion  into  succinic  acid  (Kekul6).    See  Malate  op  CAXcruM  (iii.  702). 

Frofcrties. — Succinic  acid  crystallises  in  prisms  belonging  to  the  monoelinic  system, 
generally  in  rhombic  or  hexagonal  plates,  the  face  coPoo  replacing  the  acute  edge  of 
the  vortical  prism  ooP.  The  crystals  are  permanent  in  the  air,  have  an  acid  taste,  but 
no  smell.  Succinic  acid  is  )nuch  more  soluble  in  hot  than  in  cold  water — viz.,  in  5  pts. 
water  at  1G°,  and  2-2  pts.  at  100°  (Lecanu  and  Serbat).  It  is  less  soluble  in  alco- 
hol, and  nearly  insoluble  in  ether.    It  melts  at  180°,  but  begins  to  emit  suffocating 
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\;ij)uur.s  eVLii  below  its  mrlUiig-poiut.  It  boils  at  230'-',  being  resolved  into  water  and 
Kiicciuic  anhydride. 

Biromjjositioiis. — 1.  Succinic  acid  offers  great  resistance  to  the  action  of  oxidising 
a^icnts,  not  being  affpctcd  by  nitric  acid,  eliromic  acid,  chlorine-water,  or  a  mixture  of 
liydrochloric  acid  and  potassic  chlorate.  When  evaporated  to  dryness  with  mamjanic 
jicroxide  and  sulphuric  acid,  it  yields  acetic  acid  (Trom  msdorff). — 2.  An  aqueous 
solution  of  sodic  succinate  is  decomposed  by  the  electric  cttrrcnt,  giving  off  at  the 
positive  pole  a  mixture  of  carbonic  anhydride  and  methylic  oxide  (Kolbe,  Ann.  Ch. 
Pharm.  cxiii.  244) : 

C'H«0*  +  H-0    =    (CH^)=0  +  2C0-  +  H% 

3.  When  fused  with  potassic  hydrate,  it  yields  carbonate  and  oxalate,  together  with  a 
gaseous  hydrocarbon  (Li  e  b  i  g  and  Wiihlor). — 4.  It  is  not  attacked  by  strong  sul- 
jjhuric  acid  (H-SO')  oven  when  heated,  but  sulphuric  anhydride  converts  it  into  succino- 
sulphuric  acid. — 5.  Heated  with  hroininc,  it  forms  substitution-products. —  C.  By 
dehydrating  suhstanccs,  such  as  phosphoric  anhydride  and  phosphoric  jKiifaehloride,  it  is 
converted  into  succinic  anhydride ;  in  the  latter  case  with  formation  of  hydrochloric 
acid  and  pliosphoric  oxychloride. 

Succinates.  Succinic  acid  is  dibasic,  the  general  formula  of  its  salts  being  as 
follows  : 

Neutral  Suceiuatos  C'H'M'-O'  and  C'1I^M"0' 

Acid         „  C'H^MO*  and  C»H'"M"0». 

=  C'H'M"0'.C'H«0'. 

There  nro  also  a  few  double  succinates,  several  basic  lead-salts,  and  a  hyperacid  potas- 
siuni-sall . 

Jlosl  succinates  resist  a  temperature  of  200-*  without  decomposition.  When  distilled 
with  acid  phosphate  or  sulphate  of  sodium,  they  yield  a  sublimate  of  succinic  anhy- 
dride. 

The  succinates  of  the  alkali-metals  and  of  magnesium  are  easily  soluble  in  water  ; 
those  of  the  alkaline  earth-metals,  and  most  other  diatomic  metals,  arc  sparingly 
soluble  ;  those  of  sesqui-atomic  metals  are  insoluble. 

Succinic  acid  and  solulile  succinates  form,  with  ferric  salts,  a  red-browai  precipitate 
resembling  that  formed  by  benzoic  acid,  but  much  more  compact:  hence  succinate  of 
ammonium  is  a  more  convenient  reagent  for  the  precipitation  of  ferric  salts  than  the 
iM  iizoate.  With  acetate  of  lead,  succinic  acid  forms  a  precipitate  of  succinate  of  lead, 
soluble  in  excess  of  either  reagent.  With  chloride  of  barium,  the  acid  by  itsiOf  gives 
no  precipitate  ;  but  on  addition  of  ammonia  and  alcohol,  a  white  precipitate  is  formed  : 
lii>n/.oic  acid  does  not  exhibit  tliis  reaction.  Succinic  acid  is  furtlier  distinguished 
from  benzoic  acid  by  not  being  precipitated  from  its  soluble  salts  by  a  mineral 
acid. 

Succinate  of  Ammonium. — The  neutral  salt,  C'H'(NH')-0',  is  obtained  by 
su|)ersaturating  succinic  acid  with  ammonia,  and  leaving  the  solution  to  evaporate  over 
quicklime;  it  is  also  formed,  according  to  Piria,  in  the  putrefaction  of  asparagiu.  It 
crystallises  in  hexagonal  prisms,  vei-y  soluble  in  water  and  in  alcohol.  Gives  off 
ammonia  when  exposed  to  the  air,  and  is  resolved  by  heat  into  ammonia,  water,  and 
succinamide.  Specifio  gravity  =  1'367  (Bodekor,  Jahresb,  1860,  p.  17). — The  acid, 
salt,  C'n-'(Nn')0',  is  produced  when  the  solution  of  the  preceding  salt  is  evaporated 
by  heat.  It  crystallises  easily,  is  very  soluble  in  water  and  alcohol,  has  an  acid  re- 
action, and  is  decomposed  by  heat,  like  the  neutral  salt.  The  crystals  are  trielinic, 
usually  exhibiting  the  combination :  oP.'Poo  .  P'oo  .  ccPco  .  coj'oo  .  ooP'.  Anglo 
oP:  coPoo  =  91'^  53';  oP  :  ccPoo  =  93°  25';  oP  :  o=P'  =  91°  45' ;  oP:''Poo  = 
151°  67';  oP_:,P'oo  =  151°  7';  ooPas  :  ooj"  =  100°  15';  ooPoo  :  'P'oo  = 
119°  53';  ooPoo  :  Fra  =  117°;  ooPoo  :  coF  =  135°  46'.  (Brooke,  Ann.'  Phil, 
xxii.  286.) 

Succinate  of  Barium,  C''H^Ba"0^  (at  200°). — White  crystalline  precipitate, 
slightly  soluble  in  water,  moderately  soluble  in  dilute  nitric,  hj'drochloric.  and  acetic 
acid,  insoluble  in  ammonia  and  in  alcohoL  With  chloride  of  acetyl  it  yields  a  mix- 
ture of  acetic  aud  succinic  anhydrides.    (Hointz,  Jahresb.  1859,  p.  279.) 

Succinate  of  Cadmium  crystallises  in  concentric  groups  of  prisms,  very  soluble 
in  wati'r.  According  to  John,  it  appears  to  be  resolved  by  alcohol  into  two  other 
salts. 

Succinates  of  Calcium. — The  neutral  salt  is  gradually  deposited,  on  mixing  cold 
concentrated  solutions  of  calcic  chloride  and  sodic  succinate,  in  small  needles,  contain- 
ing C^n'Ca"0'.3H'0.  If  the  solutions  are  mixed  hot,  a  crystalline  precipitate  is 
immediately  formed,  composed  of  C'H^Ca"0'.Ii'-0.    Both  precipitates  are  sparingly 
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soluble  in  water  and  acetic  acid,  insoluble  in  alcohol.  When  heated,  it  gives  off  a  volatile 
oil,  called  su  ccin  one,  still  containing  oxygen,  but  having  a  composition  not  yet  ascer- 
tained with  certainty  (D'Arcet).— The  acid  salt,  C8H'"Ca"0»,  or  CH^Ca'D^C^H'^O', 
obtained  by  treating  the  neutral  salt  with  excess  of  acid,  is  likewise  erystallisable,  and 
slightly  soluble  in  water.  Alcohol  renders  the  crystals  opaque,  and  converts  them  into 
the  neutral  salt.    They  are  also  decomposed  by  heating  to  160°. 

Chromous  Succinate,  C'H'Cr'O'.H^O,  is  a  scarlet  precipitate,  formed  on  adding 
succinate  of  sodium  to  chromous  chloride. — Chromic  succinate  is  not  known. 

Succinate  of  Cobalt. — Peach-blossom-coloured,  slightly  soluble  precipitate. 
According  to  Handl  (Wien.  Akad.  Ber.  xxxii.  254),  it  forms  monoclinic  prismatic 
crystals:  ooP  .  ooP«  .  [  coPoo  ]  .  oP.  Angle  ccP  :  ooP  (clinod.)  =  113°36', 
ooP»  :  ooPw  (clinod.)  =  136°  38' ;  oP  :  ooP  =  115°  nearly. 

Succinate  of  Copper,  C^H'Cu'O''  (at  200°),  is  obtained  on  adding  recently  preci- 
pitated eupric  carbonate  to  a  boiling  aqueous  solution  of  succinic  acid,  as  a  bluish-green 
crystalline  powder,  slightly  soluble  in  water  and  succinic  acid,  less  soluble  in  acetic 
acid,  insoluble  in  alcohol  and  ether. 

Succinates  of  Iron. — a.  Ferric  salts.  Alkaline  succinates  form  with  ferric  salts  a 
red-brown  or  cinnamon-coloured  precipitate,  consisting  of  a  basic  ferric  succinate.  The 
addition  of  sodic  acetate  before  precipitation  renders  the  precipitate  more  compact.  It 
dissolves  in  acetic,  succinic,  and  mineral  acids.  Ammonia  appears  to  convert  it  into  a 
still  more  basic  salt. — 0.  Ferrous  succinate  is  a  greyish-green  precipitate,  which 
oxidises  in  the  air,  is  slightly  soluble  in  water,  easily  soluble  in  succinic  acid,  partially 
soluble  also  in  ammonia  and  ammoniacal  salts. 

Succinates  of  Lead. — The  neutral  salt,  C''iI''Pb"0''  (at  100°),  is  obtained  by  pre- 
cipitating neutral  acetate  of  lead  with  neutral  sodic  succinate,  or  a  hot  solution  of 
succinic  acid  with  basic  acetate  of  lead.  It  is  a  white  powder,  which  becomes 
crystalline  if  precipitated  from  hot  solutions.  It  is  slightly  soluble  in  water,  easily 
soluble  in  dilute  nitric  acid  and  in  potash.  Specific  gravity  =  3-800  (Bodeker). — 
A  basic  salt,  2C'H^Pb"0*.Pb''0,  is  obtained  on  mixing  succinate  of  sodium  with  basic 
acetate  of  lead,  as  a  glutinous  precipitate,  which  sticks  to  the  sides  of  the  vessel  while 
warm,  and  becomes  brittle  on  cooling.  Another  basic  salt,  C*II''Pb"0*.2Pb"0  (at  200°), 
is  produced  by  treating  the  neutral  salt  with  excess  of  ammonia.  It  is  a  white  powder, 
insoluble  in  water,  easily  soluble  in  potash,  and  in  dihite  nitric  acid. 

Succinates  of  3Iagnesi2im. — The  neutral  salt,  C''H''Mg"0\6H-0,  forms  pris- 
matic crystals,  which  give  off  all  their  water  at  130°.  It  is  very  soluble  in  water, 
insoluble  in  alcohol.  The  aqueous  solution  appears  to  yield,  by  concentration,  crystals 
containing  a  smaller  proportion  of  water  (Fehling). — A  basic  salt,  2C^H'Mg"0*. 
4Mg"0.H^0  (at  100°?),  is  obtained  as  a  white  pulverulent  precipitate,  on  adding  ammonia 
to  a  solution  of  the  neutral  salt. — Magncsio-potassic  succinate,  C^II*Mg"K^0'.5H-0, 
crystallises  in  fine  double  six-sided  pyramids,  very  soluble  in  water,  permanent  in  the 
air,  and  neutral  to  test-paper. 

Succinate  of  Manganese,  C'H'M'n"0''.4H^0. — Ehomboidal  prisms  or  quadran- 
gular tables  (triclinie,  according  to  Handl),  transparent,  amethyst-coloured,  neutral, 
permanent  in  the  air,  giving  off  their  water  at  100°. 

Succinates  of  Mercury. — o.  Mercuric  salts.  Mercuric  acetate  gives  a  white 
precipitate  with  sodic  succinate.  A  mixture  of  sodic  succinate  and  mercuric  chloride 
yields,  by  evaporation,  slender  needles,  apparently  consisting  of  a  double  salt. 
Kecently  precipitated  mercuric  oxide,  boiled  with  aqueous  succinic  acid,  is  partly  con- 
verted into  a  white  powder,  which  appears  to  be  a  basic  succinate. — j3.  Mercurous  salt. 
Alkaline  succinates  form,  with  mercurous  nitrate,  a  white  precipitate  of  mercurous 
succinate,  mixed  ■ndth  mercurous  nitrate. 

Succinate  of  Nickel,  C'H*Ni"0'.4H-0. — The  solution  of  nickel-hydrate  in  hot 
aqneots  succinic  acid  deposits  this  salt,  by  evaporation  over  oil  of  vitriol,  in  green 
nodules,  soluble  in  water,  acetic  acid,  and  ammonia,  insoluble  in  alcohol.  It  gives  off 
its  water  at  130°. 

Succinates  of  Potassium. — The  neutral  salt,  C''H''K^0'.2H'0,  forms  confused 
deliquescent  crystals,  soluble  in  alcohol,  insoluble  in  ether,  giving  off  their  vrater  at 
100°. — The  ccid  salt,  C^H-'K0''.2H^0,  crystallises  readily  in  transparent  regular  six- 
sided  prisms,  which  effloresce  slightly  in  contact  with  the  air.  It  is  very  sokible  in 
water,  reddens  litmus,  gives  off  its  water  of  crystallisation  at  100°. — A  hyperacid  salt, 
2(C'H*K01C'H''0').3H=0  (?),  obtained  by  neutralising  a  hot  solution  of  1  pt.  succinic 
acid  with  carbonate  of  potassium,  and  then  adding  3  pts.  more  succinic  acid,  crystal- 
lises on  cooling,  sometimes  without  water,  sometimes  with  9'65  per  cent,  water  of 
crystallisation.  (Fehling.) 

Succinates  of  Silver. — Argentic  salt,  CS.'^Kg'O''.    Succinate  of  sodium  precipi- 
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tates  nitrate,  but  not  sulphate  of  silver.  The  precipitate  is  white,  non-crystalliue,  of 
specific  gravity  3-518  (Bod eker),  very  slightly  soluble  in  water,  and  in  acetic  acid, 
very  soluble  in  dilute  nitric  acid,  and  in  ammonia.  It  becomes  coloured  at  150°. 
Chlorine  decomposes  it  immediately.  When  heated  to  100°  in  a  current  of  hydrogen, 
it  assumes  a  lemon-yellow  colour,  and  yields  a  sublimate  of  succinic  acid.  The  residue 
consists  of  argentous  succinate. 

Succinates  of  Sodium. — The  neutral  salt,  C^^*Na'0^6H■0,  crystallises  in  prisms 
with  rhombic  base,  very  soluble  in  water  and  in  alcohol,  neutral  to  test-paper,  giving 
off  their  water  at  100°.— The  acid  salt,  C^H=>NaO'.3H-0,  usually  crystallises  in 
flattened  prisms,  having  an  acid  reaction,  slightly  efflorescent,  and  giving  off  all  their 
water  at  100°.  They  belong  to  the  triclinic  system,  generally  exhibiting  the  combi- 
nation: oP  .  w'P  .  ooP,  .  cofoo  . '/rt  Poo  .  Angle  oP  :  oo  P  =  128°;  oP  :  mPao  = 
109°  55';  oP:  ootoo  =  140° 50  ;  co P  :  oofoo  =  117°  6';  <xF  :  mP'n  =  116°  8'; 

ojPqo  :  mVn  =  108°  7'.  More  rarely  small,  confused,  non-efHorescent  crystals  are 
obtained,  containing  only  2  at.  water.  When  redissolved  in  water,  they  yield  the  salt 
with  3  at.  water. 

It  has  not  been  found  possible  to  prepare  double  succinates  of  sodium  and  ammo- 
nium, or  of  sodium  and  potassiiun. 

Succinate  of  Strontium,  C'II^Sr"0'  (at  200°). — Precipitated  as  awliite  powder, 
slightly  soluble  in  water,  whence  it  is  deposited  in  the  crystalhne  state  on  evapora- 
tion. According  to  Handl  (AVien.  Akad.  Ber.  xxxii.  254),  it  crystallises  in  mono- 
clinic  prisms,  coP  .  ooPoo  .  [  ooPoo  ]  .  oP.  Angle  ooP  :  ooP  (elinod.)  =  30°  12'; 
oP  :  ocPoo  =  168°  (nearly).  The  crystals  are  always  twins,  with  ooPco  as  combina- 
tion-face. The  salt  dissolves  in  acetic  and  in  succinic  acid,  the  latter  solution  yielding 
it  in  the  crystalline  state  when  evaporated. 

Succinates  of  Uranium. — The  neutral  salt,  CTIXU'O-yOMI-'O,  is  obtained  in 
the  crystalline  state  by  evaporating  to  dryness  a  solution  of  4  pts.  crystallised  uranic 
nitrate  and  1  pt.  succinic  acid,  and  washing  the  residue  vrith  a  small  quantity  of 
water;  also  by  mixing  a  solution  of  uranic  nitrate  with  acid  succinate  of  sodium,  and 
evaporating.  It  is  a  light-yellow  salt,  very  slightly  .soluble  in  water,  insoluble  in 
alcohol,  not  giving  off  its  water  till  heated  to  between  230°  and  240°.    Boiling  water 

extracts  succinic  acid  from  it. — Potassio-uranic  succinate,  C'-H'^(U^O-)-K-0'^.H-0,  is 
obtained  by  evaporating  a  solution  of  uranic  nitrate  mixed  with  excess  of  neutral 
potassic  succinate :  it  is  then  deposited  as  a  light-yellow  precipitate,  which  maybe 
purified  by  washing  with  alcohol.  It  may  also  be  prepared  by  precipitating  uranic 
nitrate  with  caustic  potash,  and  digesting  the  washed  precipitate  with  excess  of  suc- 
cinic acid,  till  it  contracts  and  assumes  a  light-yellow  colour,  then  evaporating  to 
dryness,  and  washing  with  hot  alcohol.  It  is  insoluble  in  water,  but  is  decomposed 
by  continued  washing  into  succinate  of  potassium,  and  insoluble  basic  uranic  suc- 
cinate. It  gives  off  its  water  at  220°.— Sudio-ura)iic  succinate,  C'=H"'(U='02)=Na^0'^ 
II'-O,  is  obtained  like  the  potassium-salt. 

Succinate  of  Yttrium,  2C'H'Y"0'. 311-0,  is  precipitated  by  succinate  of  am- 
monium from  acetate  of  yttrium  at  the  boiling  heat  (not  in  the  cold),  as  a  lamino- 
crj'stalline  powder,  sparingly  sohible  in  hot  and  in  cold  water,  insoluble  in  sal- 
ammoniac,  easily  soluble  in  dilute  acids;  gives  off  its  water  at  100°.  (Popp,  Ann. 
Ch.  Pharm.  cxxxi.  179.) 

Succinate  of  Zinc,  C'H^Zn"0<  (at  200°).— White,  anhydrous,  crystalline  powder, 
very  slightly  soluble  in  water  and  in  succinic  acid ;  easily  soluble  in  mineral  acids, 
acetic  acid,  ammonia,  and  potash  ;  insoluble  in  alcohol.  Succinate  of  sodium  does  not 
precipitate  chloride  of  zinc. 

Succinates  of  Org.vnic  Bases. — Acid  Succinate  of  Cinchonine,  C-"H-*N=O.C^II«0', 
crystallises  in  long  oblique-angled  needles,  containing  2  at.  water,  or  in  large  thick 
crystals  containing  1  at.  water.  Both  are  easily  soluble  in  water,  and  melt  at  110° 
(Ilosse,  Ann.  Ch.  Pharm.  cxxii.  22Q.Succinate  of  Cinchonidine.  2C=°H-'N'-0.C'H«0^ 
6TP0,  crystallises  in  long  asbestiform  prisms,  which  dissolve  in  252  pts.  water  at  10°; 
the  anhydrous  salt  crystallises  in  white  nodules  (Hesse,  Had.  cxxxv.  342). — Succinate 
of  Quinine,  2C=''H--'N-0-.C-'H'*0*.H-0,  crystallises  from  alcohol  or  from  water  in  long 
white  prisms,  soluble  in  910  pts.  water  at  10°,  easily  soluble  in  hot  water  and  in 
alcohol.    (Hesse,  Had.  cxxxv.  331.) 

Succinate  of  Urea,  2CH*N-O.C'H''0',  crvstallises  in  monoclinic  six-sided  prisms, 

ccPco  .  oP.  ooP  .  odP2  .  -hPoo  .  4-P2.  Katio  of  axes,  a  :  A  :  c  =  1  :  1-483  :  1-3640, 
Angle  of  axes  h,  c  =  83°  28' ;  ooPoo  :  oP  =  96°  32'  :  oeP  :  ooP  (clinod.)  =  68°  2(l'; 

ocPco  :  4-Pco  =  129°  4'.    The  crystals  have  a  vitreous  lustre,  are  uusymmetrical  at 


458 


SUCCINIC  ACID. 


the  two  ends,  and  generally  have  but  imperfectly  developed  faces ;  they  cleave  im- 
perfectly parallel  to  +P2.    [J.  Lischmidt,  Wien.  Akad.  Ber.  lii.  (2  Abth.),  238.] 

Derivatives  of  Succinic  Acid. 

No  chlorinated  substitution-products  have  hitherto  been  obtained  from  succinic  acid. 
By  the  action  of  chlorine  on  citric  acid,  however,  Plantamour  obtained  an  oily  body 
(perhaps  C^Cl^O^.CP.),  which  when  treated  with  alcoholic  potash  yielded  a  potassium- 
salt  having  the  composition  of  potassic  tetrachlorosuccinate,  C'CPK^O* ;  it  is  not,  how- 
ever, known  whether  the  acid  of  this  salt  is  really  a  derivative  of  succinic  acid.  (See 
CiTEic  Acid,  i.  996.) 

Bromosuccinlc  Acids. — Two  of  these  acids  are  known,  viz.  mono-  and  di-bromo- 

guccinic  acid,  both  of  which  may  be  produced  by  the  direct  action  of  bromine  on  succinic 
acid. 

MoNOBKOMOsucciNic  Acid,  C^H'BrO'  =  ^'"''■^'^P*^' 1 0'.    (Kekule,  Ann. 

Ch.  Pharm.  cxvii.  125.) — The  conditions  under  which  this  acid  is  formed  are  not 
exactly  known.  When  succinic  acid  is  heated  with  bromine  and  water  in  a  sealed 
tube,  dibromosuccinic  acid  is  generally  prodiicod,  even  when  the  bromine  and  succinic 
acid  are  mixed  in  the  proportions  recpired  to  form  the  mouobrominated  acid.  The 
formation  of  the  latter  appears,  however,  to  be  promoted  by  the  presence  of  a  quantity 
of  water,  larger  than  that  which  is  most  favourable  to  the  production  of  dibromo- 
succinic acid.  Carius  (Ann.  Ch.  Pharm.  cxxix.  6)  prepares  the  monobrominated 
acid  by  slowly  heating  5  grms.  succinic  acid  with  2|  c.c.  bromine  and  40  c.c.  water, 
to  120°  in  sealed  tubes,  and  obtains  it  piire  by  one  recrystallisatiou.  Even  when  quite 
pure  succinic  acid  is  used,  a  small  quantity  of  a  heavy  brominated  oil  is  likewise  pro- 
duced, having  the  composition  C'^H^Br'. 

Monobromosuccinio  acid  is  very  soluble  in  water,  and  crystallises  in  small  nodular 
aggregates.  After  neutralisation,  it  throws  down  from  a  solution  of  silver-nitrate  a 
white  silver-salt,  which  quickly  decomposes,  with  formation  of  silver-bromide.  On 
adding  silver-oxide  to  the  aqueous  solution,  bromide  of  silver  is  quickly  formed,  and 
the  solution  contains  malic  acid. 

According  to  these  reactions,  monobromosuccinio  acid  may  be  regarded,  on  the  one 
hand,  as  a  siibstitution-product  of  succinic  acid,  on  the  other  as  the  bromide  of 
malic  acid,  forming,  as  it  were,  the  stepping-stone  from  succinic  to  malic  acid : 

Succinic  acid.  Monobromosuccinic  acid.  Malic  acid. 

(C'H'0'-)"jo,        (C^ffBrO0"/o2  „-(C^ffO^)-^Br  (C^ffO=)"'J„3 

These  relations  are  analogous  to  those  which  exist  between  acetic  acid,  CH^O^, 
monochloracetio  acid,  C^H^ClO^  and  glycollic  acid,  C-H^O^ 

DiBEOMosucciNio  Acid,  C'HWO'  =  0^  (KekuU,  Ann. Ch. 

Pharm.  cxvii.  123;  Suppl.  i.  131. — Perkin  and  Duppa,  Chem.  Soc.  Qu.  J.  xiii. 
102.) — Prepared  :  1.  By  heating  12  grms.  of  succinic  acid,  11  c.c.  bromine,  and  12 
grms.  water,  in  sealed  tubes,  to  about  180°,  and  crystallising  the  solid  portion  of  the 
contents  of  the  tube  from  boiling  water,  with  addition  of  animal  charcoal*  (Kekule). 
■ — 2.  By  the  action  of  water  on  chloride  of  dibromosuccinyl,  C^H-Br-O-.Cl-  (Perkin 
and  Duppa). — 3.  From  fumaric  acid,  C^ffO',  by  direct  addition  of  bromine.  (Ke- 
kul(5.) 

Dibromosuccinic  acid  crystallises  in  colourless,  mostly  opaque  prisms,  sparingly 
soluble  in  cold,  easily  in  boiling  water,  also  in  alcohol  and  ether.  When  heated  with 
bromine  and  water,  it  is  decomposed  with  formation  of  bromoform  : 

C^H*Br-0'  -I-  2H=0  +  SBr"  =  CH'Br'  +  SCO'^  +  5HBr. 
By  soAimn-amalgam  it  is  reconverted  into  succinic  acid. 

*  Tlie  mother-liquor,  from  which  the  dibromosuccinic  acid  has  crystallised,  contains  d  i  brom  o - 
maleicacid,  C  H^Br^O',  and  two  isomers  of  m  o  n  o  b  r  om  o  m  a  le  i  c  acid,  CH^BrO'  (iii. 
7SS).  The  rtibromomaleic  acid  volatilises  with  Ihe  vapour  of  water  on  distilling  the  mother-liquor  in 
a  retort ;  the  other  two  acids  separate  from  the  motlier-liquor  on  repeated  evaporation,  and  may  be 
purified  by  fractional  crystallisation.— We«rt6>-oj«  o)k  « /r  i  c  acid,  CHSBrO',  forms  large,  well- 
defined,  apparently  trimetric  crystals  ;  melts  at  1'2G°— 127°,  volatilises  even  below  100°,  and  dissolves  very 
easily  in  water,  alcohol,  and  ether.  Its  silver-salt,  C^H  Ag^BrO^,  separates  from  a  mixture  of  the  acid  with 
silver-nitrate,  on  addition  of  ammonia,  as  a  curdy  precipitate  ;  the  lead-salt,  CiHPb"BrOi  (at  100°),  is 

a  white  precipitate,  insoluble  in  the  free  acid,  liut  soluble  in  a  large  quantity  of  neutral  lead-acelate  

P  arabr  omomai  e  ic  «  cfrf,  C^H^BrOi,  separates  in  large  crystals,  apparently  triclinic.  It  is  like- 
wise easily  soluble  in  water,  alcohol,  and  ether,  .and  melts  at  172°.  Its  silver-salt.  C'lHAg-BrO'',  is 
obtained  .as  a  granulo-crystalline  precipitate,  on  mixing  Ihe  acid  with  nitrate  of  silver.  It  dissolves 
in  boiling  water,  and  more  readily  in  dilute  nitric  acid — The  lead-salt,  CiHPb"BrO'.2H-0,  is  soluble 
both  in  excess  of  the  acid  and  in  acetate  of  lead.   (Kekule,  Ann.  Ch.  Pharm.  c.\xx.  1.) 


BROMOSUCCINIC  ACIDS. 


459 


Dibromosucciiiic  acid  is  dibasic.  Its  salts  are  easily  decomposed  by  Iicat,  so  tliat,  in 
preparing  them,  it  is  necessary  to  guard  against  rise  of  temperature.  Tiiey  are  all 
decomposed  by  boiling  with  water,  or  with  excess  of  base,  yielding  a  metallic  bromide, 
together  with  another  product  of  decomposition,  varying  according  to  the  nature  of  tho 
base.  The  bromine  tlnis  withdrawn  (1  or  2  at.)  is  either  replaced  by  the  water-residue, 
HO,  or  rcerely  separates  in  combination  with  an  equivalent  quantity  of  hydrobromic 
acid,  leaving  a  residue  containing  1  at.  bromine  and  1  at.  hydrogen  less.  Of  tho 
deeompositi'ous  expressed  by  the  following  equations,  the  first  tliree  have  actually  been 
effected  : 

C-iHWO'  +  H=0  =  HBr  +  CH^'BrO'*  Monobromomalic  acid. 
C'HiBr-0*  =    HBr  +  C'H^BrO  '  Monobromomaleic  acid. 

C'H*Br'0*  +  2H=0  =  2nBr  +  C'H^O"  Tartaric  acid. 
C<H'Br-0<  =  2HBr  +  C'H-'O^  (unknown). 

Generally,  however,  several  of  these  reactions  take  place  simultaneously,  so  that  the 
principal  product  formed  according  to  one  of  these  four  equations,  is  accompanied  by 
a  secondary  product  formed  according  to  another.  Tims  sodic  dibromosuccinate,hoilvd 
in  aqueous  solution,  is  converted  chielly  into  acid  sodic  monobromomalate.  On 
boiling  an  aqueous  solution  of  baric  dibromosuccriiute,  acid  baric  monobromo- 
in al eat e  is  obtained  as  the  chief  product  of  decomposition,  together  with  a  small 
quantity  of  tartrate. — When  calcic  dibromosuccinate  is  boiled  with  water,  and  lime- 
water  is  added  till  the  liquid  no  longer  turns  acid  after  prolonged  boiling,  the  chief 
product  is  an  insoluble  calcium-salt  having  the  composition  of  the  tartrate. — Lastly, 
ai-gcniic  dibromosuccinate  is  easily  decomposed  by  boiling  with  water,  yielding  (inactive) 
tartaric  acid. 

From  these  reactions,  and  its  mode  of  formation,  dibromosuccinic  acid  may  bo 
regarded  either  as  a  substitution-product  of  succinic  acid,  or  as  the  bromide  of  mono- 
bromomalic  acid,  or  lastly  as  a  bromide  of  tartaric  acid.  It  is  related  to  succinic, 
nionobromomalic,  and  tartaric  acids,  in  the  same  manner  as  dibromacetic  acid  to  acetic, 
nionobromoglycollie,  and  glyoxylic  acids  (Kekuli's  Lclirhuch,  ii.  33) : 


n-i             ■  •     -1  (C'H'Br-07'^n->  (C'H'O^)";^^  o     •  •  •, 

Dibromosuccimcacid,^             H-t  H-(  Succinic  acid. 

(CH-BrO-y^Br  (C'H=BrO-')"7  Monobromo- 

H-io-  ■     malic  acid. 

(C^IPOT-:jBr^  (C'H^OT'lo...  Tartaric  acid. 


Neutral  Bibromosnccinate  of  Ammonium,  C^H^(NH')-Br-0',  crystallises  by  spon- 
taneous evaporation  in  large  transparent  crystals. — The  neutral  sodium-salt, 
C'Il=Na-Br-0'.-iH-0,  is  very  soluble  in  water,  and  remains  in  small  crystals  on 
evaporation  ;  from  alcohol  it  cr}'sf allises  in  shining  laminae. — The  acid,  i^otassium-salt 
is  white,  crystalline,  and  spiaringly  soluble. — The  calcium-saH,  C'II-'Ca"Br''0\  obtained 
by  double  decomposition,  separates  gradually  as  a  crystalline  precipitate. — The  silver- 
salt,  C^H'-'Ag^Br-O ',  prepared  in  like  manner,  is  a  white  powder,  insolvible  in 
water. 

Ethi/lic  Bibronwsuccinaie,  C'II-(C-H^)-Br^0',  obtained  by  passing  hydrochloric 
acid  gas  into  an  alcoholic  solution  of  the  acid  and  precipitating  wdth  water,  is  very 
slightly  soluble  in  water,  easily  soluble  in  alcohol  and  ether,  and  crystallises  in  long 
white  needles,  which  molt  at  58°,  and  boil  with  partial  decomposition  between  140° 
and  150°.  (Kpkule.) 

Dibromosuccinic  Anhydride,  (C'H-Br-0-)''0,  is  obtained  by  heating  nialeic 
.•inhydride,  C'H-O'',  with  dry  bromine  to  100°,  for  half  or  three-quarters  of  an  hour. 
Two  atoms  of  bromine  are  then  taken  up,  and  a  yellow'  liquid  is  formed,  wliich  gi'a- 
dnally  solidifies  to  a  crystalline  mass,  to  be  freed  from  adhering  hydrobromic  acid  Dy 
leaving  it,  when  piulverised,  over  quicklime.  Dibromosuccinic  anhydride,  thus 
produced,  crystallises  from  carbonic  disulphide  in  colourless  laniinse.  It  molts  at  100°, 
and  is  resolved  at  180°  into  hydrobromic  acid  and  bromomaleio  anhydride,  C'HBrO'*. 
With  cold  water  it  forms  at  first  a  solid  mass,  which  dissolves  in  a  larger  quantity  of 
wafer,  and  the  solution  yields,  by  spontaneous  evaporation,  a  crystallised  acid,  formed 
from  the  anhydride  by  addition  of  water,  and  having  the  composition,  but  not  tho 
properties,  of  dibromosuccinic  acid,  viz. : 

1  sod  ibromo  succinic  Acid,  C'H'Br^O'. — This  acid  forms  large,  transparent,  well- 
developed  crystals,  much  more  soluble  in  water  than  dibromosuccinic  acicl.  It  melts 
at  10)0°.  and  is  resolved  at  180°,  or  by  boiling  its  aqueous  solution,  into  hydrobromic 
acid  and  isobromomaleic  acid,  C'll-'BrO';  whereas  ordinary  dibromosuccinic  acid  is 
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not  decomposed  by  boiling  -vritli  water,  but  when  heated  by  itself  is  oumpletely  de- 
composed without  previous  fusion.  On  boiling  the  aqueous  solution  with  baryta,  baric 
isodihromosuccinate  is  obtained,  which  forms  warty  crystals,  and  yields  isodibromosuc- 
cinic  acid  when  decomposed  by  sulphuric  acid. — The  silver-salt  resembles  that  of 
ordinary  dibromosuccinic  acid.    (Kekule,  Ann.  Ch.  Pharm.  Suppl.  ii.  85.) 

SUCCXWIC  AniXOES.  Succinic  acid,  like  other  acids  of  the  series  C°H'"--0', 
is  capable  of  forming  four  normal  amides,  derivable,  but  not  always  directly  producible, 
from  the  acid  and  neutral  ammonium-salts,  by  abstraction  of  water,  viz. : 

Succinamic  acid,  C^H'NO^  =  (C^H^02)"l^  =  C^H^(NH«)0'  -  H^O. 

Succinimide,       C^ffNO-  =  (C*H'O0".|n  =  C*HXNH^)0*  -  2H=0. 

Succinamide,      C^H'NW  =  ^^'^'P'')"|n2=  C'HXNH^)20*  -  23^0. 

(Cy^:i£7EThylene)!c'H^N^=  (C^H^yCy^    =  C^WiT^RJO^  -  m^O. 

The  first  three  of  these  compounds  contain  hydrogen-atoms  replaceable  by  metais 

or  alcohol-radicles.  There  is  also  a  trisuceinamide,  (C''H*0^)^N-,  formed  by  the 
action  of  succinic  chloride  on  argentic  succinimide. 

Succinamic  Acid.   C^H'NO'  =  (C^H^0=)"  y^,  (E.  T e u  c h e r t,  Ann.  Ch.  Pharm. 


=  (C^H^0=r|g. 


cxxxiv.  136;  Bull.  Soe.Chim.  1866,  i.  286.)— The  barium-salt  of  this  acid,  C'H'WN^O', 
IS  obtained  by  leaving  a  slightly  warmed  solution  of  succinimide  and  baric  hydrate,  in 
equivalent  proportions,  to  evaporate  in  a  vacuum  over  oil  of  vitriol,  and  repeatedly 
crystallising  the  residue  from  an  aqueous  solution  mixed  with  alcohol.  It  forms 
concentric  groups  of  needle-shaped  crystals,  easily  soluble  in  water,  insoluble  in 
absolute  alcohol  and  in  ether,  somewhat  soluble  in  aqueous  alcohol.  The  aqueous 
solution  decomposes  when  kept,  and  more  quickly  on  boiling,  into  ammonia  and 
succinate  of  barium,  which  is  precipitated.  With  potash,  the  solution  gives  off  ammonia 
even  in  the  cold. 

By  carefully  decomposing  the  barium-salt  with  somewhat  less  than  the  equivalent 
quantity  of  siilphuric  acid,  and  evaporating  the  filtrate,  impure  succinamic  acid 
(containing  baryta)  is  obtained  in  rectangular  prisms ;  if  the  whole  of  the  baryta  be 
precipitated,  nothing  but  succinate  of  ammonium  remains  dissolved. 

Suceinamate  of  Cadmium,  C''H'-Cd"N-0''.H^0,  remains  on  precipitating  the  solution  of 
the  barium-salt  with  sulphate  of  cadmium,  and  evaporating  the  filtrate ;  it  is  very 
soluble  in  water,  insoluble  in  alcohol,  and  forms  a  radiated  crystalline  mass,  or  small 
well-developed  rhombic  prisms. — The  ciipric  salt,  C"H'''Cu"N-0'',  prepared  in  like 
manner,  forms  dark-green,  microscopic,  rhombic  laminas,  insoluble  in  alcohol, 
slightly  soluble  in  water,  and  decomposed  by  boiling  with  water,  with  separation  of 
cupric  oxide  and  ciipric  succinate. — The  lead-salt,  C*H'-Pb"N-0'',  is  obtained  by 
heating  a  solution  of  succinimide  with  excess  of  lead-oxide,  and  adding  alcohol  to  the 
filtrate  previously  treated  with  carbonic  acid,  in  large,  concentrically  grouped,  easily 
soluble  needles. — The  magnesiimi-salt,  C'H'-Mg"N-0''.3H^0,  prepared  like  the  cadmiimi- 
salt,  is  a  radiated,  nodular,  crystalline  mass,  which  by  solution  and  spontaneous 
evaporation,  yields  well-developed  crystals  belonging  to  the  trimetric  system. — The 
manganous  salt,  CTI''Mn"N^0''.5H^0,  remains  on  evaporation  as  a  rose;coloured  syrup, 
which  gradually  solidifies  to  a  warty  or  radiate  crystalline  mass. 

The  silver-salt,  C''H'''AgN0^,is  obtained,  by  mixing  the  concentrated  solutions  of 
argentic  nitrate  and  baric  suceinamate,  as  a  white  crystalline  precipitate,  and  on 
leaving  the  filtrate  to  itself,  in  prismatic  crystals  probably  belonging  to  the  monoclinic 
system.  It  blackens  quickly  on  exposure  to  light,  is  easily  soluble  in  ammonia, 
sparingly  in  water,  and  insoluble  in  alcohol ;  in  boiling  water  it  becomes  covered  with 
a  black  crust.* 

Suceinamate  of  Zinc,  C*H"^Zn"N-0'',  prepared  like  the  cadmium-salt,  forms  stellate 
groups  of  prisms,  easily  soluble  in  water,  nearly  insoluble  in  hydrated  alcohol,  quite 
insoluble  in  absolute  alcohol. 

*  Lauren  t  and  Gerhardt  (Ann.  Ch.  Pliarm.  Ixxii.  291),  by  boiling  argentic  succinimide  with  dilute 
ainnionia.obtained  a  silver-salt,  which  they  rf  garded  as  argentic  suceinamate.  It  differed,  however,  in  its 
properties  from  that  above  described,  being  easily  soluble  in  water,  and  yielding  succinamide  when 
decomposed  by  hydrochloric  acid,  whereas  suceinamate  of.silver  thus  treated  should  yield  acid  succinate 
of  ammonium.  According  to  Teuchert.  the  salt  obtained  by  Laurent  and  Gerhardt  was  probably  a 
hydrated  argentic  succinimide  isomeric  with  tl  c  suceinamate  (p.  401). 
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Fhenylsuccinamic  or   Succinanilic  Acid,   C'°H"NO'   =    (C'H'O-)" Vq. 

(Laurent  and  Gerhardt,  Ann.  Cli.  Phys.  [3],  xxiv.  179.)' — Obtained  by  dissolving 
succinanil  in  boiling  dilute  ammonia  mixed  with  a  little  alcohol,  boiling  the  liquid  to 
expel  the  latter,  and  neutralising  with  nitric  acid.  The  succinanihc  acid  is  then 
deposited  on  cooling,  in  elongated  laminae,  which  are  to  be  purified  by  crystallisation 
from  alcohol.  It  is  very  slightly  soluble  in  cold,  more  soluble  in  hot  water:  the 
solution  reddens  litmus.  It  melts  when  heated,  and  decomposes,  at  a  higher  tempera- 
ture, into  water  and  phenylsuccinimide,  which  sublimes.  It  dissolves  in  ammonia 
and  in  potash,  and  when  fused  with  potash  at  a  gentle  heat,  gives  off  aniline. 

Succiuanilate  o  f  Ammonium  is  very  soluble  in  water,  and  crystallises  in  confused 
masses.  The  solution  does  not  precipitate  chloride  of  calcium,  and  scarcely  produces 
any  turbidity  with  chloride  of  barium  ;  with  cupric  salts  it  forms  a  light-blue,  and  with 
ferrous  salts  a  yellowish-white  precipitate  ;  with  nitrate  of  silver,  a  white  precipitate 
of  argentic  succinanilate,  C"'H"'AgNO^. 

Succinamide,  C^K'N-O'  =  "^^'^^'^j^, | m     (D'Arcet,  Ann.  Ch.  Pharm.  xvi. 

215.) — This  compound  separates  in  small  white  crystals,  on  mixing  ethylic  succinate 
with  strong  aqueous  ammonia.  It  dissolves  in  boiling  water,  but  is  nearly  insoluble 
in  cold  water,  also  in  alcohol  and  in  ether.  It  melts  when  heated,  and  is  resolved 
at  about  200°  into  ammonia  and  succinimide,  C^H^NO-.  It  is  easily  decomposed  by 
boiling  with  alkalis.  By  the  action  of  nitrous  acid  {i.e.  by  passing  nitric  oxide  into  a 
solution  of  succinamide  in  nitric  acid),  it  is  resolved,  after  the  manner  of  amides  in 
general,  into  succinic  acid,  water,  and  nitrogen  : 

C'H'N^O^  +  N^O'  =  C'H'^O'  +  H'O  2N^ 

(C'H'0')"| 

Pheyiylsuccinamide     or     Succinanilidc,    C^H'^N'O'    =  (C''IP)^VN'. 

(Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xxiv.  179.) — Remains  undi.ssolved 
when  the  product  of  the  action  of  succinic  acid  on  anhydrous  aniline  is  exhausted  with 
boiling  water ;  produced  also  by  the  action  of  aniline  on  succinic  chloride.  It  dis- 
solves easily  in  boiling  alcohol,  and  is  deposited  therefrom  in  tufts  of  microscopic 
needles.  It  is  less  fusible  than  succinamide.  When  melted  with  potash  at  a  gentle 
heat,  it  gives  off  aniline. 


Succinimide, 


C^ffNO-  =  (^'-'^'^"IjIn.    Bisuccinamiclc.  (D'Arcat,  Ann.  Ch. 

Phys.  [2],  Iviii.  294. — Fehling,  Ann.  Ch.  Pharm.  xlix.  198. — Laurent  and  Ger- 
hardt, Compt.  Chim.  18-19,  p.  108). — Formed:  1.  I'y  heating  succinamide  or  succi- 
nate of  ammonium. — 2.  By  the  action  of  dry  ammonia-gas  on  succinic  anhydride  : 

(C^H'0=)"0  +  NH'  =  H^O  +  (C^H-'O-y'HN. 

Succinimide  crystallises  in  large  transparent  crystals,  C'H^NOMI-O,  wnich  giv«  off 
their  water  even  on  exposure  to  the  air.  It  is  easily  soluble  in  water  and  in  alcohol, 
less  soluble  in  ether  ;  melts  at  210°,  and  sublimes  without  alteration. 

The  hot  alcoholic  solution  of  succinimide,  mixed  with  a  small  quantity  of  ammonia, 
and  then  with  nitrate  of  silver,  yields  on  cooling,  large  crystals  of  argentic  .niccinimidc, 
C^ll'O-AgN.  This  compound  detonates  when  heated,  and  when  tri'turated  with  sal- 
animoniae,  is  converted,  with  evolution  of  ammonia,  into  argentic  chloride  and 
succinimide.  By  prolonged  boiling  with  water,  it  yields  argentic  succinate.  When 
boiled  with  water  containing  a  few  drops  of  ammonia,  it  is  converted,  according  to 
Laurent  and  Gerhardt,  into  argentic  succinamate.  Teuchcrt,  however  (p.  460), 
obtained  by  this  process  a  hydratod  argentic  succinimide,  2C^H'0-AgN.H-0,  and  is  of 
opinion  that  Laurent  and  Gei-hardt's  compound  was  also  a  liydrated  argentic  svicciuL- 
mide,  containing  C'H''0-AgN.H^O,  isomeric  therefore  with  argentic  succinamate. 

A  solution  of  argentic  succinimide  in  a  small  quantity  of  ammonia,  leaves,  ou 
spontaneous  evaporation,  an  alkaline  syrupy  liquid,  which  solidifies  after  some  time  to 
a  mass  of  hard  brittle  crystals,  consisting  of  argcnfcnnmonium-succinimidc, 
C'H'0'-(NII''Ag)N,  which  is  distinguished  from  argentic  succinimide  by  its  property  of 
giving  off  ammonia  when  treated  with  potash  at  ordinary  temperatures. 

Chlorosuccinimidc. — Ethylic  perehlorosuccinate  (p.  463)  is  converted  by  ammonia 
into  a  erystallisable  and  sublimable  body,  probably  consisting  of  tetrachlorosucci- 
nimide,  C'CI'O-HN.    The  analysis  of  this  body  does  not  agree  very  well  with  this 
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formula,  but  tho  formatiou  of  tricliloracetamide,  at  the  same  time,  seems  to  show  that 
it  is  produced  in  the  manner  shown  by  the  equation  : 

CCl'^O'  +  3NH3  =  4HC1  +  +  C'C1^0=HN. 

Ethylic  per-  Trichloracetamide.  Tttrachlorosuc- 

chlorosuccinate.  cinimide. 
On  treating  the  product  with  ether,  the  tetrachlorosuccinimide  and  trichloracetamide 
dissolve,  while  sal-ammoniac  remains  behind ;  and  the  ethereal  solution  leaves  on 
evaporation,  a  residue,  from  which  cold  water  extracts  an  ammoniacal  compomid  of 
tetrachlorosuccinimide  (chlorazosuccate  of  ammonium),  lea^^ng  the  trichloracetamide. 
The  aqueous  solution,  mixed  with  hydrochloric  or  nitric  acid,  deposits  the  teti-achloro- 
succinimide  in  four-sided  prisms.  It  is  nearly  insoluble  in  water,  very  sohible  in 
alcohol  and  ether  ;  melts  in  water  between  83°  and  85°,  in  the  air  at  200° ;  sublimes  at 
125°,  and  turns  yellow  at  250°.  It  decomposes  carbonates,  and  its  ammoniacal 
solution  precipitates  the  salts  of  calcium  and  copper.  Its  ammoniacal  solution 
evaporates  over  the  water-bath,  decomposes  with  brisk  effervescence,  and  yields,  among 
other  products,  a  crystalline  substance,  regarded  by  Gerhardt  aschlorosuccilamide, 
C'H^CPNO^,  the  amide  of  chlorosuccic  acid  (p.  463),  possibly  thus : 

C'CPO^HN  +  WO  =  CO^  +  HCl  +  C^H-CPNO. 

Clilorosuccini-  C'hlorosuccila- 
mide.  midp. 

Phenylsuccinimide,  or  Stcccinanil,  C'H'NO^  =  ^  C'^II^i'^'  (Lau- 
rent and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xxxiv.  179.) — Obtained  by  heating  pul- 
verised succinic  acid  with  dry  aniline,  and  treating  the  crystalline  mass  with  boiling 
water,  which  dissolves  the  greater  part  of  it,  consisting  of  succinanil,  and  leaves  a  resi- 
due of  succinanilide.  The  succinanil  crystallises  on  cooling  in  colourless  laminje,  and  by 
recrystallisation  from  alcohol  it  may  be  obtained  quite  pure,  in  fine  long  interlaced 
needles.  It  appears  to  be  sublimable  without  decomposition.  It  is  insoluble  in  cold 
water.  Aqueous  potash  has  no  action  upon  it,  but  when  heated  with  solid  potash  it 
gives  oif  aniline.    Boiling  aqueous  ammonia  converts  it  into  succinanilie  acid  (p.  460). 

Trisuccinamide,  (C'H*0-)^N-.  (Chiozza  and  Gerhardt,  Ann.  Ch.  Pharm.  xc. 
108.) — Produced,  together  with  argentic  chloride,  by  treating  argentic  succinimide  with 
an  ethereal  solution  of  succinic  chloride : 

2(C^H<02)"AgN  +  (C^H'0-)"CP  =  2AgCl  +  (C'H^O^)^^^. 
It  is  slightly  soluble  in  ether,  easily  soluble  in  absolute  alcohol,  and  crj'stallises  in 
small  triangular  plates  which  melt  at  83°.    By  aqueous  alcohol  it  is  quickly  decom- 
posed, yielding  succinic  acid,  etliylic  succinate,  and  succinimide. 

SVCCXK-XC  ASTHITBRIBE.  Q-'H'O^  =  (C*II'0=)"0.  Anhydrous  Succinic 
Acid.  (D'Arcet,  Ann.  Ch.  Phys.  [2],  Iviii.  282. — Gerhardt  and  Chiozza,  Compt. 
rend,  xxxvi.  1050. — Kraut,  Ann.  Ch.  Pharm.  cxxxvii.  254.) — Obtained:  1.  By  boil- 
ing succinic  acid  very  rapidly  in  a  retort,  and  absorbing  the  water  as  fast  as  it  con- 
denses.— 2.  By  distilling  succinic  acid  once  or  twice  with  phosphoric  anhydride 
(D'Arcet). — 3.  By  heating  the  acid  with  phosphoric  pentacliloride  : 
C'WO'  +  PCP  =  2HC1  -I-  POCP  +  C^H'O^ 
' — 4.  By  heating  ethylic  succinate  with  chlorobenzene.    (Kraut,  p.  463.) 

Succinic  anhydride  is  a  white  mass,  less  soluble  in  water,  but  more  soluble  in 
alcolwl,  than  succinic  acid.  It  dissolves  in  boiling  absolute  alcohol,  apparently  mthout 
formation  of  ethylic  succinate,  and  is  deposited  from  the  solution  in  long  needles.  It 
is  very  little  soluble  in  ether,  either  cold  or  boiling.  Melts  at  119'6°  (Kraut).  By 
solution  in  boiling  water,  it  is  reconverted  into  succinic  acid.  "With  dry  ammonia-gas 
it  becomes  hot,  and  forms  succinimide,  together  with  water : 

C'H*0^0  +  NH»  =  H=0  -t-  C^H^O^'.IIN. 
With  phosphoric  pcntachloride,  it  yields  succinic  chloride  and  phosphoric  oxychloride : 
C*H^010  +  PCP  =  POCP  +  C'ffO'CP. 

SUCCIETIC  CHIORIDE,  or  CA/or/c?(!  o/  Succinyl,  (C^II''0^)"C1-.  (Gerhardt 
and  Chiozza,  loc.  cit.) — Produced  as  above,  by  distilling  succinic  anhydi'ide  with 
phosphoric  pentacliloride,  and  purified  by  rectification.  It  is  a  fuming,  strongly  re- 
fracting liquid,  boiling  at  about  190°.  With  water  it  easily  yields  succinic  acid ;  with 
alcohol,  ethylic  succinate. 

Dihromosuccinic  Chloride,  C'H"Br'0'.Cl-,  is  obtained  by  heating  succinic  chloride 
with  bromine  to  120° — 130°,  for  three  or  four  hours  (Perkin  and  Duppa,  Cham. 
Soc.  Qu.  J.  xiii.  102);  also  by  direct  addition  of  bromine  to  fumaric  chloride, 
C'H-'O'CP  (Kekule).  It  is  a  liquid,  which  boils  at  220°  (Kokule),  and  is  converted 
by  water  into  dibroniosuccinic  acid.    (Perkin  audDuppa.) 
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SUCCIIO'IC  ETHTSns.  a.  Of  succinic  ethers  containing  monatomic  alcoliol- 
radiclcs,  only  I  ho  neutral  nicthylic,  ethylic,  cetylic,  and  bcnzhydrolic  ethors  have 
hitherto  been  obtained. 

Methylic  Succinate,  C'lI^O'  =  ^  (CH^)^|^''  '®  produced  by  passing 
hydrochloric  acid  gas  into  a  solution  of  succinic  acid  in  mothylic  alcohol.  "When 
purified  in  the  usual  way,  it  forms  a  crystalline  mass,  melting  at  20°,  and  solidifying 
again  at  16°.  It  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  ether ;  boils 
at  198°.  Specific  gravity  of  liquid  =  1-179  at  20°  ;  of  vapour  5-29.  (Fehling,  Ann. 
Ch.fharm.  xlix.  195.) 

cc'H'O-y } 

Ethylic  Succinate,  C'H'''0'  =  ^  (C-H^-l*"*'" — -'^^'^P'^''®'^  ^'^^  ''^'^  metbylic 
other,  or  by  distilling  10  pts.  succinic  acid,  20  pts.  alcohol,  and  5  pts.  strong  hydro- 
chloric acid,  and  purifying  the  oily  product  by  distillation  over  massicot  (D'Arcet, 
Ann.  Ch.  Pliys.  [2],  Iviii.  291) ;  also  by  dropping  alcohol  into  a  retort  in  ■which 
succinic  acid  is  heated  to  a  temperature  near  its  boiling-point  (Gaulthier  de 
Clanbry).  It  is  an  oil,  slightly  soluble  in  water,  boiling  at  214°,  and  burning  with  a 
yellow  flame.    Specific  gravity  of  liquid  =  r036  ;  of  vapour  =  6-22.  (D'Arcet.) 

When  potassium  is  introduced  into  ethylic  succinate,  the  liquid  becomes  hot,  gives 
off  hydrogen,  and  forms  a  pasty  mass,  from  which,  after  treatment  with  water  and 
crystallisation  of  the  undissolved  portion,  yellowish  laminae  are  olitained,  having  the 
composition  C"H''0^  [therefore,  perhaps,  ethyl  succinic  anhijdride,  C'ff(C^H^)0^].  The 
crystals  melt,  at  133"  ;  sublime  at  206°;  and  are  decomposed  by  alkalis  into  alcohol 
and  an  alkaline  succinate.  With  ammonia  they  form  a  light-yellow  substance,  crys- 
tallising in  needles  (Fehling,  Ann.  Ch.  Pharm.  xlix.  192).  Kespecting  the  rational 
formula,  see  Geuther.    (Zcitsehr.  Ch.  Pharm.  1866,  p.  5.) 

Ethylic  succinate  heated  with  chlorobenzene  (chloride  of  phenyl)  in  a  sealed  tube 
to  250°,  for  several  hours,  yields  ethylic  chloride,  ethylic  benzoate,  and  succiuio 
anhydi'ido  (Kraut,  Ann.  Ch.  Pharm.  exxxvii.  254) : 

^^(cS5S°'  ^  C'lPOCl  =  C-IPCl  +  '^cJJJI'^  +  (C'H^O-)".0. 

Suhstitution-joroducts  of  Ethylic  Succinate  (Cahours,  Ann.  Ch.  Pharm.  xlvii.  29; 
Malaguti,  z'iiVZ.  Ivi.  291). — When  ethylic  succinate  is  saturated  with  chlorine,  and 
then  exposed  to  sunshine  in  a  bottle  filled  with  chlorine-gas,  a  cry stalli sable  siil)stance 
is  formed,  which  melts  at  115° — 120°,  has  the  composition  CHCP'O',  and  may  there- 
fore be  regarded  as  ethylic  succinate  in  which  all  the  hydrogen,  except  one  atom,  is 
replaced  by  chlorine.  By  distillation  it  is  resolved,  at  about  290°,  into  carbonic 
auliydride,  chloride  of  tricliloracetyl,  trichloride  of  carbon,  and  proliably  chlorosuc- 
cide,  C^HCPO: 

C^HCl^O'  =  C0=  +  C=CP0.C1  +  C-CP  -I-  C'HCPO. 

With  alcohol  it  yields  neutral  ethylic  carbonate  (i.  800),  ethylic  trichloracetate  (i.  879), 
liydrochloric  acid,  and  the  ethylic  ether  of  chlorosuceic  acid.. — The  chlorinated 
ether,  or  the  product  formed  from  it  by  the  action  of  alcohol,  yields,  when  treated  with 
potash,  carbonate,  chloride,  formate,  and  chlorosuccate  of  potassium.  (Mala- 
guti.) 

Laurent  and  Gerhardt  suppose  that  Malaguti's  chlorinated  ether  contains  no 
hydrogen,  but  consists  of  perchlorinat(^d  ethylic  succinate,  CCP  'O^    Gerhardt  regards 

chlorosuceic  acid  as  C'HCPO-  =  -^[0  (trichloracrylic  acid),  and  chlorosuccido 

as  the  corresponding  chloride,  C^CPO.Cl.  These  foi-mulfe  afford  simple  explanations 
of  all  the  reactions,  but  they  do  not  agree  well  with  the  analytical  numbers  obtained 
liy  Cahours  and  Malaguti. — Chlorinated  ethylic  succinate,  treated  with  ammonia, 
yields,  among  otlier  products,  a  compoxnid  designated  by  Malaguti  as  chlorazo- 
suecic  acid  (CTICPON),  but  regarded  by  Laurent  as  tetrachlorosuccinimidc, 
C^Cl'O-.HN  (p.  461).  For  further  details  respecting  these  chlorinated  compounds,  see 
Gerhardt's  Truite,  ii.  406,  477. 

Cetylic  Succinate,  C'^H-'O'  =  ^^q^^2"^2|o-.    (Tuttschoff,  Eep.  Chim. 

pnre,ii.  463.) — Produced  by  he.ating  1  at.  succinic  acid  and  2  at.  othal  for  15  hours  (to 
what  temperature  ?).  Crystallises  from  hot  ether-alcohol  in  white  lamina?,  melting  at 
58°,  slightly  soluble  in  alcohol,  more  soluble  in  ether. 

Benzhydrolic  Succinate,  C^ff^O'  =  ^^^^-^^P^,  1 0-.— Produced  by  heating 
succinic  acid  with  beuzhydrol ;  described  under  Phenylbenzoyl  (iv.  479). 
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B.  Succinic  Ethers  containing  Diatomic  Alcohol-radicles. 

Only  two  of  these  ethers  have  yet  been  ohtained,  viz.,  the  acid  and  neutral  succinates 
of  ethylene,  both  discovered  byLourenzo.    (Ann.  Ch.  Pharm.  cxv.  368.) 

(C'H^O^)"- 

Ethylene-succinic,  or   Glycolsuccinic  Acid,  CH'^O'  =  (C'H' 


Produced  by  heating  succinic  acid  with  glycol  to  150°:    C^H'^O*  +  C^HW  = 

It  forms  small  crystals,  melting  below  1 00°,  soluble  in  water  and  alcohol,  insoluble 
in  ether. 

Neutral  Ethylenic  Succinate,  or  Succinateof  Glycol,  CJi^O*  =  ^  (Qi!jj4y'{0^ 

remains  when  ethylene-succinic  acid  is  heated  to  300",  as  a  crystalline  mass,  which 
melts  at  about  90°,  is  insoluble  in  water  and  in  ether,  but  may  be  crystallised  from 
boiling  alcohol. 

SUCCIWITB.  An  amber-coloured  variety  of  lime-garnet.  The  name  is  applied 
also  by  Breithaupt  to  amber. 

SITCCIN'On'E.  This  name  has  been  applied  to  a  volatile  oil  obtained  by  the 
distillation  of  neutral  calcic  succinate  (p.  466). 

SUCCZSTO-SUIiPBURXC  ACXD.    Syn.  with  Sulphosuccinic  Acid. 

SUCCXiruia.    Syn.  with  Amber. 

SVCCII3"SXi.    C'H'O'.    The  diatomic  radicle  of  succinic  acid,  &c. 
SUCCINYX.IC  ACID.    Syn.  with  Succinic  Acid. 

SUCCISTERSITE  (from  succiniim  and  stearin). — The  name  applied  by 
Pelletier  and  Walter  to  the  portion  of  Colophonium  stwcini  which  is  insoluble  in 
alcohol  and  ether.    (See  Ambee,  i.  163.) 

SUCBOSE.    Syn.  with  Cane-sitgar. 

SUET.  The  solid  fat  of  the  ox  or  sheep.  Mutton-suet  is  more  solid  than  beef- 
suet,  and  consists  mainly  of  stearin,  together  with  palmitin,  and  small  quantities  of 
olein  and  hircin  ;  melts  at  60°  (Arzbaoher).  Beef-suet  contains  more  stearin  than 
human  fat,  more  palmitin  than  mutton-suet,  and  about  the  same  quantity  of  olein ; 
melts  at  47°.  (Arzbiicher.) 

STTCiLKS.  Under  this  name  are  included  a  number  of  organic  compounds, 
mostly  of  vegetable  origin,  which  are  soluble  in  water,  mostly  crystallisable,  have  a 
sweet  taste,  and  neutral  reaction  to  vegetable  colours,  and  in  the  state  of  solution  rotate 
the  plane  of  vibration  of  a  ray  of  polarised  light.  They  may  be  divided  into  fer- 
mentable or  true  sugars,  and  non-fermen  table  sugars  or  saccharoids. 

A.  Fermentable  Sugars. — These  sugars  are  carbohydrates,  represented  by  the 
general  formula  C"H-pOp,  and  may  be  subdivided  into  the  two  following  groups,  the 
first  including  those  sugars  which  are  directly  susceptible  of  vinous  fermentation,  the 
second  those  which  imdergo  this  transformation  only  after  conversion  into  sugars  of 
the  first  group : 

a.    C'^H'^O"  (Glucoses). 

Molecular  rotatory  power. 
Dextrose  or  Dextroglucose  (ii.  855)  ...  -l-  56° 

Lsevulose  or  Lsevoglucose  (ii.  863)  .       .       .        |  _^^3o  ^|  gg" 

Galactose  (iii.  1023)   -H  83° 

To  this  group  belong  also  a  number  of  sugars  differing  more  or  less  in  properties 
from  the  three  preceding,  viz.  Maltose  (iii.  999),  Mannitose  (iii.  826);  the  sugar 
found  by  Meis  sner  (Jahresb.  1861,  p.  800)  as  a  normal  constituent  of  muscidar  flesh ; 
Dulcitose,  a  product  of  the  oxidation  of  dulcite  by  nitric  acid  (Carlet,  Ann.  Ch. 
Pharm.  cxvii.  143);  the  sugar  which  Berthelot  obtained  (ii.  856)  from  mannite  and 
glycerin  by  the  action  of  a  peculiar  ferment ;  and  many  of  the  sugars  resulting  from 
the  decomposition  of  natural  glucosides  under  the  influence  of  acids  (ii.  865). 

b.    C'-H--0"  (Cane-sugar  and  its  isomers). 

Molecular  rotatory  power. 

Saccharose  or  Cane-sugar       .       .       .       +  73  8° 
Parasacoharose      .....  +108° 


Lactoso  or  Milk-sugar 
Melezitose  (iii.  868) 
Melitose  (iii.  869) 
Mycose  (iii.  1068) 
Trehalose  „ 


-I-  59-3 
-1-  94 
-f  102 
+  192-5 
+  199 
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The  sugars  of  tbis  group  may  be  regarded  as  ethers  of  the  glucoses,  being  related  to 
them  in  the  same  manner  as  diethyleuic  alcohol  to  glycol,  or  as  diglycerin  to  glycerin 
(iii.  676,  884): 

Glucose.  Saccharose. 

W|oe  (c|Tjo-. 

B.  Non-fcrmcntabic  Sugars  or  Saccharoids. — Of  these  bodies,  the  first  four  in  the 
following  list  have  the  composition  of  the  glucoses  ;  the  rest  are  not  carbohydrates,  but 
contain  a  quantity  of  hydrogen  larger  than  is  sufficient  to  convert  the  whole  of  the 
oxygen  into  water : 

Molecular  rotatory  power. 
Euealyn,  C^H'^O"  (ii.  601)       .       .       .  +  55°  (nearly) 

Sorbite,  C^H'^O"  (v.  352)  .  .  .  -46-9° 
Quercitoso,*  CH'-O^  ?  (v.  37)  .  .  0° 
Inosite,  CH'^O"  (iii.  274)  ...  0° 
Mannite,  CH'^O"  (iii.  825)  ...  0° 
Dulcite,  C^H'^O'^  (ii.  348)  ...  0° 
Isodulcite,t  CH'^O"  (v.  7)  .  .  .  +7-6° 
Quercite,  C^H'-O^  (v.  6)  ...  +  33-5°  (nearly) 

Finite,  C°H'-05  (iv.  652)         .       .       .  +68-6° 
Eiythromannite,  C'-H>»0'2  (ii.  604)  .       .  0° 
In  these  tables  the  value  of  tlie  molecular  rotatory  power  is  given  for  the  transition- 
tint  (iii.  672),  which  is  the  same  as  that  for  the  medium  yellow  ray,  and  is  commonly 
expressed  by  the  symbol  [a]j.    The  value  for  the  rod  ray  is  related  to  this  by  the 
equation  : 

The  molecular  or  specific  rotatory  power  [a]  is  given  by  one  of  the  following 
equations : 

II.    W  =     -jZorW    =  JL. 

In  these  equations,  o  or  a  is  the  observed  angle  of  rotation  ;  €,  the  concentration  of  the 
solution  (1  grm.  of  solution  containing  e  grms.  of  substance) ;  S,  the  specific  gravity 
of  the  solution  ;  A.  or  ^,  the  length  of  the  column  of  liquid  in  decimetres.| 

Further  :  ^j,  the  weight  of  the  substance  in  grammes  ;  V,  the  volume  of  the  solution 
containing  it. 

Also :  V,  the  concentration  of  the  solution  according  to  volume,  i.e.  the  quantity  of 
grammes  of  the  substance  contained  in  1  cub.  cent,  of  solution,  so  that  -y  =  e  .  5. 

The  equation  I.  is  used  when  the  concentration  and  specific  gravity  of  the  solution 
are  known  ;  the  equation  II.  when,  as  is  generally  the  case,  the  solution  is  prepared 
by  weighing  out  the  stibstance,  and  filling  up  the  liquid  with  water  to  a  given  bulk. 

The  molecular  rotatory  power  of  most  sugars  is  but  little  affected  by  temperature  ; 
that  of  Isevulose,  however,  diminishes  rapidly  as  the  temperature  rises.  A  recently  pre- 
pared mixture  of  crystallised  dextrose  (grape-sugar)  exhibits,  when  recently  prepared, 
a  rotatory  power  of  about  112°;  but  it  decreases  gradually  at  ordinary  temperatures, 
and  quickly  when  the  liquid  is  heated,  and  ultimately  remains  constant  at  +56°. 

Mixtures  of  dextrose  and  laevuloso  exhibit  doxtro-  or  Ifevo-rotatiou,  according  to  the 
proportions  in  which  the  two  are  mixed ;  this  is  seen  in  different  samples  of  honey, 
and  in  fruits.  Inverted  sugar  (ii.  863),  produced  by  the  action  of  acids  on  cane- 
sugar,  is  a  mixture  of  dextrose  and  la?vulose  in  equal  quantities.  Its  specific  rotatory 
power  varies  greatly  according  to  temperature :  at  15°  it  is  [o]  =  —       +  5_6  _ 

*  The  sugar  obtained  by  decomposing  quercitrin  with  dilute  sulphuric  acid  is,  according  to  R  i  ga  u  d 
(Ann.  Ch.  Pharm.  xc.  195),  identical  with  dextrose  in  every  respect,  excepting  that  it  is  optically 
inartiTe. 

t  According  to  H 1  asi  w  et  z  and  P  fa  und  1  er,  on  the  other  hand  (Jahresb.  1864,  p.  564),  quercitrin 
thus  treated  yields  a  sarchariue  substance,  which  they  call  i  s  od  u  1  c  i  t  e,  crystallising  in  the  same  form 
as  cane-sugar,  hut  differing  therefrom  in  properties  and  compnsitidn.  The  crystals  contain  CSHi-0''.H'-0. 
and  melt,  with  loss  of  their  crystallisatioa-water,  between  105°  and  1 10°.  Isndnlcite  dissolves  in  2'09  pts. 
water  at  15°.  and  is  also  readily  dissolved  by  hot  absolute  alcohol.  It  reduces  an  alkaline  cupiic 
solution,  and  forms  with  nitric  arid,  a  nitro-compound  containing  C'5H^(NO-)30''.  — Hydrated  isodulcite 
is  isomeric  with  mannite  and  dulcite  ;  the  anhydrous  compound  with  pinite  and  quercite. 

X  In  the  eijuation  given  under  Light  (iii.  673),  the  unit  of  length  for  /,  is  1  centimetre.*  and  the 
specific  rotatory  power  of  cane-sugar  there  calculated  fioin  the  formula  is  7'3°,  whereas  ni  the  table 
on  p.  464,  where  the  unit  of  length  is  supposed  to  he  a  decimetre,  it  is  ten  times  as  much,  namely  73-8°. 
Vol.  V.  II  II 
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—  25°  ;  at  26°  it  is  — 12'5°  ;  at  90°  it  is  nearly  =  0,  and  at  liiglier  temperatures  the 
mixture  becomes  dextrorotatory. 

Chemical  Reactions  of  Sugars :  1.  Decomposition  hy  heat. — All  sugars  are  de- 
composed by  heat.  Those  which  contain  water  of  crystallisation  give  it  otf  at  100°  or 
a  little  above — viz.,  grape-sugar,  mehtose,  trehalose,  eucalyn,  and  inosite  at  100°,  mele- 
zitose  at  110°,  mycose  at  130°.  At  somewhat  higher  temperatures  the  glucoses  give 
off  more  water,  and  yield  anhydrides  analogous  to  mannita:^  (iii.  823) :  thus 
Dextrose)  nst^\ir\^  _  JH^O  +  C<'H"'0=  Glucosan 
Lsevulosej  ^     -    \Q}Q  +  C«H'»05  Laevolusan. 

Wlien  further  heated,  they  yield  a  number  of  somewhat  indefinite  compounds,  desig- 
nated by  the  general  name  caramel ;  and  at  still  higher  temperatures,  they  undergo 
complete  decomposition,  giving  off  carbonic  oxide,  carbonic  anhydride,  marsh-gas, 
acetic  acid,  aldehyde,  acetone,  furfurol,  liquid  hydrocarbons,  and  other  products.  The 
sugars,  C'-H--0",  appear  to  be  first  converted  by  heat  into  a  mixture  of  glucoses  and 
glucosanhydrides  (c.  g.,  cane-sugar  into  dextrose  and  laevolusan),  which  are  resolved 
by  further  heating  into  the  products  above  mentioned. 

2.  Oxidation. — Sugars  are  easily  oxidable.  With  strong  oxidising  agents  they 
mostly  yield  products  of  comparatively  simple  constitution,  such  as  carbonic,  formic, 
and  oxalic  acids.  Glucose  and  cane-sugar,  &e.,  distilled  with  a  mixture  of  manganic 
peroxide  or  potassic  chromate  and  sulphuric  acid,  or  with  peroxide  of  lead  and  water, 
yield  chiefly  formic  and  carbonic  acids ;  milk-sugar  distilled  with  potassic  chromate 
and  sulphuric  acid  yields  the  same  products,  together  with  aldehyde. 

By  prolonged  boiling  with  strong  nitric  acid,  sugars  yield  chiefly  oxalic  acid.  With 
more  dilute  acid,  and  at  lower  temperatiu'es,  acids  are  formed  nearer  in  composition  to 
the  sugars — chiefly  mucic,  saccharic,  and  tartaric  acids,  sometimes  also  racemic  acid. 
The  formation  of  tJio  isomeric  compounds,  mucic  and  saccharic  acids, is  represented 
by  the  equation  : 

C«H'20=  +  0'    =    H-0  +  C^WO^. 
Tartaric  acid  is  probably  formed  by  further  oxidation  of  saccharic  acid;  and  race- 
mic acid  by  oxidation  of  mucic  acid  (p.  35). 

Cane-sugar,  glucose,  and  indeed  most  other  sugars,  yield  by  this  gradual  oxidation, 
only  saccharic  acid ;  milk-sugar  yields  mucic  with  a  small  quantity  of  saccharic  acid  ; 
melitose  yields  saccharic  with  a  small  quantity  of  mucic  acid. 

Sugars  are  oxidised  by  many  metallic  oxides  and  salts,  and  therefore  act  as  reducing 
agents  :  thus  from  silver-salts,  especially  in  presence  of  ammonia,  they  throw  down 
metallic  silver ;  from  cupric  salts,  especially  in  alkaline  solution,  they  precipitate 
cuprous  oxide  (ii.  860).  The  glucoses  in  general  exert  a  stronger  reducing  action  than 
cane-sugar  and  its  isomers  ;  of  the  latter,  milk-sugar  reduces  more  quieldy  than  cane- 
sugar.  The  products  formed  in  these  reactions  have  not  been  very  closely  investigated. 
(See  Gaxlactic  and  Pectolactic  Acids,  iii.  1024.) 

3.  Very  strong  nitric  acid  (specific  gravity,  l'52o),  or  a  mixture  of  strong  nitric 
and  sulphuric  acids,  converts  sugars  into  nitro-compounds  :  cane-sugar  thus  treated 
yields  nitro-saecharose,  probably  C"H'\NO^)''0" ;  inosite  yields  crystallisable 
nitro-inosite,  C«H"(NO^)'=0'';  isodulcite,  C»B:•20^H=0,  yields  C«H'(NO-)W;  dex- 
trose, milk-sugar,  and  trehalose  yield  nitro-compoimds  whose  composition  has  not 
been  exactly  ascertained. 

4.  Reactions  with  other  acids. — By  boiling  with  dilute  sulphuric  or  hydrochloric 
acid,  cane-sugar  and  its  isomers  are  converted  into  glucoses  ; 

In  this  manner  melezitose  yields  2  at.  of  dextrose  ;  lactose  yields  2  at.  of  galactose  ; 
cane-sugar  yields  1  at.  dextrose  +  1  at.  Isevulose;  and  melitose  yields  1  at.  dextrose  + 
1  at.  eucalyn. 

The  glucoses  offer  considerable  resistance  to  further  transformation  by  dilute  mine- 
ral acids  ;  but  ultimately  they  turn  brown  and  decompose,  the  more  quickly  as  the 
acid  is  less  dilute,  yielding  brown  humus-like  products  of  indeterminate  composition  ; 
this  transformation  is  most  quickly  effected  by  strong  hydrochloric  acid. 

Co7icer.trated  sulphuric  acid  acts  on  the  sugars,  C'^H'^O",  much  more  strongly  than 
on  the  glucoses.  A  strong  syrup  of  cane-  or  milk-sugar  mixed  with  concentrated  sul- 
phuric acid,  is  immediately  decomposed  with  great  intumescence,  evolution  of  sul- 
phurous anhydride  and  various  volatile  products,  and  separation  of  a  black  carbona- 
ceous mass. — Dextrose,  on  the  other  hand,  mixed  with  strong  sulphuric  acid,  forms, 
without  blackening,  a  sulpho-acid,  C='H"SO'-'  =  4C''H'"0".S0',  the  action  being 
exactly  similar  to  that  of  the  organic  acids  on  the  glucoses  (p.  467) : 

4C''n'-o''  +  H^so'  =  iro  +  c=^h«so". 
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Phosphoric  add  appears  also  to  form  a  similar  compound  with  dextrose. 

The  glucoses  heated  with  solutions  of  organic  acids  act  like  polyatomic  alcohols 
yielding  ethereal  compounds  called  saccharides,  which  resemble  the  mannitic  ethers 
(ii.  521),  inasmuch  as  they  are  derivatives,  not  directly  of  glucose,  CH'-'O",  but  of 
glucosan,  CII'"©':  thus — 

C'^H''(C<H'0)"0^ 

Dibutyryl-glucosan. 

C''H8(C'«H'=0)"05 

Dibtearyl-glucosan, 

C''H*(C^H'0)«0* 

Hexacetyl-glucosan. 

C«H»(C-H^fO** 

Diethyl-glucosan. 

first  converted  into 


+ 

2C'H^0- 

-  3H'0  = 

Dextrose. 

Butyric 

acid. 

+ 

-  3H'0  = 

Dextrose. 

Stearic 
ac-id. 

+ 

-  7H=0  = 

Dextrose. 

Acetic 

acid. 

CH'-O" 

+ 

2C=ir'0 

-  2IF0  = 

Dextrose. 

Alcohol. 

The 


Cane -sugar  and  its  isomers,  heated  with  organic  acids,  are 
glucoses,  and  then  into  saccharides  as  above. 

With  tartaric  acid,  the  sugars  appear  to  form  several  different  compounds, 
following  are  described  by  Bertlielot  {Chim.  org.  ii.  294): 

1.  From  Dextrose,      CH'^O'^  +  4C'H''0»  -  .5H=0    =  C==H='^0" 

2.  „     Cane-sugar,   C'H'^O"  +  2C'H«0'^  -  ZWO    =  C'^H'^O'* 

3.  „     Milk-sugar,  C'H'^O"  -t-  40 'IPO"  -  SH^O    =  C''''H^<'0" 

4.  „  „         SCH'^G"  +  4C^H"0'=  -  IWO    =  C^*il«0'= 

5.  Eeactims  with  Alkalis. — Sugars  act  like  weak  acids,  inasmuch  as  they  are  capable 
of  forming  saline  compounds  with  certain  bases,  or,  in  other  words,  of  exchanging  part 
of  their  hydrogen  for  metals.  Thus  dextrose,  C'H'-O",  forms  with  baryta  the  com- 
pound C'-II"Ba"0''  ;  and  cane-sugar  forms  with  the  same  base,  a  compound  which 
may  be  formtdated  as  C'=H-'>Ba"0".ir-'0,  or  as  C'=H"0".Ba"0.  Dextrose  and  cane- 
sugar  also  form  saline  compounds  with  potash  and  soda;  these  compounds  are  obtained 
by  agitating  the  alcoholic  solution  of  the  sugar  with  alcoholic  potash. 

In  aqueous  .solution,  on  the  other  hand,  the  glucoses  are  very  easily  decomposed  by 
alkidis,  even  when  very  dilute.  The  decomposition  takes  place  slowly  in  the  cold, 
more  quickly  on  heating,  the  liquid  first  turning  yellow,  then  brown,  and  yielding  a 
quantity  of  indeterminate  brown  humous  substance.  Dextrose  thus  treated  yields 
glucic  acid  (ii.  848),  as  the  first  product  of  the  reaction. 

The  sugars,  C'-'H-'-G",  are  for  the  most  part  much  less  readily  attacked  by  alkalis 
•than  the  glucoses  ;  they  are  not  attacked  by  dilute  alkaline  solutions  in  the  cold,  and 
but  slowly  even  when  heated ;  but  they  are  decomposed  by  boiling  with  concentrated 
alkaline  liquids.    AVhen  fused  with  caustic  alkalis  they  yield  oxalic  acid. 

In  general  those  sugars  (and  other  carbohydrates),  which  are  most  easily  attacked 
by  acids,  offer  the  greatest  resistance  to  the  action  of  alkalis. 

The  sugars  and  other  carbohydrates,  when  treated  with  ammonia  in  the  form  of  gas, 
or  of  aqueous  solution,  are  capable  of  forming  compounds  somewhat  resembling  gela- 
tin, and  containing  in  some  cases  as  much  as  14 — 19  per  cent,  nitrogen.  Dusart 
(Compt.  rend.  lii.  974),  by  heating  glucose,  milk-sugar,  or  starch  with  aqueous  ammo- 
nia to  150°,  obtained  nitrogcnised  substances,  which  were  precipitated  by  alcohol  in 
tenacious  threads,  and  formed  with  tannic  acid  an  insoluble,  non-putrefying  compoimd. 
Similar  results  were  obtained  by  Schiitzenbe rger  (Jaliresb.  1861,  p.  910). 
P.  Thiinard  {ibid.  p.  908),  by  operating  in  a  similar  manner,  but  at  a  temperature  of 
280°,  obtained  yellow  or  brown  nitrogcnised  products — some  soluble,  others  in- 
soluble in  water,  and  containing  as  much  as  19  per  cent,  nitrogen.  These  results  are 
especially  interesting  in  connection  with  the  observation  made  by  Hunt  (Jahresb. 
1847-48,  p.  845),  that  bone-gelatin  lias,  approximately,  the  composition  of  an  amide  of 
the  carbohydrates: 

C^H'^O'  +  2NH^    =    C«n'»N-G-  +  4ff0 ; 
and  that,  on  the  other  hand,  gelatin  and  similar  substances,  when  boiled  for  some  time 
with  sulphuric  acid,  yield,  among  other  products,  sugars  resembling  glucose. 

Ac/ inn  of  Ferments. — The  glucoses,  viz.  dextrose,  Ijevulose,  and  galactose,  are  directly 
susceptible  of  vinous  fermentation ;  that  is  to  say,  when  their  aqueous  solutions  are 
placed  in  contact  with  yeast  at  a  certain  temperatiu-o,  they  are  immediately  resolved 
into  alcohol  and  carbonic  anhydride :  CII'-O'*  =  2C=H'0  +  2C0-.    Cane-sugar  and 


*  Produced  by  heating  cane-sugar  u  ith  cthylbromide  and  potash. 
II  H  2 
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its  homologues,  on  the  other  hand,  do  not  undergo  this  change  until  they  have  first 
been  converted  into  glucoses,  this  action  being  due  to  a  pecidiar  soluble  fei-ment, 
analogous  to  diastase,  contained  in  the  yeast  (p.  471).  Respecting  the  various 
circumstances  attending  vinous  fermentation,  and  the  action  of  other  ferments  on 
sugars,  see  Fbementation  (ii.  623). 

Most  of  the  sugars  enumerated  in  the  preceding  tables  (pp.  464,  465),  have  already 
been  described  in  their  alphabetical  places.  We  have  here  to  consider  in  detail  the  one 
to  which  the  name  sugar  is  especially  applied,  viz. : 

Cane-sugab  or  Saccharose.* 

This  kind  of  sugar  is  very  widely  diffused  in  the  vegetable  kingdom,  and  has  been 
lately  shown  to  exist  in  many  plants,  from  which,  in  consequence  of  the  modes 
of  extraction  formerly  adopted,  only  grape-sugar  (dextrose),  or  uncrystallisable  fruit- 
sugar  (a  mixture  of  dextrose  and  Isevulose),  had  been  obtained.  It  is  very  abundant 
in  the  stems  of  certain  grasses,  especially  in  the  suga,T-ca,ne  {Sacchanim  officinarum), 
which  contains  more  than  20  per  cent,  of  it,  unmixed  with  any  other  kind  of  sugar, 
and  the  sorgho  or  Chinese  sugar-cane  (Sorghum  saccharatum,  p.  354), which  con- 
tains it  to  the  amount  of  9  to  9|  per  cent.  The  juice  of  maize -stems,  cut  shortly  after 
flowering,  contains  a  quantity  of  sugar  amounting  to  between  7'4  and  7'9  per  cent,  of 
the  juice,  and  about  half  consisting  of  cane-sugar  (Liidersdorf f). — Cane-sugar  is 
abundant  in  many  fleshy  roots,  as  those  of  the  carrot  and  parsnip,  and  especially  in 
that  of  beet  {Beta  vulgaris),  which  contains  on  the  average  from  7  to  11  per  cent,  of 
it,  sometimes  as  much  as  14  per  cent. ;  and  in  the  stems  of  certain  species  of  birch 
and  maple,  especially  of  the  sugar-maple  {Acer  saccharinum),  and  of  many  kinds  of 
palm.    (See  Palm-sugab,  iv.  336.) 

Most  sweet  fruits  contain  cane-sugar  together  with  inverted  sugar  (ii.  863) ;  some, 
as  walnuts,  hazelnuts,  almonds,  cotFee-beans,  and  St.  John's-bread  (the  fruit  of  Cera- 
tonia  siligua),  contain  only  cane-sugar.  Honey  and  the  nectars  of  flowers  contain  cane- 
sugar  together  with  inverted  sugar;  the  sugar  in  the  nectars  of  cactuses  is  almost  wholly 
cane-sugar. 

Manna  from  Sinai  (the  produce  of  Tamarix  mannifera)  contains  55  per  cent,  cane- 
sugar,  25  inverted  sugar,  and  20  dextrin,  &c.  Manna  from  Kurdistan  contains  61 
per  cent,  cane-sugar,  16-5  inverted  sugar,  and  22'5  dextrin,  &c.  (Berthelot,  Compt. 
rend.  liii.  583.) 

Cane-sugar  has  been  known  in  India  and  China  from  very  early  times,  and  in  Europe 
since  the  time  of.Alexander  the  Great.  The  culture  of  the  sugar-cane  was  imported, 
in  the  fom'teenth  and  fifteenth  centuries,  from  Nubia,  Arabia,  and  Egypt,  into  Spain, 
Portugal,  and  the  Canary  Islands,  and  afterwards  to  America :  it  was  only  after  this 
last  importation  that  it  came  into  general  use.  The  presence  of  cane-sugar  in  beet  and. 
other  plants  indigenous  in  Europe  was  first  demonstrated,  in  1747,  by  Marggraf,  and 
its  preparation  on  the  large  scale  from  beet  was  introduced  by  Acliard.  The  chemical 
composition  of  cane-sugar  was  established  by  Gay-Lussac  and  Thenard. 

Preparation. — Cane-sugar  has  not  yet  been  formed  artificially.  It  is  prepared  almost 
exclusively  from  the  juice  of  the  sugar-cane,  and  of  field-beet  or  mangold-wurzel ; 
smaller  quantities  are  obtained  from  the  sorgho  and  the  sugar-maple. 

1.  From  the  Sugar-cane. — The  ripe  canes  cut  close  to  the  ground  and  stripped  of 
their  leaves  are  crushed  between  rollers,  and  the  expressed  juice,  which  is  apt  to  run 
quickly  into  fermentation  by  the  action  of  the  albuminous  matters  which  it  contains,  is 
defecated\>y\iei\tmg  it  in  a  copper  boiler  to  about  60°  C.  (140°  F.),  with  a  small  quan- 
tity of  lime.  The  impurities  then  form  a  scum,  which  is  removed  as  fast  as  it  collects. 
The  juice,  when  sufficiently  clarified,  is  rapidly  concentrated  to  about  23°  of  the  hydro- 
meter, then  passed  through  cloth  filters  and  evaporated  to  a  very  thick  syi'up,  which 
is  run  into  shallow  vessels  to  accelerate  cooling,  then  poured  into  vessels  having  their 
bottoms  pierced  with  holes  which  are  kept  plugged.  The  syrup,  after  being  left  at  rest 
for  some  hours,  is  agitated  to  promote  the  crystallisation  of  the  sugar;  and  as  soon  as 
it  has  set  into  a  solid  mass,  the  plugs  are  removed,  to  allow  the  still  remaining  liquid  to 
run  off.  and  the  syrup  is  again  boiled  till  it  no  longer  yields  any  crystals.  The  last 
mother-liquors,  which  are  thick,  brown,  and  refuse  to  crystallise,  are  called  molasses 
or  treacle,  and  are  used  chiefly  for  the  preparation  of  rum. 

The  solid  sugar,  obtained  as  above,  is  sent  to  Europe  under  the  name  ofraw  sugar, 
or  Muscovado  sugar.  It  is  a  yellowish  granular  powder,  stiU  impregnated  with 
treacle,  and  often  contaminated  with  foreign  substances,  which  impart  to  it  a  more  or 
less  disagreeable  taste  :  hence  it  requires  refining. 

The  formation  of  molasses  is  entirely  due  to  the  conversion,  of  the  cane-sugar  into 
uncrystallisable  sugar  by  the  heat  to  which  the  juice  is  subjected ;  the  fresh  juice  of 

,*  For  Literature  see  Gmelin's  Handbook,  xt.237. 
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somid  canes  contains  nothing  but  crystallisablo  sugar.  Groat  improvements  have 
recently  been  effected  in  the  methods  of  boiling  down  syrups,  especially  by  the  use  of 
vacuum-pans,  whereby  a  beautiful  crystallised  product  is  obtained  from  the  juice  at 
the  first  evaporation,  and  the  formation  of  molasses  is  greatly  diminished. 

On  the  manufacture  of  sugar  from  the  cane,  see  Ure's  Diet,  of  Arts,  &e.,  iii.  802 — 
816. — Manufacture  of  Maple-sugar,  ibid.  p.  826. 

2.  From  Beetroot. — The  roots  of  mangold-wurzel  are  reduced  to  a  fine  pulp,  from 
which  the  juice  is  separated,  either  by  pi-essure,  after  adding  a  quantity  of  water  equal  to 
20  per  cent,  of  the  weight  of  the  root ;  or  by  lixiviating  it  with  cold  water ;  or,  finally,  by 
subjecting  it  in  perforated  cylinders  to  the  rotatory  action  of  a  centrifugal  machine. — 
The  juice  is  heated  to  68^  by  hot  steam,  every  1000  quarts  being  mixed  with  a  quantity 
of  milk  of  lime  prepared  from  12  lbs.  of  lime,  and  the  mixture  is  further  heated  to  the 
boiling-point,  whereby  phosphate  of  calcium,  albumin,  albuminate  of  calcium,  and 
other  matters  are  separated,  in  the  form  of  a  dense  white  cnist.  The  heating  is 
interrupted  as  soon  as  the  boiling  juice  begins  to  break  through  the  crust,  the  clear 
liquid  below  is  run  oif,  and  the  muddy  residue  is  submitted  to  pressure.  The  calcareous 
thin  syrup  thus  obtained  is  treated  with  carbonic  acid  (from  0'6  to  0'8  per  cent,  lime, 
however,  remains  dissolved  as  sugar-lime);  separated  by  subsidence  and  decantation 
from  precipitated  carbonate  of  calcium  ;  filtered  through  bone-black,  which  removes  a 
small  quantity  of  sugar-lime  ;  and  evaporated  to  20 — 22°  Bm.,  either  in  open  pans  or 
in  a  vacuum-apparatus.  The  thick  synip,  again  filtered  through  bone-black,  and 
evaporated  in  vacuo  at  about  22"  barometric  pressure,  till  it  becomes  thick  enough  to 
draw  out  into  threads,  yields,  after  cooling  and  standing,  crystals  of  cane-sugar ;  and 
the  mother-liquor,  when  further  evaporated,  yields  a  second  and  third  crop,  till  nothing 
remains  but  uncrystallisable  molasses.  The  last  very  dark-coloured  crop  of  crystals 
is  moistened  with  water,  and  freed  from  adhering  molasses  by  means  of  the  centrifugal 
machine.  The  mixture  of  all  the  successive  crops  of  crystals  thus  obtained  constitutes 
raw  beet-sugar.    (For  details,  see  Handw.  d.  Chcm.  ix.  1101.) 

Refining. — To  obtain  pure,  colourless,  crystallised  sugar  from  raw  sugar,  the  latter,  dis- 
solved in  about  a  third  of  its  weight  of  water,  is  mixed  with  a  small  quantity  of  milk  of 
lime,  and  heated  to  the  boiling-point;  and  the  juice  is  decanted  from  the  impurities,  which 
separate  in  the  form  of  a  crust,  then  filtered  through  bone-charcoal,  and  evaporated  in 
a  vacuum- pan.  The  strongly  concentrated  juice  is  made  to  crystallise  by  moderating 
the  heat  and  running  in  small  quantities  of  unthickened  juice,  whereupon  a  magma  of 
sugar-crystals  immediately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugarloaf  moulds,  and  the 
formation  of  small  uniform  crystals  is  promoted  by  stirring  and  breaking  up  the  crust; 
wliieh  forms  on  the  surface.  When  the  crystallisation  is  complete,  the  apex  of  the 
mould,  which  has  previously  been  closed,  is  opened,  to  allow  the  syrup  to  drain  off, 
and  that  which  remains  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugar- 
syrup.  By  due  desiccation,  the  loaf-sugar  or  refined  sugar  of  commerce  is  obtained. 
(Ures  Diet,  of  Arts,  &c.  iii.  802.) 

Formerly  the  clarification  of  the  syrup  was  effected  by  adding  a  certain  quantity  of 
the  serum  of  bullock's  blood ;  on  heating  the  syrup,  the  albumin  of  the  serum  became 
coagulated  and  rose  to  the  surface,  carrying  with  it  the  greater  part  of  the  impurities. 

Preparation  on  the  s!nall  scate. — The  sacehariferous  portion  of  a  plant,  after  being 
dried  and  pulverised,  is  boiled  with  2  pts.  of  strong  alcohol,  and  the  filtrate  is  left  to 
cool ;  it  then,  after  some  time,  deposits  crystals  of  sugar.  (Marggraf.) 

From  fruits,  likewise  containing  uncrystallisable  (inverted)  sugar,  cane-sugar  may 
be  extracted  by  filtering  the  expressed  juice  (after  adding  an  equal  volume  of  alcohol, 
if  necessary,  to  prevent  alteration),  then  saturating  it  with  slaked  lime,  and  filtering. 
The  filtrate  heated  to  the  boiling-point,  and  again  filtered  at  that  temperature,  leaves 
on  the  filter  insoluble  sugar-lime,  which,  after  thorough  washing  with  water,  is  to  be 
decomposed  by  carbonic  acid.  The  sug;ir-solution  is  then  evaporated  to  a  syrup, 
decolorised  with  animal  charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  left 
to  crystallise.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  does  not  contain 
more  than  §  of  the  total  quantity  of  sugar  present:  hence  the  treatment  with  lime 
must  be  repeated.  If  the  decomposition  of  the  sugar-lime  by  carbonic  acid  yields  very 
turbid  liquids,  they  must  be  precipitated  with  basic  acetate  of  lead,  and  the  filtrate 
treated  with  sulphydric  acid.  (Buignet.) 

Properties. —  Cane-sugar  separates  from  its  solutions  by  slow  evaporation  in  large 
rrvstals  (sugar-candy),  having  the  form  of  monoclinic  prisms,  generally  with  hemihedral 
faces.  Axes  a  :  h  :  c  =  07952  :  1  :  07.  Angle  of  axes  b,  c  =  76°  44';  ooP  :  cxsP 
(orthod.)  =  101°  30';  Poo  :  4-  Poo  (chnod.)  =  98°  50';  +Poo  :  c  =  64°  12'.— 
Ordinary  combinations,  ooP .  oP  .  ocPoo  {fig.  780),  and  coP  .  oP  .  ooPoo  .  +  Poo 
•  [P*]  {J''9-  'SI).    By  the  cooling  of  hot  satm-ated  solutions,  the  sugar  is  obtained 
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in  masses  of  smaller  crystals  having  the  same  form  (loaf-sugar).  The  crystals  exhibit 
phosphorescence  when  broken  ;  also  when  a  strong  electric  discharge  is  passed  through 
them.    Specific  gravity  =  1-606. 


Fig.  780.  Fig.  781. 


Cane-sugar  is  very  soluble  in  water,  dissolving  in  a  third  of  its  weight  of  cold, 
and  still  more  easily  in  hot  water :  concentrated  solutions  are  syrupy.  It  is  insoluble 
in  ether  and  in  cold  absolute  alcohol ;  boiling  alcohol  dissolves  about  1^  per  cent,  of  it ; 
aqueous  alcohol  dissolves  it  much  more  readily. 


Percentage  of  Cane-sugar  in  Aqueous  Solutionis  of  differ cyit  Densities. 
(Extracted  from  the  Tables  of  Balling  and  Brix.) 


Cane-sugar 

Specific  gravity 

Cane-sugar 

Specific  gravity 

per  cent. 

at  17-S°. 

per  cent. 

at  n-h°. 

1 

1-0040 

55 

1-2610 

5 

1-0200 

60 

1-2900 

10 

1-0404 

65 

1-3190 

15 

1-0614 

70 

1-3507 

20 

1-0832 

75 

1-3824 

25 

1-1059 

80 

1-4159 

30 

1-1295 

85 

1-4499 

35 

1-1540 

90 

1-4849 

40 

1-1794 

95 

1-5209 

45 

1-2057 

99 

1-5504 

60 

1-2165 

The  aqueous  solution  of  cane-sugar  turns  the  plane  of  a  polarised  ray  to  the  right, 
for  the  transition-tint,  [a]  =  +  73-8°.  The  rotatory  power  varies  but  little  with 
changes  of  temperature. 

Cane-sugar  melts  at  160°  to  a  clear  liquid,  and  solidifies  on  cooling  to  a  transparent 
amorphous  mass,  commonly  called  barley-sugar,  which  gradually  becomes  opaque 
and  crystalline. 

Decompositions. — 1.  Cane-sugar  heated  a  little  above  160°,  is  converted,  without 
loss  of  weight,  into  a  mixture  of  dextrose  and  laevolusan  (ii.  864) : 

C'-H=20"  =  C«H>205  -t-  C«H"'0\ 

At  a  higher  temperature,  water  is  given  off,  the  dextrose  being  probably  converted 
into  glucosan  (ii.  854) ;  afterwards,  at  about  210°,  more  water  is  given  off,  and  caramel 
remains  (1).  At  a  still  higher  temperature,  an  inflammable  gaseous  mixture  is  given  off, 
consisting  of  carbonic  oxide,  marsh-gas,  and  carbonic  anhydride ;  a  distillate  is  obtained, 
consisting  of  brown  oils,  acetic  acid,  acetone,  and  aldehyde;  and  a  considerable  quantity 
of  charcoal  remains  behind.  The  brown  oils  contain  a  small  quantity  of  furfurol  (ii. 
750),  and  a  bitter  substance  called  assamar  (i.  418).  (For  further  details  respectiiig 
these  products,  see  Gm.  xv.  248.) 

2.  By  prolonged  boiling  with  water,  cane-sugar  is  converted  into  a  mixture  of 
dextrose  and  Isevulose,  called  inverted  sugar  (ii.  863),  because  the  rotatory  power  of 
the  laevulose  is  greater  than  that  of  the  dextrose  : 

Ci2jj220'>  +  H-0  =  C«H"0«  +  CH'^^O^. 

Saccharose.  Dextrose.  Ltevulose. 

This  transformation  is  accelerated  by  the  presence  of  acids,  and  apparently  also  of  certain 
salts.  Very  dilute  acids  convert  the  cane-sugar  into  inverted  sugar,  slowly  in  the  cold, 
very  quickly  when  heated.  Different  acids  act  with  various  degrees  of  rapidity — 
mineral  more  quickly  than  organic  acids,  sulphuric  acid  most  quickly  of  all.  When 
sugar  is  boiled  even  with  very  dilute  acids,  especially  if  the  boiling  be  long-continued, 
a  niimber  of  brown  amorphous  products  are  formed,  called  ulmin,  ulinic  acid,  &c. 
(Gm.  XV.  254) ;  if  the  air  has  access  to  the  liquid,  formic  acid  is  likewise  produced. — 
Concentrated  hydrochloric  acid  decomposes  sugar  very  quickly. 
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Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a  concentrated  solu- 
tion, even  at  ordinary  temperatures,  with  copious  evolution  of  sulphurous  anhydride 
and  formation  of  a  large  quantity  of  black  carbonaceous  matter.  liy  this  reaction 
cane-sugar  may  be  distinguished  from  glucose  (ii.  859,  86-1). 

3.  Cane-sugar  is  very  easily  oxidised.  It  reduces  silvei--  and  mercury-salts  when 
heated  with  them,  and  precipitates  gold  from  the  chloride.  Pure  cupric  hydrate  is  but 
slowly  reduced  by  it,  even  at  the  boiling  heat ;  in  presence  of  alkali,  however,  a 
l.ilue  solution  is  formed,  and  on  boiling  the  liquid  cuprous  oxide  is  precipitated.  An 
alkaline  solution  of  cvpric  tartrate  is  very  slowly  reduced  by  cane-sugar. — Cane-sugar 
takes  fire  when  triturated  with  8  pts.  peroxide  of  lead,  and  forms  -n-itli  chlorate  of 
piotassmm  a  mi.\luro  which  detonates  on  percussion,  and  burns  vividly  when  a  drop  of 
oil  of  vitriol  is  let  fall  upon  it.  Cane-sugar,  distilled  with  a  mixture  of  sidplmrk  acid 
and  manganic  jycroxidc,  yields  formic  acid.  Heated  with  dilute  mtric  acid,  it  yields 
saccharic  and  oxalic  acids.  1  pt.  sugar  mixed  with  3  pts.  nitric  acid  of  specific 
gravity  1-25  to  1-30,  and  heated  to  50°,  is  wholly  converted  into  saccharic 
acid  : 

Ci=H"0"       0=  =  2C'H'°0'  +  H=0. 

At  the  boiling  heat,  the  product  consists  chiefly  of  oxalic  acid.  Very  strong  nitric 
acid,  or  a  mixture  of  strong  nitric  and  sulphuric  acids,  converts  sugar  into  nitro- 
saceharose,  probably  C'-H'"(NO-)'0".  Sugar  is  likewise  oxidised  hy  chloride  of 
lime,  but  the  products  have  not  been  e.xamined. 

4.  Cane-sugar  does  not  turn  brown  when  triturated  with  alkalis,  a  character  by 
which  it  is  distinguished  from  glucose  :  it  combines  with  them,  however,  forming 
compounds  called  sucrates.  By  boiling  with  potash-leg  it  is  decomposed,  but  much 
more  slowly  than  the  glucoses.  When  fused  with  potassium-hydrate  containing  water, 
it  yields  chiefly  formic,  acetic,  and  propionic  acids  ;  with  dry  potassium-hydrate  it 
yields  oxalic  acid  (Gottlieb,  Ann.  Ch.  Pharm.  lii.  122).  Distilled  with  soda-lime,  it 
yields  small  quantities  of  ethylene,  tritylene,  and  amylene  (Berthelot,  Jahresb.  1857, 
p.  42G) ;  and,  when  distilled  with  quicklime,  it  gives  oif  acetone,  metacetone,  &c. 
(Gottlieb.) 

5.  Dry  chlorine  does  not  attack  sugar  at  ordinary  temperatures ;  but  at  100°,  a 
brown  substance  is  formed,  partly  soluble  in  water.  On  passing  chlorine  into  sugar- 
water,  hydrochloric  acid  is  slowly  formed,  together  with  carbonic  acid,  a  brown  sub- 
stance, and  an  uncrystallisable  organic  acid. — Fcrchloridcs  act  upon  sugar  (and  other 
carbohydrates)  in  the  same  manuer  as  free  chlorine,  producing  dark-coloured  products. 
This  reaction  IS  applied  by  Maximend  (Compt.  rend.  xxx.  314)  to  the  detection  of 
sugar  and  analogous  substances  in  liquids.  For  this  purpose  a  drop  of  the  liquid  is 
placed  on  a  strip  of  white  merino,  previously  steeped  in  a  sohition  of  stannic  chloride 
and  dried  ;  and  the  strip  is  warmed  over  a  hot  coal  or  the  flame  of  a  lamp  :  the 
presence  of  any  saccharine  substance  will  then  be  indicated  by  the  production  of  a 
black  spot. 

6.  Sugar  docs  not  absorb  fluoride  of  boron  in  the  cold,  but  on  applying  heat,  the  gas 
is  absorbed,  and  the  sugar  is  blackened. 

7.  Cane-sugar  is  not  directly  fermrntahle,  but  when  its  dilute  aqueous  solution  is 
mixed  with  yeast,  and  exposed  to  a  warm  atmosphere,  it  is  first  resolved  into  a  mixture 
of  dextrose  and  Isevulose  (p.  470),  which  then  enter  into  fermentation,  yielding  alcohol 
and  carbonic  anhydride : 

CoH'^O"  =  2C0'  +  2C=H'^0. 
When  equal  weights  of  cane-sugar  and  glucose  are  dissolved  in  equal  quantities  of 
distilled  water,  and  a  very  small  quantity  of  yeast  added  to  each,  the  glucose  imme- 
diately begins  to  ferment,  even  at  the  mean  temperature  of  summer  (about  20°) ;  but 
the  cane-sugar  remains  unaltered  for  months,  even  at  30° — 40°.  To  bring  it  to  the 
fermenting  state,  it  is  necessary  to  add  seven  or  eight  times  the  original  quantity  of 
yeast  (11.  Pose,  J.  pr.  Chem.  xxiii.  393).  The  conversion  of  cane-sugar  into  inverted 
sugar  is  efl^ected  by  the  soluble  ferment  in  yeast  (analogous  to  diastase),  and  by  the 
ferment  contained  in  most  fruits. 

Estimation  of  Cane-sugar :  Saccharimctry. — If  the  solution  contains  nothing  but 
cane-sugar,  the  specific  gravity  is  observed,  and  the  percentage  of  sugar  determined 
therefrom  (vid.  iif.).  If  other  substances  which  affect  the  density  are  likewise  present, 
the  quantity  of  cane-sugar  may  be  determined  : 

1.  Prom  the  weight  of  carbonic  anhydride  formed  in  the  vinous  fermentation  of  the 
sugar,  or  from  the  quantity  of  alcohol  thereby  produced.  According  to  older  state- 
ments, 100  pts.  cane-sugar  yield  (after  deduction  of  6'26  pts.  water),  6r44  pts.  car- 
bonic anhydride  and  53'80  absolute  alcohol ;  according  to  Pasteur's  direct  determina- 
tion, 49'12  pts.  carbonic  anhydride  and  SPOl  absolute  alcohol,  the  remaining  portion 
of  the  sugar  being  consumed  in  the  formation  of  glycerin  and  succinic  acid.  Sec 
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ii.  628 ;  also  Buignet's  description  of  the  process.  (Ann.  Cli.  Phys.  [3],  IxL 
239.) 

2.  From  the  weight  of  cuprous  oxide  which  the  sugar  can  reduce  from  potassio- 
cupric  tartrate,  or  from  the  volume  of  a  standard  solution  of  that  salt  decomposed  by 
the  sugar.  For  this  reaction,  the  cane-sugar  must  be  previously  heated  with  acids,  to 
convert  it  into  inverted  sugar,  which  reduces  the  same  quantity  of  cupric  oxide  as 
grape-sugar.    (See  Gtlxjcose,  ii.  863.) 

3.  From  the  Botatory  Power  of  the  Solution. — If  the  solution  contains  only  cane- 
sugar,  or,  at  least,  no  other  optically  active  substance,  the  amount  of  sugar  may 
be  calculated  from  the  rotatory  power  in  the  manner  described  under  Light 
(iii.  673).  Turbid  or  gummy  solutions  are  mixed  with  i  their  volimie  of  isin- 
glass-solution ;  then,  after  agitation,  with  1  ^  vol.  alcohol,  whereupon  the  mixture, 
without  being  heated,  coagulates,  and  yields  a  filtrate  adapted  for  observation. 
Coloured  solutions  are  decolorised  by  animal  charcoal ;  but  as  this  substance 
(according  to  some  statements)  takes  up  sugar,  the  first  fourth  of  the  liquid  that  runs 
through  is  rejected,  and  only  the  remainder  used  for  the  observation.  If,  in  addition 
to  cane-sugar,  the  solution  contains  grape-sugar,  inverted  sugar,  or  any  other  optically 
active  substance,  whose  rotatary  power  is  not  altered  by  heating  with  acids,  the 
amount  of  cane-sugar  may  be  determined  by  observing  the  rotatory  power  of  the 
solution,  both  before  and  after  inversion,  the  temperature  being  likewise  observed  in 
the  latter  case.  The  first  observation  having  been  made,  100  c.c.  of  the  solution  are 
mixed  with  10  c.c.  fuming  hydrochloric  acid,  the  mixture  heated  to  68°,  and  kept  at 
that  temperature  for  a  quarter  of  an  hour.  Since  the  rotatory  power  of  the  solution 
cooled  to  the  original  temperature  (supposing  the  observation  to  have  been  made  in  a 
tube  longer  by  one-tenth  than  the  former),  remains  unaltered  in  so  far  as  it  was  due 
to  the  glucose,  whereas  the  cane-sugar  has  been  replaced  by  inverted  sugar,  the 
amount  of  cane-sugar  may  be  calculated  from  the  rotatory  power  peculiar  to  this 
inverted  sugar,  as  follows : — The  rotatory  power  (a)  observed  before  inversion  was 
made  up  of  the  molecular  rotatory  power  (c)  of  the  cane-sugar  (C),  and  that  of  the 
grape-sugar  {g  G) :  therefore 

a  =  c  C  +  g  G. 

The  rotatory  power  (a)  observed  after  inversion  is,  in  L"ke  manner,  made  up  of  the 
imaltered  rotatory  power  of  the  grape-sugar  {g  G),  and  that  of  the  inverted  sugar  {i  C) ; 
therefore : 

a'  =^  i  C  +  ff  G. 

Consequently  the  difference,  a  —  a',  of  the  rotations  observed  before  and  after 
inversion,  is  equal  to  c  C  —  i  C: 

a  —  a'  =  C  {c  —  i). 

or,  finally: 

^  _a  —  a' 
c  —  i 

Suppose,  for  example,  a  sugar-solution  before  inversion  turns  the  plane  of  polarisation 
25'96°  to  the  right,  and  after  inversion,  5'80°  to  the  right,  at  a  temperature  of  14°; 
then  a  =  25'96  and  a'  =  5'80.  Now,  the  molecular  rotatory  power  of  cane-sugar  (c) 
is  73-8°,  and  that  of  inverted  sugar  is  26°  at  the  temperature  of  16°:  conse- 
quently, 

^  25-96  -  5-80  ^.  =  2006^  0.20 

73-8    +   27  98-8 
which  quantity,  therefore,  gives  the  number  of  parts  by  weight  of  cane-sugar  contained 
in  a  unit  of  weight  of  the  solution  employed,  or,  when  multiplied  by  100,  the  percen- 
tage of  cane-sugar  in  the  solution. 

Suppose  another  sugar-solution,  before  inversion,  to  turn  the  plane  of  polarisation 
9-36°  to  the  right,  and  after  inversion  10-80°  to  the  left  (=  —10-80°  to  the  right): 
in  this  case,  a  =  9-36;  a  =  -10-80,  a  -  a'  =  9-36  +  10-80  =  20-16,  which 
number  divided  by  98-8  again  gives  0-2,  or  20  per  cent,  of  cane-sugar  in  the  solution. 

If,  in  both  cases,  the  nature  of  the  second  optically  active  substance  present  in  addition 
to  the  cane-sugar  is  known,  its  quantity  may  be  determined  from  the  observations  just 
described  ;  if,  on  the  other  hand,  its  quantity  is  previously  known,  its  nature  may  be 
determined.  Thus,  it  might  bo  inferred  that  grape-sugar  was  present,  in  the  first  case, 
besides  the  cane-sugar  in  the  original  solution,  and  inverted  sugar  in  the  second.  This 
mode  of  proceeding,  however,  is  admissible  only  when  the  deflection  after  inversion 
has  been  observed  at  a  temperature  for  which  the  molecular  rotatory  power  of  the 
inverted  sugar  (which  varies  with  the  temperature)  has  been  previously  determined. 
(Biot,  Compt.  rend.  xv.  623,  619,  and  694  [3],  xvii.  765.— Clerget,  Ann.  Ch.  Phys. 
[3],  xxvi.  176;  Jahresb.  1849,  p.  126.) 
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Compounds  and  Derivatives  of  Cane-sugar. 

I.  With  Acids. — The  compounds  formed  by  the  action  of  acids  on  cane-sugar  may 
be  divided  into  two  groups : 

o.  Ethereal  Compounds  of  Cane-sugar  itself  . — The  only  kaown  compound  belonging 
to  this  gi'oup  is  : 

iV«(!ro6'acc/irtr(?se,  C'-H"(NO^)'0"  ?,  produced  by  adding  cane-sugar  to  a  mix- 
ture of  strong  sulphuric  and  nitric  acids.  It  is  an  amorphous  mass,  which  detonates 
when  struck.    (Gm.  xv.) 

(8.  Ethereal  compounds  of  the  glucoses,  produced  from  cane-sugar  by  the  action  of 
acids.  To  this  class  belong  the  saccharides  obtained  by  heating  cane-sugar  with 
acetic,  butyric,  and  stearic  acid  (ii.  855  ;  v.  1-14). 

II.  With  Bases.  (P^ligot,  Ann.  Ch.  Pharm.  xxx.  69,  92;  Ixxx.  342.— Stein, 
ibid.  xxx.  82. — Soubeiran,  ibid,  xliii.  125,  227. — Berth elot,  Jahresb.  1856, 
p.  635): 

Potassium-  and  Sodium-compounds  of  cane-sugar,  C'-H-'KO"  and  C'-H-'NaO",  are 
formed,  as  gelatinous  precipitates,  ou  mixing  an  alcoholic  solution  of  cane-sugar  with 
potash-  or  soda-ley. 

A  barium-cojnpound,  C'=H=»Ba''0".H'0  or  C'=H"0".Ba"0,  is  obtained,  as  a  crystal- 
line precipitate,  on  adding  hydrate  or  sulphide  of  barium  to  an  aqueous  solution  of 
sugar.    It  may  be  ciystallised  from  boiling  water,  but  is  insoluble  in  alcohol. 

Calciiini-comjMunds. — Lime  dissolves  in  sugar-water  much  more  readily  than  in 
pure  water.  The  solution  has  a  bitter  taste,  and  is  completely  but  slowly  precipitated 
by  carbonic  acid.  There  are  three  or  four  of  these  compounds,  which  may  be 
approximately  represented  by  the  following  formulae : 

(1.)  C'-H--0".Ca"0.  (3.)  C'=H"0".2Ca"0.2H20. 

(2.)  2C'^H--0".3Ca"0  (?).  (4.)  C''^H"0".3Ca"0. 

Tlio  constitution  of  these  compounds  is  not  exactly  known  ;  but  a  part,  at  least,  of  the 
calcium  probably  replaces  hydrogen  in  the  sugar. 

The  first  compiound,  raonocalcic  sucrate,  is  soluble  in  water,  and  is  obtained  as 
a  white  precipitate  on  adding  alcohol  to  a  solution  of  calcic  hydrate  in  sugar-water, 
not  containing  too  much  lime. — The  compound  (2)  is  formed  when  sugar-water  is 
boiled  with  excess  of  calcic  hydrate,  and  the  filtrate  is  evaporated :  it  is  probably  a  mix- 
tm'o  of  (1)  and  (3). — The  compound  (3)  is  precipitated  by  alcohol,  from  the  liquid 
obtained  by  digesting  sugar-water  with  excess  of  calcic  hydrate. — The  compound  (4) 
is  slightly  soluble  in  water,  and  separates,  on  heating  a  cold-digested  solution  of  calcic 
hydrate  in  sugar-water,  as  an  amorphous  mass:  hence  solutions  of  lime  in  sugar-water 
usually  solidify  to  a  pasty  mass  when  boiled. 

Magnesia  and  lead-oxide  are  likewise  dissolved  by  sugar-water.  A  crystalline  lead- 
compound,  C'^II'"Pb-0",  is  obtained  by  boiling  sugar-water  with  litharge,  and 
leaving  the  filtrate  to  cool ;  by  mixing  sugar-water  with  neutral  lead-acetate  and 
ammonia  ;  or  by  precipitating  neutral  lead-acetate  with  a  solution  of  sugar-Iimo. 

III.  AVith  Salts.— a.  With  Chloride  of  Sodium.,  C'2H-"0".NaCl.— This  compound 
separates,  in  small  deliquescent  crystals,  from  a  mixed  solution  of  common  salt  and 
sugar.    (P^ligot,  Ann.  Ch.  Pharm.  xxx.  71.) 

5.  With  Bora,T,  3C''-H"0".(Na20.2B^O').5H20.— Borax  dissolves  in  siigar-water 
more  freely  than  in  pure  water,  and  the  solution,  when  evaporated  or  precipitated  with 
alcoliol,  yields  this  compound. 

Parasaccbarose.  This  is  an  isomer  of  cane-sugar,  produced,  accordingto  Jodin 
(Conipt.  rend.  liii.  1252  ;  Iv.  720  :  Jalrresb.  1861,  p.  722  ;  1862,  p.  473),  by  spontaneous 
fermentation.  An  aqueous  solution  of  cane-sugar  containing  phosphate  of  ammonium 
left  to  itself  in  .summer  (between  June  15  and  September  15,  1861),  yielded,  under  cir- 
cumstances not  further  specified,  a  erystallisable  sugar  isomeric  with  saccharose,  together 
with  an  amorphous  sugar  having  the  composition  of  a  glucose,  both  dextrorotatory. 
Parasaccharose,  C'-H"0",  is  very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90 
per  cent.  Specific  rotatory  power  at  10°  =  -i- 108",  appearing  to  increase  a  little  with 
rise  of  temperature.  It  does  not  melt  at  100°,  but  becomes  coloured,  and  appears  to  de- 
compose. It  reduces  an  alkaline  cupric  solution,  but  only  half  as  strongly  as  dextrose 
(1  at.  parasaccharose  =  5  at.  CuO  ;  1  at.  dextrose  =  10  at.  CuO).  It  is  not  perceptibly 
ahored  by  dilute  sulphuric  acid,  even  at  100°  ;  hydrochloric  acid  weakens  its  rotatory 
power,  turns  the  solution  brown,  and  heightens  its  reducing  power  for  cupric  oxide. 

Paragrlucose.  This  is  the  amorphous  dextrorotatory  sugar  produced,  together 
with  piirasai'charose,  as  above  described.  When  dried  at  15°,  it  has  the  composition 
C''Il"0".II-'0.  It  is  hygroscopic,  gives  oft'  lialf  its  water  of  erystanisation  at  50°  and  the 
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whole  at  100°,  melting,  and  turning  brown  at  the  same  time.  Its  specific  rotatory  power  is 
about  +  40°.  It  reduces  alkaline  cupric  solutions  less  strongly  than  glucose,  and  about 
as  strongly  as  milk-sugar  (1  at.  paraglucose  =  7  at.  CuO).  It  is  not  perceptibly 
altered  by  dilute  acids,  even  with  aid  of  heat,  excepting  that  its  rotatory  power  is  dimi-' 
nished  to  about  +  32°,  and  its  reducing  action  is  increased  to  about  that  of  glucose. 
(Jodin.) 

SUG-ilK,  IKTVEKTSD.  The  mixture  of  dextrose  and  Isevulose  in  equal  numbers 
of  atoms,  produced  by  the  transformation  of  cane-sugar  iinder  the  influence  of  acids 
(ii.  863). 

SUGAB  OP  PRXJITS.  This  term  is  applied  especially  to  the  unerystallisable 
mixtures  of  dextrose  and  Isevidose  contained  in  many  fruits.  Some  fruits,  however, 
contain  erystallisable  sugars — viz.,  dextrose,  saccharose,  or  the  two  together  (p.  468). 

SUeAR  02"  XiSAB.    Neutral  plumbic  acetate  (i.  16). 

SlfSAB-CiLXI'B'S'.    Cane-sugar  crystallised  by  slow  evaporation. 

SITCi&Si-CilXa'S.  Saccharum  officinarum. — This  important  grass,  which  yields  by 
far  the  larger  quantity  of  the  sugar  at  present  consumed,  thrives  only  in  hot  climates. 
It  has  been  known  in  India  and  China  from  very  early  times,  and  its  cultivation 
appears  to  have  been  introduced  into  the  West  Indies  in  the  fifteenth  century.  There 
are  several  varieties  of  the  cane.  The  longest  known  is  the  Creole  or  common  sugar- 
cane, which  grows  freely  in  every  region  between  the  tropics  on  a  moist  soil,  and  even  at 
an  elevation  of  3,000  feet  above  the  sea-level.  A  superior  variety  is  the  Otaheitan  cane, 
which  is  stronger,  taller,  quicker  in  growth,  and  much  more  productive  in  sugar.  The 
cane  thrives  best  on  a  light  rich  soil,  especially  on  one  manured  with  nitrogenous  refuse. 

The  fresh  cane  contains,  according  to  two  analyses  by  P^ligot  and  Dupuy : 

Water  ....  72-1  72-0 
Sugar        .       .       .       .    18-0  17-8 

Woody  fibre)  „„  <  9-8 

Salts  {     ■       ■       ■  {  0  4 

100-0  100-0 

The  Creole  cane  of  Havanna  has  been  analysed  byCasaseca  (Ann.  Ch.  Phys. 
[3]  xxy.  321),  with  the  following  results  : 

Cane  Cane 

entire.  peeled.  Rind. 

Water   77-0  77-8  69-5 

Sugar  and  other  soluble  substances    .    12-0  16-2  11-5 

Woody  substance      ....    11-0  6-0  19-0 


100-0         100-0  100-0 

Casaseca  finds  that  the  juice  is  richer  in  sugar  at  the  base  of  the  cane,  and  becomes 
gradually  poorer  towards  the  top. 

The  specific  gravity  of  cane-juice  varies  from  1-046  to  1-110,  but  is  generally  from 
1-070  to  r090,  or  from  10°  to  13°  Bm.  It  is  opaque,  frothy,  and  of  a  yoUowish-green 
colour.  On  boiling,  a  green  scum  rises,  and  the  Kquid  remains  of  a  pale-yeUow  colour. 
The  green  scum  (dried)  consists,  according  to  Arequin,  of  50  per  cent,  of  a  peculiar  wax 
called  cerosie,  10-0  green  matter,  22-7  albumin  and  woody  fibre,  3-3  calcic  phosphate, 
and  14-0  silica.  The  pure  juice  contains  81-0  per  cent,  water,  18-20  sugar,  0-45  or- 
ganic matter  precipitated  by  lead-salts,  and  0-35  saline  matter. 

The  ash  of  the  cane  contains,  according  to  Stenhouse : 


.SiO^. 

P20\ 

S03. 

CM. 

MgO. 

K20. 

Na20. 

KCl. 

NaCl. 

46-46 

8-23 

4-65 

8-91 

4-50 

10-63 

7-41 

9-21  = 

100 

41-37 

4-59 

10-93 

911 

6-92 

15-99 

8-96 

2-13  = 

100 

46-48 

8-16 

7-62 

5-78 

15-61 

11-93 

0-57 

3-95  = 

100 

60-00 

6-56 

6-40 

6-09 

1301 

13-69 

1-33 

3-92  = 

100 

The  proportion  of  salts  in  the  juice  varies  considerably  with  the  soil  on  which  the 
canes  are  grown,    (lire's  Dictioticm/  of  Arts,  &c.  iii.  808.) 

SUGAB-CAKE,  CHIXTESE.    See  SoBGHO  (p.  354). 

STTGAK-nSAPIiE.  Acer  saccharinum. — The  stem  of  this  tree,  which  grows  wild 
in  many  parts  of  North  America,  yields  a  sugar  identical  with  that  of  the  cane.  To 
obtain  it,  the  trees  are  bored  in  the  early  spring,  and  the  juice,  collected  in  vessels  sus- 
pended bencatli,  is  boiled  as  quicldy  as  possible  to  prevent  fermentation.  As  soon  as  the 
syrup  flows  from  the  stirrer,  in  thick  drops  of  tlio  consistence  of  honey,  it  is  strained 
through  a  wooden  sieve,  then  left  to  stand  for  eiglit  or  ten  hours,  clarified  with  a 
little  white  of  egg,  boiled,  skimmed,  and  quickly  evaporated  to  the  crystallising-poiut. 
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SUXiPHACETAnCXBi:.  This  name  is  applied  by  E.  Scliulzo  (Zfitsclir.  Cli. 
Pliarm.  1865,  p.  73),  to  tlie  compound  ^  ^  |N-,  produced  by  the  action  of  am- 

mouium-sulpliide  on  chloracetamide,  the  corresponding  acid,  ^  '^^^"S 

called  sulphacetic  acid  (oyjonosulphacetsdure) ;  but  as  this  latter  name  has  long  been 
appropriated  to  the  acid,  C-H'O-.SO^,  produced  by  the  action  of  sulphuric  anhydi-ido 
on  acotic  acid,  it  is  better  to  designate  Schulze's  acid  as  thiodiacetic  acid,  and  the 
amide  as  thiodiacety  1-diamide,  a  namowhich  expresses  that  the  radicle,  C^ffSO^, 
contained  in  it  is  derived  from  a  double  molecule  of  acetyl,  CH^O',  by  the  substitution 
of  S"  for  H".    (See  Thiodiacetic  acid.) 

SUX.Z>HiLCZ:TZC  ACIB.  C=H^SO^  =  C=H<0-.SO'  (^'^'^j')'|o-  = 
(C^H-O)"] 

(SO)"    [0'.   Ghcolyl-suIphurouscKid.    Siilpho-cssigsdurc.  Essigschwcfsdurc.  (Mel- 
H'^  j 

sons,  Ann.  Ch.  Phys.  [3],  v.  392;  x.  370.— Buckton  and  Hofmann,  Chem.  Soc. 
Qu.  J.  ix.  247.) — This  acid  is  produced:  1.  By  the  action  of  sulphuric  anhydride  on 
acetic  acid.  Glacial  acetic  acid  is  gradually  saturated  witli  sulphuric  anliydride,  tlio 
liquid  being  cooled  after  each  addition ;  the  mixture  is  diluted  with  water,  and  neutra- 
lised with  load-carbonate;  the  filtered  solution  is  evaporated  to  the  crystaUising-point; 
and  fi'om  the  load-salt  thus  obtained,  the  sulphacetic  acid  is  separated  by  sulpliydrie 
acid  (Mel sons). — 2.  By  the  action  of  fuming  sulphuric  acid  on  acetamido  or  acetoni- 
trilo  (Buckton  and  Hofmann)  : 

C=H'N  4-  II-O  +  2H-S0'    =    C-H'SO^  +  NHIH.SO'. 

Acetonitrile.  Sulphacetic 

acid. 

This  is  the  reaction  which  chiefly  takes  place  when  the  materials  are  gradually  mixed, 
and  the  mixture  is  cooled  from  time  to  time  ;  if,  on  the  other  hand,  the  temperature  is 
allowed  to  rise,  carbonic  anhydride  is  evolved,  and  disulphometholic  acid  is  produced, 
instead  of  sulphacetic  acid,  according  to  the  equation  : 

C=H»N  +  smSO'    =    CH'S-O"  +  NH'.H.SO^  +  CO^. 

Sulphacetic  acid  forms  deliquescent  prisms,  which  melt  at  62°,  and  decompose  at 
200°.  It  is  very  soluble  in  water,  forming  an  acid  solution,  which  is  not  decomposed 
by  boiling  (M else ns).  The  acid,  heated  with  fuming  sidphuric  acid  or  sulphuric 
anhydi'idc,  is  converted  into  di.sidphometholic  acid.    (Buckton  and  Hofmann.) 

Sidphacetic  acid  is  dibasic.  Its  salts  are  aU  soluble  in  water,  the  barium-salt  being 
the  least  soluble  ;  they  are  insoluble  in  alcohol.  When  heated  with  strong  sulphuric 
acid,  tliey  give  oiF  carbonic  and  sulphurous  anhydrides. 

Sidphacetate  of  Potassium,  CH-K'-'SO^.H-O,  is  deposited  from  a  hot  solution  on 
cooling,  in  small,  hard,  easily  pulverisable  crystals. — The  barium-salt,  when  pure,  forms 
small  opaque  crystals,  C'-H-Ba"S0^fH-O,  which  give  off  a  third  of  their  water  at  100°, 
and  the  whole  at  250°. — The  lead-salt,  C-H*Pb"SO^,  is  deposited,  sometimes  in  radiate 
groups  of  short  transparent  needles,  sometimes  in  opaque  nodides,  which  do  not  retain 
any  water  at  120°. — The  silver-salt,  C-H-Ag-SO^,  is  deposited  from  a  boiling  saturated 
solution  in  small  flat  prisms,  bevelled  at  the  ends.  In  the  mother-liquor  obtained  in 
tho  preparation  of  this  salt  by  saturating  the  acid  with  silver-oxide,  Melsens  found  a 
salt  containing  CH-Ag-S-0",  doubtless  disulphometholate  of  silver. 

(C=H=)"-| 

SULPHACETYLBETIC    AC2I>.    Acctschwefsdure.    C^^H'SO*  =    (SO-)"  VOl 

H=  ) 

(Kiimraerer  and  Carius,  Ann.  Ch.  Pharm.  cxxxi.  165;  Jahresb.  1864,  p.  326.)— 
This  acid,  isomeric  with  sulphacetic  acid,  is  produced  by  heating  1  at.  argentic  sulphate 
(mixed  with  glass  powder)  with  2  at.  chloride  of  acetyl  to  120°,  and  treating  tho  pro- 
duet  with  water : 

^^^"\0^  +  2(C=H30.C1)  =  2AgCl  +   ((fS;=j0^   ["((^Fillt^']  " 

Argentic  Acetosulphuric 
sulphate.  anhydride. 


(SO')-  I  (S0=)"  ^ 


(C-H-)"  [O^  -h  ffO  =  (C=H=)'  , 
(C-H»0).H)  H=) 

Acetosulphuric  Sulphacel}'-  Acetic 

anhydride.  lenic  acid.  acid. 


476 


SULPHAMIC  ACID. 


By  neutralising  the  resulting  solution  with  lead-carbonate,  decomposing  the  filtrate 
with  Bulphydric  acid,  and  evaporating  in  a  vacmim,  the  sulphacetylenic  acid  is  obtained 
as  a  viscid  liquid,  which  gradually  decomposes  into  sulphuric  and  acetic  acids.  With 
pentachloride  of  phosphorus  it  first  yields  the  chloride,  C-H'SO'CP  (which  boils  at 
160°,  and  ia  resolved  by  water  into  hydrochloric  and  sulphacetylenic  acid),  and  then, 
as  final  products,  chloride  of  chloracetyl  *  and  chloride  of  sulphuryl : 


C^=|o' +  2PCP    =    c^^H'IcP       2P0CP  +  2HC1. 


Sulphacety-  Sulphacetyle- 
lenic  acid,  nic  chloride. 

Cm^CV       -^^^^    =  C^H^ClO.Cl  +  PCF. 

Sulphacety-  Chloride  of       Chloride  of 

lenic  chloi ide.  sulphuryL  chloracetyl. 

By  this  behaviour,  according  to  Kammerer  and  Carius,  sulphacetylenic  acid  is  distin- 
guished from  sulphacetic  acid  :  they  do  not,  however,  state  distinctly  in  what  manner 
the  latter  acid  reacts  with  pentachloride  of  phosphorus.  (Compare  Sulphobenzyibnic 
Acid.) 

Sulphacetylenic  acid  is  dibasic. — The  potassium-salf,  C^H'^K^SO^.H^O,  is  easily 
soluble  in  water,  and  erj'stallises  in  needles  and  short  prisms. — The  barimn-salt, 
C'^H'^Ba"SO*.H^O,  is  somewhat  sparingly  soluble,  and  crystallises  in  hard  right  rhombic 
prisms. 

SULPHAMETHYLATTE.    Sjn.  with  Methylic  Stjlphamate  (p.  477). 
SUIiPHAAEZC  ACID.    NH^SO'  =  NH=(&O'0"|q  _  (S02)"|.q  —  This  com- 


pound,  the  amic  acid  of  sulphuric  acid,  is  not  known  in  the  free  state,  that  is  to  say, 
as  a  hydrogen-salt ;  but  the  so-called  anhydrous  sulphate  of  ammonia,  called  "sulphat- 
ammon"  by  H.  Eose,  "sulphamide"  by  Dumas,  is  probably  its  neutral  ammonium- 
salt. 

Neutral  Sulphamate  of  Ammonium,  N'H'^SO'  =  2Nff.S0'  =  (SO')'') 

NH^ 

(H.  Eose,  Pogg.  Ann.  xsxii.  81 ;  xlvii.  471 ;  xlix.  183.) — This  salt  is  produced  when 
dry  ammonia-gas  is  passed  over  a  thin  layer  of  sulphuric  anhydride,  care  being  taken 
to  renew  the  surface  frequently  by  scraping,  as  otherwise  the  lower  portions  will  not 
be  attacked  by  the  ammonia.  The  product  is  a  white  crystalline  powder,  having  a 
bitter  taste,  and  perfectly  neutral  if  it  does  not  contain  either  free  ammonia  or  free 
sulphuric  anhydride.  It  is  permanent  in  the  air,  dissolves  without  sensible  decompo- 
sition in  9  pts.  of  water,  and  is  insoluble  in  alcohol.  The  dry  salt  is  decomposed  by 
heat,  giving  oiF  ammonia  and  sulphurous  anhydride,  and  leaving  a  residue  of  sulphate 
of  ammonium.  Platinic  chloride  added  to  the  aqueous  solution,  throws  down  half  the 
nitrogen  as  ammonium-chloroplatinate.  The  caustic  alkalis  and  their  carbonates 
decompose  the  salt,  even  in  the  cold,  with  evolution  of  ammonia.  The  aqueous 
solution  is  clouded  by  chloride  of  barium,  the  precipitate  gradually  increasing  on 
standing,  and  especially  if  the  liquid  be  heated ;  but  the  precipitation  is  never  complete, 
not  more  than  half  the  sulphur  being  separated  as  sulphate  of  barium. 

The  aqueous  solution,  evaporated  over  oO.  of  vitriol  in  a  vacuum,  yields  transparent, 
colourless,  hemihedral  crystals,  belonging  to  the  quadratic  system.  These  crystals 
have  exactly  the  same  composition  as  the  original  pulverulent  salt,  and  were  therefore 
designated  by  Eose  as  parasulphatammon.  They  doubtless  consist  of  the  pure 
neutral  sulphamate  of  ammonium,  quite  free  from  adhering  sulphuric  acid.  They 
dissolve  in  water  more  easily  than  the  original  salt,  forming  a  perfectly  neutral 
solution,  which  reacts  in  the  same  manner  wilh  platinic  chloride,  but  gives  no  precipi- 
tate with  chloride  of  barium,  except  after  prolonged  boiling. 

The  mother-liquor  of  parasulphatammon  yields,  by  further  evaporation,  a  hydrated 
salt,  2N-H''S0'.H'0,  in  indistinct  deliquescent  crystals,  very  soluble  in  water,  and 
exhibiting  signs  of  decomposition,  as  their  solution  is  faintly  acid,  and  immediately 
gives  a  slight  precipitate  with  chloride  of  barium. 

AcidSulphamateof  Am m o n i u m,  N^H'SO'.NH'SO^. — Produced,  simultaneously 
with  the  neutral  salt,  as  a  hard  vitreous  mass,  which  deliquesces  rapidly  in  the  air, 


•  The  chloride  of  chloracetyl  is  converted,  by  excess  of  phosphoric  pentachloride,  into  a  colourless 
liquid,  prob.ibly  C■-H-C1^  not  dccomposible  by  "potash-ley,  but  resolved  by  water  at  150°  into  hydro- 
chloric and  monuchloracetic  acid. 
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and  dissolves  in  water  with  a  hissing  noise  (H.  Kose).  According  to  Woronin 
(Rep.  Cliim.  piue,  ii.  452),  an  aqueous  sohition  of  tlie  neutral  sulpliamate  left  to 
evaporate  in  the  air,  yields  an  abundant  crystallisation  of  the  acid  sulphamate.  Its 
solution  is  not  precipitated  by  chloride  of  Ijarium,  excepting  after  neutrahsation  with 
ammonia  {infra). 

Sulphamate  of  Barium. — When  a  solution  of  the  neutral  ammonium-salt  is 
mixed  with  an  exactly  equivalent  quantity  of  baryta-water,  ammonia  is  evolved, 
and  the  fdtered  liquid  yields  crystals  of  an  easily  soluble  barium-salt. 

The  precipitate  formed  by  chloride  of  barium  in  a  solution  of  the  acid  ammonium- 
salt  mixed  with  ammonia,  consists  of  a  basic  sulphamate  of  barium,  which,  wlien 
treated  with  the  proper  quantity  of  sulphuric  acid,  yields  a  precipitate  of  barium- 


sulphate  and  a  solution  of  neutral  barium-sulphamatc,  N^H'Ea'S'^O''  =  (SO-)- 


This  salt  forms  well-dovelopcd  crystals,  sparingly  soluble  in  cold  water,  and  is 
decomposed  by  hot  water,  with  formation  of  barium-sulphate.  (Woronin.) 

Sulphamate  of  Potassium,  obtained  by  decomposing  the  barium-salt  with  sulphate 
of  potassium,  forms  small  transparent  crystals  ;  on  addition  of  barium-chloride  and 
ammonia  to  its  solution,  it  is  converted  into  basic  sulphamate  of  barium.  (Woro- 
nin.) 

SUIiPBAIUXC  ETHERS.    Mcthylic  Sulphamate,  or  Sulphamcthylane, 


CH'NSO'  =  (SO-)"  >t. . — This  compound,  which  has  the  composition  of  anhydrosul- 


phato  of  methylamine,  is  formed  by  dissolving  methylic  sulphate  in  aqueous  ammonia, 
and  crystallises,  by  evaporation  in  a  vacuum,  in  large,  very  deliquescent  crys- 
tals. 


Chem.  Soc.  Qu.  J.  ix.  2.59.— E.  Schraitt,  Ann.  Ch.  Pharm.  cxx.  129.)— This  acid, 
isomeric  with  amidosulphobenzolic  acid,  C''H'(NH^)SO^,  is  formed  by  the  action  of 
sulphuric  acid  on  aniline,  or  on  oxanilide  (phenyloxamide) : 


Preparation. — 1.  From  the  mixture  of  oxanilide  and  formanilide  obtained  by  heat- 
ing oxalate  of  aniline  (iv.  427).  This  mixture  is  made  up  into  a  thick  paste  with 
strong  sulphuric  acid,  and  gently  heated  as  long  as  efFervcscenco  continues ;  then 
exposed  to  moist  air  in  a  shallow  dish,  till  it  solidifies  to  a  crystalline  pulp  of  sulpba- 
nilic acid,  which  may  bo  purified  by  washing  with  cold,  and  rccrystallising  from 
boiling  water  (Gerhardt). — 2.  By  dissolving  aniline  in  a  slight  excess  of  sulphuric 
acid,  evaporating  to  dryness,  and  heating  the  residue  with  constant  agitation,  as  long 
as  vapours  of  aniline  (?)  continue  to  escape.  The  product  is  piu-ified  as  before  (Gor- 
liardt). — Schmitt  mixes  1  pt.  of  aniline  by  drops  with  2  pts.  of  fuming  sulphuric 
acid  in  a  porcelain  dish,  heats  the  brown  syrupy  liquid  till  it  becomes  dark-brown 
and  gives  off  a  largo  quantity  of  sulphurous  anhydride  ;  and  pours  the  thick  syrup 
when  cold  into  cold  water :  the  sulphanilic  acid  then  separates  as  a  black  crystalline 
mass,  which  may  be  purified  by  repeated  reerystallisation  from  hot  water,  with 
addition  of  animal  charcoal.  This,  according  to  Schmitt,  is  the  best  mode  of  preparing 
s\dphanilic  acid  :  Gerhardt,  on  the  other  hand,  preferred  the  preparation  from  oxani- 


0-Sulpha>iilic  Acid. — Laurent  (Compt.  rend.  xxxi.  538)  obtained  an  acid,  having 
the  composition  of  sulphanilic  acid,  by  treating  nitrosulphobenzoate  of  ammonium  with 
sulphydric  acid.  Kolbe  (Ann.  Ch.  Pharm.  cxiii.  318)  suggested  that  the  acid  thus 
obtained  was  not  identical,  but  only  isomeric,  with  Gcrhardt's  sulphanilic  .acid  ;  and 
tins  supposition  has  been  corroborated  by  Schmitt,  who  has  pointed  out  several 
differences  in  the  characters  of  the  two  acids  and  their  salts  (infra).  Kekule 
(Lehrbuch,  ii.  605)  regards  it  as  probable  that  Laurent's  acid  is  the  true  phenylsul- 
phamic  or  sulphanilic  acid,  and  that  the  acid  produced  by  the  action  of  sulphuric  acid 
on  aniline  or  oxanilide  is  amidosulphobenzolic  acid.  Till  this  question  is  satisfac- 
torily decided,  it  may  be  convenient  to  designate  Laurent's  acid  as  /3-sulphanilic  acid. 
Schmitt  prepares  this  acid  by  mixing  1  pt.  of  nitrobenzol  with  5  or  6  pts.  of  fuming 
sulphuric  acid,  leaving  the  mixture  for  several  days  in  a  warm  place,  and  shaking 
it  frequently  till  all  the  nitrobenzol  has  disappeared.     The  viscid  mass  is  then 


C'H=(C'^ff)-N=0=  +  2H-S0*  =  2C'=H'NS0''  -t-  CO  +  00=  +  H'O. 
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neutralised  with  carbonate  of  lead  ;  the  colourless  solution  of  plumbic  nitrosulphobcn- 
zolate,  obtained  by  boiling  and  filtering  the  liquid,  is  decomposed  by  sulphydric  acid ; 
the  liquid,  filtered  from  lead-sulphide,  is  neutralised  -nath  carbonate  of  barium  ;  and 
the  resulting  barium-salt  (which  separates  in  warty  crystals)  is  dissolved  in  a  large 
quantity  of  water,  and  mixed  with  a  large  excess  of  baryta.  Sulphydric  acid  gas  is 
then  passed  into  the  liquid,  till  the  taste  of  the  nitro-acid  is  completely  removed ;  and 
the  liquid,  filtered  from  hyposulphite  of  barium,  is  again  treated  with  sulphydric  acid. 
The  filtered  solution  of  the  barium-salt,  treated  with  an  exactly  equivalent  quantity  of 
sulphuric  acid,  yields  the  aqueous  /3-sulphanilic  acid,  which  may  be  obtained  in  crys- 
tals by  evaporation. 

Properties. — Sulphanilic  acid  (from  aniline  or  oxanilide)  crystallises  from  hot  water 
in  shining  rhombic  plates,  containing,  according  to  Schmitt,  CEl'ISiSOMI-O.  It  is 
slightly  soluble  in  cold  water,  1  pt.  [of  the  anhydrous  or  hydrated  acid?]  dissolving 
in  128  pts.  of  ice-cold  water,  and  in  112  pts.  at  15°  (Schmitt);  still  less  soluble  in 
alcohol  (Grerhardt),  insoluble  in  alcohol  and  in  ether  (Schmitt).  From  a  concen- 
trated solution  of  a  sulphanilate,  it  is  precipitated  by  acids  in  slender  needles. 

The  crj'stals  give  off  their  water  partially  on  exposure  to  the  air,  completely  at  100° ; 
the  effloresced  acid,  if  exposed  for  some  time  to  this  temperature,  assumes  a  brownish 
colour,  but  may  be  heated  to  220°  without  decomposing.  At  higlior  temperatures  it 
decomposes,  leaving  a  carbonaceous  residue,  and  giving  off  sulphurous  anhydride ;  also, 
if  distilled  in  a  retort,  su.Iphite  of  aniline,  which  crystallises  in  the  receiver.  Heated 
with  a  solid  caustic  alkali,  or  with  potash-lime,  it  gives  off  aniline  and  leaves  an 
alitaline  sulphate.  Heated  ■with  strong  niti-ic  acid,  it  evolves  a  large  quantity  of  gas, 
and  forms  a  deep  red  liquid,  but  no  crystals  (G-erhardt).  Its  aqueous  solution  is 
coloured  red-brown,  witliout  precipitation,  by  chromic  acid.  Chlorine-water  colours  it 
pale-crimson,  gradually  changing  to  red-brown  (G-erhardt).  According  to  Schmitt, 
the  aqueous  solution  is  not  altered  either  by  chlorine  or  by  iodine.  Bromine,  added 
even  to  a  dilute  solution  of  the  acid,  renders  it  milky,  and  throws  down  after  a  while  a 
white  curdy  precipitate  (Gerhardt).  From  a  hot  solution  it  tlirows  down  white 
interlaced  needles  oftribromaniline: 

C^H'NSO'  +  'Rv"  =  C«H<Br=N  -i-  SO^  +  3HBr. 

Sulphanilic  Tribromani- 
acid.  line. 

If  only  4  at.  bromine  be  added,  dibromosulphanilic  acid,  C'H^Br'NSO',  is 
likewise  formed,  and  remains  dissolved  (Schmitt,  p.  479). — With  nitrous  acid,  it 
forms  diazosulphobenzolic  acid  (Schmitt) : 

2C'^H'NS03  +  N^O'  =  2C'^H'N'S0'  -i-  3H=0. 

Sulphanilic  Dlazosulpho- 
acid,  benzolic  acid. 

;8-Sulphanilic  acid  crystallises  from  its  aqueous  solution  by  evaporation  in  long 
pointed  crystals,  which  contain  2C''H'NSO\3H''0,  give  off  their  water  partially  at 
ordinary  temperatures,  completely  at  100°,  and  becoming  white  and  opaque.  It  is  in- 
soluble in  ether  and  alcohol,  easily  soluble  in  hot  water.  With  bromine  it  behaves 
somewhat  differently  from  sulphanilic  acid,  inasmuch  as,  though  its  concentrated 
solutions  are  rendered  turbid  by  bromine,  the  liquid  filtered  therefrom  does  not 
give  any  precipitate  with  chloride  of  barium,  as  is  the  case  with  that  obtained  in  like 
manner  from  sulphanilic  acid  (p.  479). 

Sulphanilates. — Sulphanilic  acid  is  a  strong  acid,  and  decomposes  carbonates 
with  effervescence.  Its  salts  are  soluble  and  crystallisable  ;  their  solutions  give,  with 
chromic  acid  and  bromine-water,  the  same  reactions  as  the  free  acid.  The  /3-sul- 
phanilates  differ  from  the  sulphanilates  in  crystalline  form.  (Schmitt.) 

Sniphanilate  of  Ammonium,  C''H''(NH'')NSO',  is  very  soluble,  and  crystallises  by 
spontaneous  evaporation,  in  shining  rectangular  plates. — The  anitinc-saH  is  very 
soluble. — The  barium-salt  forms  rectangular  prisms,  moderately  soluble  in  water. — 
The  cupric  scdt,  C'-H'^Cu"N-S'^0''.4ff  O,  forms  small  truncated  prisms  of  a  very  dark 
green  coloui-,  which  retain  their  water  at  100°. — The  silver-salt  crystallises  in  shining 
scales. — The  sodium-salt,  CH'^NaNSOlH^O,  crystallises  from  aqueous  solution  by 
spontaneous  evaporation,  in  fine  octagonal  plates,  insoluble  in  ether,  but  soluble  in 
boiling  alcohol,  whence  it  crystallises  in  white  needles. 

Bibromosulpha7iilic  Acid,  C^H^Br-NSO'  (Schmitt,  loc.  cit.). — Produced  when 
4  at.  bromine  are  added  to  a  hot  solution  of  1  at.  sulphanilic  acid : 

C'H'NSO'  +  Br<  =  C^H^Br^NSO'  -I-  2HBr. 

It  remains  in  solution  ;  is  separated  by  filtration  from  the  tribromaniline  formed  at 
the  same  time  (p.  478) ;  precipitated  as  a  barium-salt  by  addition  of  barium-chloride  ; 
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and  from  this  salt,  purified  by  rccrystallisation,  the  dibromosulpliaiiilic  acid  is  sepa- 
rated by  sulphuric  acid. 

Dibrumosulphaiiilic  acid  crystallises  from  aqueous  solution  in  large  colourless 
prisms,  which  contain  2C'^IPBr-NS0^.3H-'0,  and  give  off  their  water  of  crystallisa- 
tion gradually  at  ordinary  tcTnpcratures,  more  quickly  at  110°  becoming  dull  and 
opaque.  It  dissolves  readily  in  water,  whether  hot  or  cold ;  sparingly  in  cold,  more 
easily  in  hot  alcohol.  The  concentrated  aqueous  solution,  mixed  with  a  small 
quantity  of  oil  of  ^^triol,  immediately  yields  the  pure  acid,  in  the  form  of  a  network  of 
needles.  The  aqueous  solution  has  a  very  sour  .and  cooling  taste  :  it  gives  a  crystalline 
precipitate  with  chloride  of  harium,  acetate  of  lead,  and  nitrate  of  silver.  A  concen- 
trated solution  warmed  with  :inc,  gives  off  hydrogen,  forming  a  zinc-salt,  which 
separates  out.  The  dehydrated  acid  bears  a  heat  of  180°  without  alteration, 
but  decomposes  at  a  somewhat  higher  temperature,  yielding  tribromaniline  and  sul- 
phurous anhydride,  and  leaving  a  difficultly  combustible  charcoal.  It  also  gives  off 
tribrom.aniline  (not  dibromaniline,  as  might  be  expected)  when  heated  with  potash  or 
slaked  lime.  The  aqueous  solution  is  coloured  brown  by  chlorine,  and  on  heating  the 
liquid,  a  pungent  oil  separates  out. — Nitrous  acid  passed  into  the  aqueous  solution, 
converts  the  acid  into  diazo-dibromosulphobenzolic  acid,  C'H-Br-N'SO^. 

The  dibromosulphanilates  crystallise  in  needles,  and  are  more  or  less  soIuIjIo 
in  water. — The  barium-salt,  C'-H'Ba"Br''N-'S-0''.2H^0,  prepared  as  above,  gives  off  its 
water  at  110°  without  alteration  of  appeai'ance,  and  does  not  decompose  till  very 
strongly  heated.— The  lead-salt,  C"H«Pb"Br'N-S'0^2H^0,  is  permanent  in  the  air, 
and  gives  off  its  water  at  110°. — The  silver-salt,  C°H''AgBr-NSO',  forms  somewhat 
reddish  needles. — The  potassium-  and  sodium-salts,  obtained  by  decomposing  the 
corresponding  carbonates  with  the  aqueous  acid,  are  sparingly  soluble  in  alcohol,  and 
separate  in  needles  on  addition  of  alcohol  to  their  aqueous  solutions. — The  zinc-salt  is 
obtained,  as  above  mentioned,  by  the  action  of  the  acid  on  metallic  zinc. 

Fbenyldisulpbamic  or  Sisulptaanilic  Acid,  C'H"NS-0°  =    ('sO-)"|  0-' 

(Buckton  and  Hofmann,  Chem.  Soe.  Qu.  J.  ix. — Carius,  Zeitschr.  Ch.  Pharra. 
1861,  p.  632  ;  Jahresb.  1861,  p.  634.) — Two  acids  having  this  composition  have  been 
obtained,  viz. — a.  By  heating  sulphanilic  ac'd  (p.  477)  ^"ith  fuming  sulphuric  acid  to 
160"^  or  170°,  for  six  or  seven  hours,  till  it  assumes  the  consistence  of  treacle.  On 
dissolving  the  syrupy  residue  in  water,  saturating  with  carbonate  of  barium,  and 
evaporating  the  filtrate,  a  barium-salt  is  obtained,  which  after  repeated  solution  in 
water,  and  evaporation  under  reduced  pressure,  remains  as  a  mass  of  microscopic 
crystals,  h.aving,  when  dried  at  190°— 200°,  the  composition,  CH^Ba'NS'-OS  showing 
that  the  acid  is  dibasic.  From  the  l(>ad-salt,  prepared  in  a  similar  manner,  the  free 
acid,  CH'NS-O^  may  be  separated  by  the  action  of  sulphydric  acid.  It  has  a  very 
acid  and  pungent  taste,  is  very  difficult  to  crystallise,  and  is  insoluble  in  alcohol, 
which  precipitates  it  from  strong  solutions  in  white  grains,  especially  on  addition  of  a 
littlo  ether. — The  silver-salt,  C'H''Ag=NS-0",  prepared  by  neutralising  the  aqueous 
acid  with  carbonate  of  silver,  crystallises  from  aqueous  solution  in  small  plates,  and  is 
precipitated  by  ether-alcohol  in  colovirless  crystalline  grains.  (Buckton  and  Hof- 
mann.) 

y8.  By  the  action  of  .ammonium-sulphite  on  nitrobenzol  (Carius): 
C''H='NO=  +  3(NH')-S0^  =^  C''H=(NH')=NS=0'=  +  (NH<)-SO'  +  H-0  +  2NIP. 

Nitrolicn-  /S-Disulphanilate  of  Siilph,ite 

zol.  Ammonium.  of  Ammo- 

nium, 

AVhen  1  at.  nitrobenzol  and  3  at.  neutral  sulphite  of  ammonium  are  boiled  together 
in  dilute  alcoholic  solution,  for  six  or  eight  hours,  in  such  a  manner  that  the  condensed 
vapours  may  flow  back  again,  and  the  resulting  solution  is  evaporated,  sulphate  of 
ammonium  separates  out  i'lvst.  then  laminar  cryst.als  of  /3-disulphanilate  of  ammo- 
nium, which  are  diflScult  to  purify.  It  is  best,  therefore,  to  convert  this  salt,  by 
treatment  with  baryta,  into  the  harium-salt,  C'=ffBa"N.S=0'*.  This  salt  is  easily 
soluble  in  water,  insoluble  in  absolute  alcohol,  and  crystallises  in  colourless  prisms. 
It  may  be  boiled,  without  decomposition,  in  neutral  or  alkaline  solutions,  as  also  may 
the  other  salts  of  the  same  acid;  but  on  attempting  to  separate  the  j3-disulphauilic 
acid  from  them,  it  splits  up,  by  assumption  of  1  at.  water,  into  aniline  and  sulphuric 
acid  : 

CH'NS^O"  +  2H=0  =  CH'N  +  2H-S0'. 
This  decomposition,  and  the  dissimilarity  of  the  barium-salts  of  the  two  acids  just 
described,  shows  that  theso  acids  are  not  identical,  but  only  isomoric.    The  latter, 
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from  its  mode  of  formation,  and  the  mode  of  decomposition  just  mentioned,  is  probably 
the  true  phenyldisulphamic  acid,  ^gQsy/ 1-  q2  ;  whereas  the  former,  resulting  from  the 

action  of  sulphuric  acid  upon  aniline  (amidobenzol),  may  rather  be  regarded  as  amido- 
disulphobenzolic  acid,  C^H^CNHOS-O". 

Pbenyldisulpbodlamic  Acid,  C'H^N^S^O^    =  {&0''f}".—BitMobenzoHo 

Acid.  (Hilkenkamp,  Ann.  Ch.  Pharm.  xcv.  86;  Jahresb.  1855,  p.  636.) — Produced 
as  an  ammonium-salt,  by  the  action  of  sulphite  of  ammonium  on  nitrobenzol,  probably 
containing  dinitrobenzol : 

CH^NO'^)'  +  6(NH')'S0'  =  C=H»(NH^)2N^S20«  +  4(NH')=S0'  +  2NH». 
The  materials  (80  grms,  nitrobenzol,  340  grms.  dry  sulphite  of  ammonium,  and  1  litre 
of  anhydrous  alcohol,  together  with  a  little  carbonate  of  ammonium,  to  keep  the  mix- 
ture alkaline)  were  cohobated  for  several  hours;  and  the  liquid  decanted  from  the 
sulphate  of  ammonium,  which  separated,  was  evaporated  to  an  oily  consistence  ;  it  then 
deposited  a  large  quantity  of  white  laminae  (doubtless  consisting  of  phenyldisulpham- 
ate  of  ammonium),  together  with  a  small  quantity  of  hard  slender  needles,  consisting 
of  the  phenyldisulphodiamate,  C''H^(NH*)-^N-S-0''.  This  salt  is  very  soluble  in  water 
and  in  aqueous  alcohol,  sparingly  soluble  in  absolute  alcohol,  insoluble  in  ether;  when 
heated  it  chars,  swells  up,  and  emits  the  odour  of  sulphurous  acid.  Its  aqueous 
solution  is  slightly  acid. 

All  the  phenyldisulphodiamates  are  easily  soluble.  The  barium-salt, 
C''H'Ba"N-S^O^  obtained  by  decomposing  the  ammonium-salt  with  baryta-water, 
forms  crystalline  crusts,  insoluble  in  alcohol  and  ether. 

C'H' 

Benzyldisulpbamlc  Acid.    C'H'NS'O^  =  (SO-)'|.qj.  Tolyldisidphamic  Acid. 

Tkiotoltiolsdiire.  Disulfuri/l-toluijhdure.  (Hilkenkamp,  foe.  eit. — Carius, Zeitschr. 
Ch.  Pharm.  1861,  p.  632  ;  Jahresb.  1861,  p.  634.) — Obtained  in  the  same  manner  as 
phenyldisulphamic  acid,  by  the  action  of  ammonium-sulphite  on  nitrobenzylene  (nitro- 
toluol).  According  to  Hilkenkamp,  the  ammonium-salt,  which  is  the  direct  product  of 
the  reaction,  has  the  composition  C'H'(NH')NS''0® ;  and  the  potassium-salt,  obtained 
by  decomposing  it  with  potash,  contains  C'H'KNS^O";  which  would  imply  either  that 
the  acid  is  monobasic,  or  that  these  are  acid  salts.  According  to  Carius,  the  barium- 
salt,  obtained  by  decomposing  the  ammonium-salt  with  baryta-water,  has  the  composi- 
tion C'H'Ba"NS-0'',  showing  that  the  acid  is  dibasic,  like  phenyldisulphamic  acid. 
The  other  benzyldisulphamates  resemble  the  corresponding phenyl-compounds  (p.  479), 
and  the  acid,  when  separated  from  them,  splits  up  in  like  manner  into  sulphuric  acid 
and  benzylamine.  (Cariiis.) 

Cumenyldisulpbamic  Acid.    C'H'^NS^O^  =  (SO^)Hi^j.  Bisulfuryl-cumenyl- 

saure.  (Carius,  loc.  cit.). — Prepared  in  like  manner  from  nitrocumol.  The  salts 
are  similar  to  the  phenyldisulphamates,  the  barium-salt  having  the  composition 
C''H"Ba"NS^O',  and  the  acid  separated  from  it  is  resolved  in  like  manner  into  sulphu- 
ric acid  and  cumenylamine. 

SVIiPBAMIDE.    *^^^4^  I N^— According  to  Eegnault  (Ann.  Ch.  Phys.  [2] 

Ixxix.  170),  this  body  is  produced,  together  with  sal-ammoniac,  when  dry  ammonia-gas 
is  passed  over  sulphuric  chloride,  SO'CP;  but,  according  to  H.  Eose,  the  product  thus 
formed  is  a  mixture  of  sal-ammoniac  and  neutral  sulphamate  of  ammonium  (sulpha- 
tammon). 

SirXiPHAMZSIC  ACID.    See  Sulphazotisbd  Acids  (p.  482). 

SUI.PHAl«IIJOBEITZAMIWB.  C'HWS  =  *-''^';'^^  |n=.  (Hofmann.Proc.Roy. 

Soc.  X.  598.)— This  base,  metameric  with  phenylsulphocarbamide,  [(CS)"(C''ff)H^]N= 
(i.  756),  and  analogous  to  Chancel's  oxybenzodiamide  (i.  755),  is  produced  by 
the  action  of  ammonium-sulphide  on  nitrobcnzonitrile,  C'H'(NO')N.  AVheu  this 
compound  is  boiled  with  an  aqueous  solution  of  ammonium-sulphide,  a  large  quantity 
of  sulphur  separates  at  first ;  and  on  Evaporating  the  liquid,  a  yellowish  oil  is  deposited, 
which  solidities  but  imperfectly,  and  is  difficult  to  piirify.  This  oil  is  a  weak  base, 
having  the  composition    of  amidobenzonitrile,  CH^N^  =  C'H''(NH^)N;  and  by 
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prolonged  contact  witli  ammonium-sulphide,  it  is  gradually  converted  into  sulphamido- 
benzaniine  : 

C'H\NO"-)N  +  3H2S  =  2W0  +     +  cmm'. 

Nitrobenzo-  Amidobenzo- 
nitrile.  nitrile. 

and  C'H'=N=  +    H'S    =  C"H«N-S. 

Amidobenzo-  Sulphamido- 
nitrile.  benzamine. 

Siilphamidobenzamine  is  very  soluble  in  alcohol  and  in  ether,  and  crystallises  from  liot 
water  in  white  shining  needles.  It  dissolves  easily  in  acids,  and  is  precipitated 
therefrom  by  potash  and  ammonia.  It  forms  a  crystalli  sable  hydrnchlorate  and  an 
orange-yellow  crystalline  chloroplatinate. 

SUIiPHAiaXDOCHI.OROBEM'ZOXC  ACID.  C'H'C1(NH=)S0^— When  chlor- 
amidobonzoic  ncid,  C'II'C1(N11=J()-  ((ililained  by  the  action  of  potassium-cyanide  on 
ethylic  chlorobenzoate),  is  treated  witli  strong  sulphuric  acid,  and  the  diluted  solution 
is  boiled  with  barium-carbonate,  su Iph  ami dochlorob en zoate  of  barium, 
C'II'^Ba"Cl(NH-)SO^,  is  produced,  and  separates  from  the  snlution  in  nodular  groups 
of  crystals.  (D.  Cunze  and  H.  Hiibner,  .\nn.  Cli.  rii.ivm.  cxxxv.  106;  Jahresb. 
1865,  p.  330.) 

SirXiFHAItlXDOM'ZC  ACXH.  A  syrupy  deliquescent  acid,  produced  by  tritu- 
rating starch  with  strong  sulphuric  acid.  Its  salts  are  all  amorphous,  deliquescent, 
easily  soluble  in  water,  and  very  unstable,  so  that  their  composition  is  difficult  to 
determine.  The  caleinm-salt  appears  to  contain  C-*H^'^'Ca"0-\2S0'.  (Gm.,  xv.  104. 
— Gorhardt,  ii.549.) 

SITIiFHABIMOll'.    Syn.  with  Sui,phatammon. 
SVIiFHATCIVIOiaxc  ACID.    See  SuLPH.izoTiSEi>  Acins  (p.  482). 
SVX.PHAiavi.XC  ACID.    8ee  Sulphtoic  Ethers. 

STJZ.PHAM'.    A  name  proposed  by  Graham  for  the  radicle  SO'. 

SITtPHANXSTHIC  or  SUX.PHAU'ETHOX.IC  ACID.  An  acid  produced  by 
the  action  of  strong  sulpiniric  acid  on  anise-camphor  (i.  297).  Its  soluble  salts  colour 
ferric  solutions  deep  violet,  almost  black.  The  hnrinni-salt  appears  to  have  the  compo- 
sition Ea"0.2(C'°H'-O.S05).    (Gerhardt,  J.  pr.  Chem.  xxxvi.  267.) 

STJI.PHAM'ZZ.ZC  ACID.    See  SuLPHAMIC  AciD  (p.  477). 

SVX.PHAN'ISXC  ACID.    See  Anisic  Acid  (i.  303). 

SUX.PHANISOX.XC  ACID.  C'H^SO^.  |»  Products  formed  by  the  action  of  sul- 
SUI.FHAM'XSOI.IDX:.    C"H"SO'.        S        phnric  acid  on  anisol  (i.  305). 

SULPHANTXRIONATES.  /  „  , 

J     See  Antimony,  Sui.phihes  of  (i.  334,  335). 


sttlphawtimoktites 
sux.pharsz:nate:s.  ) 

SUX.PHARSEiaXTX:S.  i 
SUX.PHARSIN'.    Syn.  with  Sri.riiinE  of  Cacodyl  (i.  409). 


See  Arsenic,  Sulphides  of  (i.  388,  391). 


SUX.PHASATHYDE  or  STTX.PHASATVDE.  Syn.  with  SuLPHISATTOE.  (See 
IsATYDE,  iii.  111.) 

SUX.PHATAmiKOM'.    Neutral  sulphamate  of  ammonium. 
SUZiPHATES.    See  Sulphur,  Oxygen-acids  of. 
SUI.PHATOXYGEMr.    Syn.  with  Svlpiiax. 

SUX.PHAZAI.ZC,  SUI.PHAZIDIC,  SUXiPHAZIX.IC,  SUXiPHAZINOVS, 
and  SUI.PHAZZN'XC  ACIDS.    Sec  Sclphazotised  Acids. 

STTX.PHAZOBE9TZOVI.,  HVDRIDE  Or.  Thiohcnzaldin.  C='H'»NS=?— A 
product  of  the  action  of  ammonia  on  hydride  of  thiobenzyl  or  sulphide  of  stilhene 
(i.  671): 

3C'H«S  +  NH»    =    C=^'H"NS^  +  H^S. 

On  mixing  1  vol.  bitter-almond  oil  dissolved  in  4  or  5  vols,  ether  with  1  vol.  ammonium- 
sulphide,  and  leaving  the  ether  to  evaporate  in  a  shallow  vessel,  the  compound  scpa- 
rat'^s  in  large  crystals,  which  molt  at  123°,  dissolve  in  20  to  30  pts.  of  ether,  and  are 
Vol.  V.  1 1 
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decomposed  ty  boiling  alcohol,  with  evolution  of  sulphydric  acid.  (Laurent,  Ann. 
Ch.  Phys.  [3]  xxxvi.  342.) 

SUXPHAZOTISED  ACIDS.    (Fr^my,  Ann.  Ch.  Phys.  [3]  xv.  408  ;  Handw. 

vii.  679.) — A  series  of  acids,  the  potassium-salts  of  which  are  formed  by  the  action  of 
sulpluirous  anhydride  upon  a  solution  of  potassium-nitrite  containing  a  large  excess  of 
free  alkali.  Sulphurous  anhydride  combines  with  the  elements  of  potassium-nitrite  and 
water  in  several  proportions,  forming  compounds  which  crystallise  readily,  and  in  which 
neither  sulphurous  nor  nitrous  acid  can  be  detected  by  the  usual  tests.  The  solutions  of 
these  salts  form,  with  salts  of  barium,  precipitates  containing  the  corresponding  acids. 
These  compounds  are  all  decomposed  by  boiling  their  solutions,  ammonia  and  sulphuric 
acid  being  found  among  the  products ;  some  of  them  even  experience  a  similar  decomposi- 
tion at  ordinary  temperatures. 

The  derivation  of  some  of  these  salts  from  potash,  water,  sulphurous  and  nitrous 
anhydrides,  may  be  represented  by  the  following  formidae : 

Sulphazite  of  potassium,  3K-O.S^H<'N=0'2  =  3K-0  +  N^O'  +  380'  +  3W-0 
Sulphazate  „  3K20.S<H''N20'*    =    3K=0  +  N»0«  +  4S0'  -i-  SH^O 

Sulphazotate         „  3K-0.S=H''N-^0'«    =    3K^0  +  WO^  +  SSO^  +  SWO 

Sulphammonate    „  4K20.S»H''N-02*    =    4X^0  +  N^O'  +  8S0-  -i-  SH^O 

Sii!pkammonate  of  Potassium  is  formed  by  mixing  the  strong  solutions  of  nitrite  and 
sulphite  of  potassium  ;  it  is  then  deposited  in  beautiful  silky  needles. — The  sulphazate 
is  formed  by  the  action  of  sulphurous  anhydride  on  nitrite  of  potassium  in  alkaline 
solution  ;  the  sulphazite  by  the  action  of  water  on  the  suljjhazate  ;  the  sulphazotate 
separates  in  large  rhombohedral  crystals,  on  evaporating  an  aqueous  solution  of  the 
sulphazate.    Neither  of  these  acids  can  exist  in  the  free  state,  i.  e.  as  hydrogen-salts. 

Fremy  also  describes  : — Metasulphazotate  of  potassium,  3K-0.S'H''N^0^',  formed, 
together  with  the  sulphazotate,  by  the  action  of  sulphurous  anhydride  on  nitrite  of 
potassium :  acid  not  isolated. — Sulphazilite,  K'O.S^HNO,  produced  by  the  action 
of  silver-oxide  in  the  cold  on  a  solution  of  the  neutral  sulpliazotate  :  acid  not  isolated. — 
Metasulphazilite,  3K'0.S°H''N-0-°,  formed  in  like  manner  at  the  boiling  heat. — Sulpha- 
midate,  K'O.S'-H'NO*,  formed  from  the  sulphammonate  by  the  action  of  water :  acid 
notisolated. — Sulphazidicacid,  2H''0.S^H''N''0',  is  obtained  by  decomposing  the  barium- 
salt  (the  mode  of  preparation  of  which  is  not  given)  with  an  equivalent  quantity  of 
sulphuric  acid.  By  saturating  it  with  potash,  the  potassium-salt,  2K'''0.S-H''N-0',  is 
obtained  in  regular  six-sided  laminEe. 

SITXiPHESATlTBS.    Syn.  -vrith  Distophisattde  (iii.  412). 

SUX.PHXDES  and  SVi:.S>HVI>RAT£:s.  The  term  sulphide  (formerly  sul- 
phuret),  in  its  widest  sense,  includes  all  compounds  in  which  sulphur  forms  the  elec- 
tronegative constituent.  Sulphur  unites  in  this  way  with  all  the  metals,  with  most  of 
the  non-metallic  elements,  and  with  many  organic  radicles.  The  sulphides  are,  for  the 
most  part,  analogous  in  composition  to  the  oxides,  and,  like  the  latter,  may  be  divided 
into  acid  and  basic  sulphides,  or  sulphur-acids  and  sulphur-bases,  which  are  capable  of 
uniting  together  and  forming  sulphur-salts.  To  the  class  of  acid  sulphides  belong  the 
sulphides  of  the  non-metallic  elements,  and  those  metallic  sidphides  wliich  are  soluble 
in  sulphide  of  ammonium — viz.,  the  sulphides  of  antimony,  arsenic,  tin,  molybdenum, 
tungsten,  vanadium,  gold,  and  platinum ;  the  other  metallic  sulphides  and  the  sulphides 
of  the  alcohol-radicles  are  basic. 

Metallic  Sulphide.s. — Precisely  as  we  have  oxides  and  hydrates  formed  on 
the  type  of  one  or  more  atoms  of  water,  so  we  have  sulphides  and  sidphydrates 
derived  from  one  or  more  atoms  of  sulphydric  acid.  The  more  or  less  basylous 
sulphides,  like  their  corresponding  oxides,  may  be  divided  into  three  principal  classes, 
monatomie,  diatomic,  and  triatomic,  formed  respectively  on  the  types  of  one,  two, 
and  three  atoms  of  sulphydric  acid.  The  first  class  includes  hemisulphides  and  proto- 
sulphides,  with  the  corresponding  sulphydrates.  Hemisulphide  of  nickel,  Ni^S,  sul- 
phide of  zinc,  Zn"S,  and  sulphydrate  of  sodium,  HNaS,  may  be  taken  as  examples. 
The  second  class  includes  disulphides  and  disidphydrates.  Disulphide  of  platinum, 
Pf'S-,  and  sulphydrate  of  barium,  Ba"H-S^,  may  be  taken  as  examples.  The  third 
class  includes  the  trisulphides  with  their  corresponding  sulphydrates,  such  as 
trisulphide  of  bismuth,  Bi-S',  and  trisulphide  of  chromium,  Cr-S'.  It  is 
observable  that  while  the  trioxides  constitute  a  most  important  class  of  oxides, 
the  trisidphides  are  a  very  unimportant  class  of  sulphides.  As  a  rule,  they  do  not 
occur  native,  are  scarcely  salifiable,  and  do  not  result  from  the  ordinary  analytical 
processes  which  produce  the  other  metallic  sulphides  with  such  facility. 

The  sulphides  differ  much  from  one  another  in  the  rapidity  and  completeness  with 
which  they  are  decomposed  by  acids.  When  finely  pulverised,  they  are  all  decomposed 
more  or  less  perfectly  by  hydrochloric  acid  gas,  but  some  of  them  are  attacked  very 
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slowly  by  the  boiling  liquid  aeid.  All  salifiable  sulphides,  however,  behave  like  their 
corresponding  oxides,  when  decomposed  by  hydrochloric  acid,  and  yield  one  atom  of 
Bulphjdric  acid  for  every  atom  of  sulphur  in  the  sulphide,  thus : 

Fe"S    +  2nCl    =      H--S  +  Fo"Cl-. 

S'n^S^'  +  4HC1    =    2WS  +  2Sn"CP. 

Sb-S'  +  6HC1    =    311=8  +  2Sb"'CP. 

With  reference  to  the  distinction  between  sulphides  and  sulphydrates,  it  may  be 
observed  that  the  sulphydrates  of  the  basylous  metals — lithium,  sodium,  potassium, 
calcium,  strontium,  barium,  and  magnesium  -  are  woll-dofinod  compounds,  which  dissolve 
in  water,  forming  colourless  solutions.  The  solutions  of  the  sulphydrates  of  magnesium 
and  calcium  are  decomposed  by  ebullition,  with  evolution  of  sulphydi-io  acid,  thus  : 
Mg"H-S=  +  2H'-'0  =  Mg"n-'0''  +  2H-S.  But  the  other  sulphydrate  solutions  may 
be  evaporated  down,  whereby  they  yield  colourless  transparent  crystals  of  their 
respective  sulphydrates.  These  basylous  sulphydrates  are  usually  made  by  saturating 
their  corresponding  hydrates  with  sulphydric  acid  gas.  The  dry  alkahne  sulphydrates, 
when  heated  to  redness  out  of  contact  with  air,  arc  decomposed  into  sulphydric  acid 
and  metallic ''sulphide :  Ba"H=S'  =  H^S  +  Ba"S;  but  the  sulphydrates  of  potassium 
and  sodium  require  a  very  strong  heat  to  effect  their  decomposition.  The  sulphides  of 
the  acid-forming  metals  also  appear  to  form  definite  sulphydrates,  coiTcsponding  to 
their  respective  oxygen-acids  ;  but  the  nature  of  those  compounds,  and  still  more  of  the 
sulphydrates  of  the  intermediate  metals,  is  not  well  established.  It  is  not  clear,  for 
instance,  whether  the  so-called  hydrated  sulphide  of  zinc  consists  of  Zn"H^S-,  or 
Zn"S.H'^0,  or  Zn"H-'S^.Zn"H=0^.  The  hydrated  sulphides  of  the  ferric  and  plumbic 
families  seem  indeed  not  to  be  sulphydrates  ;  for  when  soluble  salts  of  the  metals  of 
these  famUios  are  added  to  solutions  of  alkaline  sulphydi-ates,  sulphydric  acid  is 
evolved : 

Fe'SO'  +  WO  +  2KHS    =    K=SO'  -I-  Fo"S.H20  +  IPS. 

Moreover,  it  is  not  clear  that  all  sulphides  precipitated  from  metallic  solutions  by 
excess  of  sulphydric  aeid,  or  a  sulphydrate,  are  necessarily  either  hydrated  or  sulphy- 
drated,  despite  their  gi'eater  solubility  in  acids,  and  their  difference  m  colour  from  the 
undoubtedly  anhydrous  sulj^hides  made  in  the  dry  way.  We  know,  for  instance,  that 
the  diiieronco  between  the  native  scarlet  sulphide  of  mercury  and  the  precipitated 
black  sulphide,  or  that  between  the  native  grey  sulphide  of  antimony  and  the  precipi- 
tated orange  sulphide,  is  not  a  difference  of  hydration  at  all,  but  one  of  molecular  con- 
dition, i.  e.  allotropy. 

The  protosulphides  of  the  alkali-metals  and  alkaline  earth-metals  dissolve  in  water, 
forming  colourless  solutions,  from  which,  by  evaporation,  the  solid  sulphides  may,  it  is 
said,  bo  again  procured,  and  in  the  crystalline  state.  It  is  not  improbable  that  the  solu- 
tions really  contain  mixtures  of  alkaline  hydrate  and  sulphydrate,  resulting  from  the  reac- 
tion of  the  sulphide  with  water,  thus  :  K-S  +  H-'O  =  KITS  -i-  KHO.  At  any  rate, 
precisely  similar  solutions  are  made  by  mixing  equal  quantities  of  alkaline  hydrate  and 
sulphydrate.  With  the  exception  of  the  above  sulphides  of  the  basylous  metals,  all 
sulphides  and  hydrated  sulphides  are  insoluble  in  water,  or  very  nearly  so.  Those 
which,  like  the  trisulphide  of  arsenic,  are  sparingly  soluble  in  pure  water,  are  insoluble 
in  acidulated  water.  This  trisulphide,  when  recently  precipitated,  is  slowly  but  com- 
pletely decomposed,  by  boiling  with  water  into  arsenious  and  sulphydric  acids. 

As  a  rule,  the  sulphides  and  oxides  of  tlie  same  metal  have  similar  formulae,  and 
correspond  in  their  general  behaviour.  Occasionally,  indeed,  we  have  metallic  oxides  to 
which  there  are  no  corresponding  sulphides  (the  peroxide  of  manganese,  for  example), 
and  more  frequently  metallic  sulphides  to  which  there  are  no  corresponding  oxides, 
— the  hemisulphidc  of  iron  and  the  disulphide  of  arsenic,  for  example.  Among  the 
sulphides  to  which  there  are  no  corresponding  oxides,  perhaps  the  most  remarkable  are 
the  alkaline  polysulphides.  The  metal  potassium,  for  instance,  is  said  to  form  the 
compounds  K'^S.'K^S-,  KnS'',  K-S',  and  Iv'S"  (iv.  707). 

When  protosulphide  of  potassium  is  fused  with  excess  of  sulphur,  the  pentasulphide 
is  formed  as  a  dark  liver-coloured  mass  which  sinks  beneath  the  excess  of  melted 
sulphur.  It  is  a  very  definite  compound,  soluble  in  water,  forming  a  deep  orange 
liquid,  whicli  may  also  be  obtained  by  boiling  an  excess  of  sulphur  with  a  solution  of 
the  protosulphide.  Its  composition  corresponds  with  that  of  the  sulphate  and  hypo- 
sulphite cr  tliiosnlphate  of  potassium,  thus  ; 

K'SO'.  Sulphate. 

j^zgcQs,  Thiosulphate. 

K^S^  Pentasidphide. 
1 1  2 
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It  is  doubtful  whether  the  three  intermediate  polysulphides  are  other  than  mix- 
tures of  proto-  and  penta-sulphide.  They  may,  however,  be  definite  sulphides  corres- 
ponding to  the  polythionio  series  of  oxygen-salts,  thus : 


K2S^  Bisulphide. 
K'S',  Trisulphide. 
K^S*,  Tetrasulphide. 
K'S^  Pentasulphide. 


K^S'0^  Dithionate. 
K^S'0^  Trithionate. 
K=S*0^  Tetrathionate. 
K^S^O^,  Pentathionate. 


It  is  observable,  moreover,  that  the  three  intermediate  polysulphidee  residt  from 
definite  reactions,  and  that  the  disulphide  and  trisulphide  correspond  to  definite  oxides. 
The  yellow  colour,  which  solutions  of  alkaline  protosulphide  and  snlpliydrate  acquire 
by  exposure  to  air,  is  due  to  the  production  of  polysulphides,  thus :  2KHS  +  O  = 
K^S^  +  H-0.  The  yellow  solutions  of  the  polysulphides  eventually  become  colourless 
by  absorption  of  oxygen,  which  produces  a  thiosulphate,  accompanied,  in  the  case  of 
the  tri-,  tetra-,  and  penta-sidphides,  with  a  deposit  of  sulphur.  The  polysulphides  do 
not  appear  to  form  corresponding  polysidphydrates  ;  for  when  sulphur  is  boiled  with 
solutions  of  sulphydrates,  there  is  always  an  evolution  of  sulpliydric  acid,  thus : 
2KHS  +  S    =    K=S'  +  H'-S. 

The  distinction  between  neutral  and  salifiable  sulphides  is  much  less  marked  even 
than  that  between  neutral  and  salifiable  oxides.  Disulphide  of  iron,  for  instance,  is 
obviously  the  representative  of  the  non-salifiable  peroxide  of  manganese.  The  two 
compounds,  when  heated  in  close  vessels,  undergo  precisely  similar  decompositions  : 

3Mn02    =    Mn'0<  +  0^ 

3FeS2       =    Fe'S'    +  S-'. 

On  the  other  hand,  the  trisulphide  of  iron  is  obviously  the  representative  of  the 
salifiable  trioxide  of  that  metal,  and  should  correspond  with  it  in  its  reaction  with 
hydrochloric  acid,  thus : 

Fe'O'  +  6HC1    =    2FeCP  +  3H-0. 

Fe-S'   +  6HC1    =    2FeCP  +  3H-S. 

But  sulphydric  acid  has  the  property  of  reducing  trichloride  of  iron  to  the  state  of 
dichloride,  with  a  deposition  of  sulphur,  thus  :  2FeCP  +  H'-S  =  2FeCl-  +  2HC1 
+  S.  Hence  the  actual  behaviour  of  trisidphide  of  iron,  when  treated  with  hydro- 
chloric acid,  corresponds,  not  with  that  of  the  salifiable  trioxide  of  iron,  but  with 
that  of  the  indifferent  trioxide  of  cobalt : 

Co^O'    +  4HC1    =    2C0CI2   +  2H-0    +  0. 

Fe-S^    +  4HC1    =    2FeCP    +  2WS     +  S. 

The  sulphides  of  the  chlorous  metals  have  characters  corresponding  to  those  of  the 
corresponding  metallic  oxides  ;  that  is  to  say,  they  unite  with  the  sulphides  of  the 
basylous  metals  to  form  corresponding  soluble  salts.  The  disuljjhide  of  tin,  and  the  tri- 
Bulphides  and  pontasulphides  of  antimony  and  arsenic,  for  instance,  dissolve  in  sulphy- 
drate  of  potassium  or  ammonium,  just  as  the  corresponding  oxides  dissolve  in  oxhydrate 
of  potassium  or  ammonium.  Thus  we  have  stannate  of  potassium,  K'-SnO'  or  K'O.SnO", 
and  sulphostannate  of  potassium,  K^SnS'  or  K^S.SnS-.  When  these  chlorous  sulphides 
dissolve  in  alkaline  hydrates,  they  form  both  sulphosalts  and  oxysalts,  thus : 

3SnS'  +  6KH0    =    2K^SnS3  +  K^SnO'  +  3H=0. 

Eespecting  the  modes  of  formation  and  the  reactions  of  metallic  sulphides,  see  fur- 
ther Metals  (iii.  940);  also  Odling's  Mamial  of  Chemistry  (i.  153). 

On  the  sulphides  and  sulphydrates  of  alcohol-radicles,  see  Ethers  (ii.  511). 

The  individual  sulphides,  inorganic  and  organic,  are  specially  described  in  connec- 
tion with  the  several  elements  and  organic  radicles. 

SITXiPHXITDICOTXC  ACID.    See  Indigo-sulphueic  Acids  (iii.  258). 
SUX.PHIIO'DYZiXC  ACXD.    Syn.  with  Sulphestdigotic  Acid. 
StrSfPHXSATAWOU'S  ACXI>.    An  acid  produced,  according  to  Laurent,  by  the 
action  of  ammonium-sulphite  on  disulphisatyde  (iii.  412). 

SUXiFHISATXTT.    Syn.  with  Disulphisatyde. 
SUXiPHXTES.    See  SuLPHtiE,  Oxygen-acids  of. 


(C'H^O)"  N 
(SO)"  'O^' 
H  ) 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cvi.  27;  Jahresb.  1868,  p.  275  Engel- 
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hardt,Potersb.  Acad.  Bull.  xvi.  378;  Jahresb.  1858,  p.  278.)— This  aoiil,  the  aniic 
acid  of  sulphobonzoic  acid,  is  produced:  1.  By  heating  sulphobenzamide,  or  etliylsul- 
phobouzoate  of  ammonium,  with  potash  (Limpricht  and  Uslar) : 

CH-'N^SOs  +  H'O    =    C'H'NSO^  +  NH'. 

bulphuben-  Su'phoben- 
zaniide.  zamic  acid. 

Also  from  the  compound  C'H''N'-SO^  (tJie  hydroehlorate  of  which  is  formed  by  treat- 
ing sulphobeuzaniiile  willi  pentachloride  of  pho.«pliorus,  p.  G86),  likewise  with 
elimination  of  ammonia  (Limpricht  and  Uslar)  : 

C'ffN^SO'''  +  -m-O    =    C'H'NSO'  +  NIM 
.  3.  Together  with  other  products,  by  the  action  of  sulphuric  anhydride  on  benzoni- 
trile.  (Engelhardt.) 

Preparation. — 1.  Sulphobenzamide,  stirred  up  to  a  paste  with  strong  potash-ley,  is 
heated  in  the  water-bath  for  sevex-al  hours,  till  a  clear  solution  is  obtained.  This  is 
diluted  with  water,  and  supersaturated  with  hydrochloric  acid,  whereby  the  sulpho- 
benzamic  acid  is  obtained  as  a  bulky  precipitate,  which  is  purified  by  recrystallisation 
from  boiling  water.    (Limpricht  and  Uslar.) 

2.  Vapour  of  sulphuric  anhydride  is  slowly  passed  into  'well-coulcil  benzonitrile, 
whereby  a  crystalline  mass  is  produced  (if  the  action  goes  on  more  quickly,  a  vitreous 
mass  is  formed,  which  j'ields  other  products).  On  treating  the  crystalline  mass  with 
cold  water,  to  remove  excess  of  sulphuric  acid,  and  dissolving  the  residue  in  boiling 
alcohol,  needle-shaped  crystals  separate  at  first,  but  afterwards,  on  addition  of  ether, 
rhombohedral  crystals  of  sulphobenzamic  acid.  (Engelhardt.) 

Properties. — Sulphobenzamic  acid  crystallises  from  a  boiling  saturated  solution  on 
cooling,  in  scales  resembling  chlorate  of  potassium  (Li  mpri  ch  t  and  Uslar) ;  in  rhom- 
boliedral  crystals  or  in  needles,  consisting  of  aggregates  of  small  rhombohedrons 
(Engelhardt).  It  is  very  sparingly  soluble  in  cold  vrator,  more  soluble  in  ether, 
easily  in  hot  water  and  in  alcohol.  It  melts  at  a  temperature  above  200°,  and 
solidities  in  a  crystalline  mass  on  cooling ;  at  a  higher  temperature  it  volatilises  in 
white  vapours,  and  finally  burns  with  a  luminous  flame.  It  reddens  litiuus,  decom- 
poses carbonates,  but  does  not  dissolve  zinc. 

Decompositions. —  1.  Sulphobenzamic  acid  appears  to  be  resolved  by  prolonged 
lieating  into  ammonia  and  sulphobenzoic  anhydride.  The  aqueous  sohition,  when 
evaporated,  leaves  sulphobenzoic  acid. — 2.  When  1  at.  .sulphobenzamic  acid  is  heated 
to  150° — 200°  with  li  at.  pentachloride  of  phosphonis,  as  long  as  phosphoric  oxy- 
chloride  continues  to  distil  over,  a  yellow  oily  liquid  is  left,  consisting  of  sulphoben- 
zamic chloride,  C'H''NS0^C1,  which  is  converted  by  water  into  hydrochloric  and  sulpho- 
benzamic acids,  (C'H'^NSO'Cl  +  H-0  =  HCl  +  C-IPNSO^"),  and  by  ammonia  into 
snlphobenzamide  (Limpricht  and  Uslar).  By  distilling  sulphobenzamic  acid  with 
2Kntavhh.iride  of  j'^'o^phorus,  a  distillate  is  obtained,  containing — besides  oxychloride 
of  phosphorus — chlorobenzonitrile,  chlorobenzoic  chloride  (in  small  quantity\  and  the 
chloride  of  an  ensily  soluble  acid,  probably  isomeric  with  sidphobenzamic  acid. 

The  same  chloride  appeal's  to  be  obtained,  together  with  amorphous  sulphobenzamic 
acid,  by  heating  1  at.  sulphobenzamic  acid  with  1  at.  of  the  pentachloride.  On 
treating  the  yellow  tumefied  residue  with  ether,  the  amorphous  sulphobenzamic 
acid  remains  as  a  white  pulverulent  mass,  which  is  insoluble  in  v\'ater,  alcohol,  and 
ether,  but  is  converted,  by  heating  with  water  to  170° — 180°,  into  ordinary  crystal- 
lised sulpliobenzamic  acid.    (Limpricht  and  Uslar.) 

3.  Sulphobenzamic  acid  treated  witli  sulphuric  anhydride  yields  a  brown  viscid 
mass,  from  which,  by  boiling  with  plumbic  carbonate,  a  salt  is  obtained,  having  the 
composition  of  pilumbic  snlphobenzoate. 

Sulphobeuzamates. — Sulphobenzamic  acid  is  monobasic.  All  its  salts  are  more 
or  less  soluble  in  water. — The  ammo>dum-saU  separates  in  laminar  crystals,  on 
evaporating  a  solution  of  the  acid  in  ammonia. — The  harium-salt,  C"H''''Ba"N-S-0^ 
4H-0,  separates  from  the  evaporated  neutral  solution  as  a  soft,  wavcllilic,  crystalline 
mass,  which  gives  off  its  water  at  110°. — The  caleitim-snlf,  dried  at  120°,  has  the 
composition  C"H'"Ca"N-vS-0^— The  s/7cf)--ia/i',  C'H«AglSSO'.H-0,  is  precipitated  by 
silver-nitrate  from  the  solution  of  the  ammonium-salt,  in  slender  silky  nei^dles ;  it 
may  be  recrystalliscd  from  boiling  water,  and  does  not  blacken  on "  exposure  to 
light. 

The  solution  of  the  ammonium-salt  gives,  with  neutral  icad-accfate,  a  precipitate, 
crystallising  in  small  needles;  \\\\\\  ferrous  salts  a  white,  with  ,/)  salts  a  flesli- 
eoloured.  precipitate  ;  with  ciipric  salts,  a  precipitate  consisting  of  small  needles,  solu- 
ble in  ammonia;  with  mercuroiis  salts,  a  white  precipitate  turning  black  on  boiling; 
with  mercuric  chloride,  a  crystalline  precipitate  separating  from  water  in  laminae ;  with 
iinc-salis  no  precipitate. 
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EtJiylic  Siilphobenzamate,  or  Sulphobenzamic  Ether,  C'H^((7H')NS0"', 
is  obtained  by  passing  hydrochloric  acid  gas  into  the  alcoholic  solution  of  the  acid ; 
by  decomposing  the  silver-salt  with  ethylie  iodide  ;  or  by  treating  the  alcoholic  solu- 
tion of  sulphobenzoio  chloride  with  ammonia-gas.  It  crystallises  in  splendid  shining 
needles,  which,  according  to  Keferstein,  are  monoclinic  prisms,  ooP  .  ooPoo  .oP. — P, 
having  their  axes  in  the  ratio  of  1  :  2  :  4.  When  cautiously  heated,  it  melts  without 
decomposition,  and  solidifies  in  the  crystalline  state  on  cooling;  at  a  higher  tempei-a- 
tiire  it  gives  off  white  fumes,  and  burns  with  a  bright  flame.  It  dissolves  easily  in 
wann  alcohol  or  ether,  somewhat  less  easily  in  boiling  water.  Strong  caustic  potash 
dissolves  it,  at  ordinarj' temperatures,  without  evolution  of  ammonia;  at  100°  with 
formation  of  alcohol  and  potassic  sulphobenzamate ;  at  higher  temperatures  also  with 
evolution  of  ammonia.  It  does  not  dissolve  mercuric  oxide,  and  only  a  small  quantity 
of  silver-oxide.    (Limpricht  and  Uslar.) 

SUIiPHOBSXirZAinXDE.      C'ffN^SO^   =    "■""^'^^/[N^     =  (SO)" 

» 

(Limpricht  and  Uslar,  Ann.  Ch.  Pharm.  cii.  239 ;  cvi.  27. — Jahresb.  1857,  p.  336  ; 
1858,  p.  275.) — Obtained  by  treating  sulphobenzoic  chloride  with  strong  aqueous 
ammonia.  The  product,  washed  with  water,  dried,  and  recrystallised  from  absolute 
alcohol,  with  addition  of  animal  charcoal,  yields  anhydrous  sulphobenzamide ;  if 
aqueous  alcohol  be  used,  a  mixture  of  the  anhydrous  amide  and  a  hydrate  containing 
1  at.  water  is  obtained. 

Sulpliobenzamide  dissolves  readily  in  hot  water  and  hot  alcohol.  The  hydrate, 
which  crystallises  in  needles,  gives  otFits  water  at  100^;  at  170°  the  compound  fuses, 
and  between  270°  and  290°  it  slowly  decomposes,  but  without  formation  of  sulphoben- 
zimide. — When  treated  with  potash,  it  gives  off  ammonia,  and  is  converted  into  sulpho- 
benzamic acid  (p.  485). — With  pentachloride  of  phosphorus  at  100°,  it  decomposes, 
according  to  the  equation  : 

C'H'N^SO'  +  PCl^  =  C'HWSO^.HCl  +  POCF  +  HCl; 

forming  a  yello-w  syrup,  which  is  further  decomposed  during  the  distillation,  yielding 
phosphoric  oxychloride  and  chlorobenzonitrile.  The  compound  C'H"N-S0-.HC1 
dissolves  in  ether  and  in  alcohol,  but  does  not  crystallise  therefrom  ;  -with  water  or 
ammonia,  however,  it  yields  the  crystallisable  compound  CH^N-SO-,  which  dissolves 
in  potash,  and  by  prolonged  heating  therewith  is  converted  into  sulphobenzamic  acid. 

SUXiPSIOBEN'ZiLM'XI.ISE.  Biiyhcnylsruliphohenzamide,  Q''W{C<^Wf^O^,  is 
produced  by  mixing  sulphobenzoic  chloride  with  aniline.  AVTien  crystallised  from 
alcohol,  with  aid  of  animal  charcoal,  it  forms  small  white  fusible  crystals,  easily 
soluble  in  alcohol  and  ether,  slightly  soluble  in  cold  water,  decomposed  by  hot  potash- 
ley  with  separation  of  aniline. 

SUIiPHOBEITZXSS.  C'^H'^SO^.  (Mitsch erlicb,  Pogg.  Ann.  xxxi.  628.— 
Freund,  Ann.  Ch.  Pharm.  cxx.  76. — Otto,  ibid,  cxxxv.  154.) — A  compound  formed, 
together  with  pheuylsulphurous  acid,  by  the  action  of  sulphuric  anhydride  on  benzol. 
On  treating  the  thick  liquid  product  with  a  large  quantity  of  water,  the  sulphobenzide 
separates  in  the  crystalline  form,  while  the  pheuylsulphurous  acid  remains  in  solution. 
The  sulphobenzide  may  be  purified  by  crystallisation  from  ether,  or  by  distillation 
(Mitscherlich).  It  is  also  produced,  together  with  benzol,  by  distilling  aqueous 
phenylsulphurous  acid,  and  crj'stallises  in  the  receiver.  (Freund.) 

Sulphobenzide  crystallises  from  alcohol  in  rhombic  plates.  It  melts  at  100° 
(Mitscherlich),  at  128°  (Freund),  at  128°— 129°  (Otto),  and  boils  at  a  much 
higher  temperature.  It  dissolves  in  alcohol  and  in  ether,  is  insoluble  in  alkalis,  but 
dissolves  in  acids,  and  is  precipitated  therefrom  by  -water.  Strong  sulphuric  acid 
dissolves  it  when  heated,  and  converts  it  into  pheuylsulphurous  acid.  Chlorine 
converts  it,  at  the  boiling  heat,  into  trichlorobenzol  (Mitscherlich). — "With  penta- 
chloride of  phosphorus  it  forms  monochlorobenzol,  chloride  of  sulphophenyl,  and 
trichloride  of  phosphorus  (Otto)  : 

C12HI0SO2  -I-  POP  =  CffCl  +  C^H'SO'Cl  -t-  PC1». 

SITIiPHOBESfZXDXC  ACXD.    Syn.  with  Phentlsitlphtoous  Acid. 

STrxiPKOBEM-zozc  Acxx>.  C'H«so*  =  CH^O^SO'  =  0>  = 

(C'H^O)") 

(SO)"  lO'.    (Mitscherlich,  Pogg.  Ann.  xxxi.  287.— Fehling,  Ann,  Ch.  Pharm. 
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xxvli.  322. — Limpriclit  and  Uslar,  ibid.  cii.  239;  cvi.  27. — Keferstein,  ihid. 
cvi.  385.) — This  acid  is  produced  : — 1.  By  passing  the  vapour  of  sulpluiric  anhydride 
into  benzoic  acid,  or  by  mixing  1  pt.  of  the  anhydride  with  2  pts.  benzoic  acid.  The 
mass  is  treated  with  water,  which  dissolves  sulphuric  and  sulphobenzoic  acids,  leaving 
the  excess  of  benzoic  acid  undissolved;  the  solution  is  saturated  witli  carbonate  of 
barium  ;  and  the  filter.'d  solution  is  mixed,  while  still  warm,  with  a  quantity  of  hydro- 
chloric acid  sufficient  to  combine  with  half  the  baryta  in  .solution.  Acid  sulphobrnzo,ate 
of  barium  then  separates  on  cooling,  and  on  decomposing  tlie  solution  of  this  salt  with 
the  exact  quantity  of  sulphuric  acid  required  to  precipitate  the  barium,  and  evaporating 
the  filtered  solution  till  it  no  longer  boils  at  150°,  the  sulphobenzoic  acid  separates 
on  cooling  as  a  crystalline  mass. 

2.  By  the  action  of  sulphuric  acid  on  benzonitrile,  disulphobenzolic  acid  being  formed 
at  the  same  time : 

C=H^N  +  H-0  +  2H-S0'    =    CmSO^  +  (NH^H)SO'. 

Bl-hzo-  Sulpho- 
benzoic 
acid. 

C'H^N  +  3H-S0'    =    C^ffS^O"  +  (NH''.H)SO^  +  CO-. 

Benzo-  Disulpho- 
nitnle.  benzolic 
acid. 

On  neutralising  the  product  of  the  reaction  with  carbonate  of  barium,  evaporating, 
redissolving  in  water,  and  adding  alcohol  by  separate  portions,  sulphobenzoate  of 
barium  ciystallises  out  first,  and  afterwards  the  disulphobenzolate.  (Buckton  and 
ITofmann,  Chem.  Soc.  Qu.  J.  ix.  255.) 

3.  By  the  action  of  water  on  sulphobenzoic  chloride  : 

C'H^SO^CP  +  2W0  =  CH^SO^  +  2HC1. 

Sulphobenzoic  acid  forms  a  solid  crystalliue  mass,  which  may  be  heated  to  150" 
without  decomposition  :  it  deliquesces  gradually  in  damp  air,  but  recovers  its  solid 
form  in  a  dry  atmosphere.  It  is  not  altered  by  boiling  with  acids  or  alkalis,  but  on 
fusing  it  with  solid  potash,  the  sulphur  is  converted,  partly  into  sulphuric,  pai-tly  into 
sulphurous  .acid. — By  a  mixtm'e  of  2  pts.  oil  of  vitriol  and  1  pt.  nitric  acid,  it  is  con- 
verted into  nitrosulphobenzoic  acid,  C'H\NO-)SO*. — With  2  at.  pentachloride  of  phos- 
phorus, it  forms  sulphobenzoic  chloride  : 

C"H«SO=  +  2PCP  =  C'H'SO'CP  ^-  2P0CP  +  2HC1. 

With  1  at.  of  the  pentachloride,  the  product  is  sulphobenzoic  clilorhydrate : 

C'H^SO^  +  POP  =  C'H'SO'I^Q  +  POCP  +  HCl. 

Sulphobenzoates. — Sulphobenzoic  acid  is  dibasic,  forming  acid  and  neutral 
salts,  the  former  being  for  the  most  part  less  soluble  than  the  latter. — The  neutral 
barium-salt,  C'H^Ba"S-0^,  obtained  by  boiling  the  solution  of  the  acid  salt  with, 
barium-earlionate,  fomis  indistinct  crystals,  very  soluble  in  water,  and  bearing  without 
decomposition  a  temperature  as  high  as  that  of  boiling  oil. — The  acid  barium-salt, 
C'H^Ba"S0''.C'H''S0'.3ir'O,  prepared  as  above  described,  crystallises  in  monoclinie 
prisms  :oP.  c»P  .  ooPoo  ,  with  the  angles  oP  :  ooP  =  98°6';  ooP  :  a>P  =  82°  21 
(Feliling).  The  crystals  give  off  their  water  at  200 ',  dissolve  in  20  pts.  water  at 
20°,  and  have  an  acid  reaction. — The  lead-salt,  C'H'Pb"S0^2H'-0,  is  obtained  in 
solution  by  boiling  the  acid  with  excess  of  lead-carbonate,  and  separates  on  cooling  in 
stellate  groups  of  slender  needles.  Gives  off  its  water  at  200°. — The  neutral  potas- 
sium-salt, C'H'K-SO^,  i'orms  beautiful  deliquescent  crystals  :  the  a^id  salt,  is  efHol-es- 
cent. — The  silver-salt,  C"H''Ag^SO^.H-0,  crystallises  in  a  vacuum  in  small  yellowish 
prisms,  which  dissolve  easily  in  water,  and  give  off  1  at.  water  when  dried.  (Feh- 
ling.) 

The  acid  sidphobenzoates  of  magnesium  and  zinc,  also  the  acid  ferrous,  cobaltous, 
and  cupric  salts,  form  beautiful  crystals.    (Mitscherli eh.) 

Derivatives  of  Sulphobenzoic  Acid. 

Kitrosulphobemoic  Acid,  C'ir'(NO-jSO*.  (Limpricht  and  Uslar.) — Pre- 
pared by  adding  sulphobenzoic  or  sulphobenzamic  acid  to  a  cold  mixture  of  strong 
nitric  and  sulphuric  acids,  diluting  with  water  after  some  time,  neutralising  with 
carbonate  of  barium,  and  decomposing  the  resulting  barium-salt  with  sulphuric  acid. 
It  crystallises  from  a  concentrated  solution  in  well-defined  crystals. — The  neutral 
barium-salt,  C'IPBa'\NO-)SO^,  forms  easily  soluble,  nodular,  mostly  yellowish 
crystals,  containing  3  or  §  at.  water. — The  acid  barium-salt,  C'H'Ba"(NO')SO\ 
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C'H'(NO°)SO^,  crystallises  in  small,  limpid,  radiating  prisms,  containing  4  at.  water. 
— The  silver-salt,  obtained  by  boiling  the  acid  with  silver-oxide,  crystallises  in  small 
nodules,  easily  soluble  in  water,  insoluble  in  alcohol. 

Amidosulpkohenzoic  Acid,  C'H'NSO*  =  C'H*(NH-)SO^  produced  by  continued 
digestion  of  nitrosulphobenzoic  acid  with  aqueous  sulphide  of  ammonium,  separates, 
on  supersaturating  the  concentrated  filtrate  with  hydrochloric  acid,  in  white  con- 
centrically-grouped needles,  having  an  acid  reaction,  easily  soluble  in  hot  water,  less 
soluble  in  alcohol,  nearly  insoluble  in  ether.  When  heated,  it  chars  without  previous 
fusion.  It  dissolves  easily  in  ammonia,  and  the  solution  forms,  with  nitrate  of 
silver,  a  white  precipitate,  which  turns  black  on  boiling.  Amidosulphobenzoic  acid 
does  not  appear  to  unite  with  other  acids,  at  least  not  with  hydrochloric  acid.  (Lim  - 
pricht  and  Uslar.) 

SVIiPHOBEN-ZOZC  CHX.OSBYBRATE.    C'ffClSO*  =  C'ffSO^  |  2q  = 

(C'H^O)"l(,j 

(SO)"  >^2-  Chlorwasserstoff-Siilfobenzoesaure. — This  compound,  analogous  to  Wil- 
H 

liamson's  sulphuric  chlorhydrate,  SO-.Cl.HO,  is  obtained: — 1.  By  heating  1  at.  sul- 
phobenzoic  acid  with  1  at.  pentachloride  of  phosphorus,  till  the  gxeater  part  of  the 
phosphoric  osycliloride  has  distilled  off,  and  adding  water  to  the  residue  to  dissolve 
out  hydrochloric  and  phosplioric  acids. — 2.  By  leaving  sulphobenzoic  chloride  in 
contact  with  water  for  several  weeks  : 

C'H'CPSO'  +  H=0    =    C'H^'CISO^  +  HCl. 

It  is  a  white  crystalline  powder,  soluble  in  ether,  decomposed  by  alcohol  and  by 
boiling  water,  insoluble  in  cold  water.  It  melts  very  easily,  and  decomposes  at  a 
higher  temperature.  By  boiling  water  and  by  alkalis  it  is  converted  into  sulphoben- 
zoic acid.    (Limpricht  and  Uslar.) 

SiriiFHOBSiraOZC  CHXiOaXSi:.  C'H'SO'CP  =  |  q^'.— Prepared  like 

the  preceding,  but  with  2  at.  phosphoric  pentachloride  to  1  at.  sulphobenzoic  acid  dried 
at  100°.  It  is  a  yellowisli-brown,  -v-iscid,  oily  liquid,  having  a  faint  unpleasant  odour, 
heavier  than  water,  and  very  slowly  decomposed  thereby.  Boiling  water  dissolves  it 
more  quickly,  forming  hydrochloric  and  sulphobenzoic  acids. — Alkalis  decompose  it  in 
a  similar  manner.  When  heated  to  300°  it  decomposes  with  strong  intumescence,  giving 
off  chloride  of  chlorobenzoyl  (i.  567),  and  lea-\-ing  a  carbonaceous  mass. — Alcohol  dissolves 
it,  with  great  rise  of  temperature  and  formation  of  ethylic  sulphobenzoate.  Anhydrous 
ether  appears  to  dissolve  it  without  decomposition. — Aqueous  ammonia  converts  it 
into  sal-ammoniac  and  s(dphobenzamide :  the  latter  is  also  formed  by  passing 
ammonia-gas  into  the  ethereal  solution  of  the  chloride. — With  aniline  it  forms  sulpho- 
benzanilide  and  hydrochlorate  of  aniline.  Alcohol  saturated  with  ammonia,  dissolves 
it  with  great  rise  of  temperature,  forming  ethylsulphobenzoic  acid.  (Limpricht 
and  Uslar.) 

SXTliPKOBUN'ZOIC  ETHERS.  The  only  ones  known  are  the  acid  and  neutral 
ethylic  ethers. 

Ethylic  Sulphohenzoate,  CH'^SO^  =  C'H\C=H'>)=S05.  (Limpricht  and 
Uslar,  Ann.  Ch.  Pharm.  cii.  252.) — Absolute  alcohol  becomes  strongly  heated  in 
contact  with  sulphobenzoic  chloride;  hydrocliloric  acid  and  chloride  of  ethyl  are 
given  off;  and  on  evaporating  the  liquid  over  the  water-bath,  ethylic  sulphobenzoate 
remains  in  the  form  of  a  syrupy  residue  having  a  fiiint  ethereal  odour.  It  dissolves  in 
water  in  all  proportions,  and  cannot  therefore  be  purified,  like  most  compound  ethers, 
by  wasliing  with  water.  On  heating  the  aqueous  solution,  the  ether  is  resolved  .  into 
alcohol  and  sulphobenzoic  acid.  It  cannot  be  distilled  without  decomposition  ;  when 
heated  in  a  retort,  it  leaves  a  large  quantity  of  charcoal ;  swells  up  considerably,  and 
yields  a  small  quantity  of  distillate  having  a  disagreeable  odour.  Treated  with  gaseous 
or  aqueous  ammonia,  it  yields  ethylsulphobenzoate  of  ammonium. 

Ethylsulphobenzoic  Acid,  C»H'«SO^  =  C'ff(C-H^)SO^  (Limpricht  and 
Uslar,  loc.  cit.) — Produced  in  the  form  of  an  ammonium-salt,  by  dissol  ving  sulphobenzoic 
chloride  in  alcoholic  ammonia,  or  by  dissolving  sulphobenzoic  ether  in  alcohol,  and 
passing  ammonia  through  the  solution.  On  evaporating  the  liquid,  the  ammonium- 
salt  is^obtained  in  crystals  ;  and  by  dissolving  these  in  water,  precipitating  the  ammonia 
with  platinic  chloride,  removing  the  excess  of  platinum  by  sulphuretted  hydrogen,  and 
evaporating  the  filtrate  at  the  heat  of  the  water-bath,  ethylsulphobenzoic  acid  is 
obtiiined,  in  the  form  of  a  yellowish  syrup,  which  does  not  show  any  signs  of  crystalli- 
sation, even  after  standing  for  several  days.  The  acid  appears,  however,  to  be  crys- 
tallisable,  but  difficult  to  obtain  in  the  crystalline  form,  on  account  of  its  proneness  to 
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decomposition  ;  for  on  decomposing  the  barium-salt  witli  an  equivalent  quantity  of 
sulphuric  acid,  and  evaporating  the  filtrate  over  the  water-bath,  a  syrup  was  obtained, 
which  solidified  in  a  crystalline  mass  on  cooling,  but  on  being  saturated  with  barium- 
carbonate,  yielded  a  mixture  of  sulphobenzoate  and  ethylsulphobenzoate  of  barium. 

The  Etlii/lsid2>!t'i^>i  n:oates  are  all  very  soluble  :  they  are  most  readily  prepared  from 
the  ammonium-salt  by  precipitating  the  ammonia  with  platiuie  chloride,  removing  the 
excess  of  platinum  with  sulphydric  acid,  and  neutralising  the  filtrate  with  the  required 
base. — The  ammonium-Bait,  CTP(NH')SO^  crystallises  in  large,  well-defined,  four- 
sided  tables,  with  very  distinct  cleavage  parallel  to  the  shorter  side  of  the  base.  It 
is  insoluble  in  ether,  but  dissolves  readily  in  water  and  in  alcohol,  forming  neutral 
solutions. — The  barium-salt,  C'*'H'*]5a"S'-0"'.  .rH'-'O,  crystallises  from  a  very  concen- 
trated aqueous  solution,  in  small  rhombic  tables,  which  effloresce  over  oil  of  vitriol. — 
The  silver-salt  forms  stellate  groups  of  small  needles. — The  sodium-salt,  CTPNaSO^ 
forms  nodular  groups  of  milk-white  needles,  easily  soluble  in  water  and  in  alcohol. 

SUXiPHOBEiarzoii.    C'H"S.    Syn.  with  Sulphide  of  Benzylene  (i.  677). 

SUX.PHOBSM'ZOI.A.IiSZBS.  CH'NSO'^  =  N.H-.C'H-'SO'-'.  (Stenhouse, 
I'roe.  Ivoy.  Soe.  xiv.  3ol.) — Produced  by  heating  sulphobenzolato  (phenylsulphite)  of 
ammonium  to  2U;j^.  Orybtallises  from  alcohol  or  water  in  laminte  resembling  naph- 
thalene, which  melt  at  153°. 

SUX.PHOBEM'ZOI.BM'E.  C"H'"SO=.  (Stenhouse,  loc.  cit.)—A  compound 
isomeric  with  sulphobenzide  (p.  486),  produced  by  heating  phenylic  sulphide  (iv.  417) 
with  strong  nitric  acid,  or  more  readily  by  digesting  it  with  acid  potassium-chromate 
and  sulphuric  acid  diluted  with  2  pts.  of  water.  When  crystallised  from  benzol,  it 
forms  monoclinie  prisms,  exhibiting  the  combination  [  ocPoo  ]  .  coPco  .  Pn  .  oP,  with 
the  angles  (approximately  determined)  [  ooPco  ]  :  ooPco  =  85°  30'  and  94°  30' ; 
[  ccPco  ]  :  Pm  =  71°  40' ;  ooPoo  :  oP  =  69°  40'.  The  crystals  are  tabular,  from  pre- 
dominance of  [  ccPoo  ].  From  hot  alcohol  it  separates  in  crystals,  resembling  chlorate 
of  potassium,  but  for  the  most  part  of  the  same  form  and  with  the  same  angles  as 
from  benzol.  It  dissolves  easily  in  ether  and  in  carbonic  disulphide,  but  with 
difficulty  in  boiling  water,  from  which  it  crystallises  completely  on  cooling.  It 
melts  at  126°,  and  distils  at  a  higher  temperatiu'e.  It  dissolves  in  hot  sulphuric  acid, 
and  is  precipitated  therefrom  by  water.  A  mixture  of  nitric  and  sulphuric  acids  eon- 
verts  it  into  an  oxidation-product,  sparingly  soluble  in  hot  alcohol,  and  crystallising  in 
needles. 

SUliPHOBElO'ZOI.Elii'IC  ACIB.    Syn.  with  Benzixsvlphueous  Acid.  (See 

SuLl'lIUKOUS  ExHEIiS.) 

SUZiPHOBErrzoiiXC  acid.  Syn.  with  PiiENTLSULPHiiRous  Acid.  (SeeSuL- 
rnuiious  Etueks.) 

Disulpbobenzolic  Acid.  Syn.  with  Phenylene-sulphurous  Acid.  (Sec  Sulphu- 
rous Ethers.) 

SUX>PHOBBl!fZ0XiZC  CHZiOKIBE.    Syn.  with  Sulphophenylic  Chloride. 

SUX.PHOBSIirZOYI.,  HVSnZDE  or.  C'H"S.  A  compound  formed  by  the 
action  of  ainmoniuni-sulphido  on  an  alcoholic  solution  of  bitter-almond  oil  (i.  571). 

SUIiPHOBUTVXiZC  ACXD.  Syn.  with  Tetbtlsulphueic  acid.  (See  Sulphu- 
liio  Ethers.) 

SUIiPHOCACOSTZiXC  ACID.    See  Arsenides  of  Methyl  (i.  409). 

SUX.PHOCATCPHIC  ACID.  Syn.  with  Tuymy'lsulphubous  Acid.  (See  Sul- 
rnuKOTS  Etukhs.) 

SUI.PHOCAnXPHORXC  ACID.  CH'^SO".  (Walter,  Ann.  Ch.  Phys.  [3], 
ix.  177.) — An  acid  produced  by  the  action  of  sulphuric  acid  on  camphoric  anhydride 
(i.  730): 

C'»H"0'  +  n-SO'  =  C^H'^SO"  +  CO. 

To  prepare  it,  camphoric  anhydride  is  introduced  by  small  portions  into  an  excess  of 
strong  sulphuric  acid,  and  the  clear  solution  is  heated  to  65°.  Carbonic  oxide  is  then 
rapidly  evolved,  and  the  liquid,  after  being  left  at  rest  to  deposit  unaltered  cam- 
phoric anhydride,  then  filtered  and  h'ft  to  evaporate  in  a  vacuum,  deposits  crystals  of 
sulphocamphoric  acid,  sometimes  having  a  green  coloiu-.  For  purification  they  are  left 
to  drain  in  a  funnel  plugged  with  asbestos,  then  pressed  between  bibulous  paper,  and 
crystallised  several  times  from  alcohol  till  they  become  colourless. 
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Sulphocamphoric  acid  crystallises  in  six-sided  prisms,  coloiirless,  very  bitter,  very 
s  oluble  in  water,  alcohol,  and  ether.  The  crystals  contain  2  at.  water,  which  they  give 
o£F  in  a  vacuum.  The  acid  melts  between  160°  and  165°,  and  decomposes  at  a  higher 
temperature.  It  dissolves  slowly  in  cold,  quickly  in  boiling  nitric  acid,  without  alter- 
ation or  evolution  of  red  fumes.  Strong  sulphuric  acid  dissolves  and  ultimately 
chars  it. 

Sulphoiramphoric  acid  is  dibasic,  its  neutral  salts  being  represented  bv  the  formula 
CH'^M-SO''.— The  ammonium-salt,  C'H'XNH*)2S0''.H-0,  forms  stellate  groups  of 
crystals,  which  are  very  soluble  in  water,  and  redden  litmus. — The  potassium-bnlf, 
CH'^'K-SO'',  crystallises  by  evaporation  in  very  fine  needles,  having  a  cooling  styptic 
taste.  It  is  neutral  to  test-papers,  very  soluble  in  water,  slightly  soluble  in  alcohol. 
Sometimes  cauliflower-heads  of  crystals  are  obtained,  apparently  consisting  of  an  acid 
salt. — The  barium-salt,  C'II"Ba"SO'',  forms  a  colourless  or  slightly  yellow  gummy 
mass,  which  faintly  reddens  litmus-paper,  is  very  soluble  in  water,  slightly  soluble  in 
alcohol. — A  bario-cupric  salt,  C'*H'-*Ba"Cu"S^O'^,  is  obtained  by  precipitating  a  cold 
solution  of  the  barium-salt  with  cupric  sulphate. — The  lead-salt,  CTI"Pb"SO^,  is 
an  amorphous  mass,  having  a  sweet  taste,  soluble  in  water,  insoluble  in  alcohol,  red- 
dening litmus-paper. — The  silver-salt,  CH'^'Ag-SO'',  is  obtained,  by  saturating  the  acid 
with  silver-oxide  and  evaporating,  in  crystalline  crusts,  soluble  in  water,  slightly 
soluble  in  cold,  somewhat  more  in  hot  alcoliol :  this  salt  likewise  reddens  litmus. 

SVIiPHOCAPRVlilC  ACXS.  Syn.  with  Octtlstophtteic  Aced.  (See  Sul- 
phuric Ethers.) 

SUX.PBOCil.RBA!WIC  ACID.    CH'NS'^  =  (CS)"j.g.      (Zeise,  Ann.  Ch. 

Pharm.  xlviii.  95. — Debus,  ibid.  Ixxiii.  26.) — The  sulphm'-analogue  of  carbamic  acid 
(i.  749).  Its  ammonium-salt,  CH^(NH^)NS-',  is  produced: — 1.  By  direct  combination 
of  ammonia  with  carbonic  disulphide  :  CS-  +  2NII^  =  CH^N^S^.  When  a  mixture  of 
1  vol.  absolute  alcohol  saturated  with  ammonia-gas  and  a  solution  of  0"16  vol. 
carbonic  disulpliide  in  0-4  vol.  alcohol,  is  exposed  in  a  closed  flask  to  a  temperature  of 
15°,  it  gradually  turns  brown,  and  deposits  plumose  crystals  of  ammonium-trisulpho- 
carbonate,  afterwards  larger  and  more  shining  prismatic  crystals  of  the  sulphooarba- 
mate.  The  liquid,  after  it  has  ceased  to  deposit  crystals,  yields  a  further  quantity  of 
the  sulphocarbamate  by  distillation. 

2.  By  the  decomposition  of  ammonium-trisulphocarbonate : 


To  effect  this  transformation,  the  trisulphocarbonate  is  enclosed  for  30  or  40  hoiu-s 
with  alcohol  in  a  well-closed  flask. 

Sulphocarbamio  acid  is  obtained  in  the  free  state  by  decomposing  the  ammonium- 
salt  with  dilute  sidphuric  or  hydrochloric  acid.  It  then  separates  as  a  colourless  or 
reddish  oil,  heavier  than  water,  and  having  a  peculiar  odour,  somewhat  like  that  of 
sulphydric  acid.  It  is  somewhat  unstable,  being  gradually  resolved  into  sulphoeyanic 
and  sulphydric  acids  ;  in  presence  of  water,  it  also  yields  cyanic  acid  or  its  products  of 
decomposition : 

CH'NS=    =    CHNS  +  H^S. 

Sulphocar-  Sulphocy- 
bamic  acid.  anic  acid. 

CH'NS'  -H  WO    =    CHNO  +  2^8. 

Cyanic 
acid. 

Metallic  Sulphocarbamates. — Sulphocarbamic  acid  is  monobasic;  it  decom- 
poses carbonates  with  effervescence.  Its  salts  are  easily  resolved,  especially  by  heat 
or  by  the  action  of  alkalis,  into  sulphydric  acid,  sulphoeyanic  acid,  and.  metallic 
sulphide : 

2H2(CS)"MSN  =  2(CS)"HN  +  +  M'S. 

Sulphocar-         Sulphoeyanic  i 
bamate.  acid. 

Sulphocarbamate  of  Ammonium,  CH^(NH'N)S^,  crystallises  in  long  lemon- 
yellow  prisms,  easily  soluble  in  water,  less  soluble  in  alcohol.  Exposed  to  moist  air 
it  deliquesces,  and  is  converted  into  a  liquid,  consisting  almost  entirely  of  ammonium- 
BUlphydrate.    Heated  with  potash,  it  yields  sulphocyanate  and  sulphide  of  potassium, 
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together  with  water  and  ammonia.  Chlorine,  bromine,  and  iodine  convert  it  into 
bydranzotin  or  sulphocarbammonium-sulphide  (iii.  178): 

2CHXNH')NS=  +  CP    =    2NH^C1  +  C-H^N^S'. 

Ainmoniuni-sul-  Hi-draiizotiii. 
phocarbaniHte. 

The  same  transformation  is  effected  by  ferric  salts  mixed  with  excess  of  sulphuric  or 
hydroclilorie  acid. 

Cuprous  Sulphocarbamatc,  CH'Cu'NS-,  is  a  yellow  powder,  insoluble  in  water 
and  in  alcohol. — The  lead-salt,  C-'H^Pb"N-'S',  is  precipitated  by  neutral  lead-acetate 
from  the  solution  of  the  ammonium-salt,  in  white  flocks,  which  tirrn  red  on  drying  and 
blacken  when  boiled  with  water. — The  cinc-salt,  C-H*Zu"N-S',  is  a  white  pulverulent 
precipitate. 

A  solution  of  animonium-sulphoearbamnte  is  not  precipitated  by  calcium-  or  barium- 
salts.  It  forms  a  yellowish-green  precipitate  with  nickel-suljykatc,  white  with  mercuric 
chloride,  yellowish-brown  with  p)leitinic  chloride  ;  with  a  dilute  solution  of  silver-nit  rale 
a  yellow  precipitate,  which  soon  turns  black.  A  mixture  of  the  concentrated  solutions 
of  ammonium-sulphocavbamate  and  chromic  sulphate  deposits,  after  a  while,  a  small 
quantity  of  coluuilcss  needles  containing  chromium  and  sulphur;  and  the  mother- 
liquor,  after  some  hours,  deposits  a  blue  substance. 

SUIiPHOCARBiinxiC  BTHSHS.  Sulphocarbamic  acid,  like  other  amic  acids, 
may  give  rise  to  two  isomeric  groups  of  ethers,  according  as  an  atom  of  hydrogen 

H 


SI" 


belonging  to  the  ammonia-type  or  to  the  water-type  in  the  formula,  ^Qtj^y !     >  is  replaced 

H 

by  an  alcohol- radicle,  the  relation  between  the  two  groups  being  the  same  as  that  which 
exists  between  ethylcarbamic  acid  and  ethylic  carbamate  (i.  750,  751): 


N 


H  ]^  H 

(CO)"{q  (CO)"ro 
H  { ^  C^H*  i  ^ 

Ethylrarbamic  Ethylic  car 
acid.  bam  ate. 


To  the  first-mentioned  group  of  sulphocarbamic  ethers  belong  amylsulphocarbamic 

acid,   (CS)"   >oiand  its  amylammonium-salt,     (CS)"      y„  ,  the  latter  being  pro- 

H  NH^(C^H")j'^ 
ducod  by  the  action  of  amylamine  on  carbonic  disulphide,  and  the  amylcarbamic  acid 
separated  from  it  by  hydrochloric  acid  (see  Amylamines,  i.  207) ;'  also  allyl-sulphocar- 
bamic  or  sulphosinapic  acid  (q.v.). 

Ethers  derived  from  sulphocarbamic  acid,  CH^NS-,  by  the  substitution  of  an  alcohol- 
radicle  for  the  hydrogen  of  the  water-type  have  not  yet  been  obtained  ;  but  two  com- 
pounds are  known,  which  may  be  derived  in  this  manner  from  the  unknown  oxysul- 
p  h ocarb  a mic  acid,  CH^NSO,  viz. : 

Ethylic  Oxysulphocarbamate  or  Xanthamide   .       .       .    C'H'NSO    =    (CS)"  }t: 

Amylic  Oxysidphocarbamato  or  Xanthamylamide    .       .  C^H^NSO    =  (CS)" 

C^H"J 

Ethylic  Oxysulpbocarbamate  or  Xantbamide,  C'H'NSO.  (Debus,  Ann. 
Ch.  Phann.  Ixxii.  1;  Ixxv.  r27;lxxxii.  253.) — This  compound  is  produced : — 1,  By 
the  action  of  ammonia  on  neutral  cthj'lic  disulphocarbonate  (xanthic  ether): 

C=H= ) "  C^'H^  i "  ' 

X.inthic  Xantlia-  Mcrc.iirtan. 

etiier.  ir.ide. 

2.  By  the  action  of  ammonia  ou  ethyldisulphocarbonic  sulphide  (p.  495): 

Etliyldisulplio-  Xantluc  Xantha- 

carbomc  sulphide.  acid.  mide. 
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To  prepare  the  compound  in  considerable  quantity,  Debus  gradually  adds  carbo- 
nic disulphide  to  an  alcoholic  solution  of  potash  till  the  liquid  is  completely  neutral, 
then  dilutes  it  with  two  volumes  of  water,  and  passes  chlorine  into  it.  The  chlorine 
decomposes  the  xanthate  of  potassium,  forming  chloride  of  potassium  and  ethyldi- 
sulphoearbonic  sulphide,  which,  being  insoluble  in  the  dilute  alcohol,  falls  to  the 
bottom.  As  this  compound  is  easily  decomposed  by  an  excess  of  chlorine,  it  is  advi- 
sable to  add  to  the  liquid  a  small  quantity  of  potassium-iodide,  which  will  not  be  decom- 
posed as  long  as  there  is  any  xanthate  present,  but  will  impart  a  brown  colour  to  the 
liquid  as  soon  as  the  whole  of  the  xanthate  is  decomposed.  The  oily  ethyldisulpho- 
carbonic  sulphide  is  then  washed  with  water,  dissolved  in  a  mixture  of  1  pt.  ether  and 
2  pts.  alcohol ;  and  dry  ammonia-gas  is  passed  into  the  solution,  whereby  it  gradually 
becomes  turbid,  and  dei^osits  long  needles  of  sulphur.  The  filtered  liquid,  evaporated 
in  a  vacuum,  leaves  a  saline  residue,  consisting  of  ammonium-xanthate  and  xanthamide, 
the  latter  of  which  may  be  dissolved  out  by  ether,  and  remains,  on  evaporation,  as  a 
yellow  oil,  which  ultimately  crystallises,  and  maybe  obtained  pure  by  recrystaUisation 
from  a  small  quantity  of  alcohol. 

Xanthamide  crystallises  by  spontaneous  evaporation  in  monoclinic  prisms  or  octa- 
hedrons, often  of  considerable  size.  Dominant  faces,  +P  and  —  P  with  oP.  Angle 
oP  :  -P  =  118°  ;  oP  :  +F  =  105°.  The  piano  angles  of  oP  are  nearly  =  90°. 
Cleavage  perfect,  parallel  to  oP.  The  crystals  melt  at  about  36°,  dissolve  sparingly  in 
water,  but  are  dissolved  in  all  proportions  by  alcohol  and  ether. 

Xanthamide  is  resolved  by  distillation  into  mercaptan  and  cyanic  acid  (or  at  160°,  ■ 
cyamurio  acid) : 

CS0.C2H^H^N  =    C-H-S  +  COHN. 

Xanthamide.  Mercap-  Cyanic 

tan  acid. 

When  boiled  -with  potash  or  haryta-water,  it  is  resolved  into  alcohol  and  sulphocyanic 
acid : 

CSO.C^ff.H^N    =    C^H«0  -1-  CSHN. 

When  nitrous  acid  vapour  is  passed  into  water  containing  xanthamide  in  suspension, 
a  crystallisable  substance  is  formed,  designated  by  Debus  as  oxy  sulphocyanate 
of  ethyl;  its  composition  is  approximately  represented  by  the  formula  C*H"'N''0'S, 
and  it  is  probably  formed  by  the  union  of  2  at.  xanthamide,  with  elimination  of  hydro- 
gen and  sulphydrie  acid : 

2C^II'N0S  -  H^S  -  B.^    =  C'WN-'O^S. 

Compiounds  of  Xanthamide  with  Metallic  Salts. — o.  With  cuprous  chloride,  xantha- 
mide forms  four  compounds,  containing  1,  2,  3,  and  4  at.  xanthamide  to  1  at.  CuCl. 

The  compound  C^H'NOS.CuCl,  is  obtained  as  a  white  crystalline  precipitate,  on  adding 
hydrochloric  acid  to  an  aqueous  solution  of  xanthamide  mixed  with  excess  of  cuprie 
sulphate.  It  is  nearly  insoluble  in  water,  but  dissolves  in  hot  alcohol,  and  crystallises 
on  cooling  in  small  very  brilliant  rhombohedrons,  approaching  very  closely  to  the 
cube.  It  is  likewise  formed  on  mixing  an  alcoholic  solution  of  xanthamide  with  a  neu- 
tral solution  of  cupric  chloride.  The  liquid  first  becomes  blood-red,  then  colourless, 
strongly  acid,  and  deposits  sulphur;  and  the  filtrate  yields,  by  spontaneous  evapora- 
tion, first  rhombohedral  crystals  of  the  compound  C^H'NOS.CuCl,  then  long  needles 
of  the  compound  above  mentioned  as  oxysulphocyauate  of  ethyl. 

The  compound  2C'H'N0S.CuCl  is  deposited,  in  shining  rhombic  tables,  on  adding 
rather  more  than  1  at.  xanthamide  to  the  preceding  compound,  and  evaporating.  It  is 
insoluble  in  water,  very  soluble  in  alcohol,  and  appears  to  be  dimorphous,  inasmuch  as 
a  concentrated  alcoholic  solution  deposits  it  in  large  hexagonal  prisms,  whereas  from  a 
dilute  solution  it  separates  in  rhombic  tables. 

By  increasing  the  proportion  of  xanthamide,  the  compounds  SC^H'NOS.CuCl  and 
4C^II'N0S.CuCl  may  be  obtained,  both  in  well-defined  crystals.  All  these  compounds 
are  more  fusible  and  more  soluble  in  alcohol,  as  they  contain  a  larger  proportion  of 
xanthamide.  The  crystals  decompose  after  some  weeks,  sulphide  of  copper  being  set 
free. 

/3.  With  Cuprous  Iodide. —  A  boiling  alcoholic  solution  of  the  compound, 
SC^H'NOS.CuCl,  mixed  with  a  hot  solution  of  iodide  of  potassium,  deposits,  after 
some  hours,  concentrically-grouped  needles  of  the  compound  2C^H'N0S.CuI ; 
the  mother-liquor,  on  further  concentration,  yields  laminae  of  the  compound 
SC'H'NOS.CuI ;  and  the  liquid  finally  deposits  xanthamide  and  chloride  of  potas- 
sium. 

y.  With  Cuprous  Sulphoci/anatc. — An  alcoholic  solution  of  the  compound  2C^H'N0S. 
CuCl,  mixed  with  sulphocyanate  of  potassium,  yields  a  white  crystalline  precipitate, 
which  appears  to  consist  of  C^H'NOS.lOCyCuS  (?).  A  hot  concentrated  solution  of 
the  conipoimd  SC'^IPNOS.CiiCl  yields,  with  sulphocyanate  of  [lotassium,  an  immediate 
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precipitate,  consisting  of  colourless  tables  of  the  compound  2C^H'NOS.3CyCuS.  If 
this  compound  be  left  immersed  in  the  mother-liquor  for  some  days,  the  crystals 
become  larger,  acquire  a  yellowish  colour,  and  are  converted  into  the  compound 
C'H'NOS.CyCuS. 

An  alcoholic  solution  of  the  compoimd  C^H'NOS.CuCl  yields  with  sulphoeyanate 
of  potassium,  nothing  but  a  white  pulveriilont  precipitate  of  cuprous  sulphoeyanate. 

S.  With  other  Salts.— The  compound  3C''H'N0S.CuCl  is  decomposed  at  the  boiling 
heat  by  zinc,  which  precipitates  the  copper  and  forms  chloride  of  zinc ;  but  this  salt 
does  not  combine  with  the  xanthamide,  neither  does  xauthamido  appear  to  unite  with 
ferrous  chloi'ide,  chloride  of  barium,  or  chloride  of  potassium.  With  mercuric  chloride, 
however,  it  appears  to  lie  capable  of  forming,  under  certain  circumstances,  compounds 
similar  to  tlKiSc  which  it  yields  with  cuprous  chloride. 

Amylic  Oxysulpbocarbamate,  Amylxantbamlde,  or  Xantbamylamide, 

C«H'»NOS  =  C,SO.C^H".H-X.— This  compound,  discovered  by  M.  AV.  Johnson 
(Chem.  Soc.  Qu.  J.  v.  242),  and  prepared  similarly  to  the  ethyl-compound,  has  been 
already  described  among  the  sulphur-compounds  of  amyl  (i.  206). 

(CS)"i 

SVX.PHOCARBA.IVIXBS.    CH'N'S    =      H"  VN-.— This  compoxmd  has  not 

H=  i 

yet  been  obtained.  It  contains  the  elements  of  sulphoeyanate  of  ammonium,  CNS.NH', 
but  is  not  actually  formed  from  that  compound  in  the  same  manner  as  carbamide 
(urea)  from  cj-anate  of  ammonium. 

Several  substitution-derivatives  of  sulphocarbamide  are  however  known,  and  have 
been  already  described  under  Carbamide  (i.  754),  viz. : 

AUylsulphocarbamide   N2.(CS)".C'H^H' 

Naphthyl-allylsulphocarbaraido   ....  N-.(CS)".C">H'.C^HMI2 

Phonylsulphocarbamide   N-(CS)".C«H-'.H^ 

Diphenylsulphoearbamide   N^(CS)".(C"H^)MP 

Phenyl-allylsulphocarbamide      ....  N2.(CS)".C"H^CTIMP. 

These  compounds  are  formed  by  the  action  of  ammonia  and  alcoholic  ammouia  on 
Kulphocyanic  ethers  ;  and  compounds  of  analogous  constitution,  but  having  half  the 
nitrogen  replaced  by  phosphorus,  are  obtained  by  the  action  of  trietliylphosphine  on 
Ihe  sulplioeyanates  of  allyl  and  phenyl  (iv.  fill),  e.g.  : 

P(C'H^)'    +    (CS)"(C''H'>)N     =      ^  ^  (CS)".C«IP.(C'H=)^ 

Tiiethyl.  Phenylic  Phenyl-triothyl-sulpliocarbo- 

phnsphinc.  sulphoeyanate.  phosphamide. 

SUI.PHOCARBXIVIIBE.    ^^^^  |n.— This  is  the  compound  more  generally 

called  sulphocyanic  acid,  and  otherwise  formulated  as  ^g|s".     That  this  acid 

m.ay  really  be  regarded  as  the  imido  of  sulphocarbonic  acid  is  shown: — 1.  By  its 
formation  from  sulphocarbamic  acid,  (CS-H'N  =  CSHN  +  H'S),  and  in  the 
decomposition  of  sulphocarbamic  ethers  (p.  492). — 2.  By  its  formation  when  carbonic 
■lisul[ihide  is  heated  in  a  sealed  tube  with  alcoholic  ammonia: 

(CS)"S    +    mi'     =     ^*iF(^  + 

anil  by  the  analogous  formation  of  ethylic  sulphoeyanate,  when  cthylamine  is  substi- 
tuled  for  ammonia  in  this  reaction. 

SUX.PHOCA.RBON'iVTES.  Carbonic  disulphide,  CS^  unites  directly  with 
nu'lallic  sulphides,  forming  compounds  called  tri sulphocarbonates,  or  simply 
sulpho carbonates,  analogous  to  the  carbonates,  and  represented  by  the  general 
formula  M-'S.CS-  or  M'CS^ 

They  are  likewise  produced,  together  with  carbonates,  by  the  action  of  carbonic 
disulphide  on  hydrated  metallic  oxides,  e.ff.  wnth  aqueous  potash  : 

3CS-    +    6KH0      =      2K2CS3    +    K'CO'    -t-  SH^O 

The  sulphocarbonates  of  the  alk.ali-metals  and  alkaline  earth-metals  are  red, 
brown,  or  yellow  compounds,  soluble  in  water  and  in  alcohol,  and  in  some  cases  crys- 
tallisable.    They  are  easily  converted  into  carbonates,  by  boiling  their  aqueous  solu- 
tions, water  being  decomposed  and  sidpliydric  acid  evolved,  e.g.: 
KTS^    +    3H-0     =     3H=S    +  K-CO\ 

A  similar  decomposition  takes  place  slowly  in  the  aqueous  solution  at  ordinary 
temperatures. 
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By  decomposing  a  metallie  sulphoearbonate  with  hydrochloric  acid,  hydric  sul- 
phocarbonate,  or  sulphocarbonic  acid,  ffCS^,  is  obtained  iu  the  form  of  a 
yellow  oily  liquid,  thus  : 

K-CS'    +    2HC1      =      2KC1    +  H^CS'. 

The  sulpliocarbonates  of  the  heavy  metals  are  insoluble  in  water,  and  are  formed 
by  precipitation.  Solutions  of  the  allcaline  sulphocarbonates  give  a  brown  precipitate 
with  cupric  salts,  yellow  with  dilute  solutions  of  argentic  nitrate  and  mercuric 
chloride,  red  with  lead-salts.  A  solution  of  calcic  sulphoearbonate  forms,  with  auric 
chloride,  a  greyish-brown  precipitate  containing  Au^S^.SCS^ ;  with  platinic  salts,  a 
black-brown  precipitate  containing  PtS'^.2CS'.  All  these  precipitates  blacken  more 
cr  less  quickly  when  kept,  owing  to  their  conversion  into  sulphides. 

For  details  respecting  the  metallic  sulphocarbonates,  see  Gmelin's  HandhooTc  (vols, 
iii.,  iv.,  v.,  and  vi.),  under  the  several  metals. 

STTXiFHOCA.BBOK'IC  ACXD.  This  term  belongs  properly  to  the  compound 
H-CS^,  obtained  as  above  ;  but  it  is  sometimes  applied  to  carbonic  disulphide,  CS^ 
which  should  rather  be  called  carbonic  sulpli  an  hydride. 

SiriiPBOCABBOSTXC  ETHERS.  These  are  bodies  having  the  composition  of 
carbonic  ethers  (i.  799),  in  which  the  oxygen  is  replaced,  wholly  or  partlj',  by  sulphur. 
The  following  table  exhibits  their  names  and  formulae,  the  ethyl-  and  ethylene-com- 
pounds  being  taken  as  examples: 

Ethyl-monosulphoearbonic  acid      .       .       .    CO'sj^^'     =  (CO)"tg 

Q2JJ5  \ 

Ethylic  monosulphocarbonate  .       .       .       .    CO^sjp^^^I      =  (COff^ 

ip2TT5  C"H*   )  p. 

=  (CS)"^g 

Ethylic  disulphocarbonate      ....    COS^j^j^s      =  (CS)"|g 


Ethyl-trisulphocarbonic  acid  ....  CS'  |   H  ~  (CS)"  /  g 

Ethylic  trisulphocarbonate  ....  CS'j^!^'  =  (CS)"|g 

Ethylenie  disulphocarbonate  ....  COS^C^H^  =  (c^^^y-jg 

Ethylenic  trisulphocarbonate  ....  CS'.C^H^  =  (c^h^'J'^'- 

It  is  not  at  present  known  with  certainty  whether  the  mono-  and  disulphocarbonic 
ethers  contain  the  radicle  CO  or  CS — whether,  for  example,  ethyldisxilphocarbonio 

C^H^Q  C-H^  ) 

acid  should  be  regarded  as  (CS)")'q'  or  as  (CO)"rS^;  but  the  formulae  above  given  are 

H  H  3 

those  which  accord  best  with  the  principal  reactions  of  these  compounds. 

Formation  and  Reactions. — a.  The  metallic  salts  of  the  acid  sulphocarbonic 
etliers  are  produced  in  the  same  manner  as  those  of  tlie  oxycarbonic  ethers  (i.  801): 
thus  carbonic  dioxide  unites  with  sulphethylate  (mercaptide)  of  potassium,  to  form 
ethyl-monosulphocarbonate  of  potassium,  just  as  it  imites  with  ethylate  of  potassium 
to  form  the  ethyl-carbonate ;  and,  in  like  manner,  carbonic  disulphide  acts  on 
ethylate  of  potassium  or  alcoholic  potash,  so  as  to  form  ethyl-disulphocarbonate  of 
potassiiun  ;  and  on  mercaptide  of  potassium,  or  an  alccliolio  solution  of  the  siilphydrate, 
so  as  to  form  the  ethyl-trisulphocarbonate,  thus : 

CO'  +  (C-H=)KO  =  (C^H5)KC0^  Ethyl-carLonaf  e. 

CO'  +  (C'H^)KS  =  (C-H^)KCO'S.  Ethyl-monosulphoearbonate. 

CS'  +  (C'H=)KO  =  (C'ff)KCOS'.  Ethyl-disulphocarbonate. 

CS'  +  (C-H^)KS  =  (C'H*)KCS'.  Ethyl-trisulphocarbonate.  ■ 

/3.  The  neutral  sulphocarbonic  ethers  (containing  monatomic  alcohol- 
radicles),  are  produced  by  the  action  of  the  chlorides,  bromides,  &c.  of  alcohol-radicles 
on  the  metallic  salts  of  the  corresponding  acid  ethers,  e.g. : 
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(C=H*)KCS3  +  C'ffCl  =  KCl  +  (C2ff)'CS'. 

Potassic  ethyl-  Ethylic  trisul- 

trisulphocarbo-  phocarbonate. 
nate. 

7.  The  same  neutral  ethers  are  decomposed  by  hydrate  or  sulphydratc  of  potas- 
sium, especially  in  alcoholic  solution,  yielding  a  salt  of  an  acid  sulphocarbonic  ether, 
together  with  alcohol  or  mercaptan  ;  e.g.  : 

(C-H^)=CO-S  +  KHO  =  {C^ff)HO  +  (C=H5)KC0=S. 

(C=H^fCO-S  +  KHS  =  (C'-H=)HS  +  (C°H=>)KCO-S. 

(C^H^)=COS-  +  KHS  =  (C'^H'OHS  +  (C'H^)KCOS'. 

(C^H*)^COS'=  +  KHO  =  (C-ff)HS  +  (C=H^)KCO^S. 

0.  Ethyldisulphocarbonie  acid  is  resolved  by  heating  (to  24°)  into  alcohol  and  car- 
bonic disulphide : 

(C'H')HC0S2  =  (C2H')H0  +  CS'. 

Tlie  decomposition  of  the  fi-ee  acid  is  therefore  represented  by  an  equation  exactly 
similar  to  that  by  which  its  potassium-salt  is  formed  :  it  is  likewise  analogous  to  that 
of  ethylcarbonic  acid  (i.  801);  but  in  the  latter  case  the  decomposition  takes  place 
spontaneously  at  ordinary  temperatures,  whereas  ethyldisulphocarbonie  acid  may  be 
separated  in  the  free  state  from  its  salts,  and  decomposes  only  when  heated. 

6.  When  iodine  acts  on  a  metallic  salt  of  an  acid  sulphocarbonic  ether  (an  ethylsul- 
phocarbonate,  for  example)  in  alcoholic  solution,  peculiar  compounds  are  formed,  called 
ethylsulphocarbonic  sulphides.  A  molecule  of  iodine  acts  on  two  molecules 
of  the  ethylsulphocarbonate,  abstracting  the  two  atoms  of  metal,  while  the  residues 
of  the  two  molecules  of  ethylsulphocarbonate  remain  vmited,  forming  ethylsulpho- 
carbonic sulphide  ;  e.g.  : 

2(C=H^)KC0S=  +  r  =  2ia  +  (C-'ffO)=C=S'. 

Potassic  ethyl-  Ethyl-disulpho- 
disulphocarbonate,  carbonic  sul- 

phide. 

2(C»ff)KC0-S  +  P  =  2KI  +  (C-mS)2C-0'. 

Potassic  ethyl-mono-  Eihyl-monosul- 
aulphocarbonate.  ph'ocarbonic 

sulphide. 

These  bodies  may  be  regarded  as  compounds  of  carbonic  dioxide  or  disulphide  with 
alcoholic  peroxides  and  persulphides,  just  as  the  ordinary  suljihocarl ionic  ethers  may 
be  regarded  as  compoiuids  of  carbonic  dioxide  or  disulphide  with  alcoholic  protoxides 
and  protosulpliides. 

They  are  decomposed  by  lieat,  yielding  a  neutral  sulphocarbonic  ether,  together  with 
carbonic  oxide,  dioxide,  or  disulphide  and  free  sulphur ;  e.g.  : 

C^H'-O-S-i  =  (C-ff)-C02S  +  Ca-  +  S. 

Ethyl-disul-  Ethylic  mono- 

phocarbonic  sulphoc;irbo- 
sulphide.  nate. 

or : 

c^H'^o^s*  =  {cm^ycos"'  +  co  +  s^. 

Ethyl-disnlphn-        Eihylic  disiil- 
carbonic  sululiide.  phocarbonate. 

C6H'»0^S=  =  (C=H5)-C0=S  +  CO^  +  S. 

Ethyl-mono-  Ethylic  mono- 
snlphoi-arbo-  sulphocarbo- 
nic sulphide.  nate. 

They  are  also  decomposed  by  hydrate  or  sulphydrate  of  potassium,  sulphur  being 
separated,  and  the  potassium-salt  of  the  corresponding  acid  sulphocarbonic  ether  being 
produced. 

C  The  sulphoearbon i c  ethers  of  diatomic  alcohol-radicles  are  formed 
by  the  action  of  diatomic  alcoholic  bromides,  iodides,  &c.,  on  sulphocarbonate  of 
sodium  ;  e.g. : 

^SJJ|S=  +  (C^ff)"Br^  =  2NaBr  >  (cS^)"|S'-'- 

These  ethers  are  oxidised  by  fuming  nitric  acid,  yielding  diatomic  sulphurous  ethers ; 
e.g.  : 

Ethylenic  Ethylenic 
disulpho-  sulphite, 
carbonate. 
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Sidphocarbonic  Ethers  containing  Monatomie  Alcohol-radicles, 
a.  Allyl-eompounds. 


=  (CS)"|0 -1 


Allyl-dlsulpbocarbonic  Acid,  C^ffOS^  =  (CS)'Y^.— The  potassium-salt  of 

this  acid  is  obtained,  in  yellow  needles,  by  treating  allylic  alcohol  with  potash  and 
carbonic  disnlpliide.    (Hofmann  and  Cahours,  i.  146.) 

Allylic  Trisulpbocarbonate,  C'H'oS'  =  (q^^jzIs^  (Hiis  emann,  Ann.  Ch. 

Pharm.  cxxvi.  269.) — Produced  by  the  action  of  allylic  iodide  on  sodium-trisulplio- 
carbonate  at  ordinary  temperatures,  in  the  same  manner  as  the  corresponding  ethyl- 
compound.  It  is  a  yellow  oily  liquid,  having  an  extremely  pungent  and  offensive 
odour;  specific  gravity  =  0-943;  boiling-point  between  170°  and  175°.  It  is  eon- 
verted  by  strong  nitric  acid  into  allylsulphurous  acid,  and  by  ammonia  into  sulpho- 
cyanate  of  ammonium  and  sulphydrate  of  allyl. 


/3.  Amyl-compounds. 

Amyl-disulpbocarbonic  or  Xanttaamylic  Acid,  CH'^OS^  =  (CS)"Iq  (De 

H  S 

Konincl\,  Bull,  de  I'Aead.  de  Bruxelles  [2],  ix.  546. — Erdmann,  J.  pr.  Chem. 
xxxi.  1.— Balard,  Ann.  Ch.  Phys.  [3],  xii.  307.— M.  W.  Johnson,  Chem.  Soc.  Qu.  J. 
T.  142.) — The  potassium-salt  of  this  acid  is  obtained  by  the  action  of  carbonic  disul- 
phide  on  a  solution  of  potash  in  amylic  alcohol ;  and  on  treating  this  salt  with  hydro- 
chloric acid,  the  xanthamylie  acid  separates  as  a  colourless  or  pale-yellow  oily  liquid, 
having  a  very  disagreeable  pungent  odour ;  it  must  be  dried  over  chloride  of  calcium, 
to  preserve  it  from  decomposition.  It  reddens  litmus  strongly,  burns  with  a  very  bright 
flame,  colours  the  skin  deep  yellow,  and  appears  to  be  somewhat  heavier  than  water. 

Amyldisulpliocarhonate,  or  Xanthamylate  of  Ammonium  (obtained  in  the  prepara- 
tion of  xanthamylamide,  ■p.  493\  crystallises  from  alcohol  and  ether  in  colourless 
prisms,  which  may  be  sublimed  by  careful  heating.  It  is  decomposed  by  water,  slowly 
also  by  exposure  to  the  air,  yielding,  among  other  products,  sulphoeyanate  of  ammonium 
and  a  yellow  oil. — The  j^otassium-salt,  C"II"KOS'',  prepared  as  above,  solidifies  to  a 
magma  of  crystalline  scales,  having  a  pale-j'ellow  colour  and  nacreous  lustre.  It 
dissolves  in  water,  alcohol,  and  ether,  and  precipitates  many  metallic  solutions. 

The  cuprous  salt  is  obtained  by  precipitation  with  cupric  sulphate,  in  lemon-yellow 
flocks — The  lead-salt,  C''-'H-Tb"0-'S',  is  a  yellowish- white  precipitate,  which  blackens 
when  boiled.  On  adding  an  alcoholic  solution  of  lead-acetate  to  a  strong  solution  of 
the  ammonium-salt  mixed  with  a  large  quantity  of  alcohol,  and  leaving  the  liquid  to 
evaporate,  xanthamylate  of  lead  separates  in  small  shining  laminae  (Johnson). — The 
mircurous  salt,  obtained  by  precipitation  with  meroiu-ic  chloride,  is  white,  and  does  not 
blacken  on  boiling. — The  silver-salt  is  a  white  precipitate,  which  blackens  on  boiling 
and  on  exposure  to  light. 

Amyl-disulpbocarboiaic  Sulpbide,  C''II'=0=S'  =  (C=H"0)=C  = 
(C^H"S)-C-0-S^  AmyUioxysulphncarhonatc.  (M.  W.  Johnson,  Chem.  Soc.  Qu.  J. 
V.  142.) — Produced  by  the  action  of  iodine  on  xanthamj'lates  (p.  495).  Hydrate  of 
potassium  is  triturated  in  a  mortar  with  amylic  alcohol  and  carbonic  disulphide, 
avoiding  an  excess  of  amylic  alcohol ;  and  the  product,  after  being  mixed  with  a  little 
water,  is  treated  with  powdered  iodine.  The  reaction  takes  place  raj^idiy,  and  amyl- 
disulphocarbonic  sulphide  separates  as  a  yellowish  odorous  oil,  which  must  be  washed, 
and  then  dried  over  chloride  of  calcium.  It  begins  to  boil  at  187°,  and  decomposes, 
yielding,  amongst  other  products,  an  oil  having  the  composition  of  amylic  disulphocar- 
bonatc.  With  ammonia  it  yields  amyldisulphocarbonate  (xanthamylate)  of  ammo- 
nium, amylic  sulphocarbamate  (xanthamylamide),  and  a  deposit  of  sulphur : 
C"iH"0=S*  +  Nff  =  C«H'20S2  +  CH'^'NOS  S. 

Xanthumy-  Xanthamyl- 
lic  acid.  amide. 

Amylic  Disulpbocarbonate,  C"H^-OS-  =   (Q5jjii)2(s-    Xanthamylie  EtJter. 

(Desains,  Ann.  Ch.  P'nys.  [2],  xx.  505.) — Obtained  by  distilling  the  product  of  the 
action  of  iodine  on  xanthamylate  of  potassium.  It  is  an  amber-coloured  oil,  having 
a  strong  ethereal  odour. 

Methylamylic  Disulphocarhonatc,  (CH')(C-^H")COS^  is  obtained,  accord- 
ing to  Johnson,  by  distilling  a  mixture  of  amyldisulphocarbonate  and  methylsulphate 
of  potassium.    When  digested  with  amn.onia,  it  yields  xanthamylamide. 
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Ethylamylic  Disulp  ho  carbon  ate,  (C^H^)(C^H")COS-,  obtained  in  like  manner, 
is  a  yellow  oil. 

Amyllc  Trlsulphocarljonate,  C'H^^S   =  (^Qijjulsj''^"-    (Hiisemann,  Ann. 

Ch.  Pharm.  cxxvi.  269). — Prepared,  like  the  corresponding  ethyl-compound  (p.  500), 
by  the  action  of  amylic  iodide  in  alcoholic  solution  on  trisulphocarbonate  of  sodium. 
It  is  a  yellowish  oily  liquid,  having  an  unpleasant  odour,  insoluble  in  water,  soluble 
in  alcohol,  other,  chloroform,  and  benzol.  Specific  gravity  =  0-877.  Boiling-point 
between  245°  and  248°. 

7.  Cctyl-cornpownd. 

Cetyldlsulphocarbonlc  Acid,  C"H"OS'^  =  (C^H^jHCOS^  Sulphocarbocetic 
Acid.  Xanthocctic  Acid.  (Desains  and  De  la  Provostaye,  Ann.  Ch.Phys.  [3],  vi. 
494.) — Known  only  as  a  potassium-salt,  C"H"KOS-,  which  is  prepared  by  adding 
pulverised  potassium-hydrate  to  cetylic  alcohol  saturated  with  carbonic  disulphide, 
and  gently  heating  the  pasty  mass,  which  forms  after  some  hours,  with  four  times  its 
volume  of  alcohol  ot  40°,  keeping  the  temperature  below  the  boiling-point.  The  solution 
on  cooling  deposits  the  salt  in  bulky  flakfs,  which  may  be  purified  by  successive  washing 
with  alcohol  and  ether.  After  drying  in  the  air,  it  forms  a  very  fine  crystalline  powder, 
having  a  faint  odour,  and  imetuons  to  the  touch ;  it  is  very  hygroscopic,  but  is  not 
wetted  by  water.    When  digested  with  hydrochloric  acid  it  reproduces  cetylic  alcohol. 

The  alcoholic  solution  of  the  potassium-salt  forms,  with  mercuric  chloride,  a  white 
precipitate;  with  acetate  of  lead  a  white,  and  with  nitrate  of  silver  a  yellow  precipitate, 
both  of  which  blacken  rapidly ;  with  zinc-salts,  a  wliite  gelatinous  precipitate. 

S.  Ethyl-compounds. 

Ethylmonosulphocarbonic  Acid,  CH^O-S  =  (C-H*)HCO-S.  (Debus,  Ann. 
Ch.  Pharm.  Ixxv.  130,  ]3(),  142;  Lxxxii.  253.)— The  potassium-salt  of  this  acid  is 
produced  by  the  action  of  hydrate  or  sulphydrate  of  potassium  on  ethylic  monosulpho- 
carbonate,  or  of  potash  on  ethylic  disulphocarbonate  (see  equations,  p.  495,  7).  Chancel 
prepares  it  by  passing  carbonic  anhydride  into  an  alcoholic  solution  of  potassic  raer- 
captide : 

C^H^KS  +  C0=    =  (C'H^)KC02S. 

Ethylsulphocarbonate  of  potassium  crystallises  in  long  needles  or  shining  colour- 
less prisms,  apparently  isomorphous  with  xanthate  of  potassium.  It  is  very  soluble 
in  water,  but  not  deliquescent.  Its  aqueous  solution  decomposes  gradually  at  ordinary 
temperatures,  and  instantly  at  the  boiling  heat,  yielding  ethylic  carbonate,  sulphide  and 
sulpliydratc,  together  with  alcohol. 

Etbylmonosulpbocarbonic  Sulpbide,  C''H"'0'S-  =  (C-H*0)-.2C0S  = 
(C-H''S)-'.2C0'-.  Bicarbonate  dv  hisulphure  d'ethyle.  (Chancel,  Compt.  rend,  xxxii. 
644.) — Obtained  by  adding  iodine  to  an  alcoholic  solution  of  potassic  ethylmonosul- 
phocarbonate  (p.  495).  It  is  a  colourless,  highly  refractive  oil,  insohible  in  water, 
very  soluble  in  alcohol  and  ether,  heavier  than  water  ;  stains  paper.  It  is  decomposed 
by  alcoholic  pota.%h,  yielding  ethylmonos\xlphocarbonate  and  sulphide  of  potassium, 
together  ■n-itli  sulphur. — With  alcoholic  ammonia,  it  yields  sidphiir,  sulphydrate,  and 
carbonate  of  ammonium,  together  with  crystals,  probably  consisting  of  ethylic  carba- 
mate (urethane). — When  anuTionia-gas  is  passed  into  its  ethereal  solution,  crystals  of 
sulphur  are  deposited,  and  the  liquid  retains  in  solution  sulphide  and  allophanate  of 
ethyl  (i.  133): 

2C«H'"0'S2  +  4NH'  =  2C'H»N=0'  -t-  C'H'°S  +  S'  +  H-S  +  2H-0. 

Ethylic  alio-  Kthylic 
plianate.  sulphiiie. 

Ethylic  Monosulpbocarbonate,  PH^O-S  =  (C-'H^)=CO=S.  (Debus,  Ann.  Ch. 
Pharm.  Ixxv.  136.) — Produced  :  1.  In  small  quantity  by  the  action  of  ethylic  chloride 
on  ethylmonosulphocarbonate  of  potassium  (see  equations,  p.  494,  /3). — 2.  In  larger 
quantity  by  dry  distillation  of  ethyldisulphocarbonic  sulphide,  obtained  by  the  action 
of  iodine  on  xanthate  of  potassium.  The  decomposition  begins  at  130^,  and  becomes 
violent  at  170°  ;  so  that  it  becomes  necessary  to  remove  the  source  of  heat,  and  leave 
the  action  to  go  on  by  itself.  The  first  portion  of  the  distillate  thus  obtained  is  a 
mixture  of  carbonic  disulphide  and  ethyHc  monosulpbocarbonate  ;  the  latter  consists  of 
ethylic  disulphocarbonate,  distilling  at  200°  (see  equations,  p.  494,  e).  The  monosul- 
pliocarbonate  must  be  rectified  till  it  boils  constantly  at  162°. 

Ethylic  monosulphocarbonato  is  a  strongly  refracting  liquid,  liaving  a  pleasant 
ethereal  odour.  Specific  gravity  =  1-032  at  1°.  It  is  insoluble  in  water,  but  dissolves 
easily  in  alcohol  and  ether.     Mixed  with  alcoholic  sulphydrate  of  potassimn  and 
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cooled  to  0°,  it  deposits  crystals  of  potassic  ethylmonosulphocarbonate,  -while  ethylic 
sulpliydrate  remains  in  solution  ;  with  alcoholii;  -potash,  the  same  products,  together  with 
alcohol  and  potassic  carbonate  (see  equations,  p.  495,  7).  When  saturated  with  am- 
monia-gas and  concentrated,  it  yields  yellow  needles,  mixed  with  a  gelatinous  substance. 

Etbyldisulpbocarbonic  or  Xantbic  Acid,  C^H'OS-  =  (C-H=)HCOS-.  (Zeise, 
Schw  J.  xxxvi.  1  ;  xliii.  160  ;  Pogg.  Ann.  xsxv.  457. — Couerbe,  Ann.  Ch.  Phys.  [2] 
Ixr.  225. — Sace,  Ann.  Ch.  Pharm.  li.  345. — Debus,  iteZ.  Ixxii.  1  ;  Ixxv.  121 ;  Ixxxii. 
253. — Desains,  Ann.  Ch.  Phys.  [3]  xx.  496. — Hlasiwetz,  Ann.  Ch.  Pharm.  cxxii. 
87.) — The  potassium -salt  of  tlais  acid  is  produced  by  adding  carbonic  disulphide  to 
alcoholic  potash,  or  by  the  action  of  potassic  sulphydrate  on  neutral  ethylic  disulpho- 
carbonate  (xanthic  ether). 

When  fused  hydrate  of  potassium  is  dissolved  in  half  its  weight  of  absolute  alcohol, 
carbonic  disulphide  then  slowly  added  till  the  liquid  no  longer  exhibits  an  alkaline 
reaction,  and  the  mixture  cooled  to  0°,  xanthate  of  potassium  separates  in  colourless 
needles,  and  an  additional  quantity  may  be  obtained  by  evaporating  the  mother-liquor 
in  a  vacuum,  after  the  excess  of  carbonic  disulphide  has  been  separated  by  water.  To 
obtain  the  free  acid,  the  potassium-salt  is  placed  in  a  large  cylindrical  vessel,  and 
treated  with  dilute  sulplmric  or  hydrochloric  acid  ;  a  milky  liquid  is  then  formed, 
from  which  the  acid  may  be  more  completely  separated  by  further  addition  of  water. 

Xanthic  acid  is  a  colourless  oil,  heavier  than  water,  and  insoluble  therein ;  it  has 
a  strong  odour,  and  its  taste  is  acid,  astringent,  and  bitter.  It  first  reddens  litmus,  and 
then  bleaches  it.  It  is  very  inflammable,  and  gives  off,  in  burning,  the  odour  of  sulphu- 
rous acid.  It  cannot  be  heated  without  decomposition,  becoming  turbid  at  24°,  then 
beginning  to  boil,  and  being  resolved  into  alcohol  and  carbonic  disulphide:  C'ffOS- 
=  C^H^O  -1-  CS''.  AVhen  exposed  to  the  air,  it  becomes  covered  with  a  white  crust. 
It  expels  carbonic  acid  from  its  alkaline  salts. 


The  xanthates  or  ethyldisulphocarbonates,  (CS)" >„' are  decomposed  by 


distillation,  yielding  chiefly  carbonic  anhydride,  sulphydric  acid,  carbonic  disulphide, 
and  a  sulphuretted  oil,  and  leaving  a  residue  of  metallic  sulphide  mixed  with  charcoal. 
The  oil,  called  by  Zeise  xanthogenbl,  appears  to  be  a  mixture  of  ethylic  sulphide  and 
sulphydrate  with  another  sulphuretted  body. 

The  xanthates  of  the  alkali-metals  are  very  soluble  in  water  and  in  alcohol.  The 
ammonium-salt  is  obtained  by  saturating  the  acid  with  ammonium-carbonate,  or  by 
decomposing  the  barium-salt  with  ammonium-sulphate. 

Xanthate.  of  Potassium,  (C^I1^)KC0S^  is  most  easily  prepared  by  adding  to  absolute 
alcohol  an  excess  of  very  pure  caustic  potash  and  an  excess  of  carbonic  disulphide. 
The  mixture  immediately  solidifies  to  a  mass  of  interlaced  silky  needles,  which  must 
be  washed  on  a  filter  with  ether,  then  pressed  between  bibulous  paper,  and  dried  over 
oil  of  vitriol. 

The  salt  crystallises  in  shining  colourless  prisms,  which  turn  slightly  yellow  on 
exposure  to  the  air.  It  is  very  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
Its  aqueous  solution  decomposes  when  heated  above  50°,  yielding  potassic  trisulphocar- 
bonate,  alcohol,  sulphydric  acid,  and  carbonic  anhydride: 


In  the  dry  state,  it  may  be  heated  to  200°  without  alteration  ;  at  higher  temperatures, 
it  gives  off  ethylic  sulphydrate  (mercaptan),  sulphydric  acid,  water,  and  carbonic  oxide, 
leaving  a  residue  of  potassic  sulphide  mixed  with  charcoal.  The  solution,  heated  \idth 
potash,  is  resolved  into  mercaptan  and  potassic  ethylmonosulphocarbonate  (p.  497). 
yCith.  chlorine,  \t  yields  chloride  of  potassium  and  a  sulphuretted  acid  oil.  With 
iodine,  it  yields  ethyldisulphocarbonic  sulphide,  CH'^O^S'  (pp.  497,  499).  Fuming 
nitric  acid  decomposes  the  xanthate  with  violence. 

Xanthate  of  Sodium  forms  yellow  needles. — The  barium-salt,  C''H"'Ba"02S'.2H^O, 
forms  very  unstable  laminse,  soluble  in  water. — The  calciimi-salt  is  a  gummy  mass. 

The  soluble  xanthates  form  a  white  precipitate  with  lead-salts,  yellow  with  cupric 
salts  (hence  the  name  of  the  acid),  light-yellow  with  argentic  and  mercurous  salts,  the 
last-mentioned  precipitate,  however,  quickly  becoming  brown  and  black. 

The  xanthates  of  the  heavy  metals  may  be  obtained  in  the  crystalline  form,  by 
decomposing  a  solution  of  sodium-ethylato  in  a  large  quantity  of  carbonic  disulphide 
with  the  solid  chlorides  of  the  heavy  metals,  the  mixture  being  kept  at  the  boiling- 
point  till  the  reaction  is  complete. 

The  liquid  chlorides  of  antimony,  arsenic,  and  tin,  mixed  with  3  pts.  carbonic 
disulphide,  are  introduced  into  the  solution  of  sodium-ethylate  by  a  dropping  apparatus, 
the  action  being  moderated  by  cooling.  The  liquid  is  separated  from  the  resulting 
chloride  of  sodium  by  pressure  through  fine  linen,  and  the  crystals  obtained  by  its 


2C5H^KOS''  +  2W0    =    K=CS'  +  2C=^H''0  -1-  H^S  +  CO^ 
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spontaneous  evaporation  arc  puriliod  by  rocrystallisation  from  carbonic  disulphide,  and 
finally  by  rapid  washing  with  etlier.  Tho  antimony-,  arsenic-,  and  iron-salts  dissolve 
readily  in  carbonic  disulphide,  even  in  the  cold;  tho  chromium-,  cobalt-,  and  nickel- 
ealts  on  warming  ;  the  tin-  and  mercury-salts,  which  crystallise  most  quickly,  require 
prolonged  boiling  to  dissolve  them.  These  salts  are  likewise  soluble  in  ether  and  in 
alcohol.  (Illasiwetz.) 

(■fl2TT5\3)  (ChV    )  0' 

Xanthaie  of  Antimouy,  ^  gj^„/  |  (COS")'  =  ^^2jjJ^sg|^,„^  g,,,  prepared  as  above  with 

pentachloride  of  antimony,  forms  large,  lemon-yellow,  triclinie  ci-ystals,  which 
behave  like  tho  following. — Xantliate  of  Arsenic,  (C-II^)'As"\COS^)^  forms  nearly 
colourless  monoelinic  tables,  which  melt  easily,  are  decomposed  by  heat,  leaving  a 
residue  of  arseuious  sulphide,  and  are  decomposed  by  warm  hydrochloric  acid. — Xan- 
thatc  of  Bismuth,  (C-H''  )■■'Bi"'(COS-)^  crystallises  in  shining  golden-yellow  laminfeand 
tables. — Xanthate  of  Chromium,  (C^H^)'Cr"'(COS-)'',  forms  shining  dark-blue  crystals, 
dissolving  with  violet-blue  colour  in  carbonic  disulphide. — Xanthate  of  Cobalt, 
(C'-H*)-Co"(COS'^)-,  forms  large,  well-defined,  black  crystals,  dissohdng  in  carbonic 
disulphide  with  dark  grass-green  colour.  (Hlasiwetz.) 

C'lpprr-sa/ts. — Xanthate  of  potassium,  added  to  tiie  solution  of  a  cupric  salt,  forms  at 
first  a  black-brown  precipitate  of  cupric  xanthate,  which  quickly  changes  into  beauti- 
fid  yellow  flocks  of  ciiproKs  xanthate.  This  salt  is  not  sensibly  attacked  by  sulphydric 
acid,  but  alkaline  sulphides  decompose  it  immediately.  It  is  decomposed  by  hot 
hydrochloric  and  sulphuric  acids,  and  strongly  attacked  by  nitric  acid.  (Zeise.) 

Ferric  Xanthate,  (C-H*)"Fe"'(COS-)^,  crystallises  in  very  fine,  regularly  formed,  mono- 
elinic crystals, having  a  black  colour,  and  dissolving  in  carbonic  disulphide  with  browu- 
blaek  colour.  (Hlasiwetz.) 

Xanthate  of  Lead,  (C''ff)Tb"(COS')'',  prepared  by  adding  carbonic  disulphide  and 
hydrate  of  lead  to  alcoholic  potash,  crystallises  in  colourless  silky  needles,  very  stable, 
insoluble  in  water  and  in  etlier,  moderately  soluble  in  boiling  alcohol.  It  is  slowly 
decomposed  by  siilphydrie  acid,  immediately  by  sulphide  of  ammonium.  Its  solution 
is  gnidually  decomposed  by  boiling,  more  quickly  on  addition  of  potash,  depositing 
sulphide  of  lead.  A  solution  of  cupric  sulphate  poured  on  the  crystals  immediately 
transforms  them  into  yellow  cuprous  xanthate.  (Debus.) 

Mercuric  Xanthate,  (C^H^)^Hg"(COS-)-',  prepared  by  the  method  of  Hlasiwetz,  crys- 
tallises in  scales  having  a  satiny  lustre. — The  nickel-salt,  (C-H^)^Ni"(COS-)-,  crystallises 
in  large,  black,  monoelinic  tables,  dissolving  in  carbonic  disulphide  with  yellowish- 
green  colour.  (Hlasiwetz.) 

Concentrated  solutions  of  silver-salts  form  with  soluble  xanthates,  a  black  precipi- 
tate ;  dilute  solutions  give  a  yellowish  precipitate,  wdiich  quickly  blackens.  (Zeise.) 

Stannous  Xanthate,  (C-H*)^Sn"(COS'^)',  prepared,  according  to  the  method  of  Hlasiwetz, 
with  stannic  chloride,  crystallises  in  shining  golden-yellow  laminae  and  tables. 

Ethyldisulptaocarbonic  Sulpbide,  C''H'"0"S'  =  (C=H^0)^2CS^  Aethyl- 
(liii.vi/suljihocarhonat.  (L)esains,  Ann.  Ch.  Phys.  [.3]  xx.  469. — Debus,  Ann.  Ch. 
Pharm.  Ixxii.l  ;  Jahresb.  1849,  p.  419.) — Produced  by  the  action  of  iodine  on  xanthates. 
If  an  alcoholic  solution  of  potassic  xanthate,  exactly  decolorised  by  iodine,  be  left  to 
evaporate  at  a  moderate  temperature,  this  compound  is  deposited,  after  a  few  days,  in 
lamellar  erj'stals,  which  may  be  purified  by  washing  with  water.  It  may  also  be  pire- 
pared  from  xanthate  of  lead. 

Ethyldisulphocarbonic  sulphide  melts  at  the  he.it  of  the  hand  to  a  yellowish  oil, 
insoluble  in  water,  and  having  a  very  persistent  but  not  unpleasant  odour.  It  is  very 
soluble  in  absolute  alcohol  and  in  ether.  Its  solution  does  not  precipiitate  acetate  of 
lead  ;  when  boiled  with  nitrate  of  silver,  it  gives  a  precipitate  of  sulphur.  With  mer- 
curic chloride  it  forms  a  white  precipitate,  which  blackens  at  40°  ;  and  with  platinic 
chloride,  after  a  while,  a  brown  pulverulent  precipitate. 

It  is  decomposed  by  heat,  the  decomposition  commencing  at  about  130-',  and  two 
modes  of  decomposition  going  on  simultaneously,  viz. : 

C«Hi»0-S'    =    C^H'OO'S  +  CS'  +  S. 

Ethylic  monn- 
sulpliocarbonate. 

and  C'*H'»0-S'    =    C'H'»OS=  +  CO  -^ 

Ethylic  disul- 
phocarbonate. 

With  alcoholic  potash,  it  yields  a  deposit  of  sulphur  and  a  solution  of  potassic  xanthate, 
carbonate,  and  sulphide  : 

C»H'°0»S<  +  2K=0    =    C'ffKOS-  +  f 'H''KO^  +  K-S  +  S. 

Xanthate.  Kihyl-rar- 
bunate. 
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C'H^KO^  +  KHO    =    K'CO^  +  C^H^O. 

Ethyl-car.  Carbonate.  Alcohol, 

bonate. 

With  sulphydrate  of  potassium,  it  yields  sulphur,  a  large  quantity  of  sulphydric  acid 
gas,  and  a  solution  of  xanthate : 

C^HK-O^S*  +  2KHS    =    2C'H5KOS2  +  ffS  +  S. 

Ammonia-gas  passed  into  its  alcoholic  solution  forms  santhate  of  ammonium  and 
ethylie  sulphocarbamate  (xanthamide,  p.  491): 

C''H'»O^S^  +  NH'    =    C^H^OS'  +  C^H'NOS  +  S. 

Xanthic  Xaiitha- 
acid.  mide. 

Hydrochloric  acid  m-A.y\>ei  distilled  over  ethyl-disiilphocarbonie  sulphide  withoutdecom- 
posing  it.    Sulphuric  acid  attacks  it  in  the  cold,  evolving  sulphurous  anhydride. 

Potassium  or  sodium  added  to  its  ethereal  solution  mixed  with  a  little  alcohol  unites 
rapidly  with  it,  forming  a  xanthate  (Drechsel,  Zeitschr.  f.  Chem.  1865,  p.  853): 

(C=H^0)2C'S<  +         =  2(C2H^)KCOS^ 

Etbylic  Slsulpbocarbonate  or  Xantbate.    Xantblc  Etber.   C'H"'OS'  = 

(CS)'7y.  (Zeise,  Ann.  Ch.  Pharm.  Ivi.  29.— Debus,  ibid.  Ixxv.  121.)— Produced: 
C-H-'  )  ^ 

— 1.  By  the  action  of  ethylie  chloride  on  potassic  xanthate. — 2.  By  the  dry  dis- 
tillation of  ethyl-disulphocarbonic  sulphide  (p.  499).  It  has  a  pale-yellow  colour, 
a  sweetish  taste,  and  a  not  very  disagreeable  odour ;  is  neutral  to  test-paper,  and  has 
a  specific  gravity  of  1-0703  at  18°.  It  boils  at  200°;  burns  with  difficulty,  if  not 
previously  heated. 

Xanthic  ether  is  quite  insoluble  in  water ;  ah'ohol  and  ff/;fr  dissolve  it  in  all  propor- 
tions. It  dissolves  iodine,  forming  a  brown  liquid.  Potassium  attacks  it  but  slightly, 
and  only  when  heated.  It  is  decomposed  by  strong  sulphuric  acid,  and  by  a  mixture  of 
that  acid  with  fuming  nitric  acid,  forming  oily  products:  it  is  not  attacked  by  hydro- 
chloric acid.  Its  alcoholic  solution  forms  a  white  precipitate  with  mercuric  chloride.  It  is 
not  decomposed  by  mercuric  oxide,  or  by  protoxide  or  peroxide  of  lead,  even  when  heated 
therewith.  With  an  alcoholic  solution  oi  hydrate  or  sulphydrate  of  potassium,  it  yields 
mercaptan  and  ethylmuno-  or  ethyl-disulphocitrbonate  of  potassium. — When  ammonia- 
gas  is  passed  into  its  alcoholic  solution,  and  the  liquid  then  left  to  itself  for  a  day,  it 
yields  a  distillate  of  ethylie  sulphide  and  ammonium-sulphydrate,  and  a  residue  of 
ethylie  sulphocarbamate  (xanthamide) : 

2C^H'»0S^  +  2NH'    =    ffS  +  (C-H^;'S  +  2C'H'N0S. 

Ethyl-methylie  Disulphocarbonate,  C'H'OS-  =  (CHS)(C''H;=).C0S2. 
(Chancel,  Ann.  Ch.  Phys.  [3]  xxxv.  468.) — Obtained  by  distilling  together 
1  at.  xanthate  and  1  at.  methylsulphate  of  potassium.  It  is  a  pale-yellow  limpid 
liquid,  having  a  specific  gravity  of  ri23  at  11°,  a  sweet  taste,  and  a  strong,  ethereal, 
not  \in pleasant  odour.  It  boils  at  179°,  and  distils  entirely  without  decomposition, 
VapoTtr-density  =  4'652.  It  easily  takes  fire,  and  burns  with  the  blue  flame  of 
sulphur,  emitting  large  quantities  of  sulphurous  anhydride.  It  is  insoluble  in  water, 
but  soluble  in  alcohol  and  ether.  Ammonia  converts  it  into  xanthamide  and  methylic 
sulphydrate. 

Btbyl-trisulphocarbonic  Acid.  C^ffS^  =  (C'-H^)HCS^  Trisulphurettcd 
Carhovinic  Acid.  Sulphoxanthic  Acid.  (Chancel,  Compt.  rend.xxxii.  642.) — The  po- 
tassium-salt  of  this  acid,  C'H^KS',  is  formed  by  the  direct  union  of  carbonic  disul- 
phide  with  sulphethylate  (mercaptide)  of  potassium.  It  is  a  white  salt,  soluble  in  water 
and  in  alcohol ;  forms  yellow  precipitates  with  silver-,  mercury-,  and  lead-salts  ;  and 
with  copper-salts  a  precipitate  of  a  very  brilliant  scarlet  colour,  resembling  mercuric 
iodide.  These  precipitates  decompose  quickly  when  heated,  yielding  metallic  sulphides. 
The  precipitate  formed  in  a  solution  of  cupric  sulphate,  is  a,  cuprous  salt,  whose  forma- 
tion is  accompanied  by  that  of  a  persulphide,  probably  containing  CH'^S"  = 
(C-H'S)^.2CS^  The  potassium-salt  decomposes  at  100°  into  pentasulphideof  potassium, 
and  an  oil  having  the  composition  of  aUylic  sulphide : 

2C»H^KS»    =    K-S^  +  (C3H=)2S. 

Etbylic  Trisulphocarbonate.  C^H'^S'  =  (C-H')'CS'.  Sulphocarhonate  of 
Ethylie  Sulphide.  (Schweitzer,  J.  pr.  Chem.  xxxii.  254. — Debus,  Ann.  Ch. 
Pharm.  Ixxv.  147. — Hiisemann,  GottingerNachrichten,  1861,  p.  275  ;  Jahresb.  1861, 
p.  344.) — This  ether  is  produced:  1.  By  the  action  of  ethylie  chloride  or  iodide  on  tri- 
sulphocarbonate of  potassium.  Vapour  of  ethylie  chloride  is  passed  into  the  red 
liquid  precipitated  on  saturating  an  alcol.olio  solution  of  neutral  potassic  sulphide  with 


SULPHOCARBONIC  ETHERS. 


501 


carbonic  disulphide  ;  the  liquid  is  then  left  at  rest  for  a  while,  and  the  vapour  again 
passed  into  -it.  Chloi-ide  of  potassium  is  then  gradually  deposited,  and  on  adding 
water  to  tlie  decanted  liquid,  ethyhc  trisulphocarbonate  separates  as  an  oil,  which  may 
be  purified  from  excess  of  carbonic  disulphide  by  washing,  rectification,  and  agitation 
with  aqueous  potash  (Schweitzer). — 2.  Trisulphocarbonate  of  sodium  is  mixed  in  a 
long-necked  flask  provided  with  an  upright  condensing-tube,  with  an  alcoholic  solution 
of  ethylic  bromide  or  iodide.  The  mixture  soon  becomes  heated  to  the  boiling-point, 
and  tlie  reaction  is  complete  in  about  a  quarter  of  an  hour.  The  ethylic  trisulphocar- 
bonate thus  produced  is  separated  from  the  alcoholic  solution  by  water,  then  dried 
over  chloride  of  calcium,  and  distilled  till  it  exhibits  a  constant  boiling-point.  (Hiise- 
m  an  n.) 

Ethylic  trisulphocarbonate  is  a  yellow  oil,  heavier  than  water,  insoluble  therein,  very 
soluble  in  alcohol  and  in  ether :  it  has  a  slightly  alliaceous  odour,  and  an  agreeable  sac- 
charine taste,  somewhat  like  that  of  anise.  According  to  Schweitzer,  it  becomes  red 
when  heated,  and  boils  between  237°  and  240°.  According  to  Hiisemann,  it  boils  con- 
stantly at  2 10°.  It  burns  with  a  blue  flame.  Alcoholic  potash  quickly  decomposes  it 
into  trisulphocarbonate  of  potassium  and  sulphydrato  of  ethyl. 

According  to  Berend  (Ann.  Ch.  Pharm.  cxxviii.  333),  this  ether  unites  directly  with 
bromine,  without  evolution  of  hydrobromic  acid,  forming  the  compound  C^H'"S'Br^ 
which  dissolves  in  ether,  benzol,  carbonic  disulphide,  and  excess  of  bromine,  and 
crystallises  from  the  latter  by  slow  evaporation  in  large  six-sided  prism?.  It  is  decom- 
posed by  water,  with  formation  of  hydrobromic  acid  ;  potash  also  abstracts  the  bro- 
mine, reproducing  the  original  ether.  The  bromine  is  also  separated  by  strong  nitric 
or  sulphuric  acid. 

6.  Methyl-compounds. 

Metbyl-disulpbocarbonic  Acid.  (CH')IICOS-.  Xanthonuihjlic  Acid.  (Du- 
mas and  Feli^rof,  Ann.  Uh.  I'liarm.  [2]  xxiv.  oo. — De sains,  ibid.  [3]  xx.  504.) — 
The  puUiss'niin-salt  of  this  acid,  (CH')KCOS^,  obtained  by  adding  carbonic  disulphide 
to  a  solution  of  potash  in  wood-spirit,  crystallises  in  silky  fibres. — The  lead-salt  con- 
tains (Cir')-rb"c-o"s^ 

The  aqueous  solution  of  the  potassium-salt,  treated  with  a  solution  of  iodine  in  wood- 
spirit,  deposits  oily  drops  of  methyl-disulphocarbonic  sulphide,  C'H''O^S*  -  - 
(CH''0)2C-S<  : 

2(CH')KC0S2  +  V    =    2KI  +  C^H^O^S*. 

nCethylic  Disulpbocarbonate,  C-'H^OS-  =  (CH=)'COS-.  Xanthomethylie 
EtIiiT.  (C^ihours,  Ann.  Ch.  Phys.  [3],  xix.  158. — Zeise,  i/x'rf.  p.  123.) — When  the  mix- 
tui-e  of  potas^ic  nicthyl-di^ulphocarbonate  and  iodine  just  mentioned  is  heated,  the 
methyl-disulphocarbonic  sul[)hide  first  formed  is  decomposed,  sulphur  and  potassium- 
iodide  being  depositee^  and  carbonic  oxide  evolved ;  and  on  adding  water  to  the  mixture, 
methylic  disulphocarbonate  is  deposited  in  the  form  of  an  oil : 

C'H'=0''S*    =    (CH')2COS2  +  CO  +  S^ 

This  ether  is  a  very  mobile,  slightly  yellowish  liquid,  having  a  strong,  persistent, 
slightly  aromatic  odour.  It  boils  at  170° — 172°.  Specific  gravity  of  the  liquid  = 
1'143  at  16°  ;  of  the  vapour,  4-266.  With  alcoholic  potash,  it  yields  methylic  sulphy- 
Irate  and  carbonate  of  potassium. 

Methylic  Trisulpbocarbonate,  (CH^)^CS'.  (Cahours,  Ann.  Ch.  Phys.  [3], 
xix.  1G3.) — Obtaini'd  by  distilling  a  mixture  of  the  concentrated  solutions  of  calcic 
methylsulphate  and  piotassic  trisulphocarbonate.  It  is  a  yellow  liquid,  having  a 
strong  pungent  odour,  nearly  insoluble  in  water,  but  dissolved  in  all  proportions  by 
alcohol  and  ether.  Boils  at  200° — 205°.  Specific  gravity  =  ri59  at  18°.  Vapour- 
density  =  4'6.52.  With  bri.minc  it  forms  red  crystals,  containing,  according  to 
Cahours,  C^H'Br'-'S^  =  (CH-Br)-'CS^ ;  according  to  Berend,  on  the  contrary  (Ann. 
Ch.  Pharm.  cxxviii.  333),  the  methylic  trisulphocarbonate  unites  directly  with  the 
bromine,  without  elimination  of  hydrogen. 

Sulj^liocarbonic  Eilu  rs  containing  Diatomic  Alcohol-radicles. 

Amylenic  Trisulpbocarbonate,  (Q5'2^y'|s^  obtained  by  the  action  of  an 

alcoholic  solution  of  amylenic  bromide  on  trisulphocarbonate  of  sodiuni,  is  a  somewhat 
viscid  liquid,  of  more  or  less  vellow-brown  colour,  and  specific  gravity  =  1'073. 
(Hiisemann,  Jahresb.  1862,  p.~431.) 

Etbylenic  Trisulphocarbonate,  CS.C'H'.S'.    (Hiisemann,  Ann.  Ch.  Pharm. 
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cxxiii.  83;  Jahresb.  1861,  p.  651.) —Obtained  by  the  action  of  alcoholic  bromide  of 
ethylene  on  trisulpho(>arbonate  of  sodium.  It  is  but  slightly  soluble  in  alcohol,  and 
separates,  during  the  reaction,  as  a  thick  golden-yellow  liquid ;  and  by  dissolving  it 
in  ether  or  ether-alcohol,  and  leaving  the  solution  to  evaporate,  it  is  obtained  in  large, 
transparent,  yellow  crystals,  which  are  combinations  of  a  rhombic  prism  with  a  rhombic 
octahedron  resting  on  the  prismatic  faces,  and  a  macrodome.  It  has  an  unpleasant 
alliaceous  odour,  dissolves  slowly  in  alcohol,  better  in  ether-alcohol  and  in  ether,  very 
easily  in  carbonic  disulphide,  benzol,  and  chloroform.  It  melts  at  o6'5°,  and  when 
once  fused,  solidifies  again  but  slowly.    Specific  gravity  =  1'476. 

Ethylenic  trisulphocarbonate  is  converted  by  ammonia  into  sulphocyanate  of  ammo- 
nium and  ethylenic  sulphydrate : 

Heated  with  sulphydrate  of  potassium,  it  yields  ethylenic  sulphydrate  and  potassium- 
trisulphocarbonate.  Chloriiie  acts  strongly  upon  it,  producing  great  heat,  which 
causes  the  crystals  to  melt,  and  forming  a  dark-red,  very  fetid  liqxiid.  Moderately 
dilute  nitric  acid  removes  one-third  of  the  sulphur,  and  converts  the  ether  into 
ethylenic  disulphocarbonate  {infra) ;  but  fuming  nitric  acid  heated  with  it  as  long 
as  nitrous  fumes  are  evolved,  removes  the  whole  of  the  carbon,  as  well  as  one-third 

of  the  svilphur,  and  converts  it  into  ethylene-sulphurous  acid,  ^(jsgij^gzlo* 

(Buekton  and  Hofmann's  disulphetholic  acid).    See  STjXPHtTEOTJS  Ethers. 

Etiiylenic  Disulpbocarbonate  or  Xantbate,  (Q^ly  [g-  (Husemann,  Ann. 

Ch.  Pharm.  cxx^-i.  269.) — Ethylenic  trisulphocarbonate,  treated,  as  above  mentioned, 
with  moderately  dilute  nitric  acid,  yields  this  compound  as  a  white  crystalline  mass, 
which,  after  pressure  between  paper,  crystallises  from  alcohol  in  long  thin  rectangular 
tables.  It  distils  in  a  stream  of  hydrogen,  without  decomposition ;  is  insoluble  in 
water,  but  dissolves  easily  in  alcohol,  ether,  chloroform,  and  benzol ;  and  separates  from 
the  last  two  liquids  as  an  oil,  which  does  not  solidify  till  touched  with  the  crystallised 
ether. 

BTetliylemc Trisulpbocarbonate,  CS.CH'.S^.  (Husemann,  Ann.  Ch.  Pharm. 

cxxvi.  269;  Jahresb.  1862,  p.  433.) — This  compound  separates,  on  gently  heating  an 
alcoholic  solution  of  methylenie  iodide  with  trisulphocarbonate  of  sodium,  as  an  amor- 
phous, yellowish-white,  inodorous  powder,  which  is  insoluble  in  water,  and  is  con- 
verted by  fuming  nitric  acid  into  methylene-sulphurous  or  disulphometholic  acid, 
(S0)=.CH-.H2.0\ 

Tritylenic  or  Propylenic  Trisulpbqcarbonate,  CS.C^H^.S-,  obtained  in  like 
manner  with  bromide  of  tritylene,  is  a  thick  brownish-yeUow  liquid,  insoluble  in 
water,  and  having  an  offensive  odour.  It  has  a  specific  gravity  of  1"31  at  20°  ;  cannot 
be  distilled  without  decomposition,  except  in  a  stream  of  hydrogen ;  is  converted,  by 
moderately  dilute  nitric  acid,  into  a  light-yellow  resinous  mass ;  by  the  strong  acid 
into  tritylene-sulphurous  (disulphopropolic)  acid.  (Hiisemann.) 

Tetrylenic  or  Sutylenlc  Trisulpbocarbonate,  CS.C^H^S-,  obtained  in  like 
manner,  is  a  more  mobile  liquid,  having  a  somewhat  yellowish-brown  colour,  and  a 
specific  gravity  of  1-26  at  20'^.  (Hiisemann.) 

SUXiPHOCABBOVimc  ACID.  Syn.  with  ETByL-DisrapHOCAEBONic  or  Xan- 
THic  Acid  (p.  498). 

STJliPHOCBTIC  ACZS.  Syn.  with  Cettlsitlphueic  Acid.  (See  Sulfhubic 
Ethehs ) 

SUI.PBOCKX.OROBEnZAIWXDX:.  C'H'ClN^SOs  -  (C'H'ClS0»)"|jj2  ^ 
(C'H'CIO)"-)^^, 

(SO)"    li:  .    (R.  Otto,  Ann.  Ch.  Pharm.  cxxiii.  216.) — An  amide  produced  by 

the  action  of  alcoholic  ammonia  on  sulphochlorobenzoic  chloride,  C'H'CISO'.CP.  It 
forms  yellowish  crystalline  grains,  easily  soluble  in  absolute  alcohol  and  in  ether. 

SVX.PHOCH3:.OROBEIVZOXC  ACXD.  C'H^CISO'    =   (C'H'C1^^')"|   qj  ^ 

(C'H^CIO)") 

(SO)"    >0^    (Otto,  loc.  cit.) — Produced  by  treating  monochlorobenzoic  acid  with 
H«  i 

sulphuric  anhydride.    The  viscid  mass  is  gently  warmed  with  a  little  ordinary 
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sulphuric  acid,  till,  on  diluting  with  water,  only  a  small  quantity  of  chloroLenzoic  acid 
remains  undecomposcd.  The  dilute  solution  is  neutralised  with  carbonate  of  lead, 
and  the  filtrate  is  evaporated ;  whereupon  sulphochlorobcnzoate  of  lead,  C'H^Pb"ClSO^. 
3H''0,  is  at  first  deposited  in  concentric  groups  of  silky  needles,  afterwards  a  granular 
mass,  probably  a  mixture  of  the  neutral  and  acid  lead-salts. 

Sulpliochloi-obenzoic  acid,  obtained  by  decomposing  the  lead-salt  with  sulphuretted 
hydrogen,  is  easily  soluble  in  water,  alcohol,  and  ether,  and  crystallises  from  the 
aqueous  solution  in  long  white  hydrated  needles. 

The  neutral  potassium-salt,  C'H^K-'ClS0^.3H-0,  forms  small  needles,  which  dissolve 
readily  in  water  and  in  alcohol,  and  give  off  their  water  at  120°. — The  acid  salt, 
2C'Ii*KClSO*.3H^O,  crystallises  from  alcohol  in  concentric  groups  of  needles,  some- 
what less  soluble  than  the  neutral  salt. 

The  iiciitred  barium-salt,  C'H^Ba"ClS0^.2H-0,  forms  indistinct  crusts ;  the  acid  scdt, 
C'*H'Ba"CPy-0"'.4IP0,  sometimes  forms  sohd,  well-developed,  wavellitic  crystals, 
sometimes  granular  crystals. 

The  acid  calcium-salt,  C''H''Ca"Cl-S-0'».3H''0,  separates  from  hot  dilute  alcohol  in 
large  crystals  resembling  cupric  sulphate. 

(C-ffClO)") 

Bisulphochlorohen;:oic  Acid,  CWCm-O'^  =      (SO)^    \0^,  is  obtained,  to- 

W-  \ 

gether  with  sulphochlorobonzoie  acid,  by  heating  the  product  of  the  action  of  sulphuric 
anhydride  on  clil(jrobonzoio  acid  for  some  time  with  ordinary  sulphuric  acid. 
SITXiPHOCHOIiSXG  ACZD.    Syn.  with  TAtrROCHOLic  Aero. 

crsHssnsY' )         (C°H''0)  > 
S'J2.PHOCiWBrAaiic  acid.  C'H'SO^  =  '-^■^'^j^,''  |0-  =     (SO)"  |0'. 

(Herzog,  J.  pr.  Chem.xxix.  61.) — Obtained  by  mixing  1  pt.  cinnamic  acid  with  8  to 
12  pts.  fuming  sulphuric  acid  of  specific  gravity  1-92  to  r87,  saturating  the  diluted 
sohition  with  carbonate  of  barium,  decomposing  the  filtered  liquid  with  basic  acetate 
of  lead,  and  treating  the  precipitate  with  sulphuretted  hydrogen. 

Sulphocinnamic  acid  remains,  on  evaporation  in  vacuo,  as  an  amorphous  slightly 
hygroscopic  mass,  very  soluble  in  water  and  in  alcohol.  From  its  alcoholic  solution 
it  is  deposited,  by  spontaneous  evaporation,  in  elongated  prisms  containiug  U'''H''SO^ 
3H-0.  It  precipiitates  the  solutions  of  basic  lead-acetate  and  mercurous  nitrate,  also 
that  of  barium-chloride  after  some  time. 

Sul  phocin  nam  at  es. — Sulphocinnamic  acid  is  dibasic,  forming  neutral  salts, 
CTT"j\PS0*,  and  acid  salts,  C''H"MS0^  or,  for  diatomic  metals,  C'»H'^M"S20'°  = 
C''H'*M"S0^CTi''S0^  The  snlphocinnamates  are  for  the  most  part  veiy  soluble  in  water. 
Those  of  the  alkali-metals  and  alkaline  earth-metals  yield,  when  heated,  a  mixture  of 
sulphate  and  sulphite,  and  aft?r  strong  calcination,  a  residue  from  which  acids  eliminate 
sulphuretted  hydrogen. 

The  neutral  barium-scdt,  C°H'^Ba"S0^.H''0,  is  nearly  insoluble  in  water.  When 
boiled  with  water  acidulated  with  nitric  acid,  it  deposits  needles  of  the  acid  salt, 
C"H"Ba"S^0'°.2H'-0.  The  latter  is  sliglitly  soluble  in  water  and  in  alcohol,  permanent 
in  the  air  at  ordinary  temperatures,  but  becomes  dull  and  gives  oif  its  water  at  100°. 
The  crystals  dissolve  readily  in  dilute  aqueous  ammonia,  and  the  solution,  after  a 
short  time,  depiosits  prisms,  which  give  off  water  and  ammonia  on  exposure  to 
the  au\ 

The  neutral  potassium-salt,  C'H'*K'^S0\  obtained  by  double  decomposition,  is  amor- 
p>hous,  and  very  soluble  in  water. — The  acid  scdt,  C'H'KSO^  obtained  by  adding  hydro- 
chloric acid  to  the  solution  of  the  neutral  salt,  crystallises  in  agglomerated  needles. 

The  silver-salt,  CH'^Ag^SO^  is  obtained  by  decomposing  the  barium-salt  with 
silver-sulpliate,  and  evaporating  in  a  vacuum,  as  a  grey  amorphous  shining  crust, 
easily  decomposed  by  heat. 

SUXiPHOCUTCSSTXC  ACID.  Syn.  with  Cujienyl-stophueous  Acm.  (See 
SuLriiuiious  Etuf.rs.) 

SUX.PHOCU»s:I>e:.  ((?'H")'S0-.— This  compound  appears  to  be  formed, 
together  with  cumenyl-sulphurous  acid,  when  cumol  is  treated  with  fuming  suiphuric 
acid,  and  separates,  on  dilution  witli  water,  as  a  solid  body,  insoluble  in  water, 
alcohol,  ether,  and  benzol.   (Beilstein  and  Kogler,  Jahresb.  1865,  p.  659.) 

(C^H^O)", 

SUI.FHOC-S-A3J ACETIC  ACID.    C^H'NSO^     =  CN  Syn  with 

H 

TmOCYANOGLYCOLLlC  AciD  (j.  I'.). 
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SVIPHOCYANIC  ACID.    CNHS  =  ^^|s  =  ^'^^  |n.  Hycirosutfliocyanic 

Acid.  Sulphoct/anliydric  Acid.  Sulpkocarbimide. — Sulphuretted  Chyazic  Add  (Y  or - 
rett). — Schwefelblausdure,  Mutsdure,  Andrazothionsdure  (Grotthus). — Bhodan- 
wasserstoffsdure  (Berzelius). 

This  acid,  the  sxilphur-analogue  of  cyanic  acid,  was  first  observed  by  Bncholz  in 
1799  {Beitrdge  zur  Erweiterung  und  Berichtigung  der  Chemie,  i.  88),  and  by  Kink 
(1804,  A.  Gehl.  ii.  460),  afterwards  more  distinctly  recognised  by  Porrett  (Phil. 
Trans.  1814,  p.  527),  determined  as  to  its  chemical  constitution  by  Berzelius 
(Schw.  J.  xxxi.  42),  and  further  examined  byWohler  (Gilb.  Ann.  lxix.271),  Liebig 
(Ann.  Ch.  Pharm.  x.  9;  xxvi.  174;  xxxix.  199;  1.  337;  liii.  330),  Parnell  (iAtV^. 
xxxLx.  178),  Volckel  {ibid,  xliii.  80),  and  others.  The  metallic  sulphocyanates  have 
been  analysed  chiefly  by  Glaus  (J.  pr.  Chem.  sv.  401)  and  Meitzendorff  (Pogg. 
Ann.  Ivi.  63). 

Occurrence. — Sulphocyanate  of  potassium  or  sodium  occurs  in  very  small  quantity 
in  the  saliva  of  man,  and  of  the  sheep  (L.  Gmelin).  Gobel  found  it  in  a  human 
salivary  calculus.  The  distilled  waters  of  certain  cruciferous  plants  (cochlearia,  mustard, 
radish,  &c.)  give  with  ferric  salts  the  characteristic  reaction  of  sulphocyanic  acid. 

Formation. — Sulphocyanic  acid  and  its  salts  are  produced :  1.  By  the  direct  combi- 
nation of  cyanides  with  sulphur,  just  as  cyanates  are  formed  by  the  combination  of 
cyanides  with  oxygen  ;  e.g.,  by  the  calcination  of  cyanide  or  ferroeyanide  of  potassium, 
&c.  with  sulphur,  or  by  boiling  a  solution  of  potassic  cyanide  with  sulphiir;  also  by 
calcining  azotised  charcoal  with  potassic  sidphate,  or  with  a  mixture  of  potassic  carbo- 
nate and  sulphur. 

2.  By  the  action  of  cyanogen-gas  on  monosulphides  or  persulphides.  In  the  former 
case,  a  cyanide  is  also  formed,  just  as  the  action  of  cyanogen  on  a  protoxide  gives  rise 
to  the  formation  of  a  cyanide  and  a  cyanate  : 

CN  +  K^S    =    CNK  +  CNKS. 

In  the  case  of  a  disulphide,  the  action  is  one  of  simple  combination  ;  with  higher  sul- 
phides a  separation  of  sulphur  takes  place ;  thus : 

2CN  +  K'S'^    =    2CNKS  ;  2CN  +  K'S*  =  2CNKS  + 

3.  By  the  reaction  of  certain  cyanides  with  metallic  persulphides ;  e.g.,  mercuric 
cyanide  and  potassic  trisulphide  mixed  in  aqueous  solution  : 

Hg"Cy2  +  K^S'    =    2CyKS  +  Hg"S. 

A  similar  reaction  is  produced  when  Prussian-blue  is  boiled  for  a  long  time  with 
potassic  liver  of  sulphur ;  also  when  aqueous  pentasulphide  of  potassium  is  mixed 
with  hydrocyanic  acid,  sulphydric  acid  being  then  evolved  and  sulphur  precipi- 
tated : 

2HCy  +  K'S'    =    2CyKS  +  H^S  +  S^. 
In  like  manner  hydrocyanic  acid,  sulphur,  and  aqueous  ammonia,  to  which  a  small 
quantity  of  ammonium-sulphydrate  is  added  to  facilitate  the  solution  of  the  sulphur, 
yield  sulphocyanate  of  ammonium : 

HCy  +  NH'  +  S    =  Cy(]SrH^)S. 

A  solution  of  hydrocyanic  acid  saturated  with  sulphydric  acid,  is  converted,  on  expo- 
sure to  the  air,  into  sulphocyanic  acid,  in  proportion  as  the  hydrogen  of  the  sulphy- 
dric acid  is  taken  up  by  the  oxygen  of  the  air.  Hence  the  contamination  of  Vauque- 
lin's  prussic  acid  (prepared  by  decomposing  mercuric  cyanide  with  sulphydric  acid) 
with  sulphocyanic  acid. 

4.  By  the  action  of  carbonic  disulphide  on  alcoholic  ammonia,  the  two  liquids  being 
heated  together  in  a  scaled  tube: 

(CS)"S  +  NH'    =    (CS)".H.N  +  H»S. 

5.  By  the  decomposition  of  aqueous  sulphocarbamic  acid  (p.  490)  : 


(CS)")N    _    (CS)"  „ 


6.  By  the  action  of  alkalis  on  ethylic  sulphocarbamate  (xanthamide,  p.  491) : 


These  last  three  reactions  indicale  that  siJphocyanic  acid  has  the  constitution  of 
sulphocarbimide  (p.  493). 

7.  AVhen  animal  substances  are  charred  by  heating  with  oil  of  vitriol,  the  residue, 
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on  being  subjected  to  a  stronger  heat,  yields,  amongst  other  products,  sulphocyanate  of 
ammonium.    (0.  Henry,  J.  Chim.  mid.  xxi.  301.) 

8.  Sulphooyanic  acid  is  formed,  together  witli  carbamide  (urea),  by  the  action  of 
sulphydric  acid  on  ammonio-eupric  fulminate.  (Gladstone,  Ann.  Ch.  Pharm. 
Ixvi.  1): 

(NH<)''Cu"C'N^O'  +  3H=S    =    2CN-H'0  +  2CNHS  +  2H^0  +  Cu'S. 

Ammonio-eupric  CarbimiJe.  Siil|ihocyainc 

fulminate.  "'^'d. 

9.  Siilphocyanic  acid  is  formed  in  certain  decompositions  of  volatile  oil  of  mustard 
(allyl-sulphocyanic  ether). 

Preparation. — Sulphocyanic  acid,  or  hydric  sulphocyanate,  is  separated  from  tlie 
metallic  sulphocyauates  by  the  action  of  stronger  acids.  It  may  be  obtained  in  the 
anhydrous  state  by  heating  dry  mercurous  sulphocyanate  in  a  stream  of  sulphydric  or 
hydrochloric  acid  gas  ;  and  in  aqueous  solution  by  tlie  same  reaction,  the  mercurous 
cyanide  being  suspended  in  water,— or  by  decomposing  the  barium-salt  with  an  exactly 
equivalent  quantity  of  sidphuric  acid. 

Priipertiis. — Anhydrous  sulphocyanic  acid  is  a  colourless  liquid,  which  crystallises  at 
12-.5°  in  six-sided  prisms.  It  boils  at  85°  (Artus),  at  102-5°  (Vogel),  has  a  pungent 
odour  liko  that  of  acetic  acid,  reddens  litmus  strongly,  and  has  a  very  acid  tasle. 
The  aqueous  solution  exhibits  similar  properties. 

Decompositions. — 1.  The  anhydrous  acid  is  very  unstable,  and  is  quickly  resolved 
into  hydrocyanic  and  persulphocyanic  acids  (iv.  378) : 

3CSHN    =    CHN  +  C^H^JSr-S'. 
The  aqueous  solution  decomposes  slowly  in  the  cold,  quickly  when  heated,  partly  into 
carbonic  dioxide,  carbonic  disulphide,  and  ammonia : 

2CSHN  +  m-0    =    CO'  +  CS=  +  2NH^ 
partly  into  carbonic  dioxide,  sulphydric  acid,  and  ammonia: 

CSHN  +  2H-'0    =    CO'  +  H-S  +  NH' ; 

partly  also  in  the  same  manner  as  the  anhydrous  acid,  yielding  a  solution  of  hydro- 
cyanic acid  and  a  yellow  precipitate  of  persulphocyanic  acid.  In  consequence  of  this 
last  decomposition,  sulphocyanic  acid  acts  poisonously,  like  hydrocyanic  acid.  All 
these  reactions  are  accelerated  by  boiling  the  suljjiocyanic  acid  with  concentrated  acids. 

Sulphocyanic  acid  saturated  witli  su!phi/dric  acid,  yields  after  a  while  carbonic 
disulphide  and  ammonia. — With  chlorine  and  nitric  acid,  it  yields  a  yellow  precipiitate 
of  persulphocyanogen  (iv.  380). — Gently  heated  with  metallic  .:i/tc,  it  gives  olf  sulphy- 
dric acid;  more  slowly  with  iron. 

Metallic  Sulptaocyanates.  Sidphocycmides.  Rhodanides. —  Sulphocyanic  acid 
is  monobasic,  forming,  with  mouatomic  metals,  salts  represented  by  the  general 

formula      I S  or  ^^^^  |n.    The  sulphocyauates  are  for  the  most  part  soluble  in 

water  and  in  alcohol.  They  are  decomposed  by  the  stronger  acids,  with  elimination 
of  sulphocyanic  acid,  which  then  generally  undergoes  further  decomposition.  Cold 
dilute  acids,  however,  exert  this  action  only  on  sulphocyanates  corresponding  to 
sulphides  which  are  decomposed  by  the  same  acids :  thus  they  do  not  decompose  the 
sulphocyanates  of  mercury,  copper,  and  silver. — yitric  acid  and  chlorine  decompose  the 
solutions  of  sulphocyanates,  precipitating  persuljjhoeyanogen.  All  sulphocyanates  are 
decomposed  by  heat,  more  or  less  strong,  into  nitrogen,  cyanogen,  carbonic  disulphide, 
and  metallic  sulphide.  Calcined  with  potassic  hydrate,  they  give  off  carbonate  of 
annnouium. — Sulphocyanate  of  potassium  ignited  with  metallic  iron,  yields  sulphide 
of  iron  and  cyanide  of  potassium. 

Soluble  sulphocyanates  give,  with  a  mixture  of  cnpric  ?aiA  ferrous  sidphatcs.  a  white 
pirecipitate  of  cuprous  sulphocyanate  insoluble  in  water;  they  also  give  white  pre- 
cipitates with  mercurous,  argentic,  and  auric  salts. — With  ferric  salts  they  give  no 
precipitate,  but  a  blood-red  coloration,  or  reddish-yellow  in  case  of  very  great  dilution. 
The  reaction  is  extremely  delicate.  A  piece  of  ordinary  paper  held  over  a  solution  of 
potassic  sulphocyanate  mixed  with  concentrated  hydrochloric  acid,  becomes  reddened 
by  the  action  of  the  evolved  sulphocyanic  acid  on  the  small  quantity  of  iron-salt  con- 
tained in  it.  The  red  colour  of  ferric  sulphocyanate  may  be  distinguished  from  that 
of  other  ferric  salts  by  two  characters:  1.  It  is  not  turned  yellow  by  addition  of 
hydrochloric  acid,  even  in  large  quantity. — 2.  On  immersing  a  piece  of  zinc  in  the  liquid, 
sulphydric  acid  is  given  off,  and  may  be  detected  by  its  power  of  blackening  a  strip  of 
paper  impregnated  with  solution  of  lead-acetate. 

Sulphocyanate  of  Aluminium  is  a  gummy  mass,  the  solution  of  which  is 
decomposed  by  evaporation. 
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Stilphocyanatb  OF  Ammonium,  NH^CNS  =  NH^CyS. — This  salt  is  obtained : 
1.  By  decomposing  the  cupric  salt  with  sulphydrate  of  ammonium,  and  evaporating  the 
filtrate. — 2.  By  mixing  hydrocyanic  acid  with  polysulphide  of  ammonium  (a  solution 
of  sulphur  in  sulphydrate  of  ammonium),  and  separating  the  resulting  sulphocyanate 
of  ammonium  from  precipitated  sulphur  by  water  or  alcohol.  (This  mode  of  forma- 
tion is  employed  as  a  test  for  hydrocyanic  acid,  ii.  219).  The  prussic  acid,  prepared 
by  distilling  180  pts.  potassic  ferroeyanide  with  90  pts.  strong  sulphuric  acid  and 
40  pts.  water,  is  digested  with  the  sulphide  of  ammonium  obtained  by  saturating  60  pts. 
aqiieous  ammonia  of  specific  gravity  0'95  with  sidphydric  acid,  adding  60  pts.  more  of 
the  ammonia-solution  and  60  pts.  sulphur ;  the  mixture  is  boiled  till  the  whole  of  the 
ammonium-sulphide  is  decomposed  with  precipitation  of  sulphur  ;  and  the  liquid  is 
filtered  and  evaporated.  The  product  amounts  to  40 — 50  pts.  of  dry  sulphocyanate 
of  ammonium.  (Liebig.) 

3.  By  treating  carbonic  disulphide  with  excess  of  ammonia : 

CS-  +  4NH^  =  (NH')CSN  +  (NH<)2S. 
A  mixture  of  1500  c.c.  aqueous  ammonia  [of  what  strength?]  and  200  c.c.  carbonic 
disulphide  and  1500  c.c.  alcohol  of  86  per  cent,  is  distilled  down  to  one-half,  after 
standing  for  24  hours ;  the  residual  liquid  is  evaporated  to  thecrystallising-point ;  and 
the  sulphocyanate  thus  obtained  is  purified  by  one  reerystaUisation.  The  alcoholic 
distillate,  which  contains  a  large  quantity  of  ammonium-sulphide,  may  be  used  for  a 
second  and  even  a  third  preparation.    (Millon,  J.  Pharm.  [3],  xxxviii.  401.) 

For  preparation  on  the  large  scale,  G-^lis  has  patented  a  similar  process,  in  which, 
however,  the  use  of  alcohol  is  avoided,  and  the  carbonic  disulphide  is  made  to  act  upon 
a  mixtm-e  of  concentrated  ammonia  and  sidphide  of  ammonium,  the  materials  being 
mixed  in  the  cold,  and  a  small  quantity  of  fixed  oil  (amounting  to  2  or  3  per  cent,  of 
the  Carbonic  disulphide)  added,  to  form  an  emulsion  with  the  ammonia  and  facilitate 
the  admixture.  An  ammoniacal  sohition  of  ammonium-sulphocarbonate  is  thus  formed, 
which,  after  separation  from  the  layer  of  oil  whicli  floats  on  its  surface  (to  be  used  in 
a  subsequent  operation),  is  subjected  to  distillation.  The  sulphocarbonate  of  ammonium 
is  thereby  resolved  into  sulphocyanate  of  ammonium  and  sulphydric  acid : 

(Nff)2CS^  =  (NH<)CNS  +  2H2S; 
the  former  remaining  in  the  retort,  while  the  latter  passes  over,  together  with  excess  of 
ammonium-sulphide,  and  may  be  condensed  in  a  receiver  containing  aqueous  ammonia, 
thereby  supplying  material  for  future  operations. — The  sulphocyanate  of  ammonium 
thus  obtained  is  easily  converted  into  other  sulphocyanates  by  distillation  with  fixed 
bases.  (Eep.  Chim.  App.  1862,  p.  146;  see  also  Sulphocyanate  of  Potasshtm, 
p.  513.) 

4.  Together  with  mercaptan,  by  the  action  of  alcoholic  ammonia  on  ethylic  tiisul- 
phocarbonato  (Hiisemann): 

(C=H=)=CS'  -t-  2NH'  =  (NH^)CNS  +  2Cm'S. 
Sulphocyanate  of  ammonium  crystallises  in  colourless  deliquescent  plates,  which  are 
very  soluble  in  water  and  in  alcohol,  melt  at  147°,  and  decompose  at  a  higher  temper- 
ature, giving  oflF  carbonic  disulphide,  sulpliydric  acid,  and  ammonia,  and  leaving  a 
residue  of  melam,  which  is  finally  converted  into  hydromellone.  According  to 
Li 6 big's  formula  (iii.  865,  874) : 

8(NH')CNS    =    2CS^  +  4H=S  -i-  5NH'  +  C»N"H». 

Sulphocyanate  Melam. 
of  ammonium. 

and 

C«K"H'    =    2NH»  +  C«N'H». 

Meiam.  Hydromellone. 

Sulphocyanate  of  Barium,  Ba"Cy^S'.2IP0,  crystallises  in  long,  shining, 
deliquescent  needles,  very  soluble  in  water  and  alcohol,  and  containing  12-4  per  cent, 
water,  which  they  give  off  between  160°  and  170°. — A  compound  of  this  salt  with 
vicrciiric  cyanide,  Ba"Cy-S^.Hg"Cy^  separates  in  small  nacreous  laminae,  from  a  warm 
solution  of  the  component  salts.    (Bockmann,  Ann.  Ch.  Pharm.  xxii.  163.) 

SulphocyanateofBismuth,  Bi"'Cy'S^  is  a  yellow  powder. 

Sulphocyanate  OF  Cadmium,  Cd"Cy-S-,  forms  shining,  colourless,  anhydrous 
crystals,  slightly  soluble  in  water.  Ammonia  dissolves  them,  and  the  solution  yields 
crystals  of  cadmammonium-sulfhocyanatc,  (N-II'*Cd")"Cy-S-,  which  are  decomposed  by 
water. 

Sulphocyanate  of  Calcium,  Ca"Cy'S-.3H-0,  forms  deliquescent  needles,  very 
soluble  in  water  and  in  alcohol. — The  compound  Ca"Cy'S-.Hg"Cy^  obtained  like  the 
corresponding  barium-salt,  forms  shining  white  laminae.  (Bcckmann.) 

Chromic  Sulphocyanate,  Cr"'Cy''S'.— Chromic  hydrate  dissolves  easily  in 
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dilute  sulphoeyanic  acid,  forming  a  greenish-violet  solution,  which  dries  up  over  oil  of 
vitriol  to  a  blackish-green,  amorphous,  deliquescent  mass.  (Claseu,  J.  pr.  Chem. 
xcvi.  349.) 

Chro7no-diammonio-sulphocijanic  Acid,T^''Cr:li-'Cf^*  =   [N'(Cr"'ff)]  |(CyS)4  _ 

Cr"'v„4.    (A.  Eeinecke,  Ann.  Ch.  Pharm.  cxxvi.  113.) — The  ammonium-salt  of 

this  acid,  N'CrH"'Cy^S'  =  N2CrH«(NH^)Cy'S^  is  obtained  by  gradually  adding 
pulverised  dichromato  of  potassium  to  fused  sulphocyanate  of  ammonium,  till 
the  mass  becomes  solid.  Ammonia  is  then  given  off,  with  strong  intumescence  ;  and 
on  treating  the  product  with  hot  water,  iiltering  to  separate  an  amorphous  substance, 
and  introducing  lumps  of  sal-ammoniac  iuto  the  filtrate,  the  ammoniacal  compound 
above  mentioned  separates  in  small  shining  scales.  Its  formation  may  be  represented 
by  the  equation  : 

8(NH<)CyS  +  Cr^O^    =    2(N'CrH'».Cy'S^)  +  WW  +  3H-0. 

Tliis  compound  dissnlvpg  -vvith  ruby-red  colour  in  water,  alcohol,  and  ether,  and 
cry!-;tallises  from  water  in  small  rliombic  dodecahedi'ons  resembling  garnets.  It  bears, 
without  decomposition,  a  heat  of  120°,  but  decomposes  at  a  red  heat,  leaving  sulphide 
of  chromium  ;  and  when  heated  with  water,  yields  sulphocyanate  of  ammonium,  sul- 
phocyanate of  chromium,  and  chromic  oxide.  It  is  easily  decomposed  also  by  dilute 
acids  and  alkalis — in  the  latter  case,  according  to  the  equation  : 

2(N'CrH"'.Cy'S')  +  8KH0    =    SKCyS  +  6NH'  +  Cr^O'  +  bWO. 

The  same  compound  appears  to  have  been  obtained  by  Morland  (Cliem.  Soc.  Qu.  J. 
xiii.  2.'j2),  who,  however,  assigned  to  it  the  formula,  Cr"'Cy'S^(NH^)-0. 

Tlio  molecule.  Nil',  iu  the  salt  just  described,  may  be  replaced  by  other  metals.  Tho 
(N=Cr"'H^)"l 

potassium-salt,  H  VCy'S',  is  obtained  by  treating  tho  ammonium-salt  with 

K  j 

strong  potash-Icy,  and  recrystallising  from  hot  water.  It  forms  ruby -coloured  laminae 
or  cubes,  dissolves  witli  deep  ruby  colour  in  water,  alcohol,  and  ether,  and  decomposes 
like  the  ammonium-salt,  when  boiled  with  water,  acids,  and  alkalis. — The  scdium-saH, 
N-'(Cr"'H*)HNaCy'S',  prepared  in  like  manner,  crystallises  in  unctuous  scales. — The 
incrcuric^-salt,  N^(Cr"'II'')-II-Hg"Cy'S'*,  is  obtained,  by  precipitation  with  mercuric 
chloride,  as  a  flocculcnt  rose-coloured  precipitate,  insoluble  in  water  and  in  dilute  acids. 
It  decomposes  above  150°  into  sulphide  of  mercury  and  sulphide  of  chromium, 
and  by  boiling  with  potash  into  ammenia,  sulphoeyanic  acid,  mercuric  oxide,  and 
chromic  oxide. — The  cuprous  salt,  K-(^Cr"'H*)HCuCy*S',  is  obtained,  by  treating  the 
ammonium-salt  with  cupric  sulphate  and  sulphurous  acid,  as  a  yellow  pulverulent 
precipitate,  decomposed  by  heat  and  by  potash  similarly  to  the  mercuric  salt. — The 
ammonium-salt  forms,  with  nitrate  of  silver,  a  rose-coloured  precipitate  quite  insoluble 
in  water  and  in  dilute  acids  ;  and  with  lead-salts,  a  yellowish-red  precipitate  soluble  in 
boiling  water. 

The  lii/drogcn-saU,  or  free  acid,  is  obtained,  by  decomposing  the  mercuric  salt  sus- 
pended in  water  with  sulphydric  acid,  as  a  deep  red  solution,  which  is  decomposed  by 
boiling,  but  dries  up  at  low  temperatures  to  a  red  amorphous  mass.  The  solution  has 
an  acid  reaction,  decomposes  carbonates,  and  acquires  a  still  darker  red  colovir  when 
mixed  with  ferric  chloride. 

Sblphocyanate  of  Cobalt. — Recently  precipitated  cobaltous  hydrate  dis- 
solves in  aqueous  sidphocyauic  acid,  forming  a  brown-red  liquid,  which  turns  blue  on 
concentration,  and  finally  leaves  a  crystalline  yellowish-brown  mass,  very  soluble  in 
water  and  in  alcohol,  and  forming  a  compound  with  ammonia. 

SuLPiiocYANATEs  OF  CoppEK. — The  cnpric  salt,  Ou"Cy-S',  is  a  black  crystalline 
powder,  obtained  by  precipitating  a  concentrated  solution  of  a  cupwic  salt  with  sulpho- 
cyanate of  potassium,  care  being  taken  not  to  add  the  latter  in  excess.  The  precipi- 
tate is  converted  by  washing  into  a  cuprous  salt,  and  is  not  formed  in  ddute  solutions. 
It  dissolves  iu  ammonia,  and  the  solution  yields  small  needles  of  cupraramoniuyiisul- 
phocyanate,{WWC\i')"Cfii-._ 

The  cuprous  salt,  Cu'CyS,  is  precipitated  as  a  white  powder,  on  adding  a  solution  of 
pntassium-sulphoeyanate  to  a  mixture  of  cupric  and  ferrous  sulphates.  It  is  insoluble 
in  water  and  in  acids,  which  do  not  decompose  it,  but  dissolves  in  ammonia,  forming  a 
crystalline  compound. 

SuLPHOCYANATKs  OF  GrOLD. — On  mixing  tho  solutions  of  potassinm-sulpho- 
oyanate  and  auric  chloride,  a  flesh-coloured  precipitate  is  formed,  soluble  in  ammonia. 
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When  a  solution  of  auric  chloride  neutralised  with  acid  potassium-carbonate,  is 
added  to  a  solution  of  potassium-sulphocyanate  kept  in  excess,  a  bulky  orange-red 
precipitate  is  formed,  consisting  of  potassio-auric  sulphocyanate,  KLA.u"'Cy*S*  = 
KCyS.Au"'Cy^S^  On  heating  the  liquid,  the  precipitate  dissolves,  and  partly  separates 
on  cooling  in  orange-red  needles  of  unaltered  composition  :  the  greater  part,  however, 
remains  in  solution,  and  decomposes  oa  evaporation,  with  reduction  of  metallic  gold 
and  evolution  of  sulphocyanic  acid,  so  that,  finally,  chloride  of  potassium  and  potassio- 
aurous  sulphocyanate  crystallise  out.  The  precipitate  of  potassio-auric  sulphocyanate 
is  decomposed  by  w^ater,  and  dissolves  in  alcohol  and  in  ether.  The  alcoholic  solution, 
mixed  with  hydrochloric  acid,  deposits  after  a  while  copper-red  needles  ;  soda  deco- 
lorises the  solution,  and  separates  a  black -blue  powder ;  ammonia  causes  the  forma- 
tion of  white  needles ;  ferric  chloride  colours  the  solution  blood-red ;  other  metallic 
salts  form  dark-coloured  precipitates. — Potassio-aurous  sulphocyanate,  KAuCy-S^, 
is  most  readily  obtained  by  mixing  a  solution  of  potassium-sulphocyanate,  warmed  to 
80°,  with  small  quantities  of  neutral  auric  chloride,  as  long  as  the  red  precipitate 
disappears  on  stirring.  The  salt,  separated  by  evaporation  and  purified  by  recrystalli- 
sation,  forms  long,  straw -yellow,  truncated  prisms,  which  melt  at  100°,  and  are 
resolved  into  sulphur,  carbonic  disulphide,  metallic  gold,  and  sulphocyanate  of  potas- 
sium. The  aqueous  solution,  mixed  with  hydrochloric  acid,  sometimes  deposits  copper- 
red  needles ;  it  forms  white  precipitates  with  ammonia,  ferric  chloride,  mercuric 
chloride,  argentic  nitrate,  and  neutral  plumbic  acetate;  yellow-brown  with  cupric 
sulphate ;  black-brown  with  stannous  chloride  ;  black  with  mercurous  nitrate. — It  is 
coloured  red  by  ferrous  sulphate,  with  precipitation  of  gold ;  brown  by  sulphydric 
acid ;  it  blackens  slowly  on  exposure  to  light. — The  precipitate  formed  by  ammonia, 
NH^.AuCyS,  gradually  decomposes  and  turns  black  ;  hot  water  abstracts  ammonia 
from  it,  leaving  a  green  powder.  (P.  T.  Cleve,  Kongl.  Vetenskap.  Akad.  Forhand- 
lingar,  xx.  233;  Jahresb.  1855,  p.  295.) 

SuLPHOc YANATES  OF  Ib.o's.— The ferrous  Salt  is  soluble,  of  pale-green  colour, 
and  very  unstable. 

The  ferric  salt  is  blood-red,  nearly  black,  deliquescent,  soluble  in  water  and  in 
alcohol.  The  blood-red  colour  of  this  salt  is  produced  whenever  a  sulphocyanate  is 
mixed  with  a  ferric  salt.  It  is  destroyed  by  alkalis  which  precipitate  ferric  oxide  ; 
also  by  many  acids  {e.g.  phosphoric,  arsenic,  iodic,  oxalic),  even  in  small  quantity  ;  but 
restored  by  addition  of  a  ferric  salt ;  hydrochloric  acid,  even  when  concentrated,  does 
not  decolorise  the  liquid  ;  nitric  acid,  on  the  other  hand,  decomposes  the  sulphocyanate, 
and  destroys  the  colour  (p.  506). 

SuLPHOCYANATES  OF  Lead. — Iheneutral  saU,'Ph"Cy''B-.  is  gradually  deposited 
in  opaque  shining-yellow  crystals,  on  mixing  a  solution  of  lead-acetate  with  sulphocya- 
nate of  potassium.  The  crystals  are  monoclinic,  exhibiting  the  dominant  combination, 
+  P  .  -3P.  oP  .  ooP2  .  +3Poo.  Angle  ooP2  :  ooP2  (clinod.)  =  120°  38'; 
oP  :  ooP2  =  111°  31';  oP  :  -t-P  =  116°65';  oP:  -3P  =  119°  3';  oP:  3P»  =  87=  46'. 
Axes,  a:b:  c  =  0-923  :  1-1162  :  1.  Angle  6  :  c  =  65°  20'.  Specific  gravity  of 
crystals  =  3-82.  The  salt  is  but  slowly  decomposed  by  sulphydric  acid.  It  is  iusoluble 
in  water,  but  boiling  water  converts  it  into  a  basic  salt,  Pb"Cy-S-'.Pb"H-0^.  The  latter 
is  likewise  obtained  on  mixing  sulphocyanate  of  potassium  with  ammoniacal  plumbic 
acetate,  or  with  the  basic  acetate,  as  a  white  ciu'dy  precipitate,  becoming  yellowish 
and  pulverulent  when  dry. 

Sulphocyanate  of  Magnesium,  Mg"Cy'S^.4H'0. — Confused  crystals,  very 
soluble  in  water  and  in  alcohol.  The  compound  Mg"Cy-S-.Hg"Cy^  prepared  like  the 
corresponding  barium-salt,  is  a  white  crystalline  powder.  (Bookmann.) 

Sulphocyanate  of  Manganese.— Very  soluble. 

SuLPHOCYANATES  OF  Mebcury. —  The  mcrcuToiis  salt,  Hg'CyS,  is  a  white  pre- 
cipitate, formed  on  mixing  mercurous  nitrate  witli  sulphocyanate  of  potassium  (W  o  h  - 
ler);  according  to  Claus,  the  solutions  should  be  very  dilute.  The  dry  precipitate 
swells  up  suddenly  when  heated,  giving  otF  nitrogen,  carbonic  disulphide,  and  vapour 
of  mercury,  and  leaving  a  grey  mass  resembling  graphite,  which  by  calcination  is  con- 
verted into  mellone.  On  account  of  this  property,  the  salt  is  used  for  the  preparation 
of  the  toys  called  "  Pharaoh's  serpents."  It  is  resolved  by  boiling  water  into  metallic 
mercury  and  mercuric  sulphocyanate. 

The  mercuric  .<<alt,  Hg"Cy-S-,  is  obtained  as  a  white  precipitate,  composed  of  anhy- 
drous needles,  on  mixing  mercuric  chloride  with  sulphocyanate  of  potassiimi ;  it  is  very 
slightly  soluble  in  water,  moderately  soluble  in  alcohol  (Crookes).  A  solution 
of  mercuric  oxide  in  sulphocyanic  ;icid  yields,  by  evaporation,  needles  containing 
water  (Berzelius). — An  oxi/sulphocyanntc,  Hg"C3'-S'-'.2Hg"0,  is  obtained,  by  adding 
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jimmonia  to  the  solution  of  mercuric  sul|ihocy;inate,  as  a  lemon-yellow  powder,  ■wliieh 
decomposes  quickly  at  180^,  and  leaves  melloiio  wiien  calcined. 

Mercuric  sulphocyanate  forms  several  double  salts,  which  have  been  examined  chiefly 
by  Cleve  (Kongl.  Vetenskap.  Akad.  Fiirhandlingar,  xxii.  9  ;  J.  pr.  Chem.  xci.  227). 
— The  cobalt-salt,  Hg"Co"CySS'  =  Hg"Cy^S-.Co"Cy-S^,  is  formed  by  direct  union  of 
its  component  salts,  or  by  gradually  adding  merciu'ic  cyanide  to  a  solution  of  cobaltous 
sulphocyanate  acidulated  with  suiphocyanic  acid,  separates  in  indigo-blue  four-sided 
prisms,  permanent  in  the  air,  slightly  soluble  in  water  and  in  dilute  hydrochloric  acid, 
easily  in  nitric  acid.  The  same  compound  is  sometimes  also  formed  (together  with  the 
yellow  salt,  Hg"Cy-.Co"Cy*S''.4HH')),  on  mixing  mercuric  cyanide  with  sulplioi  yanate 
of  cobalt. — The  ferrous  salt,  Hg"Fe"Cy^S',  separates,  from  a  mixture  of  mercui  ic  sul- 
phocyanate and  ferrous  chloride  left  for  some  time  in  a  vacuum,  as  a  brown  crystalline 
powder,  permanent  in  the  air. — The  nickd-sult,  Hg"Ni"Cy^S'.2H-0,  separates  from  a 
mixture  of  the  component  salts,  in  small  sky-blue  needles,  which  dissolve  readily  in  hot 
water,  and  give  off  their  water  of  crystallisation  at  120°.  Zinc-nurcuric  sulphocya- 
nate, Hg"Zn"Cy''SS  is  formed,  on  mixing  mercuric  sulphocyanate  with  a  zinc-salt,  as 
a  white  precipitate,  nearly  insoluble  in  cold  water.  (Cleve.) 

A  iwiassio-mcrcuric  sulphocyanate,  Hg'KCy'S'  =  Hg"Cy'-'S'-.KCyS,  is  prepared  by 
triturating  morcurous  chloride  with  a  strung  solution  of  potassium-sulphocyanate. 
The  liquid,  filtered  from  the  black  magma  thus  produced,  yields  by  evaporation  a  mix- 
tm-e  of  yellow  tables,  cubes,  and  octahedrons,  easily  separated  by  mechanical  selection. 
The  yellow  tables,  which  constitute  the  potassio-mercuric  sulphocyanate,  are  purified  by 
crystallisation  from  boiling  alcohol,  whence  the  salt  separates  in  radiate  groiqis  of  white 
nacreous  needles.  It  dissolves  sparingly  in  cold,  more  easily  in  hot  water;  very  easily 
in  aqueous  chloride  of  ammonium  or  potassium  ;  easily  in  alcohol,  especially  at  the 
boiling  heat;  also  in  ether.  Ammonia  added  to  the  aqueous  solution  throws  down  the 
oxysidphocyanate  above  described.    (Clans,  J.  pr.  Chem.  xv.  407.) 

S uLPno cs  AN A.TE  OF  NiCKEL  is  obtained,  as  a  yellow  crystalline  powder,  by 
evaporating  the  green  solution  of  niekel-oxide  in  suiphocyanic  acid.  It  dissolves  in 
ammonia,  forming  a  blue  liquid,  which  yields  blue  efflorescent  crystals,  (N-H''Ni' ) 
Cy^S-.2NIP,  deeomposiblo  by  water. 

SuLPHOCTANATE  OF  P A L L  A D I r M  IS  easily  Soluble  in  Water. 

SuLPHOCYANATES  ofPlatinu  m. — Platinic  sulphocyanate  does  not  appear  to  be 
known  in  the  separate  state. — The  platinous  salt,  Pt"Cy-S-,  probably  constitutes  the 
red  or  brown  non-crystalline  substance  obtained  by  decomposing  one  of  the  following 
double  salts  with  chlorine  or  nitric  acid  ;  c.ff.,  with  chlorine  and  sulphocyanate  of  po- 
tassium : 

K=Pt"CySSi'  -1-  IICP  +  IGH^O   =  Pt"Cy%g-   +   2KHS0^  +  2II'-S0-'  -i-  22HC1 

+  4HCy. 

It  is  insoluble  in  water  and  in  alcohol,  is  not  attacked  by  potash,  but  is  coloured 
yellow  by  ammonia.  It  gave  by  analysis  8'.53  and  8'72  per  cent,  carbon,  9-92 
"nitrogen,  18-77  sulphur,  G2-27  and  62-02  platinum,  besides  0-39  and  1-5  hydrogen, 
the  formula  PtCy%'  requiring  7-64  carbon,  8-93  nitrogen,  20-38  sulphur,  aiid  63-05 
platinum. 

Double  Salts  of  the  Plathui/ti-sulphocyanatis.  (G.  B.  Bucktou,  Chem.  Soe.  Qu.  J. 
vii.  22.) — The  sulphoeyanates  of  platinum  form  two  series  of  double  salts,  called  sul- 
phoc vauopla ti n i tcs  and  s nip h ocy anopla t ina tos,  analogous  to  the  chloro- 
platinites  and  chloroplatinates,  and  represented  by  the  following  general  formula',  M 
denoting  a  monatomie,  and  N  a  diatomic,  metal : 

Sulphoeyanoplatinites  .  .  .  ^!|Pt"Cy'S^  =  ^^(?^?'gj  |  Pf'Cy'S^ 
Sulphocyanoplatinates   .       .       .  PfCy'S-^  =  l^i^^^^^Sig.,  |  Pf'-Cy^S'. 

The  potassium-salts  are  formed  by  the  action  of  potassic  sulphocyanate  on  phitinous 
and  platinic  chloride  respectively.  The  salts  of  the  alkali-metals  and  alkaline  earth- 
metals  are  soluble  in  water  ;  those  of  the  heavy  metals  are  insoluble,  and  are  formed  by 
double  decomposition.  All  these  salts  are  strongly  coloured,  exhibiting  various  shades 
of  colour,  from  light-yellow  to  dark-red.  They  ar(>  quickly  decomposed  by  heat,  emitting 
a  peculiar  odour.  Ammonia  attacks  the  salts  of  both  series,  forming  sulphocyanate  of 
platosammonium  (p.  613).  Their  decomposition  by  chlorine  and  by  nitric  acid  has 
been  mentioned  above. 

The  following  table  exliibits  the  reactions  of  the  soluble  salts  of  the  two  series  with 
various  metallic  solutions  : — 
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Reagents. 

Sulphocyanoplatinites. 

Sulphocyanoplatinates. 

Neiitral  Lead-salts  . 
Basic  Lead-salts 
Ferrous  salts  . 
Cobalt-salts 
Cuprous  salts  . 
Cupric  salts  . 
Mercurous  salts 

Silver-salts 
Auric  salts 

Salts  of  Platosamine 
Salts  of  Diplatosamine  . 

Chromic  acid  . 

Ferrocyanide    of  Potas- 
sium .... 

No  change 

Pale-yellow  precipitate 
No  change 
No  change 

Purplish-black  precipitate  . 

Purplish-black  precipitate . 

No  precijsitate :  liquid 
changes  colour  when 
heated  .... 

Pale-yellow  precipitate 

Salmon-coloured  precipi- 
tate .... 

Fine  yellow  precipitate 

Flesh-coloured  precipitate  . 

Copious  reddish  precipitate, 
■with  evolution  of  hydro- 
cyanic acid  . 

Nearly  wliite  precipitate  on 
boUing  .... 

Soluble  golden  laminae 
Fine  red  precipitate 
Black  shining  grains 
Orange-red  precipitate 
Rich  browa  precipitate 
Brick-red  precipitate 
Orange  precipitate 

Red  or  orange  precipitate 
Salmon-coloured  precipi- 
tate 

Copious  orange  precipitate 
Fine  vermilion-red  precipi- 
tate 
No  precipitate 

Prussian-blue    formed  on 
boiling 

1.  Sxilfhocyano-platinites,  M^Pt"(CyS°)'. 

Hydric  Sulphocyanoplathiite  or  Sulphocyanoplatinous  Acid,  H^Pf'Cy^S'. — Obtained 
by  cautiously  decomposing  sulphocyanoplatinite  of  barium  with  dilute  sulphuric  acid. 
The  aqueous  solution  is  speedily  decomposed  by  evaporation,  even  in  vacuo,  the  sul- 
phur being  oxidised  at  the  expense  of  the  water.  The  chief  products  of  the  decompo- 
sition are  sulphocyanic  acid  and  a  red  or  yellow  deposit  rich  in  platinum. 

Sulphocyanoplatinite  of  Potassimn. — Obtained:  1.  By  dissolving  platinous  chloride  in 
sulphocyanate  of  potassium,  the  solution  being  attended  with  considerable  rise  of  tem- 
perature.— 2.  Bettor,  by  the  action  of  sulphocyanate  of  potassium  on  chloroplatinate  of 
potassium,  the  sulphocyanate  being  in  excess.  As  sulphocyanoplatinite  of  potassium 
is  extremely  soluble,  and  does  not  crystallise  well  by  evaporation,  it  is  best  to  use  the 
sulphocyanate  of  potassium  in  the  form  of  a  concentrated  solution,  and  to  add  the 
platinum-salt  by  small  quantities  at  a  time,  so  as  to  avoid  too  great  a  rise  of  tempera- 
ture. The  liquid  on  cooling  deposits  a  mass  of  small  needles,  which  must  be  purified 
from  chloride  of  potassium  by  solution  in  strong  alcohol,  from  which  again  the  salt  is 
best  recovered  by  spontaneous  evapoi'ation.  The  crystals  are  then  pressed  between 
paper  to  remove  the  excess  of  sulphocyanate  of  potassium,  and  the  salt  once  more  crys- 
tallised from  an  aqueous  solution. 

It  forms  stellar  groups  of  crystals,  which  when  examined  by  the  microscope  appear 
like  six-sided  prisms  of  a  fine  red  colour.  They  dissolve  readily  in  2^  ]As.  of  water  at 
l-5-5°,  and  are  soluble  to  any  extent  in  warm  alcohol.  The  solution  of  tlie  pui-e  salt 
is  orange-red  ;  a  port-wine  colour  denotes  impiu-ity.  The  crystals  are  not  deliquescent, 
and  when  perfectly  dry,  do  not  appear  to  be  affected  by  a  temperature  of  100°.  The 
salt  is  decomposed  by  ammonia,  yielding  sulphocyanate  of  platosammonium  whicli 
crystallises  out,  and  sulphocyanate  of  potassium  which  remains  in  solution. 

Hvlphocyanoplatinite  of  Silver,  Ag''^Pt"Cy''S'. — Curdy  precipitate,  somewhat  resem- 
bling sulphocyanate  of  silver,  partially  soluble  in  ammonia,  with  decomposition.  It 
dissolves  in  sulphocyanate  of  potassium,  but  the  solution  is  decomposed  by  water. 

fN''II"'Pt"y'Cv'S'' ) 

Tetrammonioplatinous  Sulphocyanoplatinite,    ^  Pt"Cy-S^|'  Sulphocyano- 

rN-H^(NII^')-Pt"^"/ 

platinite  of  Biammo-platoso-diammonium,  ^       '    pJ„>Cy*S'. — Obtained,  as  a 

bulky  flesh-coloured  precipitate,  by  decomposing  the  cliloride  of  diplatosammonium 
with  a  soluble  sulphocyanoplatinite. — Heated  on  platinum-foil,  it  gives  off  ammo- 
uiacal  ga.s,  fuses  into  a  black  bubbling  mass,  and  then  burns  like  tinder,  leaving 
bright  spongy  platinum.  It  is  quite  insoluble  in  water  and  in  alcohol,  but  dilute 
hydrochloric  acid  dissolves  it  rather  freely.  It  is  polymeric  with  sulphocyanate  of 
platosammonium  (p.  613). 

2.  Sulphocyanoplatinates. 
Sulphocyanoplatinic  Acid,    H^Pt''Cy"S°. — Obtained  by  precipitating  a  wann  and 
concentrated  solution  of  the  lead-salt  with  sulphuric  acid.    The  filtered  liquid  is  of  a 
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deep-red  colour,  and  has  a  strongly  acid  taste.  It  displaces  carbonic  acid  from  its 
alkaline  salts,  and  dissolves  metallic  zinc,  "with  evolution  of  hydrogen,  and  production 
of  a  yellow  insoluble  substance.  When  rapidly  evaporated  in  vacuo,  it  leaves  a  con- 
fused semi-crystalline  mass.  Wlien  concentrated  over  the  water-bath,  it  is  quickly 
decomposed,  leaving  a  brown  amorphous  mass,  rich  in  platinum.  On  distilling  it  at  a 
gentle  heat,  an  acid  lic^uid  passes  over,  containing  hydrocyanic  and  sulphocyanic  acids. 
It  combines  directly  with  bases. 

Stdphocyanoplatmatc  of  Ammonium. — The  acid  does  not  combine  rapidly  with  free 
ammonia ;  but  the  salt  is  easily  prepared  by  boiling  1  pt.  of  ammonium-sulphate  for  a 
few  minutes  in  a  strong  solution  of  3'5  pts.  potassic  sulphocyanoplatinate  ;  it  may 
bo  separated,  after  cooling,  from  the  sidphatcs  of  ammonium  and  potassium,  b}'  means 
of  alcohol,  and  jjurified  by  recrystallisation  from  hot  water.  It  crystallises  in  hexa- 
gonal plates  of  a  fine  crimson  colour.  It  is  stabile  at  ordinary  temperatures,  but  gives 
off  the  odour  of  sulphocyanic  acid  when  its  aqueous  solution  is  boiled. 

Sidphocj/anop/alhiate  of  Potassium. — Prepared:  1.  By  the  action  of  potassic 
sulphocyanatc  on  platinic  chloride.  When  platinic  chloride  is  added  to  a  cold  solution 
of  potassic  sulphocyanatc,  a  precipitate  of  potassic  chloroplatinate  is  formed, 
with  evolution  of  sulphocyanic  acid.  But  if  the  platinic  chloride  be  poured  into  a 
strong  solution  of  the  sulphocyanate  previously  heated  to  70°  or  80°,  no  precipitate  is 
formed  ;  but  the  liquor  accixiires  a  deep-red  colour,  and  on  cooling  deposits  beautiful 
laminie  of  potassic  sulphocyanoplatinate.  This  process  involves  a  considerable  waste 
of  potassic  sulphocyanatc,  in  consequence  of  the  presence  of  free  hydroehlox-ic  acid, 
which  likewise,  if  the  temperature  rises  above  a  certain  pioint,  decomposes  the  product, 
forming  a  brown  floceulent  precipitate  (platinous  sulphocyanate). 

2.  Better :  a  solution  of  4  pts.  cldoroplatinate  of  potassium  is  added  to  a  solution 
of  5  pts.  pure  sulphocyanate  of  potassium  (-n'eighed  in  the  fused  state)  in  a  moderate 
quantity  of  water,  and  the  mixture  is  heated  nearly  to  the  boiling-point : 

K^Pt'^Cl"  +  GKCyS  =  KWCy'^S''  -1-  6KC1. 

A  deficiency  of  the  sulphocyauate  must  be  avoided,  as  in  that  case  an  insoluble 
lirown  substance  is  formed,  which  renders  the  purification  of  the  crystals  very  diflScult. 
The  filtered  liquid,  on  cooling,  deposits  tho  sulphocyanoplatinate  in  beautiful  crystals, 
often  of  large  size.  To  remove  traces  of  chloride  of  potassium,  the  crystals  may  be 
rodissolved  in  boiling  alcohol,  and  the  solution  passed  tlirough  a  filter  surrounded  with 
hot  water,  to  prevent  too  rapid  crystallisation. 

Sulphocyanoplatinate  of  potassium  forms  six-sided  prisms  or  lamin?e,  of  a  deep 
carmine  colour  and  vei-y  nauseous  taste.  The  aqueous  solution  yields  the  salt  in 
hexagonal  plates,  but  from  the  alcoholic  solution  it  is  often  deposited  in  double  six- 
sided  pyramids  united  base  to  base,  and  with  truncated  summits.  Permanent  in  the 
air  at  ordinary  temperatures.  It  dissolves  in  12  pts.  water  at  60°,  much  mere 
freely  in  boiling  water,  and  still  more  in  boiling  alcohol.  The  solutions  have  a  deep- 
red  colour,  becoming  yellow  when  very  dilute.  One  drop  of  the  saturated  solution 
gives  a  distinct  yellow  tinge  to  a  gallon  of  water. 

Decompositions. — 1.  Sulphocyanoplatinate  of  potassium  is  decomposed  at  a  red 
heat,  yielding  sulphocyanate  of  potassium,  gaseous  products,  and  reduced  pilatinum. — ■ 
2.  When  gently  heated  in  contact  -ndtli  the  air.  it  burns  with  a  blue  sulphiirous  flame 
and  peculiar  odoui-. — 3.  Sulphuric  acid  converts  it  into  sidphocyanic  acid,  suphocya- 
nate  of  potassium,  and  platinic  sulphide : 

K--Pt"Cy«S'=  -1-  2H=S    =    Pts-  +  2KCyS  -t-  4HCyS. 

Similarlj',  with  sulphide  of  ammonium: 

K-Tt"Gy'=S»  +  2(NH')2S    =    PtS^  +  2KCyS  +  4NII'CyS. 

4.  The  salt  is  decomposed  by  strong  sulphuric  and  hydrochloric  acid.  Nitric  acid 
and  chlorine  likewise  decompose  it,  yielding  platinous  sulphocyanate,  Pt"Cy^S^,  and 
other  products  (p.  .509). — .5.  Ammonia  and  carbonate  of  ammonia  added  to  a  saturated 
solution  of  the  salt,  quickly  decompose  it,  changing  the  colour  to  pale-yellow  in  a  few 
minutes,  and  precipitating  sniphoci/anatc  of  plato.mmmoniicm,  in  fine  yellow  needles 
the  liquid  retaining  in  solution  sulphate  and  sulphocyanate  of  potassium,  together 
with  sulphocyanate  and  cyanide  of  ammonium  : 

3K-Pt"Cy»S«  +    iWO   =   3(N-lPrt")"Cy=S-  +  K^SO<  +  4KCyS  -i- 

2NH<CyS  +  5HCyS  +  HCy. 

6._  Potash  converts  tho  salt  into  a  red  gelatinous  mass,  without  evolution  of  ammo- 
pi*!- — 7.  'WTien  it  is  gently  heated  with  carbonate  of  potassium,  carbonic  anhydride 
IS  evolved;    the   mixture    becomes  partially  decolorised;   sulphocyanoplatinite  of 
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potassium  is  deposited,  and  the  liquid  retains  in  solution  sulphate,  sulphocyanate  of 
potassium,  and  cyanide  of  potassium : 

3K'Pt"Cy«S«  +  4K^C0'  =  SK^Pf'Cy'S*  +  K=SO'  +  5KCyS  +  KCy  +  4C0'. 

— 8.  A  pure  solution  of  potassic  sulphocyanoplatinate  does  not  produce  a  blood-red 
colour  v'ith  ferric  salts ;  but  the  mixture  becomes  nearly  black  and  opaque  when 
heated,  from  formation  of  a  substance  which  separates  in  heavy  lustrous  grains. 

Sulphocyanoplatinate  of  Sodium,  obtained  by  precipitating  the  lead-salt  with  sul- 
phate of  sodium,  crystallises  readily  in  broad  garnet-coloured  tables,  soluble  in  water 
and  in  alcohol. 

Sulphocyanoplatinate  of  Bariura. — Prepared  by  dissolving  3  pts.  of  the  dry  potas- 
sium-salt in  an  aqiieous  solution  of  1  pt.  of  chloride  of  barium  (or,  as  an  excess  of  the 
latter  is  desirable,  9  pts.  K^PtCy'^S"  to  4  pts.  BaCP),  evaporating  the  solution,  and 
extracting  with  alcohol. — Crystallises  in  long  flattened  prisms  of  a  deep-red  colour, 
and  often  of  considerable  size.    Not  so  stable  as  the  potassium-salt. 

Cupric  Sulphocyanoplatinate. — Precipitated  on  mixing  a  solution  of  the  potassium- 
salt  with  cupric  sulphate.  Exhibits  a  brick-dust  colour  when  first  precipitated,  but 
changes  at  a  boiling  heat  to  a  black  insoluble  powder.  Forms  a  fine  green  solution 
with  ammonia,  but  on  the  addition  of  hydrochloric  acid,  the  copper-salt  is  reproduced, 
with  dark-brown  colour. 

Sulphocyanopilatinates  of  Iron. — a.  Ferrous  salt,  Fe'Tt'^Cy'S*. — Obtained  by  adding  a 
slightly  acidulated  solution  of  ferrous  sulphate  to  a  concentrated  solution  of  potassic 
sulphocyanoplatinate.  Black  crystalline  precipitate,  which,  when  examined  by  the 
microscope,  is  seen  to  be  composed  of  shining  six-sided  laminae  with  rounded  edges. 
It  is  not  atfected  by  dilute  sulphuric,  hydrochloric,  or  nitric  acid  ;  but  strong  nitric  acid 
dissolves  it,  with  formation  of  sulphuric  acid.  Cold  solution  of  potash  converts  it  into 
ferric  oxide  and  a  yellow  liquid  containing  platinum  and  sulphocyanic  acid.  It  is  in- 
soluble in  water  and  in  alcohol. 

/8.  Ferric  Salt. — Prepared  in  like  manner  with  ferrous  salt,  but  not  precipitated 
till  the  mixture  is  boiled.    Resembles  the  ferrous  salt. 

Sulphocyanoplatinates  of  Lead. — a.  Neutral,  Ph'Tt'^Cy^S". — Precipitated  in  the 
form  of  brilliant  golden  hexagonal  plates,  on  mixing  the  concentrated  solutions  of 
neutral  acetate  of  lead  and  sulphocyanoplatinate  of  potassium.  Soluble  in  alcohol; 
less  soluble  in  cold  water,  with  which  it  may  be  washed  ;  cannot  be  crystallised  from 
hot  water  without  decomposition. 

Basic,  PVCPh'Tt'^Cy^S". — Obtained  as  a  brilliant  red  precipitate,  on  mixing  the 
concentrated  solutions  of  potassic  sulphocyanoplatinate  and  basic  lead-acetate.  Inso- 
luble in  water ;  readily  soluble  in  dilute  nitric  and  in  acetic  acid. 

Mercurous  Sulphocyanoplatinace,  Hg-Pt'"Cy''S^. — Heavy  curdy  precipitate,  obtained 
by  adding  mercurous  nitrate  to  sulphocyanoplatinate  of  potassium.  Its  colour  is  deep 
orange  at  first,  but  changes  to  a  pale  primrose-yellow  when  the  liquid  is  heated  to  the 
boiling-point.  In  the  dry  state,  it  bears  a  considerable  degree  of  heat  without  altera- 
tion. Heated  in  the  air-bath  to  between  140°  and  150°,  it  suddenly  swells  up  into  a 
substance  having  a  peculiar  metallic  and  arborescent  appearance,  somewhat  like 
coarse  tea,  and  emits  a  jet  of  spontaneously  inflammable  gas.  No  further  change  is 
observed  till  the  temperature  rises  to  250°  ;  but  at  a  heat  below  redness,  mercurial 
vapours  and  cyanogen-gas  are  liberated ;  and  finally  the  mass,  if  exposed  in  an  open 
crucible,  burns  away  like  tinder,  leaving  a  residue  of  platinum.  The  salt,  when 
subjected  to  dry  distillation,  in  a  retort,  yields  a  mixture  of  nitrogen-gas  and  vapour 
of  carbonic  disulphide. 

Sulphocyanoplatinate  of  Silver,  Ag-Pt''Cy''S''. — Prepared  by  decomposing  a  solu- 
tion of  the  potassium-salt  with  nitrate  of  silver.  Heavy,  curdy,  deep  orange-coloured 
precipitate,  which  shrinks  and  ngglutinates  into  a  tenacious  mass  when  boiled  with 
water,  but  hardens  again  on  boiling.  The  dry  salt,  when  gently  heated,  swells  up 
considerably,  and  if  in  contact  with  the  air,  takes  flre  and  burns  with  a  blue  flame. 
Before  the  blowpipe,  it  fuses  into  a  metallic  bead  of  silver  and  platinum. — Nitric  acid 
decomposes  it  rapidly,  with  formation  of  sulphui-ic  acid,  evolution  of  nitric  oxide,  and 
precipitation  of  a  yellow  substance. — When  recently  precipitated,  it  dissolves  in  cold 
aqueous  ammonia,  but  the  solution  decomposes  at  a  higher  temperature.  The  salt  is 
decomposed  by  hot  caustic  potash,  yielding  sulphocyanate  of  potassium,  platinic  oxide, 
and  oxide  of  silver: 

Ag-Pt'-'Cy'S^  +  6KH0    =    6KCyS  +  PtO'  +  Ag'O  +  3H'0. 

It  dissolves  in  sulphocyanate  of  potassium,  but,  on  adding  water  to  the  liquid,  sul- 
phocyanate of  silver  is  precipitated,  and  sulphocyanoplatinate  of  potassium  remains  in 
solution : 

AgTL^Cy^S"  +  2KGyS    =    2AgCyS  +  K^fCy^S". 


SULPHOCYANATES. 


513 


SULPHOCYANATE  OF  Platosammonium,  C'HWS'Pt  =  N'HTf'.Cy^S'.— 
This  salt,  polymeric  and  metameric  with  tetrammonioplatinous  sulphocyaiioplatinite 
(p.  510),  is  obtained  :  Z.  By  tlie  action  of  ammonia  on  sulphocyanoplatinite  of  potassium  : 

K-Pt"Cy'S'  +  2NH^  =  N-IPPt".Cy=S-  +  2KCyS. 
2.  By  the  action  of  ammonia,  or  its  carbonate,  on  sulphooyanoplatinate  of  potassium 
(see  p.  511).  Caustic  ammonia  acts  more  quickly  than  the  carbonate,  but  must  not 
be  used  in  the  concentrated  state,  as  the  product  is  then  contaminated  with  an  inso- 
luble substance.  The  crystals  are  collected  on  a  filter,  washed  with  cold  water,  and 
recrystallised  from  hot  alcohol. — ?.  By  double  decomposition  with  sulphocyanate  of 
potassium  and  chloride  of  platosammonium : 

N2IPPt"Cl-  +  2KCyS    =    N^H''Pt".Cy'S2  +  2KC1. 

One  part  of  sulphocyanate  of  potassium  and  1-6  pt.  chloride  of  platosammonium  are 
dissolved  together  in  water  ;  the  mixture  heated  nearly  to  its  boiling-point ;  an  equal 
volume  of  alcohol  added,  to  increase  the  solubility  of  the  product ;  and  the  liquid 
filtered  hot.  Sulphocyanate  of  platosammonium  is  then  deposited  in  crystals,  on 
cooling. 

This  salt  forms  straw-yellow  needles,  which,  when  examined  by  the  microscope, 
appear  to  be  rhoraboidal  prisms.  Melts  between  100°  and  110°,  to  a  clear  garnet- 
coloured  syrup,  which  hardens  again  as  it  cools.  It  dissolves  sparingly  in  cold  water, 
more  readily  in  alcohol.  It  decomposes  at  180°,  giving  oif  ammonia  and  hydrocyanic 
acid  ;  and  if  exposed  to  the  air,  evolves  also  sulphurous  anhydride  and  leaves  metallic 
pilatinum  ;  no  sulphide  nf  carbon  is  given  off.  It  is  not  attacked  by  hydi-ochloric  or  by 
dilute  sulphuric  acid.  The  aqueous  solution  produces  no  change  in  salts  of  copper, 
lead,  or  mercury  ;  but  when  added  to  a  solution  of  sulphate  or  nitrate  of  silver,  it 
forms  a  light-yellow  px-ecipitate  containing  phitinura.  When  boiled,  it  gives  off 
ammonia,  and  deposits  the  yellow  insoluble  matter  above  mentioned  ;  the  .same  effect 
appears  to  be  produced  by  caustic  potash. 

Sui.phocyanatk  of  Potassium,  CNKS  =  KCyS. — This  salt  is  prepared: 
1 .  By  fusing  cyanide  of  potassium  with  sulphur,  or  2  pts.  of  the  ferrocyanide  with  1  pt. 
sulphur;  or  by  fusing  17  pts.  of  potassic  carbonate  with  32  pts.  sulphur,  and  adding 
46  pts  of  dry  potassic  ferrocj'anide.  The  heat  must  be  continued  till  the  melted  mass 
gives  off  bubbles,  which  burn  ia  the  air  with  a  red  flame;  and  it  must  be  carefully 
regxilated,  as  if  it  is  insufiicient,  part  of  the  ferrocyanide  will  remain  undecomposed ; 
and  if  it  be  too  much  raised,  part  of  the  resulting  sulphocyanate  will  be  converted  into 
mellanide.  The  fused  mass,  when  cold,  is  dissolved  in  water  ;  the  iron  contained  in  the 
solution  is  precipitated  liy  carbonate  of  potassium  ;  the  filtrate  is  evaporated  to  dryness  ; 
the  residue  digested  with  alcohol,  and  the  alcoholic  solution  left  to  evaporate.  To 
avoid  the  use  of  alcohol.  Meillet  (J.  Pharm.  xxvii.  628)  neutralises  the  filtrate  sepa- 
rated from  the  iroi  precipitate  with  acetic  acid,  evaporates,  and  purifies  the  sulpho- 
cyanate by  cr^'stallisation. — 2.  Sulphocyanate  of  potassium  may  also  be  prepared,  in 
the  same  manner  as  the  sodium-salt,  by  fusing  1  pt.  of  anhydrous  potassic  ferro- 
cyanide with  3  pts.  of  the  anhydrous  hyposulphite  (F  r  6  li  d  e). — 3.  Gelis  prepares  sulpho- 
cyanate of  potassium  on  the  large  scale  by  heating  sulphocyanate  of  ammonium  with 
potash,  or  sulphocarbonate  of  ammonium  with  sulphide  of  potassium  (p.  506) : 

2(NII')=CS'    +    K-S      =      2KCNS    +    2(NH')HS    +  3H-S. 

Sulphocyanate  of  potassium  crystallises  in  long  striated  prii?ms,  or  in  needles  with 
four-sided  summits,  very  much  like  saltpetre.  They  are  anhydrous,  and  have  a  specific 
gravity  of  r866 — 1'906  (Bodeker).  The  salt  is  very  deliquescent,  fusible,  and  very 
soluble  in  boiling  alcohol.  It  has  a  cooling  pungent  taste,  somewhat  like  that  of 
radishes,  and  is  poisonous. 

The  aqueous  solution  of  potassic  sulphocyanate  decomposes,  with  evolution  of 
anmionia,  gradually  at  ordinary  temperatures,  more  quickly  at  the  boiling  heat.  The 
alcoholic  solution  is  more  stable.  The  concentrated  solution  dissolves  recently  pre- 
cipitated argnitic ci/anidc,  which  is  thrown  down  from  it  in  the  crj-stalline  stat«  on  dilu- 
tion. It  likewise  dissolves  a  considerable  quantity  of  recently  precipitated  argcniic 
chloride,  also  oi  argentic  sulphncyavate,  forming  therewith  a  crystalline  compound. 

Sulphocyanate  of  potassium,  when  melted  in  close  vessels,  bears  a  dull  red  heat 
without  decomposition,  but  when  calcined  in  contact  with  the  air,  it  yields  sulphate  ;  if 
the  salt  is  moist,  sulphide  of  potassium  is  obtained,  with  evolution  of  ammonium-car- 
Ixmate. 

When  dry  chlorine  is  passed  into  melted  sulphocyanate  of  potapsium,  chloride  of 
sulphur  is  given  off,  together  with  solid  chloride  of  cyanogen,  which  sublimes  in  needles. 
At  a  certain  stage  of  the  decomposition,  a  thick  red  vapour  is  evolved,  which  condenses 
into  a  rod  or  yellowish-red  sublimate  containing  fi7'0  per  cent,  sulphur  ;  and  a  residue 
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is  left,  consisting,  according  to  Liebig,  of  chloride  of  potassium  and  impure  mellone. 
According  to  Volckel  (Pogg.  Ann.  Iviii.  152),  neither  the  red  sublimate  nor  the 
mellone  is  produced  if  tlie  chlorine  is  quite  dry  and  free  from  hydrochloric  acid. 
Chlorine  passed  into  an  aqueous  solution  of  the  sulphocyanate,  not  too  dilute,  throws 
down  an  orange-coloured  precipitate  of  persulphocyanogen  (iy.  380).  An  alcoholic 
solution  of  iodine  is  not  decolorised  by  an  alcoholic  solution  of  potassic  sulphocyanate, 
even  at  the  boiling  heat. 

Strong  nitric  acid  added  to  the  aqueous  solution  throws  down  persulphocyanogen. 
Dilute  nitric  acid,  nitrous  acid,  and  other  oxidising  agents,  also  impart  to  the  solution 
a  deep  but  transient  blood-red  colour,  which  is  distinguished  from  that  produced  by 
ferric  salts  by  its  greater  instability.  (Jahresb.  1852,  p.  429  ;  1857,  p.  237;  1865, 
p.  294.) 

Permanganate  of  potassium,  peroxide  of  manganese,  and  peroxide  of  lead,  oxidise  only 
the  sulphur  of  the  sulpliocyanate,  converting  it  into  sulphuric  acid,  the  formation  of 
whieli  is  probably  preceded  by  that  of  a  cyanogen-compound  containing  a  smaller  pro- 
portion of  sulphur  than  the  sulphocj-anate.    (Hadow,  Chem.  Soc.  Qu.  J.  xi.  174.) 

When  dry  hydrochloric  acid  is  passed  over  fused  sulphocyanate  of  potassiiun,  great 
heat  is  produced  ;  hydrocyanic  acid,  carbonic  disulphide,  and  sal-ammoniac  are  given 
off ;  and  a  thick  yellowish-red  sublimate  is  formed,  which,  when  exposed  to  moist  air, 
gives  off  acid  vapours  capable  of  reddening  ferric  salts.  (Liebig.) 

Sulphocyanate  of  potassium  gently  heated  with  jxntacMoride  of  phosphorus,  yields 
gaseous  chloride  of  cyanogen,  phosphoric  sulphochloride,  and  chloride  of  potassium : 

KCyS    +    POP      =      CyCl    +    KCl    +  PSCP. 
At  a  higher  temperature  other  products  are  formed.     (Schiff,  Ann.  Ch.  Pharm.  cvi. 
116.) 

An  aqueous  solution  of  potassic  sulphocyanate  yields,  by  electrolysis,  sulphuric  acid, 
sulphurous  acid,  hydrocyanic  acid,  and  sulphm\  (Schlagdenhauffen,  J.  Pharm. 
[3],  xlix.  100.) 

iDry  sulphocyanate  of  potassium  heated  witli  metallic  iron  is  converted  into  ferro- 
cyanideof  potassium,  together  with  ferrous  and  potassic  sulphides  : 

6KCyS    +    Fe"      =     KTeTy^    -I-    5F6"S    +  K^S. 

This  process  is  applied  by  Gelis  to  the  maniifacture  of  the  ferrocyanide.  (See 
Edp.  Chim.  App.  1862,  p.  870;  Eichardson  and  Watts's  Chemical  Technology, 
[5],  i.  399.) 

Sulphocyanate  of  Silver,  AgCyS. — White  curdy  precipitate,  insoluble  in 
•water  but  soluble  in  ammonia,  whence  it  crystallises  in  shining  scales  free  from 
ammonia.  Dry  cUorine  free  from  hydrochloric  acid,  converts  it  into  solid  chloride  of 
cyanogen,  chloride  of  sulphiu-,  and  chloride  of  silver  ;  with  moist  acid  chlorine,  it 
yields  also  a  red  sublimate.  It  dissolves  easily  in  aqueous  sulphocj'anate  of  potas- 
sium, and  the  saturated  solution  left  over  sulphuric  acid,  deposits  rhomboi'dal  octa- 
hedrons of  the  double  salt  KCyS.AgCyS,  whiclx  is  completely  decomposed  by  water, 
melts  without  decomposition  .at  140°,  but  decomposes  at  a  higher  temperature. 

Sulphocyanate  of  Sodium,  NaCyS. — This  salt  may  be  produced  in  the  same 
manner  as  sulphocyanate  of  potassium,  also  by  fusing  cyanide  or  ferrocyanide  of 
potassium  with  hyposxilpliite  of  sodium  : 

4KCy    +     4Na^S20^      =      4NaCyS    -I-     2X^80'     -i-    Na=SO<    +    Na^'S ; 
2K*Fe"Cy«  +  12Na2S^03  =  12NaCyS  +  4K''S0*  +  5Na'S0^  +  Na-S  +  2Fe"S. 

A  convenient  mode  of  preparation  is  to  heat  1  pt.  of  potassic  ferrocyanide  with  Z\ 
pts.  anhydrous  sodic  hyposulphite  in  a  porcelain  dish,  till  the  hyposulphureus  acid  is 
decomposed,  and  dissolve  out  the  resulting  sodic  sulphocyanate  with  hot  alcohol  or 
water.  Ferricyanide  of  potassium  heated  with  hydrated  sodic  hyposulphite  is  first 
converted,  with  separation  of  sulphur  and  evolution  of  sulphurous  anhydride,  into  ferro- 
cyanide, which  is  then  converted,  as  above,  into  sulphocyanate  and  sulphide  of  sodium. 
(A.  Frohde,  Pogg.  Ann.  cxix.  317.) 

Sulpliocyanate  of  sodium  crystallises  in  rhombic  tables,  very  deliquescent,  and  very 
soluble  in  alcohol. 

Sulphocyanate  of  Strontium,  Sr"Cy'S-.3H^0,  forms  deliquescent  nodules, 
very  soluble  in  water  and  in  alcohol. 

Sulphocyanate  op  Thallium,  TlCyS,  is  obtained,  by  mixing  the  solution  of 
the  carbonate  with  sulphocyanate  of  potassium,  in  small  shining  needles  (Kuhlmann, 
Compt.  rend.  xv.  607).  The  crystals  are  quadratic,  having  however  a  monoclinic 
aspect,  in  consequence  of  irregular  development.  Observed  combinations,  ooP  .  Poo  ; 
and  ooPo)  .  ooP  .  Poo.  Angle  ooP  :  Pcx)  =  128°  20-3';  ooP  :  Poo  =  116°  1'; 
Poo  :  Poo  ,  in  the  basal  principal  section  =  76°  40-6'.  Twins  with  the  combination-face 
Pas .  No  distinct  cleavage.  (W.  H.  Miller,  Proc.  Roy.  Soc.  xiv.  655.) 
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SuLPHocYANATE  OF  TiN. — Stannoits  liydrute  precipitated  by  ammonia,  dissolves 
for  the  most  part  in  sulpliocyanic  acid,  leaving  a  liglit  orange-coloured  residue ;  the 
solution,  wlien  boiled,  deposits  stannous  oxide,  and  leaves,  on  fvirther  evaporation, 
lemon-yellovt'  stannovs  sidphocyanate,  Su"Cy-S-.  This  salt,  when  heated,  becomes 
brown  and  black  \iithuut  change  of  form,  and  finally  melts,  leaving  a  black  residue, 
which  burns  away  with  a  glimmering  violet-red  light.  It  dissolves  in  water  and  in 
absolute  alcohol,  the  aqueous  solution  appearing  blue  by  reflected  light.  Potash 
separates  black  stannous  oxide,  and  the  evaporated  solution  yields  tabular  crystals  of 
a  double  salt.  Stannous  sulphocyanate  dissolves  in  sulphocyanate  of  potassium,  with 
separation  of  brown  stannous  sulphide ;  and  the  filtrate  first  yields  crystals  of 
stannous  sulphocyanate,  then  decomposes  on  further  evaporation. — Stannic  hydrate 
dissolves  but  very  slightly  in  sulphocyanic  acid.  (L.  Clasen,  J.  pr.  Chem.  xcvii. 
349.) 

SuLPHocYANATES  OF  Uranitjii. — The  urauous  salt  is  dark-green,  soluble,  and 
crystalline. — The  uranic  salt  is  soluble  in  water,  insoluble  in  alcohol. 

Sulphocyanate  of  Zinc,  Zn"Cy-S-. — Deposited  from  alcohol  in  anhydrous 
crystals,  very  soluble  in  water.  It  dissolves  also  in  ammonia,  and  the  solution  yields, 
by  evaporation,  rhomboi'dal  prisms  of  sidphocyanate  of  sbicaminonium,  (N'^H''Zn")"Cy'S'^, 
which  are  decomposed  by  water. 

SVX.PHOC'rAITIC  ATTHYSRIQE,  C'-N'-'S   =  Cy^S.  Cyanic  Sidpkidc.  Sul- 
phide of  Cyanogen.    ( F.  Li n neman u,  Ann.  Ch.  Pharm.  cxx.  36.) — This  compound 
is  formed  by  the  action  of  cyanic  iodide  on  argentic  sulphocyanate : 
AgCyS  +  Cyl   =  Agl   +  Cy^S. 

It  is  most  easily  prepared  by  mixing  an  ethereal  solution  of  cyanic  iodide  with  an 
equivalent  quantity  of  argentic  sulphocyanate,  evaporating  with  constant  stirring,  and 
leaving  the  residual  powder  to  itself  for  some  hours  in  small  closed  vessels.  The 
sulphocyanic  anhydride  may  be  separated  from  the  argentic  iodide  by  sublimation,  or 
better,  by  extraction  with  boiling  carbonic  disulphide.  The  solution,  if  quickly  filtered 
at  the  boiling  heat,  and  thou  cooled  to  0°,  deposits  the  compound  in  crystals,  which 
may  be  purified  by  drying  in  a  vacuum  over  oil  of  vitriol. 

Sulphocyanic  anhydride  is  likewise  produced  by  the  action  of  sulphide  of  iodine, 
I-S,  on  cyanide  of  silver  ;  of  sulphide  of  chlorine,  CPS,  on  cyanide  of  mercury  ;  and  of 
iodide  of  cyanogen  on  sulphide  of  silver.  The  product  which  Lassaigne  obtained  (in 
1828)  by  treating  cyanide  of  mercury  with  sulphide  of  chlorine,  was  nothing  else  than 
sulphocyanic  anhydride.  In  preparing  the  compound  by  this  process,  a  secondary 
product  is  likewise  obtained,  consisting  of  a  white  powder,  insoluble  in  carbonic  disid- 
phide,  but  soluble  in  ether,  and  having,  accorcUug  to  Linnemann's  analyses,  the 
composition  Cy'-'S.HgCy. 

Sulphocyanic  anhydride  forms  limpid  rhombic  tables  or  laminse,  which  smell  like 
iodide  of  cyanogen,  and  volatilise  slowly  on  exposure  to  the  air.  It  sublimes  between 
30°  and  40°,  melts  at  60°,  and  solidifies  in  the  crystalline  form.  When  heated  for 
some  time  in  moist  air,  it  decomposes.  It  dissolves  in  ether,  cdcohol,  and  water,  and 
crystallises  from  solutions  supersatui'ated  while  hot.  It  is  easily  decomposed  by 
dilute  sulphi/ric  acid,  also  by  7iifric  and  by  hydrochloric  acid.  With  iodide  of  piotassiimi, 
it  gives  off  iodine  ;  with  aqueous  cyanide  of  2>ofossium,  it  evolves  hydrocyanic  acid  ;  by 
fusion  with  hydrate  of  potassium,  it  yields  ammonia,  carbonic  anhydride,  sulphide,  and 
sulphocyanate  of  potassium  ;  with  p'Otassium,  it  forms  cyanide  and  sidphocyanate  of 
potassium  ;  with  alcoholic  potash-sulution,  cyanate  and  sulphocyanate  of  potassium. 
With  na.'icent  hydrogen,  stilphydric  acid,  and  monosulphidc  of  potassium,  it  decomposes 
as  shown  by  the  equations : 

Cy=S  +  W      =    HCy  -t-  HCyS 
Cy'S  -1-  H=S    =    HCy  +  HCyS  +  S 
Cy-S  +  K^S    =    KCy  +  KCyS  +  S. 

With  ammonia,  sulphocyanic  anhydride  forms  the  compound  (Nll^)^Cy'S  = 
■^"^^^|s  (just  as  sulphydi'ic  acid,  H°S,  forms  ^"^^S),  which  separates  as  a  crys- 
talline powder  on  passing  dry  ammonia-gas  into  an  ethereal  solution  of  the  anhydride. 
This  compound  dissolves  easily  in  absolute  alcohol;  melts  without  decomposition  at 
94° ;  gives  off  ammonia  with  alkalis,  and  decomposes,  in  aqueous  solution,  into 
sulphocyanate  of  ammonium,  and  probably  cyanamide. 

The  aqueous  solution  of  sulphocyanic  anhydride  decomposes  very  quickly,  depositing 
a  yellow  or  orange-red  powder,  resembling  persulphocyauogen  (iv.  380),  but  of  different 
oomposition,  and  perhaps  consisting,  for  the  most  part,  of  a  pol^mierio  modification  of 
sulphocyanicanhydride — namely,  the  anhydride  of  snlphocyanuric  acid  :  this  compound 
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appears  also  to  be  the  chief  product  of  the  decomposition  of  sulphocyanic  anhydride  in 
moist  air.  The  acid  solution  remaining  after  the  deposition  of  this  powder,  contains 
sulphocyanic  acid  (as  chief  product),  hydrocyanic  acid,  sulphocyanate  and  sulphate  of 
ammonium  ;  it,  moreover,  gives  off  carbonic  anhydride,  and  probably  also  carbonic  oxide. 
(Linnemann.) 

lodocyanic  Sulphide,  CylS. — This  appears  to  be  the  composition  of  a  red- 
brown,  very  volatile,  and  easily  decomposible  liquid,  formed,  together  with  iodide  of 
silver,  by  treating  sulphocyanate  of  silver  with  an  ethereal  solution  of  iodine. 
(Linnemann.) 

SXJXiPHOCYilNIC  ETHSRS.  Several  sulphocyanates  of  monatomic  alcohol- 
radicles  are  known,  also  the  sulphocyanate  of  ethylene. 

illlylic  Sulpbocyanate.  Volatile  Oil  of  Mustard.  Essence  de  Moutarde. 
Sc?iJol.  C'ffNS  =  CTP.CyS  =  c^H^^  =  C^HM''^" 
Robiqiiet,  J.  Pharm.  xvii.  296. — Henry  andPlisson,  ibid.  xvii.  461. — Dumas 
and  Pelouze,  Ann.  Ch.  Phys.  [2],  liii.  181.— Aschoff,  J.  pr.  Chem.  iv.  314.— 
Robiquet  and  Bussy,  Ann.  Ch.  Phys.  [2],  Ixxxii.  328. — Boutron  and  Fremy,  J. 
Pharm.  xvi.  112. — Lowig  and  Weidmann,  J.  pr.  Chem.  xix.  218.— Will,  Ann.  Ch. 
Pharm.  lii.  1.— Wertheim,  ibid.  Iv.  297.— Gerhardt,  Ann.  Ch.  Phys.  [3],  xiv.  125; 
Traite,  ii.  409.— Gm.  x.  41.) 

This  ether,  or  essential  oil,  is  obtained  from  the  seeds  of  black  mustard  by  distilla- 
tion with  water,  and  exists,  together  with  oil  of  garlic,  in  the  oils  produced  in  like 
manner  from  other  cruciferous  plants.  It  does  not  exist  ready- formed  in  these  plants, 
at  least  not  in  the  dry  parts,  sucli  as  the  seed.  Its  production  requires  the  presence 
of  water,  and  appears  to  depend  upon  the  action  of  myrosin,  a  substance  analogous 
to  the  emulsion  of  bitter  almonds,  or  another  substance,  niyronic  acid,  likewise 
existing  in  these  plants  in  tlie  form  of  a  potassium-salt.  [See  Myronic  Acid  and 
Mtrosin,  iii.  1073,  1075.]  The  seed  of  white  mustard,  which  contains  myrosin  but 
not  myronic  acid,  does  not  yield  allylic  sulphocyanate  when  distilled  with  water. 

Allylic  suphocyanate  is  formed  artificially :  1.  From  myronic  aci d,  by  distilling 
myronate  of  barium  or  potassium  with  a  caustic  alkali  (iii.  1070). — 2.  From  allylic 
iodide,  by  the  action  of  potassic  or  argentic  sulphocyanate. — 3.  From  allylic  sul- 
pliide  (i.  143),  by  treating  the  precipitate  formed  by  the  action  of  mercuric  chloride 
on  oil  of  garlic  with  potassic  sulphocyanate  (Wertheim).  According  to  Hlasiwetz 
(Ann.  Ch.  Pharm.  Ixxi.  28),  the  precipitate  formed  by  mixing  the  alcoholic  solutions 
of  oil  of  asafcetida  and  mercuric  chloride,  also  yields  allylic  sulphocyanate  when 
distilled  with  sulphocyanate  of  potassium. 

Preparation.  —  a.  From  mustard-seed.  Tlie  seed  of  black  mustard  is  bruised  and 
macerated  for  about  twelve  hoiu-s  with  3  to  6  pts.  of  cold  water,  and  then  distilled,  as  long 
as  any  oil  passes  away  with  the  water.  The  distillation  is  best  conducted  by  passing 
steam  into  the  still.  A  saturated  solution  of  mustard-oil  in  water  then  passes  over, 
and  the  excess  of  oil  settles  to  the  bottom.  The  aqueous  solution,  which  contains  a 
considerable  quantity  of  the  oil,  may  be  advantageously  used  for  macerating  fresh 
portions  of  seed.  1000  pts.  of  mustard-seed  macerated  with  fresh  water  yield 
from  2  to  7  pts.  of  oil ;  but  if  water  saturated  with  the  oil  by  repeated  distillation  be 
used,  the  product  may  amount  to  10  or  1 1  parts. 

The  crado  oil  is  mostly  yellowisli ;  it  is  purified  by  rectification,  after  drying  over 
chloride  of  calcium.  Pure  sulphocyanate  of  allyl  then  passes  over,  between  145°  and 
150°. 

b.  From  allylic  iodide. — The  iodide  dissolved  in  alcohol  is  distilled  with  sulpho- 
cyanate of  potassium  ;  and  the  distillate  mixed  with  water  is  rectified,  the  pure 
oil  passing  over,  between  145° and  150°  (Zinin,  Ann.  Ch.  Pharm.  xcv.  128).  Or 
1  at.  iodide  of  allyl  and  1  at.  sulphocyanide  of  potassium  are  enclosed,  together  witli 
a  little  water,  in  a  sealed  glass  tube,  and  heated  for  some  hours  to  100°  ;  water  is 
then  added,  which  dissolves  the  iodide  of  potassium  and  separates  the  allylic  sulpho- 
cyanate; and  the  latter  is  rectified.  (Berthelot  and  Be  Luca,  Ann.  Ch.  Phys.  [3], 
xliv.  495.) 

Allylic  sulphocyanate  is  obtained  with  still  greater  facility  by  the  action  of  allylic 
iodide  on  sulphocyanate  of  silver.  The  action  takes  place  at  ordinary  temperatures, 
iodide  of  silver  being  formed  ;  while  the  iodide  of  allyl  disappears,  and  is  replaced  by  oil 
of  mustard.    At  100°  sulphide  of  silver  is  formed.   (Berthelot  and  De  Luca.) 

Properties. — Allylic  sulphocyanate  is  a  transparent  colourless  oil,  of  strong  refracting 
power,  and  possessing  in  the  highest  degree  the  sharp  penetrating  odour  of  black 
mustard.  The  smallest  quantity  of  the  vapour  excites  tears,  and  is  apt  to  produce  in- 
flammation of  the  eves.    It  has  a  burning  tasto,  and  rapidly  blisters  the  skin.  Specific 
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gravity  =  1-015  at  20=  (Dumas  and  Polouze),  1-009  to  1-010  at  15'^  (Will).  Boils 
at  148°  (Will).  Vapour-density,  3-54  (Will);  calculated,  3-42.  Eefracting  power 
=  1-516  (Will). 

It  is  sparingly  soluble  in  water,  but  dissolv'es  very  readily  in  alcohol  and  ether.  It 
dissolves  sulphur  and  phosphorus  with  tolerable  facility  when  heated,  these  bodies 
separating  in  the  crystalline  form  on  cooling. 

Decompositions. — 1.  Oil  of  mustard  kneaded  with  alumina  yields,  by  drtj  distillation, 
carbonic  anhydride,  carburetted  hydrogen,  and  a  small  quantity  of  sulphydric  acid, 
togeth  cr  with  water.    ( F  o  n  t  e  n  e  1 1  e. ) 

2.  Exposed  to  daylight  for  three  years  in  well-closed  vessels,  it  gradually  becomes 
brownish-yellow,  and  deposits  an  orange-yellow  amorphous  substance  having  the 
aspect  of  persulphocyanogen.  This  substance,  when  heated,  swells  up,  assumes  a  dai-k 
colour,  gives  off  a  strong  odour  of  mustard-oil,  and  leaves  a  dull  but  perfectly  combus- 
tible charcoal.  It  dissolves  in  warm  potash-solution,  forming  a  yellow  liquid,  from 
which  acetic  acid  precipitates  light-yellow  flocks  ;  and  the  liquid  filtered  therefrom  still 
gives  a  light-yellow  precipitate  with  acetate  of  lead,  but  does  not  redden  ferric  salts, 
and  therefore  does  not  contain  sulphocyanic  acid.  (Will.) 

3.  The  aqueous  solution  of  tho  oil,  after  exposure  to  the  air  for  some  hours,  loses 
its  sharpness,  but  retains  its  taste  and  mustard  odour,  and  deposits  a  grey  powder  con- 
taining sulphur  (Thibierge).  The  oil  undergoes  no  change  by  exposure  to  the 
air  or  to  oxygen,  even  for  a  considerable  time,  becoming  neither  acid  nor  alkaline. 
(Boutron  and  Robiquet.) 

4.  When  chlorine-gas  is  very  slowly  passed  into  a  retort  filled  -with  oil  of  mustard, 
very  volatile  crystals  are  formed,  having  a  silky  lustre  (with  evolution  of  hydrochloric 
acid,  according  to  Dumas  aud  Pelouze).  These  crystals  become  coloured  and  decom- 
pose when  exposed  to  the  air,  and  are  dissolved  by  a  large  excess  of  chlorine,  yielding 
a  viscid,  no  longer  crystallisable  liquid.  Potash-ley  converts  them  into  a  resinous 
substance  insoluble  in  potash.  They  are  insoluble  in  water  and  in  other,  but  dissolve  in 
alcohol  in  all  proportions.    (Boutron  and  Premy.) 

ij.  Broiiiiiie  acts  upon  oil  of  mustard  with  frothing  and  evolution  of  heat,  and  forma 
a  brown  resin  nearly  insoluble  in  water  ;  the  solution  contains  sulphuric  and  hydro- 
bromic  acid.  (Aschoff.) 

6.  Iodine  dissolves  quickly  in  the  oil.  forming  a  dark  red-brown  liquid.  (Aschoff.) 

7.  When  oil  of  mustard  is  treated  with  moderately  strong  nitric  acid,  a  brisk  reac- 
tion takes  place,  the  oil  becoming  thick,  assuming  a  green  colour,  and  being  converted 
into  a  resinous  substance  called  nitrosinapylic  resin.  The  mother-liquor  contains 
oxalic  acid  aud  a  nitro-acid  called  nitrosinapylic  acid,  of  waxy  consistence,  solu- 
ble in  water,  insoluble  in  alcohol  and  ether.  The  solution  gives  yellow  precipitates 
with  lead-  and  silver-salts.  The  barium-s-,ilt  is  a  yellow  powder,  soluble  in  water,  and 
gives  by  analysis  18-23  per  cent,  carbon,  1-66  hydrogen,  39-25  baryta,  2-74  sulphur, and 
21-96  oxygen,  -which,  if  the  small  quantity  of  sulphur  be  neglected,  may  be  represented 
by  the  formula  C'-IPBa"(NO-)'N-'0',  making  that  of  the  acid  C«H'(NO=)NO^ 

8.  When  oil  of  mustard  is  completely  oxidised  by  or  hy  chromic  acid,  laxge 
qiuiutities  of  formic  and  acetic  acids  are  produced,  together  with  a  small  quantity  of 
propionic  acid. 

9.  Aqtteot(s  potash,  soda  and  baryta,  also  the  oxides  of  lead,  silver,  and  mercury,  in 
presence  of  water,  convert  oil  of  mustard  into  sinapoline  (p.  311),  with  formation  of 
a  metallic  sulphide  and  carbonate  :  e.  g., 

2C'H^NS  -I-  3Pb"0  +  H'O    =    C'H'=N-0  +  2Pb"S  -I-  Pb"CO^ 

Oil  of  Sinapol'iue. 
iTtivistard. 

For  this  decomposition  the  presence  of  water  is  absolutely  necessary ;  the  same 
oxides,  in  the  dry  state,  abstract  the  sulphur  but  slowly  aud  imperfectly  from  oil  of 
mustard. 

When  oil  of  mustard  is  boiled  for  some  time  with  strong  soda-le?/,  in  such  a  manner 
that  the  vapour  may  be  condensed  and  flow  back  again,  a  large  quantity  of  ammonia 
is  evolved,  and  an  oil  of  fishy  odour  is  produced,  which  may  be  freed  from  the  last  traces 
of  sulphur  by  means  of  potash  and  hydrate  of  lead  ;  after  washing  with  dilute  acid  and 
with  water,  and  subsequent  rectification,  it  is  colourless,  and  exliibits  the  composition  of 
allylic  peroxide,  C''H''0.  It  forms  a  crj'stalline  compound  with  nitrate  of  silver, 
(lliasiwetz,  J.  pr.  Chem.  li.  369.) 

10.  An  alcoholic  solution  of  jjotash  or  soda  acts  very  differently  from  the  aqueous 
solution.  When  oil  of  mustard  is  dx-opped  into  a  concentrated  alcoholic  solution  of 
potash,  great  heat  is  produced,  which,  if  care  be  not  taken  to  add  the  liquid  slowly, 
may  rise  in  a  few  seconds  to  violent  ebullition,  and  occasion  the  projection  of  the  con- 
tents of  the  vessel.    No  pei-manent  gas  is  evolved,  excepting  po-haps  a  little  ammonia. 
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The  brown-red  mixture  exhibits,  instead  of  the  pungent  odoiir  of  oil  of  mustard, 
merely  a  mild  garlic  odour;  deposits,  after  a  while,  crj'stals  of  neutral  potassic  carbo- 
nate with  1  at.  water ;  and  when  decanted  from  tliese  crystals  and  mixed  with  water, 
is  resolved,  with  milky  turbidity,  into  aqueous  sulphosinapic  acid  (p.  626),  holding  in 
solution  a  certain  quantity  of  oil  which  may  be  chssolved  ont  by  ether,  and  an  oil 
which  sinks  to  the  bottom  ;  and  if  the  mixture  has  been  heated  to  the  boiling-point,  is 
dark-coloured,  and  contains  insoluble  flakes.  (Will.) 

The  •peculiar  oil  obtained  by  keeping  the  mixtiire  cold,  after  being  separated  from  the 
aqueous  sulphuric  acid  by  collecting  it  on  a  wet  filter,  purified  from  potash  by  washing 
with  water,  rectified  with  solution  of  common  salt,  and  freed  from  the  water,  which 
makes  it  turbid,  by  standing  for  several  days  over  chloride  of  calcium,  and  decantation, 
is  transparent  and  colourless  ;  has  a  density  of  1-036  at  14'-' ;  a  mild  alliaceous  odour  ; 
a  taste  wluch  is  not  burning,  but  cooling;  boils  between  115°  and  118°;  but  is 
partially  decomposed  by  distillation,  even  in  a  stream  of  gas,  ammonia  being  formed, 
as  shown  by  the  vapour  browning  turmeric-paper  slightly,  and  a  brown  resin  remaining, 
which  gives  oflT  a  large  quantity  of  ammonia  when  more  strongly  heated,  and  from 
which,  by  continued  boiling  with  water,  a  volatile  alkaloid,  not  yet  further  ex- 
amined, may  be  extracted.  The  oil,  when  boiled  with  baryta-water,  forms  sulphide 
of  barium,  and  a  non-volatile  substance,  which  remains  in  solution,  and  appears  to  be 
an  alkaloid.  From  lead-salts  and  silver-salts  it  also  precipitates  the  sulphides  on 
boiling.  It  forms  a  precipitate  with  alcoholic  mercuric  chloride,  and,  if  the  solution 
be  not  too  dilute,  likewise  with  alcoholic  stannic  chloride.  It  is  sparingly  soluble  in 
water,  but  dissolves  in  all  proportions  in  alcohol  and  ether.  (Will.) 

Its  composition,  as  determined  by  analysis,  is  as  follows  : — 

neoUo.ce,  tu,ice,  '^^-J^-." 

C"    .       .       .    168  50-76  50-35  50-20 

.       .       .42  12-69  12  30  10-40  9-73 

H"  .       .       .     25  7-55  7-88  7-84 

S2     .       .       .     64  19-33  20-50 

0^     .       .       .    _32  9-67  8-97 

331  10000  100-00 

As  the  oil  gives  off  ammonia  after  each  rectification,  whereby  the  amount  of  nitrogen 
is  diminished  in  greater  proportion  than  that  of  the  other  elements,  it  is  probable  that 
the  original  oil  before  the  fii-st  rectification  was  C'^H-'^N^S^O-.NHs  =  CH-^N'S-'O^ 
(or  C'H"N-'SO),  and  therefore  =  C'H"=N^O  (sinapoline)  +  H-S.  (Will.) 

According  to  this  assumption,  the  equation  for  the  decomposition  of  oil  of  mustard 
by  alcoholic  potash  should  be  the  following  : 

SC^NH^S  +  3KH0  +  H'O    =    K^CO'  +  C^H^NKS"  +  C'H»N'SO. 

11.  Wlien  oil  of  mustard  is  mixed  with  pulverised  soda-lime,  and  heated  for  some 
time  to  120°  in  a  sealed  tube,  the  sharp  mustard  odour  is  found,  on  opening  the  tube, 
to  be  replaced  by  an  aromatic  alliaceous  odoxir;  and  on  distilling  the  liquid,  oxide  of 
allyl  (i.  142)  is  obtained,  while  sulphooyanate  of  sodium  remains,  often  mixed  with 
sulphide  of  sodium,  produced  by  the  secondary  action  of  the  excess  of  soda  on  the  sul- 
phocyanate  ( W  e  r  t  h  e  i  m) : 

2(C'H\CNS)  -h  Na^O    =    (C^H^)^O  +  2NaCNS. 

12.  From  an  alcoholic  solution  of  the  oil,  metallic  salts,  e.  g.  mercuric  and  platinic 
chloride,  also  silver-  and  lead-salts  (the  latter  at  the  boiling  heat),  separate  metallic 
sulphides.  (Will.) 

Dry  pulverised  hydrate  q/'^oi^as«a?«  decomposes  oil  of  mustard  in  a  similar  manner 
to  the  alcoholic  solution  of  potash ;  but  the  products  are  less  definite,  because  it  is 
difficult  to  prevent  too  great  a  rise  of  temperature. 

13.  Monosidphide  of  potassium  heated  with  oil  of  mustard  in  a  sealed  tube,  to  100° 
or  a  little  higher,  forms  sulphocyauate  of  potassium  and  oil  of  garlic  : 

2(C^H')CNS  +  K^S    =    2KCNS  +  (C^H=^)»S. 

If  a  polysulpliide  of  potassium  be  heated  in  a  similar  manner  with  oil  of  mustard,  and 
the  product  distilled,  a  solution  is  obtained  which  yields  delicate  crystalline  needles, 
having  a  most  intense  odour  of  asafcetida. 

14.  Potassium  deeomix)ses  dry  oil  of  mustard  completely,  even  at  ordinary  tempera- 
tures ;  on  applying  a  gentle  heat,  sulphocyauate  of  potassium  and  sulphide  of  allyl  are 
formed,  together  with  a  gas,  which  has  not  been  examined. 

Many  of  the  heavy  metals  decompose  oil  of  mustard,  abstracting  the  sulphur.  Mer- 
cury is  quickly  blackened  when  shaken  up  with  the  oil  and  water;  and  copper  vessels 
in  which  mustard-oil  is  distilled,  become  coated  with  bidphide  of  copper. 
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Combinations — Allylic  sulphocyanate  unites  with  alkaline  k ul phidos,  forming 
compounds  of  the  form  C^H''NS.M"S. — The  jxjiassium-salt,  C'H^NS.K-S,  is  deposited  as 
a  white  granular  powder,  on  mixing  the  alcoholic  solutions  of  potassic  monosulphide 
and  allylic  sulphoej'anato,  the^former  slightly  in  excess,  and  evaporating  at  a  gentle 
heat. — Another  salt,  containing  2C^H''SS.K^S,  separates  from  the  mother-liquor  of 
the  preceding,  when  left  over  oil  of  vitriol,  in  needle-shaped  crystals  having  a  scarcely 
perceptible  yellowish  tinge. — The  barium-sal/,  C'IPNS.Ba"S,  is  formed  by  gradually 
adding  oil  of  mustard  to  a  warm  yellow  solution  of  barium-sulphide,  till  its  odour 
becomes  permanent.  The  filtrate  yields,  on  cooling,  laminar  efflorescent,  crystals  con- 
taining 3  at.  water.  (Will.) 

Willi  alkaline  sulphydnites  it  unites  in  like  manner,  forming  salts  of  ally  Isulpho- 

carbamic  or  sulphosinapicacid  (g'.y.);  p.^.,  C'H^.CNS  -I- KHS  =   (CS)'  j.g. 

Allylic  sulphocyanate  unites  readily  with    ammonia,  forming  thiosinamine, 

CN  ) 

C''H^NS.NH^  =    sulphocyanate  of  allylammonium,j;jjp^Q3jj5^|S,  or  allyl- 

sulphocarbamide,  CTP  >^    With  the  alcoholic  ammo7iia,m  like  manner,  it  forms 

thiosinamines  in  which  the  typic  hydrogen  is  more  or  less  replaced  by  alcohol-radicles  : 
thus  with   cthylamine,  it  foi-ms   ethylthiosinamine  or  ethyl-allylsulphocarbamide, 
(CS)" 

C*H'NS.NH=(C^H=)  =     C^H^  yjr  (see  TmosiNAsiiNE) ;  and  with  tricthjlphosphine, 

it  forms    tri ethyl-ally l-sulphocarhoph osphamide,   C*ffNS.P(C=ff )^  = 

C-'H'  Ip    vSee  Phosphokus-bases  (iv.  616). 
(C-IP)^(^" 


Amylic  Sulphocyanate, 


C«H"NS  =  c^>H"l^  =  S'j^-  (Henry,  Ann. 
Ch.  Phys.  [3]  xxv.  248.— Medlock,  Ann.  Ch.  Pharm.  Ixix.  21  ■!.)— Obtained  by  dis- 
tilling, in  a  capacious  retort,  about  equal  volumes  of  crystallised  amylsulphate  and  sul- 
phocyanate of  potassium.  It  is  a  colourless  veiy  mobile  liquid,  which  after  drying 
and  rectification,  boils  constantly  at  197°.  Specific  gravity  =  0'905  at  20^.  It  has  a 
piungcnt  alliaceous  odour,  and  burns  with  white  smoky  flame.  It  is  but  little  attacked 
bv  sulphuric  acid.  By  boiling  with  nitric  acid,  it  is  converted  into  nniylsulphurous 
acid. 

CN  /  CS"  ) 

Etbylic  Sulpbocyanate,    C-'H'^NS  =  qjj£5|S  =  q2'jj5|N-   (C  ah  ours,  Ann. 

Ch.  Phys.  [3]  xviii.  264.— Lowig,  Pogg.  Ann.  Ixvii.  101.— Muspra tt,  Ann.  Ch. 
Pharm.  Ixv.  253.) — This  ether  is  prepared  : — 1.  By  saturating  a  concentrated  solution 
of  potassic  sulphocyanate  with  ethylic  chloride.  As  soon  as  the  reaction,  which  is  slow, 
(but  may  bo  accelerated  by  sunshine)  is  complete,  the  liquid  is  to  be  diluted  with  an 
eqnal  bulk  of  water  and  distilled,  the  distillate  mixed  with  twice  its  volume  of  pure 
ether,  and  .sufficient  water  added  to  separate  the  ethereal  solution  of  ethylic  sulphocya- 
nate. The  ether  is  then  drawn  off  by  distillation,  and  the  remaining  ethylic  sulphocya- 
nate is  purilied  by  rectification  over  chloride  of  calcium. — 2.  By  distilling  equal  parts 
of  calcic  ethylsulphate  and  potassic  sulphocyanate,  both  in  concentrated  solution. 

Ethylic  sulphocyanate  is  a  mobile,  colourless,  strongly  refracting  liquid,  having  a 
taste  of  anise,  and  a  piungcnt  odour  like  that  of  mercaptan.  Boils  at  146°.  Specific 
gravity  of  liquid  =  1-020  at  16°;  of  vapour  =  3-U18.  It  is  insoluble  in  water,  but 
alcohol  and  cthtr  dissolve  it  in  all  proportions. 

Ethylic  sulpliocyanate  is  rapidly  decomposed  by  nitric  acid,  yielding  ethylsulphur- 
ous  acid,  with  only  a  small  quantity  of  sulphuric  acid.  The  same  .acid  is  foi-med  on 
treating  the  ether  with  hydrochloric  acid  and  chlorate  of  potassium,  the  reaction  being 
often  so  violent  as  to  set  the  volatile  products  on  fire. 

Chlorinr  gradually  attacks  ethylic  sulphocyanate,  fonning  chloride  of  cyanogen,  and 
a  heavy  oil  soluble  in  water. — Bromine  attacks  it  violently,  forming  crystallisable 
products. 

AMien  heated  to  100°  in  a  sealed  tube  with  aqueous  potash,  it  is  converted  into 
ethvlic  disulphide,  with  formation  of  potassic  cyanide  and  cyanate  (Briining,  Ann. 
Ch."  Pharm.  civ.  193) : 

2C^H^CyS  -1-  2KH0  =  (C-R'fS''  +  KCy  +  KCyO  -i-  H'O. 

On  boiling  'the  ether  with  alcoholic  potash,  ammonia  is  given  off,  together  with 
ethylic  disulphide.  AVith  an  alcoholic  solution  of  potassic  monosulphide,  it  forms 
sulphide  of  ethyl  and  sulphocyanate  of  potassium,  without  evolution  of  ammonia. 
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The  alcoholic  solution  of  ethjiic  sulphocyanate  does  not  precipitate  metallic  solu- 
tions. 

Dry  ammonia-gas  forms,  with  ethylic  sulphocyanate,  a  small  quantity  of  a  body 
having  the  composition  of  ethyl-sulphocarbamide,  (CS)"(C^H*)H^N^. — With  aqueous 
ammonia  of  ordinary  strength,  black  unerystallisable  products  are  formed ;  \rith  excess 
of  dilute  aqueous  ammonia,  the  products  foi'med  are  cyanide  of  ammonium,  carba- 
mide, and  disulphide  of  ethyl : 

2(C2H'.CNS)  +  2NH'  +  H^O    =   (NH*)CN  +  CN^H^O  +  (C=H5)2S'. 
Ethylaminc  likewise  decomposes  ethylic  sulphocyanate.   (Jeanjean,  Compt.  rend.  Iv. 
330  ;  see  also  Kremer,  J.  pr.  Chem.  Lxxiii.  365  ;  Jahresb.  1858,  p.  401.) 

With  tricfhylphosphinc  at  100°,  it  forms  a  large  quantity  of  triethylphosphine- 
sulphide,  together  with  cyanide  of  triethylphosphonium  (Hofmann,  iv.  611): 

C-H^CNS  +  2(C2H^)T  =  (C2H^)'PS  +  (C2H5)»P.CN. 

Bthylenic  Sulphocyanate,  C^ffN'S-  =  (c^.^)"|s=  =  (c^H^'j^'- 
nenschei  n,  J. pr.  Chem.  Ixv.  257. — Buff  Ann.  Ch.  Pharm. xcvi.  302,  c.  219 ;  Jaliresb. 
1855,  p.  610  ;  1856,  p.  597.)  —Produced  by  heating  an  alcoholic  solution  of  ethylenic 
chloride  (Dutch  liquid),  with  an  equivalent  quantity  of  potassic  sulphocyanate,  to  100° 
in  a  sealed  tube.  Chloride  of  potassium  then  separates  out,  and  on  distilling  off  the 
volatile  products  from  the  filtered  liquid,  removing  the  remaining  chloride  and  sulpho- 
cyanate of  potassium  witli  a  little  cold  water,  and  dissolving  the  residue  in  hot 
water,  a  solution  is  obtained  which  yields  crystals  of  ethylenic  sulphocyanate  on  cool- 
ing. 

Ethylenic  sulphocyanate  is  moderately  soluble  in  boiling  water,  and  separates  there- 
from in  stellate  groups  of  small  needles  ;  easily  soluble  in  warm  alcohol,  whence  it 
crystallises  in  large,  white,  shining,  rhombic  plates.  It  melts  at  90°,  and  solidifies  at 
83° ;  decomposes  at  a  stronger  heat,  giving  off  a  pungent  odour,  like  that  of  bm-nt 
onions.  With  vapour  of  water  it  appears  to  distil  undecomposed,  the  vapour 
attacking  the  eyes  strongly,  and  exciting  violent  sneezing  ;  it  has  a  sharp  burning 
taste.  It  dissolves  in  very  dilute  nitric  acid,  crystallises  again  in  needles  on  cooling  ; 
but  stronger  nitric  acid  converts  it  into  a  crystalline  acid,  which,  according  to  Buff,  is 
identical  with  disulphetholio  or  ethylene-sulphurous  acid,  C'-H''S-'0^. 

Acids  do  not  separate  sulphocyanic  acid  from  ethylenic  sulphocyanate.  Tlie  alco- 
holic solution  does  not  give  the  reaction  of  sulphocyanic  acid  mth  ferric  salts  till  it 
has  been  boiled  with  potash.  When  boiled  with  haryta-water,  it  yields  carbonate  and 
sidphocyanate  of  barium.  On  boiling  it  with  plumbic  hydrate,  sulphide  of  lead  is 
formed,  especially  on  addition  of  potash,  and  the  solution  gives,  with  ferric  salts, 
the  reaction  of  sulphocyanic  acid.  The  alcoholic  solutions  of  ethylenic  sulphocyanate 
and  mercuric  chloride  yield,  after  a  wliile,  a  white  precipitate  (Sonnenschein). 
With  ammonia  it  forms  an  easily  soluble  substance,  which  readily  gives  up  sulphur  to 
mercuric  oxide  (Buff). — With  tridhylphosphine  it  acts  similarly  to  ethylic  sulpho- 
cyanate, yielding  sulphide  of  trietliylphosphine  and  cyanide  of  ethylene-hexetliyl- 
diphosphonium  (Hofmann) : 

C-II^C^N-S-  +  4(C=ff)5P  =  2(C'-H=^)'PS  +  (C-H^)"  (C2H^)i=P2.C=m 

Hexyllc  Sulphocyanate,  C^H'^.CNS.  (Pelouze  and  C  ah  ours,  Ann.  Ch. 
Phys.  [4]  i.  5.) — Produced  by  heating  hexylic  chloride  to  100°  for  several  hom-swith 
alcoholic  sulphocyanate  of  potassium.  It  is  a  nearly  colourless  fetid  liquid,  of  specific 
gravity  0-922  at  12°,  boiling  at  215°— 220°. 

IWethylic  Sulphocyanate,    CHICNS  =  ^q^I  |n.     (Cahours,   Ann.  Cb. 

Phys.  [3]  xviii.  261.) — Obtained  by  distilling  a  concentrated  solution  of  equal  parts 
of  potassic  sulphocyanate  and  calcic  methylsulphate.  It  is  a  colourless  very  mobile 
liquid,  having  an  alliaceous  and  intoxicating  odour.  Boils  between  132°  and  133°. 
Specific  gravity  of  liquid,  1-115  at  16°;  of  vapoiu'  =  2-570 — 2-549.  It  dissolves 
slightly  in  water  ;  in  all  proportions  in  cdcohol  and  ether.  ClJorine  attacks  it  very 
slowly  in  diffused  light,  producing  fine  crystals  of  chloride  of  cyanogen,  together  with 
a  heavy  yellow  oil,  which  solidifies  in  contact  with  ammonia. — Nitric  acid  of  ordinary 
strength  dissolves  it  when  warm,  and  deposits  it  again  on  cooling.  By  continued 
boiling  with  nitric  acid,  it  is  converted  into  methylsulphurous  acid.  It  is  scarcely 
attacked  by  potash  at  ordinary  temperatures  ;  but  alcoholic  potash  decomposes  it  when 
heated,  ammonia  and  methylic  disulphide  being  given  off,  while  cyanide  and  carbonate 
of  potassium  are  found  in  the  residue.  With  alcoholic  sulphide  of  piotasmm,  it  forms 
sulphocyanate  of  potassium  and  sulphide  of  methyl. — Aqueous  ammonia  decomposes 
it  quickly,  forming  a  brown  substance  resembling  ulmin,  and  a  small  quantity  of  a 
■white  crystalline  body. 


SULPHOCYMENIC -SULPHOHIPPURIC  ACID.  521 


Wapbtbylic  Sulphocyanate,  C'"H'.CNS  =  q?oH7|n.    (V.  Hall,  Phil.  Mag. 

[4]  xfii.  304.) — This  ether  is  produced,  together  with  naphthylamine,  by  distilling 
dinaphthyl-sulphocarbamide  (obtained  by  digesting  crude  naphtiiylamine  with  carbonic 
disulphide)  witli  phosphoric  anhydride  : 

It  is  a  crystalline  compound,  having  a  peculiar  odour,  easily  fusible,  insoluble  in  water, 
but  very  soluble  in  alcohol  and  ether.  With  naphthylamine,  in  alcoholic  solution,  it 
reproduces  naphthyl-sulphocarbamide.  With  aniline,  it  yields  phenyl-naphthyl-sul- 
phocarbamide,  [(CS)".C«H^C'«H'.H*]N-. 

Phenyllc Sulphocyanate,  C^H'.CNS  =  |n.     (Hofniann,  Proc.  Eoy. 

Soc.  ix.  274,  487;  Chora.  Soe.  Qu.  J.  xiii.  309.) — Produced  by  distilling  phenyl- 
sulphocarbamide,  (CS)".C'*IP.H^N^,  with  phosphoric  anhydride.  After  rectification 
over  the  latter,  it  is  a  colonrless  trani^parent  liquid,  smelling  like  oil  of  mustard, 
having  a  specific  gravity  of  1-135  at  15°,  and  boiling  at  220°,  under  a  jDressure  of 
0'762  met.  It  distils  unaltered  with  water,  and  even  with  hydrochloric  acid,  but  is 
very  easilj-  decomposed  by  alkalis.  Alcoholic  potash  converts  it  first  into  diphenyl- 
sulphocarbaraide,  then  into  diphenyl-earbamide.  With  ammonia,  it  yields  phenyl-sul- 
pliocarbamide : 

C«H^CS.N  +  NH^    =  (CS)".C''H*.H'.K'=. 
With  amines,  it  unites  in  a  similar  manner :  with  aniline,  for  example,  it  forms 
diphenyl-sulphocarbamide,  and  with  naphthi/laiuine,  phenyl-naphthylsulphocarbamide, 
isomeric  or  identical  with  that  above  described. 

With  tricthylphosphine  it  unites  so  energetically  that  the  mixture  often  takes  Are : 
when,  however,  the  action  is  duly  regulated,  triethyl-phenyl-sulphocarbuphosphamide, 
C''H-»NPS  =  (CS)"(C'-H^?.C«H*.N.P,  is  produced  (iv.  616).  Wwhtrimethylphosphine, 
in  like  manner,  it  forms  the  compound  C"'H''NPS  =  (CS)"(CH')XC''II^).NP,  which 
is  an  oily  liquid,  insoluble  in  water,  slightly  soluble  in  ether,  easily  in  alcohol,  and 
forming  with  hydrochloric  acid  the  crystalline  salt  C"'H"NPS.HC1. 

SUI.PHOCVIVEETa'IC  ACID.  Syn.  witli  Tiiyjri'LSULPKUEOUS  Acid.  (See 
Sui.rii u ROUS  E'l'n v. us.) 

SUSiFHOSRACOKTIC  ACZU.  A  conjugated  acid,  produced,  according  to 
Laurent,  by  treating  oil  of  anise  or  tarragon  witli  a  large  excess  of  sulphuric  acid. 

SUI.PHOF3:=A.VIC  ACID.    See  Indigosulphubic  Acids  (iii.  262). 

SUXiPHOFOSilUr.  All  oily  liquid,  produced  in  small  quantity  by  distilling  iodoform 
with  mercuric  sulphide  (Bouchardat,  J.  Pharm.  xxiii.  12).  According  to  Eggert, 
however  (Chem.Centr.  1857,  p.  513),  this  product  thus  obtained  is  nothing  but  car- 
bonic disuljihidi'. 

SUX.PHOFUI.VIC  ACXD.    See  iNDiGnsuLPHUitic  Acids  (iii.  262). 
SUI.PKOG3:.irczc  acid.    Syn.  with  Glucososui-phuric  Acid  (ii.  872).  i 
SUIiPHOCXiUTIXflC  ACID.    The  name  applied  by  Berzolius  to  a  glutinous 

acid,  formed,  together  with  other  products,  by  the  action  of  sulphuric  anhydride  in 

excess  on  naphthalene.  {Gerhardt's  Traite,  iii.  468.) 

sm,PHOCX.VCi:KIC  acid.  C'H«S0°.  Syn.  with  Glycerosulphuric  Acid 
(ii.  892). 

SUri.PHOGX.YCOIiI.IC  ACID.  C-H'SO'.  Syn.  with  Ethylene-sulphubic 
Acid.    ^See  Ethylene,  Sulphate  of,  ii.  682.) 

suiPHOHippuaic  ACID.   C'H'NSO"  =  c'H'Noiso'  =  ^(so'y''*' ( 

(Schwanert,  Ann.  Ch.  Pharm.  cxii.  59  ;  Jahresb.  1859,  p.  328.' — Eormed  by  treating 
hippuric  acid  with  sulphuric  anhydride.  By  converting  the  product  into  a  lead-salt,  de- 
composing with  sulphydrie  acid,  &c.,  it  is  obtained  as  a  brown,  amorplious,  deliquescent 
mass,  which  is  decomposed  by  nitrous  acid,  yielding  sulphobenzoic  acid,  together  with 
an  oily  liquid,  probably  glycollic  acid. 

The  acid  is  dibasic.  Its  neutral  barium-salt  has  the  composition  C'H'Ba"NSO'^.  By 
boiling  the  acid  with  plumbic  hydrate,  a  salt  is  obtained  having  approximately  the  com- 
position C''H"Pb"NSO«. 
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STTX.PHO-H'ZSSSOQUITTOXTXC  ACXSS.    See  Htdkoquikone  (iii.  217). 

SXrX.PHO»EARCARXC  ACID  and  SUXiPBOX.X:XC  ACXS.  Oily  acids, 
produced,  according  to  Fr^my  (Ann.  Ch.  Phys.  [2]  Ixv.  113),  together  with  sulpho- 
glyceric  acid,  by  the  action  of  strong  sulphuric  acid  upon  olein  at  low  tempera- 
tures. The  sulpholeic  acid,  being  insoluble  in  the  acid  liquid,  separates  in  the 
fomi  of  an  oil  from  the  sulphoglyceric  acid,  which  remains  dissolved.  These  two  acids 
have  not  been  separated,  and  consequently  their  composition  has  not  been  determined. 
Tbey  are  both  soluble  in  water  and  in  alcohol,  so  likewise  are  their  potassium-, 
sodium-,  and  ammonium-salts ;  the  other  salts  are  insoluble  in  water,  slightly  soluble 
in  alcohol. 

Sulpholeic  acid  is  decomposed  by  water,  yielding  hydroleic  and  meta-oleic  acids 
(iv.  195).    Sulphomargaric  acid  yields  similar  products. 

SVHiPHOXglGirxc  ACII},  A  syrupy  acid  obtained  by  treating  cotton,  linen, 
sawdust,  and  other  forms  of  cellulose,  with  strong  sulphuric  acid.  It  forms  soluble 
salts  with  baryta  and  oxide  of  lead.    (Gerhardt,  ii.  548.) 

STJLPHOJVIATJK-ITIC  ACXS.  CH'^O^.SSO^— An  acid  produced  bydissolviBg 
mannite  in  strong  sulphuric  acid.  It  appears  to  be  tribasic,  forms  gummy  deliquescent 
salts  with  the  alkalis  and  with  oxide  of  lead,  and  a  crystalline  salt  with  baryta. 

S1TX.PHOI«SX.AIffURX:irXC  ACXS.    C'N^H'S''  =  CyH2N.2CyHS  =  §^1^2. 

Sulphomellonic  acid.  Stdphydromellonic  acid.  Hi/drotkiomellone.  (Jamieson,  Ann. 
Ch.  Pharm.  lix.  339.) — An  acid  obtained  as  a  potassium-salt  by  boUing  persulphocya- 
nogen  with  sulphydrate  of  potassium  : 

2C^N^HS»  +  3KHS  +  2H-0    =    C^N^H^KS^  -i-  2CNKS  -i-  CO' 

+  3H=S      +  S^ 

The  resulting  liquid  neutralised  with  acetic  acid  yields  a  copious  white  precipitate, 
consisting  of  sulphur  and  sulphomelanurenic  acid,  which  is  to  be  washed  and  treated 
with  cold  aqueous  ammonia,  to  dissolve  out  the  acid  and  leave  the  sulphur;  and  the 
filtered  solution,  after  being  left  to  evaporate  in  a  warm  place,  is  to  be  boiled  with 
animal  charcoal,  till  it  yields  a  perfectly  white  precipitate  with  acids. 

Sulphomelanurenic  acid  is  nearly  insoluble  in  cold  water,  alcohol,  and  ether,  slightly 
soluble  in  boiling  water,  which  deposits  it  in  very  small  needles.  It  is  tasteless,  but 
reddens  litmus.  It  begins  to  decompose  between  140°  and  150°,  and  is  resolved  at  a 
higher  temperature  into  mellone  and  sulphydric  acid  : 

CyH2N.2CyHS    =    NC/  -1-  2H'S. 

Sulpliomelanurenic  Mellone. 
acid. 

When  heated  with  hydrochloric,  sulphuric,  or  nitric  acid,  it  is  resolved  into  ammonia, 
sulphydric  acid,  and  cyanuric  acid : 

CyH2N.2CyHS  +  3H'0  =  NH=  +  2H=S  +  Cy'ffO'. 
Sulphomelanurenic  acid  is  monobasic.  Its  potassium-salt,  2C^N''H^KS^.3H^O,  forms 
shining  colourless  prisms,  very  soluble  in  water  and  in  alcohol. — The  sodium-salt, 
2CTSI^H-"'NaS-.3H^O,  crystallises  in  large  translucent  plates  having  a  fatty  aspect,  or 
in  small  scales  resembling  ciiolesterin. — The  barium-salt,  C'^N"II''Ba"S''.5H^0,  forms 
colourless  needles,  having  a  fine  adamantine  lustre,  and  very  soluble  in  water. — The 
strontium-salt,  C^N*H''Sr"S'.4H-0,  forms  large  plates  having  a  waxy  lustre. — 
The  calcium-salt,  C''N''H''Ca"S'.2II-0,  forms  shining  crystals. — The  magnesium-salt, 
C"N*H''Mg"S''.6H-0,  crystallises  in  small  shining  needles,  very  soluble  in  water. 
— The  silver-salt,  C^N'H'AgS-,  is  precipitated  in  white  flocks,  quite  insoluble  in 
water,  on  adding  nitrate  of  silver  to  an  ammoniacal  solution  of  the  acid.  It  blackens 
on  exposure  to  light,  but  bears  a  temperaturo  of  lOO'-'  without  decomposition. 

SU'XiFKOMEXiIiOII'XC  ACXD.    Syn.  with  Stilphomelanueenic  Acid. 
STariPHOMCETKYXiIC  ACID.  Syn.  with  Methylstilphukic  Acid.    (See  Sul- 
phuric Ethers.) 

SVXiPHOSSOIi'X'BDATES.    See  Molybdenum,  Sulphides  of  (iii.  1043). 
SVIiPHOSSORPHXDE.    A  product  of  the  action  of  sulphuric  acid  on  morphine 
(iii.  1055). 

SUXiPHOM'APHTHAI.EM'E.    C'"H."SO=  =  ^,„g,  SO-.    (Berzelius,  Ann. 

Ch.  Phys.  [2]  Ixv.  290. — Laurent,  Eev.  Scient.  viii.  587.) — This  compound,  which 
may  be  regarded  as  a  double  molecule  of  naphthalene,  (C'H''),  having  two  of  its 
hydrogen-atoms  replaced  by  sulphury!,  is  formed  by  directing  the  vapour  of  sulphuric 
anhydride  on  an  excess  of  fused  naphthalene.  A  red  syrupy  liquid  is  thereby  formed, 
from  which  the  sulphonaphthalene  may  be  separated  by  treating  it  with  boiling  water, 
and  crystallising  the  residue  from  aqueous  alcohol. 
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Sulpliouaplitlialenc  crystallises  from  alcoholic  solution  in  tasteli^ss  inodorous 
noduk-s.  It  melts  at  70°,  and  solidifips  on  cooling  to  a  transparent  mass,  which  becomes 
electric  by  friction.  At  a  higher  temperature,  it  decomposes,  giving  oiF  sulphurous 
anhydride.  It  is  slightly  soluble  in  water,  more  soluble  in  boiling  alcohol,  not  attacked 
by  boiling  potash-ley.  Nitromuriatic  acid  dissolves  it  at  the  boiling  heat,  without  forma- 
tion of  sulphuric  acid. 

SUX.PHOIVAPHTHA.IiIC  ACID.  C'"H^SO'.  Syn.  with  Napjitiiylsui.phu- 
EOiJs  Acij).    (See  Sulphurous  Ethees.) 

Disulphonaphthalic  Acid,  C'"IPS-0^  Syn.  with  Naphthylene-suuphueous 
Acid.    (Sch!  Suuruuuous  Etheks.) 

SUliPHON"APHTHAI.IDAMIC  ACXB.  Syn.  with  Naphthionic  Aced 
(iv.  17). 

SUIiPHOM'APHTHAM'IC  ACID.    Syn.  with  Sclphonaphthalic  Acid. 
SUXiPHONARCOTXSE.  A  product  of  the  decomposition  of  sulphate  of  narcotino 
(iv.  28). 

SUI.PHOPKET»-TC  ACID.  C'^H\H.SO'.  Syn.  with  Phen\xsulphuric  Acid, 
(See  SuLPiiUKic  Ethers.) 

SULPHOPHEIf irX-ASWlDE.    C^H'NSO^  =  ^  N   =  (SO )"  1^^  — •  Sul- 

fliohcnzolamide.  Azoturc  ijlicnyhiilfureux.  Azoture  dc  sulfophenylc  it  cVliydroghie. 
(Grerhardt  and  Chancel,  Compt.  rend.  xxxv.  690. — Gerhardt  and  Chiozza, 
ibid,  x.xxv.  86  ;  Gerhardt s  Traitc,  iii.  74.) — Produced  by  the  action  of  ammonia 
on  sulphophcnylic  chloride.  A  convenient  mode  of  preparing  it  is  to  pour  the 
chloride  on  a  large  excess  of  pulverised  ammonium-carbonate  ;  the  reaction  commences 
immediately,  and  maybe  completed  by  gently  heating  the  mortar  in  which  the  mixture 
is  made,  till  the  odour  of  the  chloride  is  no  longer  perceptible.  The  product  is  then 
washed  with  cold  water,  which  dissolves  out  the  sal-ammoniac  and  the  excess  of 
ammonium-carbonate,  and  the  residual  sulphophenylamide  is  crystallised  from  a  small 
quantity  of  boiling  alcohol.  It  is  also  produced  (together  with  sulphurous  anhydride, 
ammonia,  benzol,  and  a  small  cpiantity  of  phenylic  sulphide)  by  heating  phenylsnljphito 
(sulphobenzolate)  of  ammonium.  (!-itenhouse,  Proc.  Roy.  Soc.  xiv  351.) 

Sulphophenylamide  crystallis(-s  from  alcohol  in  splendid  nacreous  scales  (Grer- 
hardt); from  alcohol  or  water  in  larain;e  resembling  naphthalene,  and  melting  at 
153°  (Stenhouse);  according  to  Gerhardt,  it  is  insoluble  in  water,  very  soluble  in 
alcohol,  soluble  in  boiling  aqueous  ammonia. 

Sulphophenylamide  contains  two  atoms  of  typic  hydrogen,  one  or  both  of  which 
may  be  replaced  by  metals  or  organic  radicles.  The  following  compounds  have  thus 
been  obtained : — 

Argentosulphophenylamide  ....  C''H"AgNSO'. 

Benzosulphophenylamide     ....  C'=IP(C'H^O)NSO-. 

Argento-benzosulphophenylamidc .       .       .  C'*H*Ag(C'H^O)NS0-. 

Dibenzosulphophenylamide  ....  Cf'IP(C'H''0)-NS02. 

Benzacetosulphophenylamide       .       .       .  C''HXC'H»0)(C2H^0)NS0^ 

Cumosulphophenylamide      ....  C''HXC"'H"0)NSO'. 

Cumo-benzosulphophenylamide     .       .       .  C'^H=(C'»H"0)(C'H*0)NSO^ 

Phenvlsulphophenylamide    ....  C'''H''(C'=H^)NSO=. 

Succinosulphophenylamide   ....  C'^H^(C^H'0-)"NS02. 
Argcyiiosidphophcnylainidc,  C'^H'^AgNSO-,  is  obtained  as  a  white  crystalline  precipi- 
tate on  adding  nitrate  of  silver  to  an  alcoholic  and  ammoniacal  solution  of  sulpho- 
phenylamide. 

Siicchiosulphophcnyhnu'dc,  C'H'NSO",  is  formed  by  the  action  of  succinic  chloride 
on  sulphophenylamide.  The  product,  which  is  viscous  at  first,  solidifies  when  treated 
with  alcohol,  and  crystallises  therefrom  in  very  fine  needles. 

I'hnyhulphophnyhimide,  or  SidphophenylaniJide,  C'-H"NSO^,  is  formed  by  the 
action  of  aniline  on  sulphophcnylic  chloride.  The  product  remains  viscous  for  a  long  time ; 
but  when  dissolved  in  alcohol,  it  yields  splendid  prisms,  with  pyi'amidal  faces,  like 
small  crystals  of  amethyst,  \ihich  they  also  resemble  in  colour.  They  dissolve  easily 
in  alcohol  and  ether.    (Chiozza  and  Biffi ;  Gcrhardfs  Traitc,  iii.  981.) 

The  other  compounds  in  the  preceding  list  have  been  already  described  under  Ben- 
ZAMIDE  (i.  539,  540),  and  Cu.mixamide  (ii.  177). 

(Sb)==    \  vr 

Bisulplioplienylamidc,    C'=H"NS-0'  -  N.H.(C'^ffSO=)-    =  (C«ff)n^:,.— 

H 
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Produced  by  gently  heating  argentosulphoplienylainide  with  sulphophenylie  chlorido  ■ 
purified  by  crystallisation  from  ether. 

Succino-dibemo-disulphophenyldiamide,  C^'H^N'S^O'  =  (C'ffOy  In' 
(S"0)2  ) 

=     (C'IP0)2  [o^- — '^^^^  compound,  obtained  by  heating  argento-benzosulpho- 

phenylamide  with  succinic  chloride,  crystallises  from  ether  in  small  needles. 

SVXiPHOPHEM'YXiIC       or      FHEinrXiSVXiPHTmOUS  CBIiOSXDS. 

C^ffSO-Cl.  (See  Sulphurous  Ethers.) 

SVX.PHOPHXiM'VZ.XC  or  PHEN'YI.SU'XiPKUROVS  HVSRIDE.  C'H^SO^ 
' — A  compound  formed  by  the  action  of  reducing  agents  on  the  corresponding  chloride. 
(See  SuxPHUROus  Ethers.) 

STTX.PIIOPHEiM"£'Z.SVCCIIfl'JI.BIXC  ACXD.    C'"H"NS05     =  (C^H^ 

H 

=    (■c<f^40V'ro2-    (G-erhardt  and  Chiozza,  Ann.  Ch.  Phys.  [3]  xlrii.  129.)— 

The  ammonium-salt  of  this  acid  is  obtained  by  evaporating  an  ammoniacal  solution 
of  succinosulphophenylamide,  first  at  a  gentle  heat,  then  in  a  vacuum.  A  very  thick 
syrup  then  remains,  which  alternately  crystallises  in  concentric  groups  of  silky  fibres. 
This  salt  is  very  soluble  in  water  and  in  alcohol,  melts  at  160°,  giving  off  a  large 
quantity  of  ammonia,  and  leaving  an  oil  which,  when  dissolved  in  ammonia,  yields 
crystals  of  sulphophenylamide.  The  aqueous  solution  of  the  ammonium-salt,  mLxed 
with  a  few  drops  of  hydrochloric  acid,  deposits  splendid  needles,  which  melt  between 
155°  and  160°,  and  have  the  composition  of  the  original  salt.  The  silver-salt, 
C"'H"'AgNSO^,  is  deposited  in  beaiitiful  needles  on  adding  nitrate  of  silver  to  a  solu- 
tion of  the  ammonium- salt. 

SUIiPHOPBXiORAItSIC  ACXS.  An  acid  produced  by  heating  phloramine  (iv. 
488)  with  strong  sulphuric  acid.  On  saturating  the  solution  with  carbonate  of  barium, 
decomposing  the  hot  filtrate  with  sulphuric  acid,  and  decolorising  with  animal  charcoal, 
the  acid  is  obtained  in  colourless  needles.  Its  solution,  even  when  very  dilute,  forms 
a  deep  violet  colour  with  ferric  chloride,  like  that  pi-oduced  by  tjTOsinsulphuric  acid. 
(Hlasiwetz,  Ann.  Ch.  Pharm.  cxix.  199.) 

SVX.PHOPHX.OS&TXC  ACIQ.  CH^SO".— This  acid,  produced  by  the  action 
of  sulphuric  anhydride  on  phloretic  acid,  forms  a  very  sour  syrup,  easily  soluble  in 
water  and  in  alcohol.  The  barhim-salt,  C'H''Ba"S0''.3H'^0,  crystallises  in  hard  appa- 
rently rhoniboidal  crystals  ;  it  is  insoluble  in  alcohol  and  ether,  and  gives  off  its  water 
at  16°.  The  calciiirn-salt,  C"II''Ca"S0*.4H^0,  is  crystalline  ;  the  magnesium-salt, 
C»H'Mg"SO'=.5H20,  gummy.  The  sodium-salt,  C'H'Na^SO'^.xH^O,  forms  hard,  easily 
soluble,  crystalline  crusts,  which  give  olF  their  water  at  260°.  (Nachbaur,  J.  pr.  Cham. 
Ixxv.  45.) 

SUSiPHOPHOSPHATXiS  and  SVI.PHOPHOSPHITX:Si  See  Phosphorus, 
Sulphides  of  (iv.  603,  604). 

SUX-PHOPXAirXC  See  Opianic  Acid  (iv.  206). 

SUXiPHOPXTRPUBXC  ACXD.    See  Indigosulphukic  Acids  (iii.  262). 

SiniPHOPYROIWUCXC  ACXS.  C'^H'SO''.  By  treating  well-dried  pyromucic 
acid  witli  sulphuric  anhydride,  a  yellow-brown  syrup  is  obtained,  which,  by  dilution, 
neutralisation  with  baryta,  and  evaporation,  yields  an  indistinctly  crj'stalline  barium- 
salt,  containing  (at  150°)  C'Hy3a"S0«.    (Schwanert,  Ann.  Ch.  Pharm.  cxvi.  268.) 

SUXiPBOQVIie'XC  ACID.    Syn.  with  Quinine-sulphuric  Acid  (p.  26). 

STTXiFHOBETXN'VIiIC  ACXD.  An  acid  isomeric  with  sulphocumolic  acid, 
obtained,  according  to  Cahours  and  Gerhardt,  by  treating  retinyl  (iv.  98)  with  fuming 
sulphuric  acid.  Its  barium-salt  is  less  soluble  than  the  sulphocumolate,  and  separates 
on  evaporation  in  crystalline  crusts,  which  have  not  the  nacreous  aspect  of  the  sulpho- 
cumolate. (Gerhardt,  iii.  388.) 

SITXiPHORUFXC  ACID.    Sec  Indigosulfiiuric  .Voids  (iii.  202). 

SUX.PHOSACCKARXC    or    SUXiPHOCI.UC2C     ACID.      0-'H'"SO"  = 
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4C*H'^0''.S0'  ?  (Peligot,  Ann.  Cli.  Phys.  [2]  Ixvii.  68.)— Prepared  by  treating 
glucose  with  pt.  of  strong  sulphuric  acid,  mixing  tlie  materials  by  small  quantities 
and  in  a  cooled  vessel.  By  saturating  with  carbonate  of  barium,  and  treating  the 
filtrate  with  basic  acetate  of  lead,  a  lead-salt  is  precipitated,  containing  (at  170°)  18-05 
per  cent.  C,  2-5  H,  55'15  PbO,  and  4-5  SO'',  agreeing  approximately  with  the  formula 
(J-'H.'"'P'b'SO-'. — By  decomposing  this  lead-salt  with  sulpliydric  acid,  sidphosacchario 
acid  is  obtained  in  the  form  of  a  liquid,  which  reddens  litmus,  and  has  a  sweet  and  sour 
taste,  like  that  of  lemonade.  It  does  not  precipitate  barium-salts;  in  fact,  nearly  all 
its  salts  are  soluble.  It  is  very  unstable,  decomposes  at  ordinary  temperatures  in  a 
vacuum,  and  quickly  at  the  heat  of  the  water-bath,  into  glucose  and  sulphuric 
acid. 

(C^H'0)"1 

SUI.S»HOSA3:.ICYI.3CACI3S.  C'IPSO«  =  C'ffOlSO^  =      (S0)'70'.— This 

H-> 

acid,  discovered  by  Cahours  (Ann.  Ch.  Phys.  [3]  xiii.  92),  and  more  fully  examined 
by  Mendius  (Ann.  Ch.  Pharm.  ciii.  39  ;  Jahrosb.  1857,  P-  319),  is  produced  by  ex- 
posing perfectly  dry  salicylic  acid  (prepared  from  wintergreen  oil)  to  the  vapour  of 
sulphuric  anhydride.  The  product  dissolved  in  a  small  quantity  of  water  is  separated 
by  filtration  from  unaltered  salicylic  acid  ;  the  filtrate  is  satiu'ated  with. carbonate  of 
barium  ;  the  rcsxdting  barium-salt,  whicli  separates  partly  as  the  filtrate  cools,  partly 
on  evaporation,  is  decomposed  by  a  slight  excess  of  sulphuric  acid ;  the  filtered  solution 
is  partially  saturated  with  carbonate  of  lead  ;  the  lead  is  precipitated  by  sulphydric 
acid  ;  the  concentrated  filtrate  is  left  over  oil  of  vitriol  till  it  deposits  sulp>hosalic3dic 
acid  in  crystals  ;  and  these  are  freed  from  the  viscid  mother-liquor  by  means  of  abso- 
lute alcohol. 

Sulphosalicylic  acid  crystallises  in  long  thin  needles,  which  are  dissolved  in  all 
proportions  by  water,  alcohol,  and  cfhcr,  and  absorb  moisture  from  the  air.  It  is  a 
very  strong  and  permanent  acid.  Its  solution  dissolves  zinc  with  evolution  of  hydro- 
gen, and  is  not  decomposed  by  heating  with  nitric  or  hydrochloric  acid,  either  dilute 
or  concentrated  ;  by  boiling  vrith  a  mixture  of  the  two,  however,  it  is  resolved  into 
sulphuric  and  salicylic  acids,  the  latter  being  further  converted  into  perchloroquinone 
(chloranil),  which  separates  in  yellow  flocks.  Sulphosalicylic  acid  melts  at  120°,  and 
decomposes  at  higher  temperatures,  giving  off  phenol  and  a  sublimate  of  salicylic  acid. 
( M  e  n  d  i  u  s. ) 

Sulphosalicylates. — Sulphosalicylic  acid  is  dibasic,  forming  neutral  acid  and 
double  salts.  They  are  all  soluble  in  water  (the  lead  and  silver-salts,  however,  sparingly 
soluble),  and  nearly  all  are  insnb'ble  in  alcohol  and  ether.  AVith  ferric  salts,  they  pro- 
duce a  deep  violet  coloration,  inclining  more  to  red  than  that  produced  by  salicylic  acid. 
They  do  not  give  off  the  whole  of  their  crystallisation-water  below  180° — 200°,  and 
decompose  at  higher  temperatures,  with  evolution  of  phenol  ;  the  acid  salts  also  yield 
a.  sublimate  of  salicylic  acid. 

The  a«inio«i!(TO-sa/i  is  difficult  to  obtain  pure,  its  solution  turning  brown  and 
giving  off  ammonia  when  evaporated. 

Ba  rium-salts. — The  neutral  salt,  C'H^Ba"S0''.3H'0,  prepared  as  above,  is 
crvstalline,  easily  soluble  in  hot,  less  easily  in  cold  water. — The  acid  salt, 
C'"<H"'Ba"S20'^4H=0,  or  C'H'Ba"S0«.C'H''S0'^.4H^0,  crystallises  in  oblique,  irregular, 
six-sided  prisnis. 

The  calchrm-salt,  C'iI'Ca"SO°.H-0,  forms  hemispherical  groups  of  silky 
needles. 

Coppcr-salts.^Thc.  neutral  salt,  0'IPCu"SO«  (at  180°),  obtained  by  decomposing 
the  barium-salt  with  cupric  sulphate,  forms  cauliflower-shaped  masses  of  crystals,  ex- 
tremely soluble  in  water. — A  basic  salt,  C'H'Cu"S0"'.Cu"0.2H-0,  is  obtained  asagreen 
crysUilline  powder  by  digesting  the  acid  with  recently  precipitated  cup)rio  oxide  and 
evaporating. 

The  lead -sa/i,  C"H*Pb"SO'',  crystallises  indistinctly  in  small  round  nodules. 

1\m  magnesium-salt,  C'H^Mg"S0".3II-0,  crystallises  in  long  irregularly  cross- 
ing rectangular  prisms,  which  become  opaque  in  the  air,  and  dissolve  very  easily  in 
water.  The  solution,  mixed  with  sal-ammoniac  and  ammonia,  is  not  precipitated  by 
phosphate  of  sodium  till  boiled. 

Potassium-salts. — 'YYie  neutral  salt,  C'iVWSO'^.'iW-O,  is  permanent  in  the  air, 
very  soluble  in  water,  less  solulde  in  alcohol,  and  may  be  crj'stallised  from  the  latter. 
— The  acid  salt,  C'H*ICS0''.2H-0.  separates  from  a  hot  concentrated  solution  in 
spherical  groups  of  needles. — Another  acid  salt,  C'H'K-'SO^C'H^KOMl'O,  separates 
from  a  solution  of  the  neutral  salt  mixed  with  a  small  quantity  of  free  acid. — Potassio- 
cupric  a.YL<\.  potassio-phiiitbic  stilphosaUc!/hitcs\\Ay&  been  obtained  as  uncrystallisable 
masses. 
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_  The  silver-salt,  C'H^Ag^SC.H^O,  obtained  Ly  digesting  recently  precipitated 
silver-oxide  in  the  hot  aqueous  acid,  is  sparingly  soluble  in  cold,  easily  soluble  in  hot 
water. 

Sodium-salts. — The  neutral  salt,  C'H^Na'S0^3H-0,  forms  transparent,  colour- 
less, oblique,  six-sided  prisms,  which  do  not  give  off  all  their  water  till  heated  to  200°; 
it  dissolves  easily  in  water. — A  sodio-potassic  salt,  C'H*KNaS0'.4H20,  obtained  by 
neutralising  the  acid  potassium-salt  with  carbonate  of  sodium,  crystallises  in  rectan- 
gular prisms  having  a  silky  lustre. 

The  zinc-salt,  C'H'Zn"S0^.3H-0,  resembles  the  magnesium-salt. 

Ethylic  Sulphosalicylate,  C'HXC-H^)-SO'',  is  formed  by  the  action  of  ethylic 
iodide  on  argentic  sulphosalicylate,  and  separates  from  alcoholic  solution  in  soft, 
kneadable,  silky  crystals,  which  are  perfectly  neutral,  melt  at  66°,  and  distil  unal- 
tered with  water.    (M  e  n  d  i  u  s.) 

SVIiPKOSIiriiPXC  or  AXiXiYXi-SUXiPHOCAHSAniZC  ACID.  C^H'NS^ 

=  C^ffCyS.H^S  =     (CSyj-^    (Will,  Ann.  Ch.  Pharm.  lii.  30.)— This  acid  is  not 

known  in  the  free  state.  Its  salts  may  be  regarded  as  compounds  of  allylic  sulplio- 
cyanate  (oil  of  mustard)  with  metallic  sulphydrates,  and  those  which  are  soluble  may 
be  produced  by  the  direct  union  of  these  constituents  ;  also  by  the  action  of  allylic 
sulphoeyanate  on  the  alkaline  solutions  of  the  corresponding  hydrates.  The  insoluble 
salts  are  formed  by  precipitation. 

The  ammonium-salt,  C^H'^N-S^  =  (C'H*)CNS.(NH')HS,  formed  as  above  by  direct 
combination,  solidifies  to  a  magma  of  colourless  laminae;  it  is  very  unstable,  decom- 
posing spontaneously  at  ordinary  temperatiu'es. 

The  potassium-salt,  C'H''KNS'-  =  (C'H^)CyS.KHS,  separates  by  slow  evaporation 
from  an  alcoholic  or  even  an  aqueous  solution  of  potassic  svdphydrate,  to  which 
mustard-oil  is  adJed  as  long  as  its  odour  is  destroyed,  in  large  rhombic  plates  ;  by 
quicker  evaporation  in  smaller  crystals.  It  may  also  be  prepared  by  slowly  dropping 
oil  of  mustard  into  a  concentrated  solution  of  potash  in  absolute  alcohol ;  decanting 
tlie  solution  after  several  hours  from  the  crystallised  potassic  carbonate,  diluting  it 
with  water,  and  evaporating  the  pale-yellow  filtrate  to  a  syrup  :  this,  when  set  aside, 
deposits  shining  crystals  of  potassic  sulphosinapate.  The  salt  cannot,  however,  be 
obtained  quite  pure. 

The  crystals  of  potassic  sulphosinapate  are  transparent  and  coloiu-less  so  long  as 
they  remain  in  the  liquid,  but  on  exposure  to  the  air  they  become  opaque  and  yellow, 
lose  their  form,  and  become  partly  insohible  in  water.  The  aqueous  solution  of  the 
recently  prepared  salt  may  be  heated  without  giving  otf  the  odour  of  mustard-oil ;  but 
on  mixing  the  heated  solution  with  nitrate  of  silver,  sulphide  of  silver  is  precipitated, 
and  the  odour  of  mustard-oil  becomes  perceptible.  The  dried  salt,  when  heated,  gives 
off  mustard-oil,  and  yields  a  brown  liver  of  s\dphur.  AVhen  decomposed  by  sulphuric 
acid,  it  yields  a  large  quantity  of  sulphydric  acid,  but  no  sulphur. 

The  sodium-salt,  C''H'*]SraNS-.3II-0,  is  formed  by  direct  combination,  and  separates 
in  nacreous  laminae,  which  are  unctuous  to  the  touch,  and  when  heated,  first  melt,  and 
then  give  off  a  large  qua.ntity  of  mustard-oil ;  it  cannot  be  kept  without  decomposing. 

The  barium-salt,  Cm"'B:i"¥C'S'AWO    =    2C»H^CyS.Ba"H-S'.4H^O,  is  obtained: 

(1)  by  heating  oil  of  mustard  with  a  solution  of  barium-sulphydrate  containing  alcohol ; 

(2)  by  passing  sulphydric  acid  gas  through  aqueous  alcohol  containing  hydrate  of 
barium  and  oil  of  mustard  iu  suspension  ;  (3)  it  is  deposited  from  the  mother- 
liquor  of  the  alcoholic  solution  of  the  compound  of  allylic  sulphoeyanate  and  sulphide 
of  barium  (p.  619).  It  forms  crystalline  laminae  resembling  the  sodium-salt  and  very 
soluble. 

The  calcium-salt,  as  obtained  by  the  second  method  of  preparing  the  barium-salt, 
forms  a  slightly  yellow  transparent  jelly,  which  decomposes  in  drying. 

The  lead-salt,  C*H'^Pb"N^SS  is  obtained  by  adding  neutral  acetate  of  lead  to  a  very 
dilute  solution  of  the  potassium-salt  acidulated  with  acetic  acid,  as  a  white  precipitate, 
which  decomposes  partially,  even  during  wasliing  and  drying  in  a  vacuum  over  oil  of 
vitriol,  and  quickly  at  100°,  yielding  oil  of  mustard,  sulphide  of  lead,  and  free 
sulphur. 

When  decomposed  by  sulphuric  acid,  it  gives  off  abundance  of  sulphydric  acid, 
without  the  slightest  odour  of  mustard-oil. 

Tlie  soluble  sulphosinapates  yield  with  coppcr-salis  a  green  precipitate,  and  with 
silver-salts  a  white  precipitate,  both  of  which  quickly  blacken  and  decompose,  even 
when  immediately  thrown  on  a  filter  and  washed  with  cold  water. 

SITXiPHOSISTAPESIKr.  The  name  given  by  Henry  and  Grarot  to  sulphoeyanate 
of  sinapine.    (See  Sinapine,  p.  308.) 
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(C'H^O^)'") 

strXiPKOsuccmzc  ACID.    C^H'SO'   =   C^H^O'.SO'   =     (SO)"  ^0'. 

) 

(Fehling,  Ann.  Ch.  Pharm.  xxxviii.  285;  xlix.  203.) — Produced  by  exposing 
succinic  acid  to  the  vapour  of  sulphuric  anhych'ide  in  a  ve.ssel  externally  cooled,  and 
heating  the  resulting  viscous  mass  to  40°  or  50°  for  several  hours.  The  product  is 
dissolved  in  water,  the  solution  saturated  with  carbonate  of  lead,  the  lead-salt 
decomposed  by  sulphydric  acid,  and  the  fdterod  solution  evaporated  in  a  vacuum  over 
oil  of  vitriol. 

Sulphosuccinic  acid  thus  obtained  forms  mammellated  crystals,  very  soluble  in 
water,  alcohol,  and  ether ;  it  has  a  very  sour  taste,  and  decomposes  quickly  when 
heated,  leaving  an  abundant  carbonaceous  residue.  The  crystals  absorb  moisture 
from  the  air;  their  aqueous  solution  is  partially  decomposed  by  evaporation  over  the 
water-bath. 

Sulphosuccinates. — The  acid  is  tribasie,  the  neutral  sulphosuecinates  of  mona- 
tomic  metals  having  the  composition  C'ffM-'SO'.  The  acid  saturates  bases  com- 
pletely, and  even  decomposes  acetates. 

The  neutral  ammonium-salt,  C'H'XNH')'SO'.H^O,  is  obtained  by  placing  a  strong 
Bolution  of  the  acid,  together  with  aqueous  ammonia,  under  a  bell-jar,  in  the  form  of  a 
syrup,  which  ultimately  becomes  filled  with  needles  having  an  acid  reaction. 

Potassium-saKs. — The  neutral  or  tripoiassic  salt,  2C*H^iv-'SO'.3H^O,  is  obtained  by 
saturating  the  acid  with  potassic  carbonate  and  evaporating  in  a  vacuum,  as  a  syrup 
containing  a  few  deliquescent  crystals ;  but  on  adding  a  small  quantity  of  acid  to  the 
liquid,  it  quickly  solidifies  to  a  crystalline  pulp.  The  salt  is  insoluble  in  absolute 
alcohol.  It  gives  off  a  third  of  its  water  in  a  vacuum,  the  rest  when  heated. — The 
dipoiassic  salt,  C'II'K-S0'.'2H-'0,  obtained  by  adding  sulphosuccinic  acid  to  the 
neutral  salt,  is  very  soluble  in  water,  and  has  an  acid  reaction. 

The  neutral  sodium-salt,  obtained  by  decomposing  the  barium-salt  with  sulphate  of 
sodium,  is  also  very  soluble  in  water. 

The  neutral  barium-salt,  CH^Ba'S-O'^  (at  100°),  is  a  white  precipitate,  obtained  by 
precipitating  the  neutral  potassium-salt  with  barium-chloride ;  it  is  very  soluble  in 
nitric  or  hydrochloric  acid ;  dissolves  also  in  sulphosuccinic  acid,  the  solution,  when 
left  in  a  vacuum,  depositing  crystals  which  appear  to  consist  of  an  acid  salt. 

An  acid  calcium-salt,  C  'H^Ca"SO'  (at  100°),  is  obtained  by  dissolving  calcic  carbonate 
in  sulphosuccinic  acid  and  evaporating  to  dryness. 

The  inaffnesium-salt  is  uncrystallisable.  The  sulphosuccinates  of  manganese,  iron, 
cobalt,  nickel,  and  copper  appear  to  bo  soluble,  inasmuch  as  the  potassium-salt  does 
not  precipitate  the  solutions  of  these  metals. 

The  neutral  lead-salt,  CTI''Pb'S-0'^3H-0,  is  a  white  precipitate,  obtained  by  adding 

acetate  of  lead  to  an  alkaline  sulphosuccinate.  A  basic  salt,  C''H'*Pb'S'0".Pb"0  (at 
100°),  is  formed  by  treating  the  neutral  salt  with  ammonia. 

The  silver-salt  is  a  white  precipitate,  which  decomposes  completely  during  washing, 
acquiring  a  deep-green  colour. 

SVI.PHOSUI.PKi^TOVZ.IC  AC1I>.  Syn.  with  Amylsulphurous  Acid.  (See 
Suij'iiuRors  Etheus.) 

SUI.PHOSTANNATESandSUI,PHOSTAM-M-ITES.  See  Tin,  SuLPHlDES  OF. 

SULPHOTHLLTTRATES  and  SUPHOTEI.X.VRITES.  See  Tellueium, 
Srr.piuiiEs  or. 

SUXiPHOTHlTMIC  ACZQ.  Syn.  with  Thymylsulphueous  Acid. 
Eous  Ethers.  ) 

SUI.PH0T0XU03.AnXXX>E  or  SUI.PHOBENZVX.AIVIZDE.  C'H'NSO-. — 
This  compound,  homologous  with  sulphophenylamide,  and  prepared  by  a  similar  process 
(p.  523),  crystallises  from  hot  water  in  needles  or  in  laminte.  When  heated  with 
pentachlorido  of  phosphorus,  it  is  converted  into  a  thick  oil,  which  is  decomposed  by 
water,  with  reproduction  of  the  amide;  when  distilled  with  the  pentachloride,  it  gives 
off  a  liquid  which  partly  dissolves  in  wafer,  the  solution  also  yielding  crystals  of 
sulphotoluolamide.    (Fittig,  Ann.  Ch.  Pharm.  cvi.  277.) 

SUI.PHOTOI.UYI.IC  CHX.ORISE.  C'H'SO-Cl.  Syn.  with  BENZYLSirLPHUROus 
CiiLoniDE.    (See  SuErHuiious  Etiikes.) 

SUX.PHOTOX.YX.AI«IC  or  BEM'ZTXiSUX.PHAniXC  ACID.  C'H'NSO'  = 
(SO^)"  j  Q      (E.  Sell,  Ann.  Ch.  Pharm.  cxxvi.153;  Chcm.  Soe.  Qu.  J.  [2]  i.  186.)— 
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Produced  by  carefully  mixing  9  pts.  fuming  sulplmric  acid  -with  5  pts.  finely  divided 
toluidine  (benzylamine),  and  gently  heating  the  S3rrupymass  till  it  gives  off  abundance 
of  sulphurous  anhydride.  The  solution  is  mixed  -with  cold  water,  decolorised  by 
boiling  with  animal  charcoal,  and  evaporated  till  it  assumes  a  reddish-yellow  colour"; 
the  acid  then  separates  in  light-yellow  needles,  which  may  be  purified  by  recrystal- 
lisation  from  water.  The  first  mother-liquor  yields  rhomboiidal  crystals,  probably  of 
benzyldisulphamic  acid  (p.  480). 

The  sulphotolylamates  or  benzylsulphamates  are  mostly  very  soluble  in 
water;  the  barium-salt  crystallises  in  groups  of  laminae;  the  silver-salt,  C'H^AgNSO', 
in  white  laminse,  which  turn  grey  when  exposed  to  light. 

SUXiPHOTBIPHOSPKAMISE.    N'PH'^S    =  |n'.  (H.  Schiff,  Ann. 

Ch.  Pharm.  ei.  299.) — This  compoxmd  appears  to  be  formed  by  the  action  of  ammonia- 
gas  on  phosphoric  sulphochloride  : 

PSCP  +  3NH'    =    3HC1  -t-  N=PSH». 
The  white  mass  formed  by  the  reaction  is  decomposed  slowly  by  cold,  immediately  by 
warm  water,  with  evolution  of  sulphydric  acid.    Alcohol  extracts  sal-ammoniac  from 
it,  and  at  the  same  time  decomposes  the  other  body  contained  in  it,  which  is  probably 
sulphotriphosDhamide. 

(PS)"'-> 

Triphenyl-sidphotripkosphamidc,  (CH^)'  yW,  appears  to  be  contained,  together 

with  hydrochlorate  of  aniline,  in  the  white  mass  produced  by  the  action  of  phosphoric 
sulphochloride  on  aniline.  (Schiff) 

SU'ZiPHOVAMABil.TES  and  SUEiPHOVAXJASXTES.  See  YANADroM,  Sul- 
phides OF. 

STT]bPHOVII7XC  ACID.  Syn.  with  Ethyxsulphuric  Acid.  (See  Sulphuric 
Ethers.) 

SVI.PKOVXRII1ZC  A.CII>.    See  Indigosulphukic  Acids  (iii.  262). 
SUIPHOXAMIDE.      [         Cyanogen,  Sulphydeates  of  (u.  28o). 

SITXiPHOXVSEN-ZOXC  ACXS.   C'Hi=SO«  =  CH^CSO'.  (Griess,  Zeifschr. 
Ch.  Pharm.  186-1,  p.  538.) — This  acid,  isomeric  with  sulphosalicylic  acid,  is  produced 
by  dissolving  sulphato-diazobenzoic  acid  *  in  warm  concentrated  sulphuric  acid  : 
CffN^O^.S^O^    =    C'H«0=.SO»  +  W. 

It  crystallises  out  when  the  evolution  of  gas  has  ceased,  and  is  obtained  by  recrystal- 
lisation  from  water,  in  white  laminse,  soluble  in  alcohol.  It  is  dibasic,  like  sulphosa- 
licylic acid.  The  neutral  barium-salt,  C'H''Ba"SO'^,  crystallises  in  sparingly  soluble 
prisms.  By  strong  nitric  acid,  it  is  resolved  into  sulphuric  and  tritro-oxybenzoio 
acids. 

The  name  sulphoxybenzoic  acid  was  formerly  applied  by  Griess  (Jahresb. 
1861,  p.  418)  to  the  compound  C'H'^SO^  produced  by  the  action  of  sulphydric  acid  on 
the  platinum-salt  of  chlorhydrato-diazobenzoic  acid  (iv.  294). 

SVXiPHirs.  Atomic  Weight,  32 ;  Si/mbol,  S.  Vapour-density  —  32,  referred  to 
hydrogen,  or  2-218,  referred  to  air  as  unity. 

Sulphur  {sal,  vOp),  or  brimstone  {breime-stone),  has  been  known  fi'om  the  earliest 
times.  It  occurs  native,  either  in  the  form  of  transparent  amber-coloured  crystals 
(virgin  sulphur),  or  in  opaque,  lemon-yellow,  crystalline  masses  {volcanic  sulphur). 
It  is  found  principally  in  Sicily,  in  beds  of  a  blue  clay  formation,  considered  to  be 
more  recent  than  the  chalk.  The  sulphur  is  imbedded  in  a  matrix  of  rock-salt, 
gypsum,  and  celestine.  Similar  beds  containing  sulphur  exist  in  other  parts  of  Europe 
and  in  Mexico.  It  is  also  found  occasionally  in  primitive  rocks,  granite,  mica,  &c. 
It  abounds  in  the  lava-fissures  of  volcanic  craters,  as  instanced  especially  in  the  case 
of  the  Solfatara  near  Naples  {Borum  Vulcan i),  and  in  the  volcano  of  Popocatepetl  in 
Mexico.  Sulphur  also  occurs  native  in  combination  with  different  metals,  forming 
metallic  sulphides,  of  which  the  principal  are  blende,  iron-pyrites,  copper-pyrites, 
galena,  cinnabar,  grey  antimony,  and  realgar.  Sulphydric  acid  occurs  in  hepatic 
mineral  waters,  and  among  the  products  of  animal  decomposition.    Sulphurous  acid 

♦  Obtained  in  needle-sh,iped  crystals  by  dissolving  nitiato-diazobenzoic  acid  (iv.  294)  in  sulplmric 
ai-id  diluted  with  an  cqu.U  liiilk  of  water,  then  adding  3  volt,  alcohol  and  afterwards  ether.  When 
heated  somewhat  above  100°.  it  is  resolved  into  sidphuric  .acid,  sulphoxybmzoic  acid,  and  a  very  perma- 
uent  siilplio  acid,  CH'OSO",  which  is  insoluble  in  water.  (Griess.) 
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is  a  freqxiont  constituent  of  volcanic  omaniitions,  and  free  sulphuric  acid  is  sometimes 
found  in  the  waters  of  volcanic  neighbourhoods.  Gypsum,  ccelestin,  and  hoavj-  spar 
constitute  woll-known  minerals ;  and,  in  addition  to  gypsum,  the  sulphates  of  magne- 
sium and  sodium  are  very  common  ingredients  of  mineral  waters.  Sulphui"  exists  in 
the  protein-compounds  of  animal  and  vegetable  organisms,  in  the  taurine  of  bile,  in 
the  cystin  of  urine,  and  in  the  alliaceous  volatile  oils. 

Kxtractkin. — 1.  Native  sulphur  is  sometimes  purified  by  a  rough  process  of  fusion, 
effected  on  the  spot  where  it  is  obtained.  A  lieap  is  set  fire  to,  whereby  the  heat 
e  volved  from  the  burning  of  one  portion  fuses  the  remainder.  It  is  more  usual,  how- 
ever, to  purify  it  by  distillation  in  upriglit  earthen  pots  or  retorts,  set  back  to  back, 
in  two  rows,  in  a  long  liriek  furnace.  The  distillate  is  received  in  somewhat  similar 
]iots,  arranged  in  two  rows  outside  the  furnace,  and  furnished  each  with  an  opening 
near  its  l)ase,  through  which  the  sulphur  condensed  within  the  pot,  flows  into  a  pail 
of  water,  in  which  it  congeals.  The  sulphur  thus  purified  by  fusion  or  distillation  is 
kno^vn  as  rough  sulphur,  and  contains  about  3  fjor  cent,  of  foreign  matter.  It  is 
further  purified  hy  redistillation  in  an  iron  still.  The  vapours  are  sometimes  received 
in  a  large  brick  chamber,  witliin  which  the  sulphur  condenses  in  a  pulverulent  state 
to  constitute  flowers  of  sulphur,  or  sublimed  sulphur;  or  it  is  condensed  in  the 
liquid  state  in  a  smaller  and  hotter  receiver,  and  is  either  cast  into  sticks,  when  it  con- 
stitutes roll-sulphur,  or  is  allowed  to  congeal  in  mass,  when  it  constitutes  refined 
lump-sulphur. 

2.  From  Pyrites. — Sulphur  may  be  obtained  by  heating  disulphide  of  iron  in  close 
vessels,  precisely  as  oxygen  is  obtained  by  heating  dioxide  of  manganese  under  similar 
conditions : 

3FeS2    =    Fe'S^  + 

Manufactured  sulphur  is  made  principally  from  copper-pyrites,  a  double  sulphide  of 
copper  and  iron,  as  a  preliminary  stage  in  the  process  of  copper-smelting.  Upon  a 
layer  of  broken  pyrites  is  placed  a  layer  of  brushwood,  and  on  tliis  is  constructed  a 
huge  pyramidal  pile  of  ore,  having  a  central  wooden  chimney  communicating  with 
air-passages  left  among  the  brushwood.  Tlio  whole  pile  is  covered  with  powdered 
ore,  and  the  mass  set  fire  to  by  dropping  lighted  faggots  through  the  chimney. 
As  the  slow  combustion  of  the  pile  proceeds,  sulphur  gradually  triekles  down,  and  is 
collected  in  cavities  made  cxt<>mpore  in  the  walls  of  the  heap,  whence  it  is  ladled  out 
into  moulds.  Such  a  heap,  consisting  of  some  2,000  tons  of  ore,  will  continue  burning 
for  five  or  six  months,  and  ^vill  yield  about  20  tons  of  rough  sulphur,  which  may  be 
purified  by  fusion  or  distillation.  Copper-pyrites  is  sometimes  roasted  for  the  extrac- 
tion of  sulphur  in  a  tall-domed  furnace,  from  the  summit  of  which  a  horizontal  flue 
conveys  the  sulphur-vapours  into  a  chamber,  within  which  they  are  condensed.  The 
sulphur  obtained  from  pyrites  is  partly  expelled  by  heat,  partly  displaced  by  oxygen. 

3.  Sulphur  is  also  prepared  in  this  country  from  the  decomposition,  by  exposure  to 
air,  of  the  hydratcd  sulphide  of  iron,  resulting  from  the  purification  of  crude  coal-gas 
with  ferric  oxide  or  hydrate : 

2FeS  +  H-0  -I-  03    =    2HFe"'0^  +  S=. 

The  hydrate  of  iron  produced  in  the  above  reaction  is  again  used  to  purify  the  crude 
gas,  whereby  it  becomes  converted  into  sulphide,  and  this  sulphide  is  then  reconverted 
into  oxide  and  sulphur  by  exposure  to  air  as  before.  These  alternate  processes  are 
repeated  an  indefinite  number  of  times,  until  the  amount  of  sulphur  in  the  material 
reaches  from  40  to  50  per  cent.,  when  it  is  distilled  off  in  iron  retorts. 

4.  From  A/ kali-waste. — Alkali-makers'  waste,  or  tank-waste,  consists  of  sulphide  of 
calcium,  together  with  alkaline  sulphides,  chalk,  lime,  &c.  (p.  324).  This,  when 
decomposed  by  hydrochloric  or  carbonic  acid,  yields  a  mixture  of  sulpliydric  acid  and 
carbonic  anhydjide  ;  and  by  introducing  an  additional  quantity  of  carbonic  anhydride, 
with  some  atmospheric  air  or  sulphurous  anlij'dridc.  and  heating  this  mixture  of  gases 
to  redness,  the  hydrogen  of  the  sulphydric  acid  unites  witli  oxygen,  forming  water, 
and  the  sulphur  is  liberated  in  the  form  of  uncombined  sulphur-vapour,  which  by 
cooling  becomes  condensed  to  liquid  and  solid  sulpliur.  (For  details  of  this  and  the 
other  methods  of  preparing  sulphur,  see  Kichardson  and  Watts's  Chemical 
Technology,  vol.  i.  part  iii.  pp.  1-27.) 

5.  Sulphur  results  from  a  great  number  of  other  reactions,  which,  however,  are  not 
usually  employed  for  its  commercial  preparation.  Thus  it  may  bo  obtained  by  decom- 
posing an  alkahne  polysulphide  witlr  an  acid  ;  by  the  decomposition  of  the  cldorides 
of  sulphur  with  water;  by  the  spontaneous  decomposition  of  hyposulphurous  acid;  by 
the  ignition  of  the  tri-,  tctra-,  and  penta-thionates,  &e. 

Properties.— At  ordinary  temperatures  sulphur  is  a  very  brittle  solid,  of  a  lemon-yel- 
low colour,  tasteless  from  its  insolubility  in  water,  and  almost  inodorous.  It  is  a  liad 
conductor  of  heat,  and  a  non-conductor  of  electricity.  By  friction  with  wool  or  hair,  it 
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becomes  negatively  electric.  Its  specific  gravity  in  thfl  native  crystalline  state  is  2'0i5. 
It  begins  to  melt  at  114-5°,  and  at  120°  is  converted  into  a  perfectly  limpid,  pale- 
yellow  liquid,  which  is  lighter  than  solid  sulphur.  Provided  the  temperature  of  120° 
has  not  been  much  exceeded,  it  resolidifies  suddenly  at  that  same  temperature  into  a 
transparent  mass,  which  retains  its  transparency  for  a  long  time.  By  heating  sulphur 
to  a  temperature  much  above  120°,  its  congealing-point  is  lowered  to  111-5°,  from  the 
production  of  a  pecidiar  modification  of  tlie  element.  Sulphur  which  has  been  con- 
gealed at  this  low  temperature  is  at  first  transparent,  but  becomes  opaque  much  more 
rapidly  than  that  which  has  been  congealed  at  120°.  As  melted  sulphur  is  gradually 
heated  above  120°,  it  becomes  darker  and  more  -viscid,  until,  at  the  temperature 
of  200 — 250°,  it  is  so  thick  that  the  flask  in  which  it  is  contained  may  be  inverted 
without  any  outflow  taking  place.  The  temperature  of  maximum  viscidity  remains 
constant  for  some  time,  owing  to  a  considerable  absorption  of  latent  heat.  At  from 
260 — 300°  and  upwards,  the  sulphur  again  liquefies,  but  does  not  become  so  fluid  as 
at  115 — 120°  when  first  melted.  On  cooling  it  passes  inversely  through  the  same 
changes  of  state.  Sulphur  boils  at  440°,  and  is  converted  entirely  into  an  orange- 
coloured  vapour.  According  to  Bineau,  whose  statement  has  recently  been  confirmed 
by  Deville  and  Troost,  the  density  of  sulphur-vapour,  when  taken  at  the  temperature 
of  1000°,  is  32  times  as  great  as  that  of  hydrogen  at  the  same  temperature ;  but  its 
density  taken  at  about  500°  is  anomalous,  being  thi-ee  times  as  great  as  it  should  be 
theoretically.  Sulphur  vaporises  to  a  slight  extent  at  ordinary  temperatures ;  so  that 
a  piece  of  silver-leaf,  suspended  at  some  distance  above  a  stick  of  sulphur,  becomes 
slowly  transformed  into  sulphide  of  silver. 

Sulphur  is  remarkable  for  the  great  number  of  allotropic  forms  in  which  it  can 
exist.  Of  these,  however,  there  are  two  principal  well-characterised  varieties,  namely, 
the  soluble  and  insoluble,  and  many  minor  modifications.  Berthelot  distinguishes  the 
soluble  variety  by  the  name  of  electro-negative  sulphur,  because  it  is  the  form 
which  appears  at  the  positive  pole  of  the  battery  during  the  electrolysis  of  sulphydrie 
acid,  and  is  separated  from  the  combinations  of  sulphur  with  the  electro-positive  metals. 


Fiff.  782.  Fig.  783.  Fiff.  784. 
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The  insoluble  variety  he  distinguishes  as  electro-positive  sulphur,  because  it  is 
the  form  which  appears  at  the  negative  pole  during  the  electrolysis  of  sulphurous  acid, 
and  separates  from  the  compounds  of  sulphur  with  the  electro-negative  elements, 
chlorine,  bromine,  oxygen,  &c.  The  following  are  the  most  important  modifications  of 
soluble  sulphur: — 

1 .  The  octahedral  variety,  frequently  represented  by  the  symbol  So,  which  is  the  most 
stable,  and  the  one  into  which  all  the  other  varieties,  soluble  or  insoluble,  tend  to 
change.  It  is  the  form  in  which  native  sulphur  is  found,  and  in  which  the  crystals  of 
sulphur,  obtained  by  the  spontaneous  evaporation  of  its  solution  in  carbonic  disulphide, 
are  usually  deposited.  Its  specific  gravity  is  2-05,  and  its  melting-point,  according  to 
Brodie,  114-5°.  It  is  readily  soluble  in  carbonic  disulphide,  disulphide  of  chlorine, 
benzene,  turpentine,  petroleum,  &e. ;  slightly  soluble  in  alcohol  and  ether.  Its 
crystalline  form  is  that  of  an  elongated  octahedron,  belonging  to  the  trimetric  or  right 
prismatic  system  (Jiff.  782),  with  the  modifications  shown  in  fffs.  783,  784.  Axes, 
a  :  b  :  c  =  0-8106  :  1  :  1-898.  Angle,  P  :  P  (brach.)  =  106°  18';  P  :  P  (macr.) 
=  84°  58';  P  :  P  (basal)  =  143°  17';  Poo:  Pw  (basal)  =  124°  24'.  Cleavage  im- 
perfect parallel  to  P  and  ooP. 
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2.  The  monoclinic  or  oblique  ■prismatic  variety,  often  represented  by  the  symbol  S.8, 
may  be  obtained  by  the  slow  cooling  of  melted  sulphur,  or  by  heating  octahedral 
sulphur  for  some,  time  to  a  temperature  of  10.5 — 115°.  If,  ■n-hen  a  few  pounds  of 
melted  sulphur  have  been  allowed  to  cool  slowly,  until  a  crust  has  formed  on  the  sur- 
face, that  superficial  crust  be  broken,  aud  the  still  liquid  sulphur  bo  poured  out  from 
tlie  interior,  the  solidiiied  walls  will  be  seen  to  be  lined  with  transparent  yellowish- 
brown  needles,  crystallised  in  secondary  forms  of  a  monoclinic  prism.  Axes,  a  :  h\  c 
=  1-004  :  1  :  1-0U4.  Angle  i  :  c  =  8i°  U';  ooP  :  ooP  (orthod.)  =  89°  28';  [Poo]  : 
[Poo]  (clin.)  =  90^18';  oP  :  ooP  =  8.5°  SI'.  Ordinary  combination  ccP.oP(like 
Jig.  284,  ii.  152),  with  —  P,  [Poo]  and  ccPqo  .    Twins  occur  combined  by  the  face 

ocPoo  .  The  specific  gravity  of  prismatic  sulphur  is  1'98.  According  to  Brodie,  when 
free  from  plastic  sulphur,  the  presence  of  which  lowers  its  melting-point  to  111'5°, 
it  melts  and  resolidifies  at  120°.  It  dissolves  readily  in  carbonic  disulphide  and 
other  menstrua.  In  the  course  of  a  few  days,  this  prismatic  form  of  sulphur 
becomes  spontaneously  converted  into  the  octahedral  variety,  the  conversion  being 
attended  with  a  development  of  heat,  which  is  most  evident  when  the  change 
is  effected  artificially  by  scratching  the  crystals.  0))aque  yellow  spots  first  make 
their  appearauce,  aud  then  gradually  spread  throughout  the  mass.  The  crystals 
retain  their  prismatic  shape,  but  on  examination  are  found  to  be  converted  into 
aggregations  of  minute  octahedrons.  Conversely,  a  transparent  crystal  of  octahe- 
dral sulphur,  when  heated  to  105 — 115°,  becomes  transformed  into  an  opaque  mass  of 
oblique  prismatic  crystals.  When  a  saturated  solution  of  sulf  hur  in  hot  turpentine  is 
allowed  to  cool,  the  crystals  first  deposited  are  of  the  jirismatic,  those  last  deposited 
(when  the  liquid  has  become  comparatively  cool)  of  the  octahedral  variety.  Occasion- 
ally a  few  transparent,  oblique  prismatic  crystals  are  deposited  from  the  solution 
of  sulphur  in  carbonic  disulphide,  but  tliey  soon  break  up  into  opaque  aggregations 
of  minute  octahedrons.  Roll-sulphur  when  first  cast  is  of  the  oblique  prismatic,  but 
by  keeping  it  changes  into  the  octahedral  variety.  Its  molecular  condition,  however, 
is  unstable,  like  that  of  unanucaled  glass,  whence  it  retains  for  a  long  time  the 
specific  gravity  of  the  prismatic  modification. 

3.  The  aiiiorplwus  soluble  variety  of  sulplnu-  is  precipitated,  in  the  form  of  white 
emulsin,  on  addition  of  acids  to  diluted  solutions  of  alkaline  polysulphides  : 

K-S'  +  2IIC1    =    2KC1  +  H'S  +  S'. 

Wlien  examined  mieroscopically,  it  is  found  to  consist  of  minute  granules  devoid  of 
crystalline  character.  It  is  readily  soluble  in  carlionic  disulphide  and  other  men- 
strua. This  form  of  sulphur  has  a  greenish-white  colour,  and  is  known  familiarly  by 
the  name  of"  milk  of  sulphur."  By  keeping,  it  becomes  gradually  converted  into  octa- 
hedral crystals.  Sublimed  sulphiirappears  to  be  allied  to  this  form.  It  consists  of  much 
larger  granules,  neither  the  surface  nor  the  fracture  of  which  is  crystalline.  Sublimed 
sulphur  always  contains  a  minute  proportion  of  one  of  the  insoluble  modifications  of 
the  element.  Vapour  of  sulphur,  when  suddenly  cooled  by  contact  with  a  cold  surface, 
condenses  in  the  form  of  utricles,  or  of  liquid  drops  surrounded  by  solid  pellicles.  These 
often  retain  their  liquidity  for  a  considerable  time,  but,  when  solidified,  seem  to  have 
the  same  character  as  the  granules  of  sublimed  sulphur.  By  keeping  they  become 
crystalline  in  the  octahedral  form. 

The  principal  modifications  of  insoluble  sulphur  are  the  following: — 1.  The 
mnorphoiis  insoluble  variety,  the  most  stable  form  of  which  is  obtained  as  a  soft  magma, 
by  decomposing  disulphide  of  chlorine  with  water; 

2S-CP  +  3H=0  =  4HC1  +  H'S'O^  +  S'. 
The  hyposulphurous  acid  produced  in  the  reaction  is  gradually  decomposed  into 
sulphurous  acid  and  sulphur,  thus :  H-S^O^  =  H'^SO'  +  S.  The  sulphur,  resulting 
in  this  way  from  the  spontaneous  decomposition  of  hyposulphurous  acid,  has  the  same 
characters  as  those  formed  by  the  original  decomposition  of  the  disulphide  of  chlorine. 
It  may  bo  obtained  at  once  by  adding  dilute  hydrochloric  acid  to  the  solution  of  a 
hyposulphite.  If,  in  preparing  amorplions  soluble  sulphur  by  adding  an  acid  to  the 
solution  of  an  ordinary  alkaline  polysulpliide  containing  some  hyposulphite,  any 
excess  of  acid  be  added,  some  of  this  in.soluble  variety  will  also  be  precipitated.  The 
above  form  of  sulphur  has  a  yellow  colour,  is  insoluble  in  carbonic  disulphide  or 
other  menstruum,  .and  is  quite  amorphous.  Closely  allied  to  it  are  the  amorphous 
insoluble  sulphur  obtained  by  exhausting  sublimed  sulphur  with  carbonic  disulphide 
and  alcohol,  and  that  obtained  by  exhausting  reconverted  plastic  sulphur  with  carbonic 
disulphide.  This  last  is  a  buff-coloured  powder,  slightly  soluble  in  anhydrous  alcohol. 
Its  specific  gravity  is  1-96.  These  varieties  are  convertible  into  octahedral  sulphur  by 
fusion,  or  by  exposure,  for  a  greater  or  less  length  of  time,  to  the  temperature  of  100°. 

2.  riastiv  sulphur,  frequently  represented  by  the  symbol  .S7,  is  obtained  by  heating 
melted  sulphur  to  the  temperature  260 — 300°,  "and  then  cooling  it  suddenly  by  pouring 
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it  in  a  very  thin  stream  into  cold  water.  It  is  thus  obtained  as  a  soft,  yellowish- 
brown,  semitransparent  mass,  capable  of  being  drawn  out  into  fine  elastic  threads 
possessed  of  considerable  tenacity.  This  sulphur  has  a  specific  gravity  r95,  and  is 
insoluble  in  carbonic  disulphide.  When  sulphur  heated  to  300^  is  suddenly  cooled 
by  a  mixture  of  solid  carbonic  anhydride  and  ether,  it  solidifies  into  a  hard  perfectly 
transparent  mass,  which  becomes  soft  and  elastic  at  ordinary  temperatures.  This 
appears  to  be  the  solid  state  of  plastic  sulphur.  Another  form  of  plastic  sulphur  may 
be  obtained  by  acting  upon  metallic  sulphides  with  boiling  nitric  or  nitromuriatic  acid. 
Ordinary  plastic  sulphur  gradually  returns  in  the  course  of  a  few  hours  to  its  brittle 
state,  reacquires  its  yellow  colour,  and  becomes  converted  almost  entirely  into  the 
octahedral  variety,  the  conversion  being  accompanied  by  evolution  of  heat.  If 
plastic  sulphur  be  heated  to  100°,  the  change  takes  place  suddenly,  and  the  tempera- 
ture rises  to  110°.  According  to  Brodie,  sulphur  begins  to  pass  into  the  plastic  state 
at  a  temperature  very  little  above  120°;  and  the  gradual  loss  of  transparency  in 
crystallised  prismatic  sulphur  depends  upon  the  hardening  of  plastic  sulphur  enclosed 
mechanically  between  the  crystals.  Sulphur  which  has  been  converted  from  the 
plastic  into  the  brittle  state  does  not  dissolve  entirely  in  carbonic  disulphide,  but,  as 
before  observed,  leaves  a  bufF-coloured  residue  of  insoluble  sulphur,  the  proportion  of 
which  may,  it  is  said,  be  increased  by  frequently  causing  the  same  sulphur  to  assume 
alternately  the  plastic  and  the  brittle  state. 

The  black  and  red  modifications  of  sulphur,  described  by  Magnus  to  result,  the 
former  from  exhausting,  with  carbonic  disulphide,  the  mass  produced  by  the  frequent 
alternate  strong  heating  and  sudden  cooling  of  sulphur,  and  the  latter  from  heating 
the  black  modification  to  a  temperature  of  130 — 150°,  are  considered  by  Mitscherlich 
to  depend  upon  the  presence  of  greasy  impurities  in  the  sulphur.  When  solutions  of 
sulphydric  acid  and  ferric  chloride  are  mixed  together,  a  blue  precipitate  is  sometimes 
formed,  which  is  said  to  be  a  peculiar  allotropic  form  of  sulphur. 

Sulphur  may  be  made  to  combine  directly  with  the  great  majority  of  the  elements. 
Hydrogen-gas  and  sulphur-vapour  burn  in  one  another,  though  not  very  readily,  to 
form  sulphydric  acid,  H-S.  When  melted  sulphur  is  treated  with  chlorine-gas,  disul- 
phide of  chlorine,  CPS-,  is  produced,  and  similar  reactions  take  place  with  bromine 
and  iodine.  Sulphur  is  highly  inflammable,  and  when  heated  in  air  or  oxygen  to  a 
temperature  of  250°,  takes  fire,  and  burns  with  a  clear  blue,  feebly  luminous  flame, 
being  converted  into  sulphurous  oxide,  SO^.  Carbonic  disulphide,  CS",  results 
from  passing  sulphur-vapour  over  red-hot  charcoal.  Sulphur  also  unites  directly  with 
phosphorus,  arsenic,  silicon,  and  boron.  Nearly  all  the  metals  combine  directly  with 
sulphur,  either  at  ordinary  or  increased  temperatures.  Zinc,  iron,  copper,  lead,  silver, 
tin,  &c.,  burn  in  sulphur-vapour  with  great  brilliancy,  the  combustion,  save  of  the 
zinc  and  iron,  commencing  spontaneously,  provided  the  metal  is  in  a  sufficiently  divided 
state.  Moreover,  mixtures  of  sulphur,  water,  and  finely-divided  metal — iron  or  copper, 
for  instance — begin  to  react  at  ordinary  temperatures,  evolve  a  considerable  amount 
of  heat,  and  yield  hydrated  protosulphide.  Sulphur,  when  acted  on  by  strong  nitric 
or  nitromuriatic  acid,  at  a  gentle  heat,  is  gradually  dissolved,  with  production  of  sul- 
phuric acid,  H'SO'.  Caustic  alkalis  also  dissolve  sulphur  readily,  with  formation  of 
metallic  sulphydi'ate  and  hyposulphite,  thus : 

4KH0  4-  S*    =    2KHS  +  WO  +  K'S^O'. 
The  two  atoms  of  sulphydrate  thus  produced  are  capable  of  dissolving  four  additional 
atoms  of  sulphur  to  form  a  metallic  pentasulphide  and  sulphydric  acid  :  2KHS  +  S'' 
=  K'^S*  +  H'S.  .  • 

Sulphirr  in  its  chemical  relations  is  the  representative  of  oxygen,  to  which  it  is 
equivalent,  atom  to  atom.  The  two  elements,  though  very  dissimilar  in  their  ordinary 
physical  characters,  correspond  very  closely  in  the  nature  of  the  compounds  which 
they  form,  and  in  the  properties  they  exhibit  when  both  are  in  the  gaseous  state. 
Although  sulphur  rarely,  if  ever,  displaces  oxygen  by  direct  elementary  substitution, 
yet  the  two  elements  are  mutually  interchangeable  by  double  decomposition  of  their 
respective  compounds;  and  in  the  great  majority  of  instances  where  oxygen-com- 
pounds are  obtainable  by  addition  of  oxygen,  analogous  sulphur-compounds  are 
obtainable  by  the  addition  of  sulphur.  Thus,  when  cyanide  of  potassium,  KCN,  is 
treated  with  peroxides,  we  obtain  oxycyanate  of  potassium,  KCNO  ;  and  by  treating  it 
with  sulphur,  or  persulphides,  we  obtain  sulphocyanate  of  potassium,  KCNS.  Again, 
oxygen-gas  and  sulphur-vapour  alike  support  tho  comjmstiou  of  hydrogen,  charcoal, 
phosphorus,  and  the  metals,  to  form  precisely  analogous  compounds.  The  following  are 
a  few  illustrations  of  the  number  and  variety  of  corresponding  compounds  to  which 
oxygen  and  sulphur  respectively  give  origin  : 

KHO,  C0^  C»H«0,  CPPO,  K«PO^  Sb^OS^,  K'SnO',  &c. 
KHS,    CS^    C^IPS,    CPPS,    KTO^S,    Sb^S^      K^SnS»,  &c. 
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An  atom  of  sulphur,  being  the  equivalent  of  an  atom  of  oxygen,  is  necessarily  tlie 
equivalent  of  two  atoms  of  hydrogen  or  chlorine.  Thus  the  clilorido  and  sulphide  of 
triothylphosphine,  Et'PCl'^  and  Et^PS  respectively,  made  by  acting  upon  triethylphos- 
phine,  Et^P,  by  chlorine  and  sulphxir  respectively,  are  the  strict  representatives  of  one 
another,  and  so  in  other  instances.  Certain  sulphur-compounds,  moreover,  manifest  a 
great  resemblance  to  those  of  carbon.    (Odling's  Matiual  of  Chemistry.) 

SUXiPHTTR,  BSOMCISSS  OF.  Sulphur  dissolves  in  bromine  at  ordinary  tem- 
peratures without  perceptible  evolution  of  heat,  and  forms  a  brown-red  liquid,  contain- 
ing, according  to  Lowig,  the  compound  Br-S'-,  which  is  decomposed  by  distillation,  half 
of  the  sulphur  being  separated,  and  the  compound  Br-S  distilling  over.  Neither  of  theso 
compounds  has,  however,  been  obtained  in  definite  form,  as  they  appear  to  be  capable 
of  dissolving  both  sulphur  and  bromine — the  latter,  indeed,  in  all  proportions.  The 
brown-red  solution  of  sulphur  in  bromine  smells  like  disulphide  of  chlorine,  and  reacts 
in  a  similar  manner  with  water,  nitric  acid,  ammonia,  &c.    (Gm.  ii.  283.) 

SUX.PHUR,  CHX.OHISSS  OF,  or  SUXiFHXSES  OF  CBZ-OSIKTE.  Sul- 
phur and  chlorine  unite  directly  even  at  ordinary  temperatures,  more  quickly,  however, 
when  sulpiUur  is  snblimi^d  in  an  atmospihero  of  chlorine.  Only  one  compound  of  these 
elements  has  been  obtained  pure  in  the  free  state — viz.  the  distilphide  of  chlorine, 
C1-S-,  analogous  to  disulphide  of  hydrogen.  —  A  protosulphide  of  chlorine,  CPS, 
analogous  to  sulphydric  acid,  is  usually  described  as  produced  by  treating  the 
disulphide  with  excess  of  chlorine  ;  but,  according  to  the  recent  experiments  of  Carius, 
it  is  merely  a  mixture  of  the  disulphide  with  the  hemisulphide  of  chlorine,  or  tetra- 
chloride of  sulphur,  Cl'S.  This  last-mentioned  compound  is  not  known  in  the  free 
state,  but  exists,  according  to  II.  Rose,  in  combination  with  several  metallic 
chlorides. 

Sisnlpbide  of  Chlorine,  CPS-.  ProtocMoride  of  Sulphur.  Halh-Chlorschwcfcl. 
Chlorschaufil  im  Minitmim. — This  compound  was  first  describodin  1804  by  Thomson 
(Nicliolson's  Journal,  vi.  96),  and  by  Bortholot  (Mem.  d'Aroueil,  i.  161) — the  mu- 
tual action  of  chlorine  and  sulphur  having  been  previously  noticed  by  Hagemaun,  in 
1781 — and  has  been  more  particularly  examined  by  H.  Eose  (Pogg.  Ann.  xxi.  431  ; 
xxiv.  303;  xxvii.  107;  xlii.  517,  542),  Dumas  (Ann.  Ch.  Phys.  xlix.  204), 
Marcliand  (J.  pr.  Chem.  xxii.  507),  Heintz  (Ann.  Ch.  Pharm.  c.  370),  and  Carius 
{ibid.  cvi.  291  ;  ex.  209). 

Disulphide  of  cldorine  is  prepared  by  passing  dry  chlorine-gas  into  a  retort  in  which 
sulphur  is  sublimed  at  a  gentle  heat.  It  then  distils  over,  and  may  be  collected  in  a 
receiver  sm'rounded  by  cold  water,  and  freed  from  excess  of  sulphur  by  rectification. 
— It  is  also  produced  by  distilling  a  mixture  of  1  pt.  sulphur  with  9  pts.  stannic 
chloride,  or  8"5  pts.  mercuric  chloride.  (Berzelius.) 

Disuljjhide  of  chlorine  is  a  mobile  reddish-yellow  liquid,  having  a  peculiar,  penetra- 
ting, disagreeable  odour,  and  fuming  strongly  in  the  air.  Specific  gravity  =  1'687. 
Boilsat  139°  (Marchaud),  at  ISO'' (Chevrier,  Compt.  rend.  Ixiv.  304).  Vapour- 
density,  obs.  =  4-77  (Marchand) ;  calc.  =  4'68. 

It  dissolves  in  carbonic  disulphide,  alcohol,  and  ether,  not  however  without  decom- 
position in  the  tw'o  latter.  It  dissolves  sulphur  in  large  quantities,  especially  when 
heated.  When  saturated  with  sulphur  at  ordinary  temperatures,  it  fonus  a  clear 
yellow  liquid  of  specific  gravity  1'7,  and  containing  altogether  66-7  per  cent,  sulphur. 
The  solution  of  disulphide  of  chlorine  with  excess  of  sulphur  in  crude  benzol,  is  used 
for  vulcanising  or  sulphurising  caoutchouc. 

Ecaciions. — 1.  With  clilorino,  bromine,  and  iodine.— When  chlorine -gas  is 
passtxl  for  several  days  in  the  dark  through  disulphide  of  chlorine,  a  dark  brown-red 
liquid  is  formed,  from  which  (according  to  Davy,  Dumas,  and  Marchand)  a  certain 
quantity  of  chlorine  may  be  expelled  by  gentle  ebullition,  leaving  the  protosulpihide  of 
chlorine,  Cl'-'S,  which  boils  constantly  at  64".  According  to  Carius,  on  the  other 
hand,  the  boiling-point  continually  rises  during  the  distillation,  and  does  not  become 
constant  till  it  has  risen  to  138°,  at  which  temperature  disulphide  of  chlorine  passes 
over.  The  brown-red  liquid  is  also  converted  into  the  reddish-yellow  disulphide  by 
passing  a  stream  of  dry  air  through  it.  At  a  certain  stage  of  the  distillation,  a  dark 
brown-red  liquid  passes  over,  containing  sulphur  and  chlorine  in  the  proportion  re- 
quired by  the  formula  Cl-S ;  but  it  acts  with  metals  and  other  bodies  like  a  mixture 
of  the  compounds  Cl-S-  and  SCI'.  Hence  Carius  concludes  that  the  so-called  proto- 
sulphide of  chlorine  (or  dichloride  of  sulphur)  is  not  a  definite  compound,  but  a  mix- 
ture, in  atomic  proportions,  of  the  two  compounds  just  mentioned  :  Cl-S^  +  SCI'  = 
3C1-S.  Carius  has  farther  shown  that,  by  piassing  dry  cldorine  through  the  disulphide 
of  chlorine  at  various  temperatures,  liquids  are  produced,  containing  various  pro- 
portions of  sulphur  and  chlorine,  both  above  and  below  those  required  by  the  formula 
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SCP,  but  not  in  any  case  exhibiting  a  constant  boiling  point.  The  results  are  given 
in  the  following  table,  together  with  the  calculated  percentages  for  the  formulae,  S'Cl', 
SCP,  and  SCl^ : 

S'CP  47-48  percent.  S;  52-52  per  cent.  CI. 
Saturated  at  +  20°  32-35       „  67-80  „ 

+  6°  to  +6-4°  31-47        „  69-18 
SCP  31-13       „  68-87 
+  0-4°to  +  l°     30-00        „  .     .  „ 

„  -1-5°,,  -2-5°  29-61        „  .  . 

-6°    „  -8°    27-98       „  71-67 

SCl^  18-39        „  81-61  „ 

According  to  Chevrier  also  (Compt.  rend.  Ixiv.  302),  the  liquids  obtained  by  satu- 
rating disulphide  of  chlorine  with  chlorine,  at  various  temperatures,  do  not  exhibit  any 
constant  boiling-point. — Iodine  and  bromine  likewise  dissolve  easily  in  the  disulphide ; 
but  without  forming  any  definite  compounds,  the  resulting  liquids  beginning  to  boil  at 
temperatm-es  below  136°  (the  boiling-point  of  the  disulphide  of  chlorine),  but  quickly 
attaining  that  temperature  on  distillation. 

2.  With  phosphorus. — When  2  at.  phosphorus  are  gradually  added  to  3  at.  di- 
sulphide of  chlorine,  chlorosulphide  of  phosphorus  is  formed,  and  4  at.  sulphur  sepa- 

3C1-S2  +  P2    =    2PSCP  -h  S'. 

(Chevrier,  Compt.  rend.  Ixiii.  1003).  If  an  excess  of  phosphorus  is  used,  trichloride 
of  phosphorus  is  also  formed,  together  with  a  sulphide  of  phosphorus,  as  previously 
shown  by  AVohler.  (Ann.  Ch.  Phys.  [3],  xliv.  56.) 

3.  With  metals. — Disulphide  of  chlorine  poured  upon  coarsely  pulverised  arsenic 
or  mitimony,  becomes  strongly  heated  and  distils  over ;  but  by  pouring  the  liquid  back, 
and  warming  it,  the  sulphide  of  chlorine  may  be  completely  decomposed,  trichloride  of 
arsenic  or  antimony  distilling  over,  and  sulphide  of  arsenic  or  antimony  remaining 
(Wohler,  Ann.  Ch.  Pharm.  Ixxiii.  114).  If  the  materials  are  mixed  in  the  proportion 
of  2  at.  arsenic  or  antimony  to  3  at.  disulphide  of  chlorine,  the  whole  of  the  metal  is 
converted  into  chloride,  and  the  whole  of  the  sulphur  is  set  free,  crystallising  partly  in 
opaque  needles,  partly  in  shining  octahedrons : 

Sb2  -1-  3CPS2    =    2SbCP  S« 
(Chevrier,  Compt.  rend.  Ixiv.  302;  Baudrimont,  ibid.  368).    The  sulphides  of 
arsenic  and  antimony  are  acted  on  by  disulphide  of  chlorine  almost  as  energetically  as 
the  metals  themselves,  yielding  similar  products  (Wohler,  Baudrimont) : 

Sb-S'  +  3C1=S-    =    2SbCP  +  S'. 

Tin-filings  act  with  great  violence  on  disulphide  of  chlorine  (Wohler),  stannic 
chloride  distilling  over,  and  sulphur  remaining  (Baudrimont);  stannic  sulphide 
acts  but  slowly,  and  only  when  heated. — Ahnninium-foil  gently  heated  with  the  disul- 
phide, decomposes  it  rapidly,  a  brown-red  liquid  distilling  over  and  depositing  white 
crystals,  probably  a  compound  of  disulphide  of  chlorine  with  chloride  of  aluminium. 
— Mercury  heated  with  disulphide  of  chlorine  attacks  it  slowly,  sulphur  being  depo- 
sited, and  mercurous  or  mercuric  chloride  produced,  according  to  the  proportion  of 
mercury  present. — Sulphide  of  mercury  acts  in  a  similar  manner,  but  less  strongly. — 
Iron  reduced  by  hydrogen  slowly  decomposes  disulphide  of  chlorine  at  the  boiling  heat 
of  the  latter,  and  is  converted  into  ferric  chloride. — Zi^ic,  under  similar  circumstances, 
acts  but  very  slowly. — Magnesium  and  sodium  do  not  exert  the  slightest  action  on 
disulphide  of  chlorine,  even  after  prolonged  boiling.  In  general  metals  and  metallic 
sulphides  are  attacked  by  disulphide  of  chlorine,  with  greater  facility  in  proportion  as 
their  chlorides  are  more  volatile.  (Baudrimont.) 

4.  AVith  water. — Disulphide  of  chlorine  dropped  into  water,  sinks  in  the  form  of 
oily  drops,  and  is  slowly  decomposed  into  hydrochloric  acid,  sulphur,  and  hyposul- 
phurous  acid,  which  last  is  gradually  resolved  into  sulphurous  acid  and  free  sul- 
phur : 

2CPS'  +  3H'0    =    4HC1  +       +  H^S'C, 

orH^O'  +  S. 

6.  With  alcohols. — Et hylic  alcohol  acts  upon  disulphide  of  chlorine  at  ordinary 
temperatures,  with  formation  of  hydrochloric  acid,  sulphurous  acid,  ethylic  chloride, 
sulphurous  chloride  (chloride  of  thionyl),  ethylic  sulphite,  generally  also  small  quanti- 
ties of  mercaptan,  ethylsulphurous  acid,  and  free  sulphur: 

S^'CP  +  C^H''0    =    SOCP  +  C^H^S. 
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and  further : 

3S0CF  +  iCm^S  =    4HC1  +  2Cm'C\  +  (C^H')^SO'  +  S'. 

also : 

SOCP    +  2C"H«0  =    HCl    +  C=H'C1  +  (C2H*)HS0'. 

With  methylic  and  amijlic  alcohols,  the  disulpliide  exhibits  precisely  similar  reactions. 
(Carius.) 

6.  With  acids  and  salts. — Benzoate  of  sodium  is  decomposed  by  disulphide  of 
chlorine,  yielding  sulphide  and  chloride  of  benzene,  sulphide  and  chloride  of  sodium, 
sulphurous  chloride,  sulphurous  anhydride,  and  free  sulphur  :  thus, — 

28^01=  +  2(C'H*O.Na.O)    =    (C'H=0)2S  +  Na^S  +  2S0C1^ 

=    2(C'IP0)C1  +  2NaCl  +  SO'  +  S'. 

With  dry  benzoic  acid  the  reaction  is  similar,  but  takes  place  chiefly  in  the  manner 
shown  by  the  second  equation. — Acetates  and  other  salts  of  monobasic  acids  yield 
similar  prodiicts.  Part  of  the  metallic  sidphide  produced  also  reacts  with  the  sul- 
phurous chloride,  forming  chloride  and  sulphate,  with  separation  of  sulphur:  thus, — 
SNa'S  +  4S0CP    =    8NaCl  +  Na'SO'  +  S'. 

Si/lphatcs  heated  with  disulphide  of  chlorine  yield  metallic  chloride,  sulphuric 
chloride,  sulphurous  anhydi-ide,  and  free  sulphur  (Carius):  e.g. — 

2S=C1'  +  ^a^l^'    =    ^^'^'-'^  +  SO^^CP  +  SO'  +  S'. 

7.  With  sulphuric  anhydride. — When  vapour  of  sidphuric  anhydride  is  passed 
into  disulphide  of  chlorine  contained  in  a  vessel  surrounded  by  a  fi-eezing  mixture,  a 
liquid  compound  is  formed,  consisting  of  S'O'^GP  =  S"CP.5S0'.  It  is,  however,  very 
unstable,  and  decomposes  as  soon  as  it  is  removed  from  the  freezing  mixture,  giving  off 
sulphurous  anhydride,  and  leaving  the  compound  S'-'O^CP  (  =  S'O'^CP  —  oSO'). 

This  last  compound,  which  may  be  regarded  as  SO'.SO'Cl-  (or,  according  to  Berze- 
lius,  as  SC1''.6S0^),  is  also  produced  by  distilling  disulphide  of  chlorine  with  Nordhau- 
Bon  sulphuric  acid.  When  purified  by  rectification,  it  forms  an  oily  colourless  liquid, 
of  specific  gravity  1-818  at  lfi°,  boiling  at  145°,  and  distilling  without  decomposition. 
With  water  it  yields  hydrochloric  and  sulphuric  acids : 

S'O'CV  +  3ff0    =    2HC1  +  2H^S0^ 

With  dry  ammonia-gas  it  yields  neutral  sulphamateof  ammonium.  (H.  Kose,  Pogg. 
Ann.  xliv.  291  ;  xlvi.  167  ;  lii.  69.) 

8.  With  ammonia. — Vapour  of  disulphide  of  chlorine  unites  with  ammonia-gas, 
forming  the  compound  4N11'.S'C1-,  which  may  be  exposed  to  the  air  for  a  long  time 
without  suffering  decomposition.  It  dissolves  in  absolute  alcohol,  but  is  decomposed 
by  water,  with  precipitation  of  sulphur,  and  formation  of  chloride  and  hyposulphite 
of  ammonium.  (Martens,  J.  Chim.  med.  xiii.  430.) 

9.  With  hydrocarbons. — Disulphide  of  chlorine  imites  directly  with  ethylene  and 
amylcne,  forming  the  compounds  C^H'.CPS''^  and  C'H-'.CFS^.  (Guthrie,  i.  209  ; 
ii.  683.) 

Protosulphide  of  Chlorine,  or  Protochlorlde  of  Sulphur,    CPS. — This 

compound,  as  already  ol)Si'rvcd(p.  533),  docs  not  appear  to  exist  in  the  free  state;  but 
according  to  H.  Rose  (Pogg.  Ann.  xcii.  636),  it  forms,  with  trichloride  of  arsenic,  the 
compound  2AsCP.CPS,  which  is  a  brown  liquid,  obtained  by  the  action  of  dry  chlorine 
on  trisulphide  of  arsenic ;  and,  according  to  Guthrie,  it  forms,  with  ethylene  and 
amylene,  the  compounds  C=H*.CPS  and  C^H'".CPS. 

Tetrachloride  of  Sulphur,  SCI'. — This  compound  is  not  known  in  the  sepa- 
rate state,  but  forms  definite  compounds  with  several  metallic  chlorides.  The  brown 
chloride  of  sulphur,  formed  by  saturating  disulphide  of  chlorine  with  chlorine,  is, 
according  to  Carius,  a  mixture  of  S-CP  and  SCI*  in  various  proportions,  according  to 
the  temperature  at  which  the  saturation  is  effected,  and  exhibits,  with  alcohols,  acids, 
and  salts,  the  reactions  of  the  tetrachloride ;  thus  with  ethylic  alcohol: 

SCP  +  C^H-^O    =    HCl  +  SOCP  +  C-WC\; 
and  SOCP  -I-  C=H«0    =    HCl  +  S0=      +  C-H*C1; 

and  similarly  with  methylic  and  amylic  alcohols. — The  reactions  of  the  tetrachloride 
with  sodic  benzoate.  and  benzoic  acid  are  represented,  according  to  Carius,  by  the 
equations : 

SC1<  +    C'H^O.Na.O     =      C'H'-O.Cl    +  NaCl  +  SOCP,  and 
SCP  +  2(C'H''0.H.0)    =    2(C'H*0.C1)  +  2HC1  +  S0». 
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In  the  first  case,  however,  the  oeenrrence  of  the  sulphurous  chloride,  SOCP,  is,  for  the 
most  part,  masked  by  the  formation  of  secondary  products,  as  of  sulphurous  anhydride — 
thus : 

SOCl^  +  C'ffO.Na.O    =    NaCl  +  C'ffOCl  +  S0«. 
Acetate  of  sodium  is  decomposed  by  tetrachloride  of  sulphur  in  the  same  manner  as 
the  benzoate,  bat  the  chloride  of  acetyl  produced  acts  on  another  portion  of  the  sodic 
benzoate,  forming  acetic  anhydride. 

The  compounds  of  tetrachloride  of  sulphur  ■with  metallic  chlorides  are  obtained,  for 
the  most  part,  by  passing  chlorine-gas  over  the  respective  sulphides. — The  alumi?imm- 
compomid,  2A1CP.SC1',  is  produced  by  gently  heating  chloride  of  aluminium  with 
disulphide  of  chlorine,  and  passing  chlorine  over  the  resulting  dark-red  mass  at 
a  somewhat  higher  temperature.  A  yellow  oily  liquid  is  thus  obtained,  which  ulti- 
mately solidifies  to  a  crystalline  mass.  It  is  decomposed  by  water,  with  great  evolution 
of  heat,  yielding  free  sulphur,  alumina,  hydrochloric,  sulphuric,  and  hyposulphurous 
acids  (E.  Weber,  Pogg.  Ann.  civ.  421). — The  antimony-compound,  2SbCP.3SCl*, 
obtained  by  heating  grey  s-ulphide  of  antimony  in  a  stream  of  chlorine,  is  a  white 
amorphous  powder,  wliieh  melts  when  heated,  and  is  resolved  into  disulpliide  of 
chlorine,  free  chlorine,  and  trichloride  of  antimony.  It  is  oxidised  and  dissolved  by 
nitric  acid,  and  absorbs  ammonia  in  somewhat  considerable  quantity  (H.  Ro  s  e,  Pogg. 
Ann.  xlii.  532). — The  tin-compound,  SnCP.2SClS  produced  by  the  action  of  chlorine  on 
stannic  sulphide,  foi-ms  tine  large  crystals,  which  fume  strongly  in  the  air ;  may  be 
fused  and  sublimed  without  decomposition  ;  are  gradually  dissolved  by  nitric  acid,  with 
fonmation  of  stannic  oxide  and  sulpliuric  acid ;  form  with  water  an  acid  hquid, 
milky  from  separated  sulphur;  and  ab.sorb  ammonia-gas,  with  considerable  evolution 
of  heat,  forming  a  yellow-brown  mass  which  is  decomposed  by  water  (H.  Rose,  Pogg. 
Ann.  xlii.  517).  —  A  titanium-compound  of  uncertain  composition,  but  apparently 
containing  less  than  2  at.  SCI'  to  1  at.  TiCl'',  is  produced  by  mixing  titanic  chloride 
with  brown  eliloride  of  sulphur,  or  by  passing  chlorine-gas  over  titanic  sulphide.  The 
first  process  yields  it  in  large  yellow  crystals  ;  the  second  only  as  a  crystalline  mass. 
It  deliquesces  rapidly  in  contact  with  the  air,  melts  when  heated,  solidifies  in  the 
crystalline  state  on  cooling,  and  sublimes  without  decomposition.  (H.  E o s  e,  iiic?. 
p.  627.) 

SUSiPHUR,  CS'/^N'IBS  OF.    See  SuiPHOCTANic  Anhydeide  (p.  515). 

S1TI.PHUK,  BETECTIOBT  AWD  BSTIBSATIOW  OP.  1.  Beactions. — 
The  most  important  compounds  in  which  sidphur  occurs  are  the  metallic  sulphides, 
sulphates,  sulphites  and  hyposulphites,  and  certain  organic  compounds. 

Most  metallic  sulphides  are  insoluble  in  water  ;  those  of  the  alkali-metals  and 
alkaline  earth-metals,  however,  dissolve  in  water — the  former  undecomposed,  the  latter 
with  partial  decomposition  (p.  483).  The  solutions  give  with  lead-salts,  &e.,  the 
reactions  of  sulphydric  acid  (i.  217  ;  iii.  204).  Sulphides  heated  on  charcoal  in  the 
oxidising  blowpipe-flame  give  off  all  their  sulphm?  as  sulphurous  anhydride,  which  may 
be  detected  by  its  odour ;  or  if  the  sulphide  be  heated  in  an  inclined  glass  tube  open  at 
both  ends,  so  that  a  current  of  air  may  pass  over  it,  sulphurous  anhydride  will  also  be 
formed,  and  may  bo  detected  by  its  odour,  acid  reaction,  &c.  (p.  540).  On  fusing  a 
sulphide  on  charcoal  with  sodic  carbonate  or  a  mixture  of  that  salt  and  borax,  placing 
the  piece  of  charcoal  containing  the  fused  mass  on  a  plate  of  polished  silver,  and 
moistening  it,  a  black  or  brown  stain  of  sulphide  will  bo  formed  on  the  metal. 
Metallic  sulphides,  acted  upon  by  strong  nitric  or  nitromuriatic  acid,  are  rapidly 
oxidised,  forming  metallic  oxide  or  chloride,  sulphuric  acid,  and  usually  some  free 
sulphur,  which  melts  into  globules  very  difficult  to  oxidise. 

Metallic  sulphates  are,  for  the  most  part,  easily  soluble  in  water;  the  sulphates 
of  strontium,  calcium,  lead,  and  mercurosum  are  but  slightly  soluble,  and  the  barium- 
salt  is  almost  insoluble  in  water,  and  likewise  in  hydrochloric  and  nitric  acid.  In 
soluble  sulphates,  therefore,  sulphiu'ic  acid  is  easily  detected  by  addition  of  chloride 
or  nitrate  of  barium,  which  forms  a  precipitate  insoluble  in  acids.  In  insoluble  or 
sparingly  soluble  sidphates,  the  sulphuric  acid  is  detected  by  boiling  the  salt  with  a 
concentrated  solution  of  an  alkaline  carbonate,  whereby  an  alkaline  sulphate  is  formed, 
which  dissolves  in  the  water.  Sulphates  heated  before  the  blowpipe  on  charcoal  with 
sodic  carbonate,  yield  sulphide  of  sodium,  in  which  the  sulphur  may  be  detected  in  the 
manner  above  mentioned.    (See  Sulphates). 

The  sulphites  of  the  alkali-metals  are  soluble  in  water;  the  rest  are  insoluble 
or  sparingly  soluble,  but  dissolve  in  excess  of  sulphurous  acid.  Sulphites  are  easily 
detected  by  the  characteristic  odour  of  sulphurous  anhydride,  which  they  evolve  when 
treated  with  hydrochloric  or,  better,  with  dilute  sulphuric  acid.  Hyposulphites 
treated  in  the  same  way  also  give  off  sulphurous  anhydride,  but  are  distinguished  from 
oulphites  by  likewise  yielding  a  deposit  of  sulpliur.    (See  Sulphur,  OxYGisN-ACins  of.) 
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According  to  W.  F.  Barrett  (Phil.  Mag.  [4]  xxx.  321),  sulphur  in  the  free  state, 
and  in  certain  states  of  combination,  may  bo  detected  in  solids,  and  in  sumo  liquids,  by 
directing  a  flame  of  pure  hydrogen  upon  a  point  of  the  surface,  whereupon,  if  sulphur 
is  present,  even  in  very  minute  quantity,  a  deep  blue  luminous  ring  will  bo  formed 
round  the  heated  point.  This  effect  is  produced  with  free  sulphur,  with  all  metallic 
sulphides,  with  sulphuric  acid,  and  certain  sulphates,  especially  alum  (probably  in 
consequence  of  reduction),  but  not  with  sulphate  of  sodiiun  and  certain  others.  By  this 
method  sulphur  has  been  detected  in  atmospheric  dust. 

2.  Quantitative  Estimation  and  Separation. — Sulphur  is  almost  always  esti- 
mated in  the  form  of  sulphuric  acid.  Todetermine  the  quantity  of  sulphur  in  a  me  tallic 
sulphide,  the  compound  is  heated  with  nitric  OT  Jiitroniuriatic  acid,  or  sometimes  with 
a  mixture  of  hydrochloric  acid  and  potassic  chlorate,  till  the  metal  is  oxidised,  and  the 
sulphur  converted  into  sidphuric  acid.  The  solution  is  then  treated  with  chloride  or 
nitrate  of  barium,  and  the  precipitated  sulphate  of  barium  is  collected  on  a  filter,  washed, 
dried,  and  ignited.  Before  adding  the  baryta-solution,  however,  the  liquid  must  be  con- 
siderably diluted  with  water,  because  the  nitrate  and  chloride  of  barium  are  themselves 
insoluble  in  strong  nitric  and  hydrochloric  acids.  The  liquid  is  then  boiled,  and  after- 
wards left  to  stand  till  the  precipitate  has  completely  settled  down  ;  after  which  the 
clear  liquid  is  first  passed  through  the  filter,  and  then  the  precipitate  thrown  upon  it ; 
if  the  precipitate  bo  poured  upon  the  filter  before  it  has  settled  down,  it  will  be  sure 
to  run  through.  As  the  oxidation  of  the  sulphur  is  very  slow,  the  metal  being  com- 
pletely oxidised  and  dissolved  long  before  it,  and  a  portion  of  the  sulphur  separated  in 
the  free  state,  it  is  sometimes  convenient  to  collect  this  portion  on  a  small  weighed 
filter,  determine  its  amount  by  direct  weighing,  and  afterwards  estimate  the  dissolved 
portion  as  above.  The  nitric  or  nitromuriatic  acid  used  for  the  oxidation  should  be 
strong,  and  the  action  aided  by  heat ;  otherwise,  especially  in  treating  the  sulphide  of 
manganese,  the  lower  sulphides  of  iron,  and  the  sulphides  of  the  alkali-metals, 
part  of  the  sulphur  may  be  driven  off  as  sulphydric  acid,  and  thereby  lost.  For  the 
same  reason,  on  oxidising  with  chlorate  of  potassium  and  hydrochloric  acid,  tho  acid 
must  not  be  poured  at  once  on  to  the  pulverised  sxtlphide,  but  gradually  added  to  the 
mixture  of  the  sulphide  with  the  chlorate  of  potassium.  In  applying  these  methods  of 
oxidation  to  the  sulphides  of  the  alkali-metals  and  alkaline  earth-metals,  part  of  the 
sulphur  is  sure  to  escape  as  sulphydric  acid,  unless  very  particular  precautions  aretaken. 
The  only  sure  method  of  guarding  against  this  source  of  error  is  to  place  the  sulphide 
in  a  small  test-tube  enclosed  in  a  capacious  flask,  pour  fuming  nitric  acid  upon  it,  and 
immediately  close  the  vessel  with  a  tight-fitting  stopper. 

Another  general  method  of  analysing  metaUic  sulphides  is,  to  fuse  them  with  3  pts. 
of  potoisi'e  or  sodic  nitrate,  and  about  the  same  weight  of  sodic  carbonate,  whereby  the 
sulphur  is  converted  into  sulphuric  acid,  which  unites  with  the  alkali,  and  the  metals 
are  converted  into  oxides.  The  fused  mass  is  digested  with  water  ;  the  filtered  solu- 
tion neutralised  with  nitric  acid  ;  the  sulphur  precipitated  therefrom  as  sulphate  of 
barium ;  and  the  residual  oxides  dissolved  in  hydrochloric  or  nitric  acid. 

By  the  methods  just  described,  the  metals  are  obtained  in  solution  as  nitrates  or 
chlorides,  and  may  be  separated  and  estimated  by  the  methods  proper  for  each.  Cer- 
tain special  cases  may  hfire  be  noticed.  Native  sulphide  of  lead  (galena),  if  not 
mixed  with  other  sulphides,  is  best  analysed  by  treating  the  finely  pulverised  mass 
with  fuming  nitric  acid,  whereby  the  lead-sulphide  is  completely  converted  into  sul- 
phate, and  weighing  the  latter.  If,  however,  other  sulphides  are  present,  it  is  best  to 
fuse  the  mineral  with  saltpetre.  The  use  of  hydrochloric  acid  and  chlorate  of  potas- 
sium is  not  advisable,  because  chloride  of  lead  would  be  formed  as  well  as  sulphate. 
— Sulphide  of  bismuth  must  be  oxidised  with  pure  nitric  acid,  because  the  presence 
of  hydrochloric  acid  interferes  with  the  quantitative  estimation  of  bismuth. — S  u  1  p  h  i  d  o 
of  silver  must  also  be  oxidised  with  pure  nitric  acid,  and  the  silver  first  precipitated 
from  the  solution  as  chloride,  then  the  sidphur  from  the  filtrate  as  sulphate  of 
barium. 

Tho  analysis  of  fahl-ores,  which  contain  sulphide  of  arsenic  or  antimony,  or  both, 
in  combination  with  one  or  more  of  the  sulphides  of  copper,  silver,  mercury,  iron,  and 
zinc,  is  generally  elFected  by  the  following  method.  Tho  finely  powdered  mineral  is 
introduced  into  a  double  bulb-tube,  one  end  of  which  is  bent  at  a  right-angle,  care  Ijeiug 
taken  that  all  tho  mineral  is  contained  in  the  bulb  which  is  farthest  from  the  bent  eud. 
The  straight  end  of  the  tube  is  then  connected  with  an  apparatus  for  the  evolution  of 
perfectly  dry  chlorine  ;  and  the  bent  end  is  introduced  air-tight  into  a  receiver — which 
may  be  a  large  U-tube — containing  a  mixture  of  dilute  hydrochloric  and  tartaric  acids ; 
a  bent  tube  is  connected  with  tho  other  end  of  the  U-tube,  by  which  the  excess  of 
chlorine  is  conducted  into  methylated  spirit.  The  bulb-tube  should  not  be  attached  to 
the  chlorine  apparatus,  till  all  the  atmospheric  air  has  been  driven  out  of  the  latter. 
A  very  slow  stream  of  chlorine  is  then  passed  thi'ough  (he  tube,  which  dccomposea  the 
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fahl-ore,  with  considerable  evolution  of  heat ;  and  when  the  bulb  containing  the  mineral 
has  cooled,  it  is  gently  heated  in  order  to  separate  the  volatile  chlorides,  which 
must  be  driven  beyond  the  space  between  the  two  bulbs.  Those  elements  which  are 
volatilised  as  chlorides  are  sulphv/r,  arsenic,  antimoyiy,  mercury,  part  of  the  iron, 
»^and,  if  too  strong  a  heat  has  been  applied,  some  of  the  zinc') :  those  which  remain 
in  the  bulb  as  non-volatUe  chlorides,  are  copper,  silver,  zinc,  and  the  greater  part  of 
the  iron. 

For  the  analysis  of  the  volatile  chlorides,  the  bulb- tube  is  divided  between  the 
two  bulbs,  and  the  portion  containing  the  sublimate  is  covered  with  a  wide  tube,  closed 
at  one  end,  and  moistened  on  the  inside  with  water,  in  which  position  it  is  left  for  24 
hours.  The  sublimate  thus  absorbs  water  gradually,  and  may  then  be  dissolved  out 
by  water,  without  the  evolution  of  heat  and  probable  loss  which  would  ensue  if  this 
precaution  were  neglected.  The  tube  being  thoroughly  rinsed  out,  the  solution  is 
added  to  the  liquid  in  the  receiver,  any  sulphur  that  separates  is  filtered  off,  aud  any 
antimony  that  separates  is  dissolved  by  heat.  The  acid  solution  is  then  saturated  with 
sulphydric  acid,  the  washed  precipitate  digested  with  sulphide  of  ammonium,  and  the 
undissolved  sulphide  of  mercury  collected  on  a  filter,  dried  at  100'^,  and  weighed 
(Hg"S  :  Hg  =  29  :  25).  The  sulphides  of  antimony  and  arsenic  are  precipitated 
from  the  sulphide  of  ammonium  solution  by  dilute  sulphuric  acid,  and  the  metals  sepa- 
rated in  the  manner  described  under  Aesenic  (i.  368).  The  filtrate  (containing  tar- 
taric acid)  is  neutralised  with  ammonia;  sulphide  of  ammonium  added;  the  precipitated 
sulphide  of  iron  filtered  oiF,  washed  with  water  containing  sulphydric  acid,  and  dis- 
solved in  hydrochloric  acid ;  the  solution  heated  with  nitric  acid ;  and  the  iron  pre- 
cipitated by  ammonia. 

The  bulb  containing  the  non-volatile  chlorides  is  digested  with  dilute  hydro- 
chloric acid,  till  only  chloride  of  silver  remains  undissolved  ;  this  is  weighed  as 
described  at  p.  298.  From  the  solution  the  copper  is  precipitated  by  sulphydric 
acid  ;  and  the  iron  and  zinc  are  separated  as  described  under  Ikon  (iii.  386). 

The  sulphur  is  best  estimated,  in  a  separate  portion  of  the  ore,  by  fusion  with 
3  pts.  chlorate  of  potassium  and  3  pts.  carbonate  of  sodium. 

This  mode  of  analysis  is  applicable  to  bournonite  (sulphides  of  antimony,  lead,  and 
copper),  red  silver-ore  (sulphides  of  antimony  or  arsenic  and  silver),  and  other 
minerals  resembling  fahl-ores  in  composition.  When  lead  is  present,  the  chlorides 
must  be  distilled  at  a  very  gentle  heat,  so  that  the  lead  may  remain  with  the  non- 
volatile chlorides;  and  when  these  chlorides  are  treated  with  dilute  hydrochloric  acid, 
a  large  quantity  of  water  must  be  added,  to  insure  the  complete  solution  of  the 
plumbic  chloride.   (Conington's  Handbook  of  Chemical  Analysis,'^.  218.) 

The  sulphides  of  the  alkali- metals  and  alkaline  earth -  metals  are  sometimes 
analysed  by  decomposing  them  with  hydrochloric  acid,  receiving  the  evolved  sulphydric 
acid  in  a  solution  of  acetate  of  lead,  oxidising  the  precipitated  sulphide  of  lead  with 
fuming  nitric  acid,  weighing  the  sulphate  of  lead  thus  produced,  and  thence  calculat- 
ing the  quantity  of  sulphur.  In  the  sulphides  of  gold  and  platinum,  from  which  the 
sulphur  is  completely  expelled  by  ignition,  its  amount  may  be  determined  by  weighing 
the  residual  metal. 

From  all  non-metallic  elements,  except  selenium  and  tellvirium,  sulphur  may  be 
separated  in  the  same  way  as  from  the  metals,  viz.,  by  oxidation  to  sulphuric  acid,  and 
precipitation  as  barium-sulphate.  The  methods  of  separating  it  from  selenium  and 
tellurium  are  given  under  Selenium  (p.  225). 

The  sulphur  in  organic  compounds  may  likewise  be  estimated  by  oxidising  the 
compound  with  fuming  nitric  acid,  and  precipitating  the  resulting  sulphuric  acid  with  a 
baryta-solution  (i.  247).  Another  method,  given  by  W.J.  Russell  (Chem.  Soc.  Qu.  J. 
vii.  212),  is  to  burn  the  substance  in  a  corabustion-tube  with  oxide  of  mercury,  car- 
bonate of  sodium  being  added  to  take  up  the  sulphuric  acid  produced,  and  a  small  bent 
tube  dipping  under  water  fitted  into  tlie  open  end  of  the  combustion-tube,  so  that  any 
acid  vapom-s  that  escapie  may  be  condensed  in  the  water.  At  the  end  of  the  combus- 
tion, this  liquid  is  acidulated  with  hydrochloric  acid,  the  tube  washed  out  with  the 
acid  solution,  the  liquid  filtered,  and  the  sulphuric  acid  precipitated  by  chloride  of 
barium. 

The  quantity  of  sulphuric  acid  in  a  soluble  sulphate  is  estimated  by  precipitating 
the  aqueous  solution  with  chloride  of  barium.  Some  sulphates  which  are  insoluble  in 
water,  may  be  dissolved  in  hydrochloric  or  nitric  acid,  and  the  baryta-solution  then 
added.  The  sulphates  of  calcium,  strontium,  and  lead  may  be  decomposed  by  boiling 
with  a  solution  of  sodic  carbonate,  and  the  sulphuric  acid  precipitated  by  chloride  of 
barium  from  the  filtered  solution  previously  acidulated  with  nitric  or  hydrochloric 
acid.  Sulphate  of  barium  may  be  analysed  by  fusing  it  in  a  platinum  crucible  with 
three  times  its  weight  of  sodic  carbonate;  the  fused  mass  digested  in  water ;  the  fil- 
tered soda-solution  acidulated  ;  and  the  sulphuric  acid  precipitated  as  above. 
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Sulphurous  and  hyposulphurous  acid  may  be  estimated  by  oxidation  with 
nitric  acid,  whereby  they  are  converted  into  sulphuric  acid  ;  or  by  Bunsen's  iodometric 
method  (i.  265). 

3.  Atomic  Weight  of  Sulphur. — Berzelius  in  1S18  {Lehrhuch,  v.  1187), 
determined  the  atomic  weight  of  sulphur  from  the  quantity  of  plumbic  sulphate 
(Pb"SO')  produced  by  treating  a  known  weiglit  of  pure  lead  with  nitric  and  sulphuric 
acids.  100  pts.  of  lead  yielded  from  146-380  to  1-16'458,  or  on  the  average,  146'419 
PbSO':  whence  (for  Pb  =  207)  S  =  3218.  Subsequently  (1845),  Berzehus  ob- 
tained nearly  the  same  result  by  determining  the  quantity  of  silver-sulphide  jjroduced 
by  decomposing  a  known  weight  of  the  chloride  with  dry  sulphyJric  acid  gas.  In 
fom-  experiments  he  found  (for  Ag  =  108  and  CI  =  35-46),  S  =  32-1.  The 
same  number  was  found  by  Svanberg  and  Struve  (J.  pr.  Chem.  xliv.)  from  a  single 
experiment  made  in  the  same  manner.  Erdmann  and  Marchand  in  1844  (J.  pr. 
Chem.  xxxi.  396),  by  heating  pure  cinnal  iar  in  hydrogen  gas,  obtained  from  100  pts.  of  the 
sulphide,  in  four  experiments,  86-205  to  86-222  pts.,  mean  86-211  pts.  of  mercury: 
henoo  (for  Hg  =  200),  S  =  32-005.  Struve  in  1852  (Ann.  Ch.  Pharm.  Ixxx. 
203)  by  reducing  argentic  sulphate  with  hydrogen,  obtained,  as  a  mean  of  six  experi- 
ments, S  =  32.  Dumas  in  1859  (Ann.  Ch.  Pharm.  cxiii.  20),  by  converting  a 
known  weight  of  silver  into  siilphide,  Ag^S,  obtained  S  =  32-01  ;  and  lastly,  Stas 
in  1860  (Rcchcrchcs  sur  les  rapports  reciproques  des  poids  atomiqties)  by  heating 
silver  in  a  stream  of  piu-e  sulphur-vapour  or  pure  sulphydric  acid  gas,  obtained  as  a 
mean  of  five  experiments,  from  100  pts.  silver,  114-8522  argentic  sulphide  :  whence 
S  =  32-07. 

All  these  results  come  so  near  to  the  whole  number  32,  that  this  number  may  be 
used  in  calculation  without  sensible  error. 

SUXiPHVIt,  FXiUORIDE  Or.  According  to  Davy  and  Dumas,  a  compound  of 
fluorine  and  sulphur  is  obtained  by  distilling  fluoride  of  lead  or  fluoride  of  mercury  with 
sulphur. 

SVXiPBXJIt,  IODISES  or.  Iodine  and  sulphur  combine  when  heated  together 
even  \inder  water.  The  n'sulting  compound,  I-S^  is  a  blackish-grey  radio-crystalline 
mass,  resembling  native  sulphide  of  antimony.  It  decomposes  at  higher  temperatures, 
gives  off  iodine  on  exposure  to  the  air,  and  is  insolulile  in  water. — By  heating  2  at. 
iodine  with  1  at.  sulphur,  a  compound  is  obtained  which  smells  like  iodine,  and  is  said 
to  be  a  powerful  remedy  in  skin  diseases. — A  cinnabar-red  iodide  of  sulphur  is  ob- 
tained, according  to  Grosourdi,  by  precipitating  trichloride  of  iodine  with  sulphydric 
acid. 

SUI.PHUB,  OXIBES  AND  OXVGErr-ACIDS  OF.  Sulphur  forms  two 
oxides,  viz.  sulphurous  oxide  or  anhydride.  SO',  and  sulphuric  oxide  or 
anhydride,  SO'.  Sulphurous  oxide  is  produced  by  the  comlmstion  of  sulphur  in  air 
or  oxygen-gas :  and  sulphuric  oxide  may  be  formed  by  passing  a  mixture  of  dry  sul- 
phurous oxide  and  oxygen  or  air  over  heated  spongy  platinum.  Each  of  these  oxides 
unites  with  1  at.  water,  forming  respectively  sulphurous  acid,  B.-O.SO'  =  H'SO', 
and  s  u  1  p  h  u  r  i  c  a  c  i  d,  H-O.SO'  =  H  'SG'. 

These  two  acids  may  be  regarded  as  oxides  of  sulphydric  acid,  H'S.  A  complete 
series  of  oxidised  compounds  of  sulphydric  acid  would  comprise  the  following  members, 
corresponding  to  the  oxides  of  hydrochloric  acid  (i.  907) : 

Hydrochloric  acid,  HCl. 


Sulphydric  acid,  H^S. 
 H'SO. 

Sulphurous  acid,  H-SO'. 
Sulphuric  acid,  H-SO*. 


Hypochlorous  acid,  HCIO. 
Chlorous  acid,  HCIO'. 
Chloric  acid,  HCIO'. 
Perchloric  acid,  HC10». 


The  first  and  second  members  of  the  sulphur  series  of  oxygen-compounds  are  at  pre- 
sent unknown,  but  we  are  acquainted  with  their  chloro-derivatives,  sulphurous 
chloride,  or  chloride  of  thionyl,  CFSO,  and  sulphuric  chloride,  or 
chloride  of  sulphuryl,  Cl-SO^ 

The  chlorine  acids  are  monobasic,  or  contain  but  one  atom  of  replaceable  hydi-ogen ; 
but  the  sulphiu'-acids  are  dibasic,  or  contain  two  atoms  of  hydrogen  replaceable  by 
metals;  both  sulphurous  and  sulphuric  acids  are  accordingly  capable  of  forming  neutral, 
acid,  and  double  salts. 

Sulphurous  and  sulphuric  acids  can  be  formed  from  the  anhydrides  by  direct  hydra- 
tion, and  the  anhydrides  from  the  acids  by  direct  dehydriition. 

Sulphurous  and  sulphuric  acids  can  both  be  obtained  by  the  direct  oxidation  of 
sulphydric  acid  ;  and  conversely,  metallic  sulphides  can  be  formed  by  the  deoxidation 
of  sulphites  and  sulphates.  Sulphurous  acid,  moreover,  veiy  readily  affords  sulphydric 
acid  bv  deoxidation. 
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Sulphurous  and  sulphuric  acids  are  convertible  into  one  another  by  oxidation  and 
deoxidation  respectively. 

Sulphurous  and  sulphuric  chlorides,  SOCP  and  SO^Cl^,  yield  sulphurous  and  sul- 
phuric acids  respectively  by  treatment  with  water  [replacement  of  CP  by  (HO)'],  and 
may  be  reproduced  from  those  acids  by  the  action  of  pentaohloride  of  phosphorus.  They 
may  also  be  produced  from  the  chlorides  of  sulphur  (p.  634). 

Allied  to  the  sulphates  there  is  a  group  of  salts  called  thiosulphates  or  more 
frequently  hyposulphites.  Their  composition  is  that  of  sulphates  (M^SO'),  in 
■which  1  at.  oxygen  is  replaced  by  sulphur,  their  general  formula  being  M*S-0^  When  a 
sulphite,  such  as  Na^SO',  is  acted  upon  by  oxygen  or  a  peroxidised  substance,  it 
becomes  an  oxysulphate,  Na'-'SO^ ;  when  acted  upon  by  sulphur  or  a  persulphuretted 
substance, it  becomes  a  thiosulphate,  Na-S^O'. 

There  is  also  a  remarkable  series  of  acids  called  polythionic  acids  containing 
six  atoms  of  oxygen  and  two  or  more  atoms  of  sulphur,  viz. : 

H'S^O^  Dithionic  acid. 

H2S306  Trithionic  acid. 

WS'O'  Tetrathionic  acid. 

H=S'0«  Pentathionic  acid. 

The  corresponding  anhydrides  are  not  known. 

The  dithionates  (also  called  hyposulphates)  are  formed  directly  from  sulphurous 
anhydride  and  a  metallic  peroxide,  thus :  MnO'  +  2S0^  =  Mn"S'''0''.  When  heated 
they  break  up  into  a  sulphate  and  sulphurous  anhydride,  e.g.  Mn"S-0*  =  Mn"SO* 
+  SO".  The  tri-,  tetra-,  and  penta-thionates  undergo  a  similar  decomposi- 
tion when  heated,  but  yield  sulphur  in  addition. 

Sulphurous  Compounds. 

Dioxide  of  Stilphue,  Sulphtjeous  Oxide,  or  Sulphtteotjs  Anhy- 
dride, SO'. — This  compound  occurs  as  gas  in  volcanic  neighbourhoods,  in  the 
gaseous  state  and  dissolved  in  the  water  of  the  springs.  It  is  formed  artificially 
either  by  oxidation  of  sulphur  or  by  deoxidation  of  sidphuric  acid : — (o)  By  burning 
sulphur  in  air  or  oxygen,  by  roasting  metallic  sulphides,  or  by  heating  sulphur  with 
metallic  oxides,  those  of  copper  and  manganese  for  instance;  (j8)  By  heating  sulphuric 
acid  with  copper,  mercury,  or  other  metals,  or  vrith  charcoal,  sulphur,  or  organic  bodies. 
It  also  results  from  the  decomposition  of  thiosulphuric  and  dithionic  acids. 

Preparation. — Sulphurous  oxide  is  usually  prepared  by  the  deoxidation  of  sulphuric 
acid.  For  preparation  on  the  laboratory  scale,  strong  sulphuric  acid  is  heated  vrith 
copper  or  mercury  : 

Hg  +  2H'S0<    =    Hg"SO^  +  2H'0  +  SO'. 

Cu'  +  2H«0«  =  Cu'SO*  +  2H'0  +  SO', 
The  sulphurous  oxide  then  passes  off  as  gas,  and  the  residue  consists,  in  the  case  of 
mercury,  of  mercuric  sulphate,  in  the  case  of  copper,  of  cuprous  sulphate,  mixed,  accord- 
ing to  Maumene,  with  cuprous  and  cupric  sulphides.  The  gas  may  be  passed  through  a 
small  quantity  of  water  to  wash  it,  and  then  dried  over  chloride  of  calcium.  In  the 
manufactory,  charcoal,  straw,  sawdust,  &c.,  are  substituted  for  the  metals,  but  the 
sulphurous  oxide  obtained  by  means  of  these  substances  is  always  contaminated  with 
about  half  its  bulk  of  carbonic  dioxide.  Wach  (Schw.  J.  1.  26)  recommends  a  laboratory 
process  for  making  sulphurous  oxide,  by  heating  sulphur  and  sulphuric  oxide  together 
in  sealed  U-tubes,  whereby  the  sulphurous  oxide  is  obtained  in  the  liquid  state,  at 
the  cooled  extremity. 

Properties. — At  common  temperatures,  sulphurous  oxide  is  a  gas,  but  it  may 
very  readily  be  condensed  into  the  liquid  state  by  a  pressure  of  three  atmospheres,  or 
by  a  freezing  mixture  of  ice  and  salt.  The  liquid  oxide  may  be  obtained  in  large 
quantities  by  heating  copper  turnings  -with  sulphuric  acid,  and  passing  the  evolved 
gas  first  through  a  little  water  to  wash  it,  then  through  an  empty  U-tube  surrounded 
by  ice  to  cool  the  gas  and  condense  its  moisture,  then  through  a  chloride  of  calcium 
tube  to  render  it  perfectly  dry,  and  lastly  into  a  suitable  receiver  immersed  in  a  freez- 
ing mixture  of  salt  and  ice.  The  product  thus  obtained  may  be  preserved  in  sealed 
tubes,  or  in  soda-water  bottles  firmly  corked  and  wired,  or  preferably  closed  with  a 
vidcanised  caoutchouc  pad  retained  by  a  screw-clamp.  When  the  liquid  oxide  is 
evaporated  rapidly  under  the  air-pump,  or  when  it  is  cooled  by  a  niixtiure  of  solid  car- 
bonic dioxide  and  ether,  it  solidifies  in  white  semicrystalliue  flakes.  Solid  sul- 
phurous oxide  is  heavier  than  the  liquid.  It  melts  at  about  —  79°.  The  liquid  oxide  is 
a  colourless,  transparent,  mobile  fluid.  Its  specific  gravity  is  1'45.  It  boils  at  — 10°. 
Eespectiiig  the  tension  of  its  vapour,  as  determined  by  Reguaidt,  sco  Heat  (iii.  94). 
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By  its  ev;ipor<ation  it  produces  intense  cold,  sometimes  even  sufficient  to  freeze  itself, 
and  readily  to  freeze  water  on  which  it  is  poured. 

Sulphurous  oxide  in  the  gaseous  state  is  colourless,  irrespirable,  and  incombustible. 
It  is  mure  than  twice  as  heavy  as  atmospheric  air,  and  may  consequently  be  collected 
by  displacement.  It  may  also  be  collected  over  mercury,  but  not  over  water,  in 
which  it  is  very  soluble.  It  has  a  peculiar  suifocating  sulphurous  odour.  When 
perfectly  dry  it  does  not  redden  litmus-paper,  at  any  rate  not  for  some  time.  It 
temporarily  bleaches  many  vegetable  colours.  The  oxide  or  acid  is  largely  used  for 
bleaching  wool,  straw,  &c.,  and  for  preserving  certain  animal  tissues,  such  as  vellum 
and  catgut.  The  moist  substances  are  placed  in  close  chambers  in  which  sulphur  is 
burnt.  The  colouring-matters  seem  merely  to  enter  into  combination  with  the  acid 
or  anhydride,  and  may  be  reproduced  by  the  addition  of  an  alkali  to  neutralise,  or  of 
a  stronger  acid  tu  expel  tiio  sulphurous  acid.  The  fume  of  burning  sulphur  has  also 
been  employed  as  a  disinfecting  agent. 

When  heated  to  1200°  or  upwards,  or  subjected  to  the  action  of  a  powerful  in- 
duction-spark, it  is  resolved  into  free  sulphur  and  oxygen,  which  oxidises  part  of 
the  sulphurous  oxide  to  sulphuric  oxide.  It  rapidly  extinguishes  the  flame  of  burning 
bodies. — Nevertheless  -potassiuni  burns  brightly  in  it,  forming  a  piolysiilphide  of  jiotas- 
sium  together  with  sulphate  and  tliiosulphate. — Finely  divided  tin  heated  in  the  gas 
also  burns  brightly,  forming  stannic  oxide  and  sulphide. — Arsenic  acts  upon  it  only 
in  the  form  of  vapour,  forming  arsonious  oxide  and  sulphide. — Antimony  is  slowly  at- 
tacked by  it,  forming  the  red  trisulpliide. — Precipitated  lead  is  slowly  converted  into 
sulphide. — Iron  (finely  divided)  glows  when  heated  in  the  gas,  forming  sulphide  of 
iron  and  ferrous  sulphate. — Manganic  peroxide,  gently  heated  in  the  gas,  is  converted 
into  manganous  sulphate  :  lead-oxide  or  carbonate,  chiefly  into  sulphide. —  Cwpric  oxide 
is  two-thirds  reduced  to  cuprous  oxide,  the  remainder  being  converted  into  cupric 
sulphide.  (Schiff,  Ann.  Ch.  Pharni.  cxvii.  92.) 

SuLPHUEOTJs  Acid,  H-SO'  =  H-O.SO-  =  ^^*^2|o=.— a.  This  acid  may  be 

obtained  by  burning  sulphydric  acid  in  excess  of  air  or  oxygen  ;  or  by  liberating  it 
from  its  salts,  the  sulphites,  hy  the  addition  of  a  stronger  acid,  such  as  the  sulphuric, 
hydrochloric,  oxalic,  &e. — In  practice  it  is  always  made  by  passing  sulphurous 
oxide  into  water.  When  liquid  sulphurous  oxide  is  added  to  ice-cold  water,  or 
even  to  ice,  combination  attended  by  violent  ebullition  takes  place,  while  a  solid 
hydrated  acid  remains,  mixed  with  an  excess  of  ice,  whether  used  as  such  or  frozen 
during  the  reaction.  The  solid  hydrated  acid,  in  the  form  of  white  laminated  crystals, 
may  also  bo  made  by  passing  moist  sidphurous  oxide  gas  through  a  freezing 
mixture.  Pierre  (Ann.  Ch.  Pharm.  Ixviii.  228)  obtained  nitre-like  crystals  of  sul- 
phurous acid,  having  the  formula  H'S0'.8H"0,  by  cooling  to  —  6°  a  saturated  solution 
of  sulphurous  acid  through  which  a  current  of  the  gas  was  being  transmitted.  The 
crystals  fused  at  +4".  Diipping  (J.  pr.  Chem.  xliv.  255)  succeeded  in  procuring 
the  pure  acid,  II-'SO',  in  the  form  of  cubical  crystals,  by  coobng  to  zero  a  saturated 
aqueous  solution  of  sulphurous  acid. 

The  solution  of  sulphurous  acid  is  made  commercially  by  condensing  the  vapour 
from  burning  sulphur  in  a  coke  scrubber,  through  which  water  is  kept  trickling.  In 
the  laboratory  the  gaseous  oxide  is  passed  into  distilled  water,  which  at  15°  absorbs 
about  45  times  its  volume  of  the  gas  (ii.  798).  Tlie  combination  is  attended  by  a 
slight  elevation  of  temperature.  The  resulting  liquid  has  a  specific  gravity  of  1'04. 
It  is  Colourless,  has  the  smell  of  burning  sulpliiir,  aud  reacts  strongly  acid  to  test-paper. 
'WHien  boiled  it  gives  off  sulphurous  acid  or  oxide,  but  very  prolonged  ebullition  is  re- 
quired to  drive  otf  the  whole  of  the  gas.  By  exposure  to  air,  the  solution  slowly  oxidises 
into  sulphuric  acid.  When  mixed  with  hydrochloric  acid  and  metallic  zinc  or  stannous 
chloride,  it  is  reduced  to  the  state  of  sulphydric  acid,  which  in  the  case  of  zinc  may  be 
recognised  by  its  reaction  on  lead-paper.  With  stannous  chloride  a  precipitate  of 
bro^v^l  stannous  sulphide  is  formed. 

Sulphurous  oxido  and  sulpliurous  acid  act  as  powerful  reducing  agents.  They 
liberate  iodiue  from  iodic  acid,  and,  in  presence  of  water,  finally  convert  it  into 
hydriodic  acid.  The  smallest  trace  of  free  sulphurous  acid  in  a  gaseous  mixture,  or  in 
a  solution,  may  be  detected  by  means  of  strips  of  paper  steeped  in  starch-paste  to 
which  a  small  quantity  of  iodic  acid  or  potassic  iodate  has  been  added.  The  sulphurous 
acid  sets  free  the  iodine,  which  forms  the  well-known  blue  compound  with  the  starch 
(Per so z,  Ann.  Ch.  Pharm.  Ixiv.  408).  Starch-paper,  containing  iodide  of  potassium, 
which  has  been  turned  blue  by  the  action  of  chlorine,  is  decolorised  by  sidphurous  acid. 
(Schonboin,  Pogg.  Ann.  bxx.  88.) 

Siilphurous  acid  and  iodine,  in  presence  of  a  large  quantity  of  water,  yield  hydrio- 
dric  and  .sidphuric  acids:  H-SO'  +  I-  +  H-'O  =  2HI  +  II'SO'.  Bunsen's 
method  of  volimiotric  analysis  is  based  upon  tliis  reaction. 
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Sulphurous  acid  and  oxide  reduce  the  arsenic,  chromic,  and  permanganic  acids,  and 
precipitate  metallic  gold  from  its  chloride.  They  also  precipitate  tellurium  and  selenium 
from  tellurious  and  selenious  acids  respectively,  and  sulphur  from  sulphydric  acid. 

For  the  detection  of  sulphurous  oxide  in  gaseous  mixture,  Schiff  (Ann.  Ch. 
Pharm.  exviii.  91)  recommends  the  use  of  paper  moistened  with  solution  of  mercurous 
nitrate,  which  becomes  grpy  from  precipitation  of  metallic  mercury.  Briglit  metallic 
copper  heated  with  hydrochloric  acid  containing  sulphurous  acid  immediately  becomes 
dull,  then  grey  and  brown,  or  brown-black,  from  formation  of  sulphide.  The  deposit 
thus  formed  is  distinguislied  from  that  produced  by  arsenic  under  similar  circumstances 
by  not  adhering  closely  to  the  metal,  by  not  disappearing  wlien  heated  in  a  tube,  and 
by  not  dissolving,  with  evolution  of  hydrogen,  when  boiled  with  moderately  dilute 
hydrochloric  acid.  Keinsch  (Zeitschr.  anal.  Chem.  i.  220)  recommends  this  reaction 
as  a  very  delicate  test  for  sulphurous  acid ;  butaccording  to  Fresenius  {ibid.  i.  221), 
it  is  not  nearly  so  delicate  as  that  with  iodate  of  potassium  and  starch. 

Sulphurous  Chloeide,  SOCl'^.  Chloride  of  Thionyl.  SulpJMrous  Chlor- 
aldeliyde. — This  compound,  derived  from  sulphurous  acid,  SO. HO. HO,  by  the 
substitution  of  2  at.  chlorine  for  2  at.  hydroxyl,  is  formed  by  the  action  of  water 
alcohols,  acids,  &c.  on  the  sulphides  of  chlorine  (pp.  534,  535);  but  is  more  easily 
prepared  by  the  action  of  phosphoric  pentachloride  on  sulphurous  oxide  (Schiff,  Ann. 
Ch.  Pharm.  cii.  Ill),  or  by  that  of  phosphoric  oxychloride  on  sulphite  of  calcium 
(Carius,  ibid.  Ixx.  297) : 

SO^  +  PCP    =    POCP  +  SOCl^ 

3CaS0'  +  2P0CP    =    CaT=0»  +  SSOCP. 

It  is  separated  by  fractional  distillation  from  the  fixed  calcic  phosphate  produced 
simultaneously  in  the  second,  and  by  fractional  distillation  from  the  phosphoric  oxy- 
chloride produced  in  the  first  reaction. 

Sulphurous  chloride  is  a  colourless,  strongly  refracting  liquid,  vchich  boils  at  82°. 
It  is  decomposed  by  water,  yielding  hydrochloric  and  sulphurous  acids  ;  by  alcohols 
with  formation  of  hydrochloric  acid  and  alcoholic  chlorides  and  sulphites  (p.  635), 
and  by  ammonia,  with  formation  of  thionamide :  Cl-SO*  +  2NH^  =  ffO  + 
(NH^)'SO. 

Metallic  Sulphites.— Sulphurous  acid,  as  already  observed,  is  dibasic,  forming 
normal  or  neutral,  and  acid  salts  represented  by  the  formulse  M'SO*  and  MHSO^  for 
monatomie  metals ;  and  by  corresponding  formulae  for  polyatomic  metals  ;  also  double 
salts.  The  sulphites  have  been  examined  chiefly  by  Muspratt  (Ann.  Ch.  Pharm.  1. 
259  ;  Ixiv.  240)  and  Kammelsberg  (Pogg.  Ann.  Ixvii.  245,  391). 

Sulphites  are  usually  made  by  transmitting  gaseous  sulphurous  oxide  through  water 
in  which  metallic  hydrates  or  carbonates  are  dissolved  or  suspended.  The  acid  sulphites 
of  barium,  strontixm,  caloivim,  and  magnesium,  and  the  neutral  and  acid  sulphites  of 
lithium,  sodium,  and  potassium,  are  soluble  in  water.  Most  other  sulphites  are 
insoluble,  and  may  be  prepared  by  precipitation  with  a  .sulphite  of  alkali-metal.  The 
sulphites  M^SO'  and  MHSO',  present  a  great  analogy  to,  and  are  for  the  most  part 
isomorphous  with,  the  carbonates,  M-CO^  and  MHCO'  respectively.  Both  acid  and 
neutral  sulphites  form  well-defined  crystals,  sometimes  hydrated,  but  more  generally 
anhydrous.  The  sulphites  are  decomposed  at  a  red  heat,  either  into  sulphate  and 
sulphide,  or  into  sulphurous  anhydride  and  metallic  oxide.  When  heated  with  char- 
coal, they  are  completely  reduced  to  the  state  of  sulphides,  or  in  some  cases  to  that 
of  oxides.  They  are  also  readily  reduced  in  the  moist  way  by  stannous  chloride,  or  by 
nascent  hydrogen  evolved  from  hydrochloric  acid  and  zinc,  with  formation  of  metallic 
sulphide  or  of  sulphydric  acid.  The  sulphites,  particularly  if  in  solution,  become  con- 
verted into  sulphates  by  exposure  to  air,  or  by  treatment  with  oxidising  agents,  such 
as  nitrous  acid,  hypochlorous  acid,  chlorine,  &c.  The  solutions  also,  when  acted  on  by 
sulphur,  sulphydric  acid,  or  alkaline  sulphydrate,  form  thiosulphates  (hyposulphites). 
The  sulphites  are  decomposed  by  nearly  all  acids,  save  the  carbonic  and  boric,  with 
liberation  of  sulphiirous  acid.  The  acidified  solutions  of  the  salts  act  like  sulphurous 
acid  as  powerful  reducing  agents,  and  are  frequently  employed  as  such  in  analysis. 
Acid  sulphite  of  sodium  was  at  one  time  much  used  as  an  antichlore  (i.  310). 

Sulpbite  of  Aluminium. — A  basic  sulphite,  AP0'.S0^4H'0  or  Al-(SO')'. 
4A1H'0^6H'0,  is  obtained,  according  to  G-ougginsperg,  by  dissolving  recently  precipi- 
tated aluminic  hydrate  in  cold  aqueous  sulphurous  acid,  or  passing  sulphurous  gas 
into  water  in  which  the  hydrate  is  suspended.  On  heating  the  resulting  solution,  the 
salt  separates  as  a  white  earthy  powder,  which  must  be  collected  on  a  filter  while  hot, 
as  it  redissolves  on  cooling.  It  is  insoluble  in  pure  water,  and  on  exposure  to  the  air 
is  gradually  converted  into  sulphate. 

Sulphites  of  Ammonium. — The  neutral  salt,  (NH*)'SO'.H*0,  is  prepared  by 
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passing  sulphurous  oxide  and  ammonia-gases,  both  moist,  into  absolute  alcohol ;  the 
liquid  then  becomes  filled  with  white  silky  crystals  of  the  salt,  which  must  be  dried 
between  filter-paper.  It  has  a  strong  alkaline  reaction,  an  unpleasant  caustic  taste, 
and  dissolves  very  slowly  in  water.  The  crystals,  when  exposed  to  the  air,  first  become 
moist,  but  afterwards  dry,  being  converted  by  oxidation  into  sulphate  of  ammonium. 
(MUspratt.) 

The  neutral  sulphite,  when  heated,  gives  off  water  and  ammonia,  and  is  converted, 
according  to  Muspratt,  into  the  anhydrusidphite,  (NH')'^0.2S0- or  (NH*)-SO^SO-. 
[It  might  rather  be  expected  to  yield  the  acid  sulphite.  NH^H.SO'  = 
(NH*)^SO'  —  NH^].  This  salt  is  neutral  to  vegetable  colours,  gives  off  a  considerable 
quantity  of  sulphurous  oxide  on  exposure  to  the  air,  and  is  gradually  but  completely 
converted  into  sulphate  of  ammonium.  It  dissolves  easily  in  water  and  in  al- 
cohol.   When  heated  in  a  tube  it  gives  off  sulphurous  oxide,  and  yields  a  sub- 


limate perhaps  consisting  of  2NH'.S0'.^H='0  or  (SOyVQ.iH^O.    When  sulphu- 


rous oxide  is  passed  into  aqueous  ammonia  till  the  odour  is  entirely  destroyed,  and 
absolute  alcohol  is  then  added,  a  white  alkaline  crystalline  mass  separates,  containing 
(NH')'-^SO^.NH».|H'''0.  (Muspratt.) 

Sulpblte  of  Antimony,  Sb'O^SSO-  =  sV(SO')',  is  obtained,  according  to 
Berzelius,  by  digesting  antimonious  oxide  in  sxilphurous  acid,  or  by  passing  sulphurous 
oxide  into  antimonious  chloride.    It  is  a  white  insoluble  powder. 

Sulphite  of  Barium,  Ba"SO',  is  obtained  by  precipitation  as  a  white  powder, 
and  crystallises  from  solution  iu  warm  aqueous  sulphurous  acid  in  permanent  six-sided 
prisms.  Wlion  heated  in  a  close  vessel,  it  is  resolved,  according  to  Eammelsberg, 
into  sulphide  and  sulphate  of  barium  :  4BaS0^  =  BaS  -I-  3BaS0^. 

Sulpliite  of  Bismuth,  Bl'O'.SO^  =  2Bi-0lBi^S0»)',  is  deposited,  according 
to  Danson,  from  a  solution  of  bismuth-oxide  iu  the  aqueous  acid,  left  to  stand  in  a 
close  vessel,  as  a  straw-yellow  precipitate,  becoming  white  when  dry.  According  to 
Muspratt,  it  is  likewise  produced  by  passing  sulphurous  oxide  through  the  nitrate. 

Sulphite  of  Cadmium,  Cd"SO'. — The  anhydrous  salt  separates  from  the  aque- 
ous solution  by  evaporation,  in  indistinct  crystalline  forms  (Eammelsberg).  On 
adding  alcohol  to  the  solution,  the  same  salt  separates  as  a  precipitate  resembling 
alumina,  which,  if  left  to  stand  in  the  liquid,  changes  into  fine  silvery  crystals  of 
the  hydrated  salt,  Cd(SO^)'.H'^0.  these  crystals  dissolve  sparingly  in  water,  easily  in 
dilute  acitls  (Muspratt).  The  salt  oxidises  slowly  in  the  air,  and  when  heated, 
gives  off  sulphurous  oxide,  leaving  a  yellow  residue  of  cadmic  oxide,  sulphide,  and 
sulphate.  Sulphate  of  cadmium  is  also  formed,  together  with  the  sulphide,  on  dissolving 
cadmium  in  sulphurous  acid.    (Fordos  and  Gelis.) 

Ammojuo-cadmic  sidphite,  (NH')-Cd"(SO')^,  is  obtained,  according  to  Schiiler,  by 
passing  sulphurous  oxide  to  saturation  into  the  solution  obtained  by  adding  ammonia 
in  slight  excess  to  chloride  of  cadmium.  It  then  separates  as  a  white  precipitate  con- 
sisting of  microscopic  rhombic  prisms,  nearly  insoluble  in  water,  even  on  boiling.  When 
heated,  it  gives  off  sulphite  of  ammonium,  lea^•ing  a  mixture  of  cadmic  oxide  and 
sulphate. — Acid  sulphite  of  Cadmammonium,  (NH-Cd")HSO',  is  formed  by  dissolving 
cadmic  sulphite  in  aqueous  ammonia,  and  separates  on  cooling  as  a  crystalline  powder, 
or  in  small  shining  prisms  which  smell  of  ammonia  and  are  decomposed  by  water. 
(Bammelsberg.) 

Sulphite  of  Calcium,  Ca"SO',  is  obtained  in  the  anhydrous  state  by  precipitation. 
On  suspending  the  precipitate  in  water,  passing  sulphurous  oxide  through  the  liquid, 
and  leaving  the  resulting  solution  for  several  days  over  oil  of  vitriol,  a  hydrated  salt 
separates  in  six-sided  prisms  containing  Ca"S0'.2H-0  (Muspratt),  2Ca"S0'.H-0 
(Eammelsberg).  Sulphite  of  calcium  has  an  astringent  sulphurous  taste,  and 
becomes  covered,  on  exposure  to  the  air,  with  silky  efSorescences  of  calcic  sulphate. 
When  heated,  it  gives  off  water,  sulphurous  oxide,  and  sulphur,  and  leaves  a  residue  of 
calcic  sulphide  and  sulphate  (Muspratt,  Eammel  sberg).  Eespecting  the  prepara- 
tion of  this  salt  on  the  large  scale,  and  its  use  in  bleaching,  and  in  protecting  organic 
substances  from  decay,  see  Anthon.    (Dingl.  pol.  J.  clix.  137.) 

A  compound  of  calcic  sulphite  and  sulphide,  CaSO'.2Ca!5.6H-0,  is  found,  according 
toKuhlmann  (Compt.  rend.  lii.  1169),  lining  the  cavities  of  soda-residues  which 
have  been  lixiviated,  and  afterwards  exposed  to  the  air  for  several  years. 

Sulphite  of  Cerium,  Ce"SO',  crystallises  in  needles.  (Klaproth.) 

Sulphite  of  Chromium,  2Cr^O'.3SO*.16H'0,  separates  from  solution  as  a  yellow 
powder  (Danson),  on  addition  of  alcohol,  or  on  heating,  as  a  greenish-white  powder 
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which  gives  off  sulphurous  oxide  when  heated  (Muspratt).  According  to  Berthier, 
sulphurous  oxide  passed  into  a  solution  of  potassie  chromate  forms  a  brown  precipi- 
tate, gradually  turning  green,  and  dissolving  to  a  green  liquid,  which  deposits  a 
basic  salt  on  cooling. 

Sulpbites  of  Cobalt. — a.  Cohaltous  Sulphite,  Co"SO',  separates  on  addition 
of  alcohol  to  the  solution  of  eobaltous  carbonate  in  sulphurous  acid,  as  a  flocculent 
precipitate  probably  containing  1  at.  water.  From  a  solution  freed  from  air  by  boiling 
and  left  to  cool  in  a  closed  vessel,  red  granular  crystals  separate  containing  6  at.  water 
(Muspratt).  The  same  solution  evaporated  down  in  an  atmosphere  of  hydrogen, 
gives  off  sulpiiurous  oxide,  and  deposits  peachblossom-coloiired  crystals  of  a  salt  con- 
taining 3  at.  water.  The  mother-liquor  on  cooKng  deposits  a  light  rose-coloured 
powder,  probably  a  basic  salt.  Ammonia  partially  dissolves  the  trihydrated  salt  with 
red-brown  colour,  and  alcohol  added  to  the  solution  throws  down  a  yellow  crystalline 
powder  containing  ammonia,  sulphurous  oxide,  and  probably  cobaltic  oxide,  Co^'O^ 
(Kammelsberg.) 

Potassio-cohaltous  sulphite,  K-0.Co"0.2S0'  =  K'Co"(SO')',  is  obtained,  as  a  pale- 
red  crystalline  or  amorphous  precipitate,  by  heating  eobaltous  sulphite  or  chloride 
with  neutral  sulphite  of  potassium,  or  by  boiling  cobaltic  hydrate  with  a  sufficient 
quantity  of  the  alkaline  sulphate. — A  sodium-salt  containing  Na'0.3Co"0.3SO^  or 

Na'Co-(SO')'.Co"0,  is  prepared  in  like  manner.  Both  salts  oxidise  on  exposure  to 
the  air.    (W.  Schultze,  Zeitschr.  Ch.  Pharm.  1865,  p.  89  ;  Jahresb.  1865,  p.  270.) 

;8.  Cobaltic  Sulphites. — A  warm  solution  of  ammonium-sulphite  dissolves 
recently  precipitated  cobaltic  hydrate,  with  evolution  of  ammonia,  forming  a  dark 
alkaline  liquid;  and  this,  if  strongly  saturated,  deposits  after  awhile,  a  reddish-yellow 
powder  which  redissolves  on  washing  with  water,  the  solution  then  gradually  depo- 
siting yellow-brown  crystals,  and  afterwards  a  yellow  powder  containing  2(Co^O'.3SO*). 
10NH'.9H-O,  and  apparently  identical  with  the  purpureo-cobaltic  sulphite  described 
by  Kiinzel  (i.  10-19).  The  mother-liquor  deposits  brown  crystals  which  are  decomposed 
by  water,  yielding  a  yellow  salt  probably  identical  with  Kiinzel's  triammonio-cobaltic 
sulphite  (i.  1051).  (Greuther,  Ann.  Ch,  Pharm.  cxxviii.  157;  Jahresb.  1863, 
p.  267.) 

Potassio-cobaltic  smlphite,  K^O.Co'O^iSO'  =  KCo"'(SO')2,  is  formed,  by  heating 
cobaltic  hydrate  for  some  time  with  a  frequently  renewed,  concentrated,  neutral,  or 
slightly  alkaline  solution  of  potassie  sulphite,  as  an  amorphous  powder  which  dissolves 
slightly  in  sulphurous  or  hydrochloric  acid,  and  decomposes  in  drying. — A  sodium-salt, 
having  the  composition  Na^O.Co^O'.3SO',  is  obtained  in  a  similar  manner.  (Geuther, 
Schultze.) 

Sulpbites  of  Copper. — a.  A  basic  cupric  sulphite,  4Cu"O.SO'.7H'0  or 
Cu"SO'.3Cu"H'0-.4H^O,  is  obtained  by  adding  cupric  hyclrate  to  absolute  alcohol  satu- 
rated with  sulphurous  oxide,  as  a  green  precipitate,  insoluble  in  water,  and  not  decom- 
posed by  wasliing  therewith. 

p.  Cuprojis  sulphite,  Cu'SO". — The  anhydrous  salt,  which  has  a  brown-red 
colour,  is  obtained,  according  to  Bottger,  by  treating  cuprous  hydrate  with  aqueous  sul- 
phurous acid.  The  same  salt  is  obtained  pure  and  as  a  hydrate,  by  passing  sulphurous 
oxide  through  water  in  which  ammonio-cuprous  sulphite  is  suspended.  The  latter  is 
thus  converted  into  an  insoluble  red  powder,  which  on  boiling  the  liquid,  is  converted 
into  a  mass  of  microscopic  crystals  consisting  of  Cu^SO'.H^O,  resembling  the  red 
double  salt  in  general  appearance,  but  lighter-coloured,  and  exliibiting  under  the 
microscope,  distinct  quadratic  prisms  or  octahedrons,  whereas  the  double  salt  crystal- 
lises in  oblique  prisms.  Cuprous  sulphite  is  converted  by  hydrochloric  acid  into 
cuprous  chloride,  and  dissolved  by  ammonia  to  a  colourless  liquid  wliich  does  not  turn 
blue.    (Eogojski,  J.  pr.  Chcm.  liii.  408.) 

Ammonio-miproiis  sulphite,  (NH')CuSO',  is  obtained  in  colourless  laminae  by  decom- 
posing cupric  sulphate  with  excess  of  ammonium-sulphite,  and  passing  sulphurous  oxide 
through  the  brown  liquid  till  it  becomes  colourless  ;  or  by  passing  the  sulphurous  gas 
(not  too  long)  through  an  ammoniacal  solution  of  cupric  sulphate  (Rogojski);  or 
by  adding  sulphite  of  ammonium  at  the  boiling  heat  to  a  solution  of  cupric  sulphate 
or  nitrate  strongly  supersaturated  with  ammonia,  till  it  becomes  colourless ;  the 
resulting  solution  niixed  with  excess  of  nitric  acid  and  exposed  to  the  air,  deposits  the 
double  salt  in  nacreous  six-sided  tables  (H.  Vohl,  J.  pr.  Chem.  xcv.  218).  It  is 
insoluble  in  cold  water,  and  is  decomposed  by  boiling  water  into  sulphurous  oxide 
and  cuprous  oxide ;  also  by  sulphuric  acid  into  metallic  copper  and  cupric  sulphate. 
In  a  solution  of  cupric  sulphate  it  is  immediately  converted  into  red  cuproso-cupric 
sulphite  (Rogojski).— Another  double  salt,  containing  Cu^SO».7(NH*)=SOM0H^ 
or  (NH<)'Cu(S0')'.5H'0,  is  produced,  according  toP^an-de-Saint-Gilles  (Ann. 
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Ch.  Pham.  Ixxxviii.  166  ;  Jahresb.  1853,  p.  372),  by  treating vcuprous  chloride  with 
sulphite  of  ammonium.  It  crystallises  in  needles,  and  is  converted  into  the  prece- 
ding!; salt  by  saturating  its  solution  with  sulphurous  acid. 

Fotas.Ho-cuprous  Sulphites. — The  salt,  Cu^S0'.2K-'S0',  is  produced,  according  to 
Chevreul  and  Muspratt,  by  adding  sulphite  of  potassium  to  a  mod<>rately  concentrated 
.solution  of  cupric  sulphate  or  nitrate,  or  according  to  Vohl  by  passing  sulphurous  oxido 
into  a  solution  of  ;i  cupric  salt  mixed  with  excess  of  potash.  It  is  a  yellow  precipi- 
tate which  by  boihng  with  water  is  converted  into  the  salt  3Cu'SO'.3Cu"SO'.2K'SO-'. 
Kammelsberg,  by  mixing  a  cupric  salt  in  the  cold  with  sulphite  of  potassium,  and 
digesting  the  resulting  yoUow-browu  precipitate  with  a  strong  solution  of  potassic 
sulphite,  obtained  a  salt  containing  apparently  Cu'S0^.8K'SO'.16H-0  ;  but  its  compo- 
sition is  uncertain,  as  it  was  perhaps  mixed  with  uncombincd  potassic  sulphite. 

Sodio-cuprous  stdphite,  Cu'SO'.5Na-S0^.38H^O,  is  formed,  according  to  Muspratt, 
by  adding  alcohol  to  a  mixture  of  the  solution  of  sodic  and  cupric  sulphites ;  on 
leaving  the  liquid  thereby  separated  in  a  vacuum,  the  double  salt  is  deposited  in  fine 
yellow  crystals. 

Na'^O.SO^  \ 

A  sodio-fcrroso-ferrico-cuprous  sulphite,  ^p^2^0'*2SO*^  1 . 1 6H-0,  is  said  to  be  obtained 

Cu^O.SO-  ] 

by  adding  neutral  sulphite  of  sodium  to  a  solution  of  2'49  grms.  (2  at.)  cupric  sulphate 
and  6  66  grms.  (4  at.)  ferrous  sulphate  in  100  e.c.  water.  The  precipitate  formed  at 
first  redissolves  to  a  dark  purple-red  liquid,  which  after  some  hours  deposits  the  com- 
plex salt  in  small  black  crystals,  appearing  dark  purple-red  by  transmitted  light.  (A. 
Stromeyor,  Ann.  Ch.  Pljarm.  cix.  237.) 

Cuproso-cxipric  Sulphite, ^^,!|S20''.2H'0  =Cu-SO^Cu"SO'.2H20.  (Kammels- 
berg and  Eogoj  ski.) — Prepared  by  treating  hydrate  or  carbonate  of  copper  with 
aqueous  sulphurous  acid,  or  by  passing  sulphurous  oxide  tlirough  water  in  wliich 
either  of  these  compounds  is  suspended  (Muspratt),  or  by  adding  a  concentrated 
solution  of  acid  potassic  sulphite  to  a  solution  of  cupric  sulphate,  and  gently  warming 
the  filtered  liquid  (B  ours  on).  It  forms  red  crystals  or  a  crystalline  powder,  which 
dissolves  in  hydrochloric  acid  with  brown  colour,  becoming  green  on  dilution,  with 
separation  of  white  cuprous  chloride.  The  same  salt  is  obtained  combined  with  5  at. 
water,  by  slowly  passing  sulpliurous  oxide  through  a  solution  of  cupric  acetate,  or  by 
adding  an  alkaline  sulphate  to  a  cupric  salt  in  excess.  It  then  separates  as  a  yellow 
flocculent  precipitate,  which  remains  unaltered  in  dry  air,  is  insoluble  in  water,  but 
dissolves  without  decomposition  in  acetic  or  sulphurous  acid.  On  evaporating  its  solu- 
tion the  red  dihydrate  separates  out.  (Peaa-de-St-Gilles.) 

Ajnmonio-cvproso-cupric  stdphite,  (NH')'Cu^Cu"(S0')^.5H^0,  separates  in  light-green 
crystals  on  mixing  a  saturated  solution  of  ammonium-sulphite  with  cupric  sulphate 

(P^an-de-St-Gilles). — A  pofassio-ciiproso-cupric  sulphite,  K*Cu''Cu-(SO')',  is  ob- 
tained as  a  red  precipitate  on  heating  a  solution  of  cupric  sulphate  with  potassic 
sulphite.  (Rogojski.) 

Sulpblte  of  Sidymlum,  Di"SO^.H'0. — Produced  by  passing  sulphurous  oxide 
through  water  in  which  strongly-ignited  oxide  of  didymium  is  suspended.  The  rose- 
coloured  solution  becomes  turbid  when  heated,  and  deposits  the  salt  as  a  light  bulky 
precipitate,  which  redissolves  on  cooling.  If,  however,  the  excess  of  sulphurous  acid 
be  expelled  by  boiling,  the  precipitate  becomes  reddish-white  and  pulvendent,  and  no 
longer  redissolves  on  boiling.  (Marignac.) 

Sulpbite  of  Cluciaum,  G"SO',  is  very  soluble  in  water,  and  is  not  decomposed 
hy  boiling. 

Sulpbites  of  Cold. — Neither  auric  nor  aureus  sulphite  is  known  in  the  separate 

sU^ic.—Poinssio-atiric  sulphite.  ,5K=SO'.Au-(SO')l5H=0, or  2(KAu"'0=.4KHSO^). 
H-0,  is  olitaincd  by  dropping  a  solution  of  potassic  sulphite  into  a  slightly  alkaline 
solution  of  potassic  aurate,  in  yellow  needles  insoluble  in  the  alkaline  liquid,  but  dis- 
solving in  water,  with  evolution  of  sulphurous  acid  and  separation  of  gold.  Acids 
likewise  decompose  it.  When  heated,  it  leaves  metallic  gold  and  sulphate  of  potassium. 
(Fremy.) 

Sodio-aurnua  sulphite,  2Na'Au(SO')-.5irO,  or  3Na-SO'.Au=SO'.6H'0,  forms  a 
colourless  solution,  which  is  precipitated  by  alcohol,  appears  yellow  by  reflected  light 
(like  fulminating  gold),  purple  by  transmitted  light  (like  purple  of  Cassius).  Its  solu- 
tion gives  with  nitrate  of  silver  a  precipitate  of  the  colour  of  Icad-chromate,  and  forms 
with  lead-salts  a  red  insoluble  compound.  (Heintz.) 
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Sulpbites  of  Zridlum.    (Birnbaum,  Ann.  Ch.  Phann.  exxxvi.  177;  Jakresb. 

1865,  p.  283.)— o.  Iridic  Sulphite,  IrO^.SO^.iH^O  =  ^^Qj„|o^— On  passing 

sulphurous  oxide  into  water  in  which  iridic  oxide  (iii.  322)  is  suspended,  part  of  the 
oxide  dissolves  with  light  olive-green  colour,  while  the  rest  remains  undissolved  as 
brownish-green  iridic  sulphite.  This  salt,  when  dry,  forms  a  black-brown  amorphous 
mass ;  which,  when  heated,  gives  off  water,  sulphurous  acid  and  sulphuric  acid,  and 
leaves  black  oxide  of  iridium.  Hydrochloric  and  sulphuric  acids  dissolve  it  with 
green  colour  and  evolution  of  sulphurous  oxide ;  nitric  acid  and  potash  separate  blue 
iridic  oxide. 

j8.  Iridious  Sulphite,  Ir^'(SO')'.6H20  =  ^^^2^2 1  O^GH^O.— This  salt  is  contained 

in  the  light  olive-green  solution  above  mentioned,  and  separates  by  gradual  evapora- 
tion as  a  brown  amorphous  mass.  It  dissolves  easily  and  with  grey  colour  in  acids, 
and  when  heated  with  potash,  becomes  first  brown,  then  green  and  blue. 

The  following  double  salts  of  iridious  sulphite  are  obtained  by  mixing  the  olive- 
green  liquid  filtered  from  iridic  sulphite  with  the  corresponding  alkaline  carbonates, 
in  quantity  not  sufficient  to  form  a  precipitate.  The  solutions,  when  left  to  them- 
selves, deposit  the  double  salts  as  dark  crystalline  precipitates : 

Ammonio-iridious  sulphite,  (NH*)'Ir"'(SO')'.3H20. 
Potassio-iridious  sulphite,  K»Ir"'(S03)^3H=0. 
Sodio-iridious  sulphite,  Na5Ir'"(SO')'.4H20. 

Eespecting  other  double  sulphites  of  iridium,  see  vol.  iii.  p.  322. 

Sulpbites  of  Iron.— o.  Ferric  salts— The  neutral  saU,¥e''0\3S0^  =  Fe'CSO')' 

=  ^-pg^^i  I  0',  is  not  known  in  the  solid  form.  The  red  solution  formed  by  dissolving 

ferric  hydrate  in  sulphurous  acid,  or  adding  an  alkaline  sulphite  to  a  ferric  salt, 
quickly  becomes  converted  into  ferrous  sulphate. — The  dibasic  salt,  2Fe-0'.3SO^ 

=  Pe'0'.Fe2(S0')^  =   /i? ^^'[o^  is  thrown  down  by  alcohol  from  the  red  solution 

above  mentioned,  as  a  yellow-brown  hydrated  precipitate,  which  oxidises  in 
the  air  to  soluble  ferric  sulphate.— The  tribasw  salt,  Fe^O'.SO^GH^O  =  2Fe^0\ 

Fe2(S0')M8H20  =  ^^J?,^  O^eH^O,  is  produced  by  treating  the  dibasic  salt  with 

water.  A  solution  of  ferric  oxide  in  sulphurous  acid,  exposed  to  the  air  for  several 
days,  deposits  the  tribasic  salt  as  a  red-brown  precipitate  containing  7  at.  water 
(Muspratt,  Koene).  If,  on  the  other  hand,  the  same  solution  is  heated,  it  deposits 
a  straw-yellow  ochry  precipitate,  which  contains,  according  to  Koene,  3Fe'0'.S0^7H'0, 
and  suffers  no  alteration  on  exposure  to  the  air. 

Potassio-ferric  Sulphites. — The  blood-red  solution  obtained  by  passing  sulphurous 
gas  through  water  in  which  ferric  hydrate  is  susperidfd,  yields,  on  addition  of  caustic 

potash,  a  double  salt  containing  (Fe'0^S02).2(K=0.S0-).5H=0  =  ^-^^„,^j^4 1 0'.5H'0 

(Muspratt).— Another  double  salt,  (Fe20'.S0^).K=0.2S0^  is  formed,  according  to 
Koene,  as  a  deep-yellow  precipitate  on  adding  dilute  potash-ley  to  the  alcoholic  fil- 
trate obtained  in  the  preparation  of  dibasic  ferric  sulphite. 

/3.  Ferrous  sulphite,  Fe"S0'.3H''0,  is  obtained,  together  with  an  equivalent 
quantity  of  the  hyposulphite,  by  dissolving  clean  iron-wire  in  aqueous  sulphurous  acid 
(Fordos  and  Gr^lis).  On  leaving  this  solution  to  evaporate  in  a  vacuum,  the  sul- 
phite separates  out  first  in  pale-green  crystals ;  or  it  may  be  precipitated  as  a  white 
powder  by  adding  alcohol  to  the  solution.  It  is  also  produced  by  dissolving  recently 
precipitated  ferrous  carbonate  in  sulphui'ous  acid.  The  nearly  colourless  crystals 
dissolve  sparingly  in  water,  but  abundantly  in  aqueous  sulphiu'ous  acid,  and  are  con- 
verted slowly  in  dry,  quickly  in  moist  air,  into  sulphate.  (Muspratt.) 

Sulphite  of  Xiead,  Pb"SO',  prepared  by  double  decomposition,  or  by  passing  sul- 
phurous oxide  into  a  solution  of  neutral  plumbic  acetate,  is  a  white,  insoluble,  anhy- 
drous powder,  which  when  heated  gives  off  sidphurous  oxide,  and  leaves  a  mixture  of 
sulphate  and  sulphide.    It  has  been  proposed  as  a  substitute  for  white  lead. 

Sulphite  of  Utbium,  Li^SO'.GH^O,  separates  from  its  aqueous  solution  on 
boiling,  or  on  addition  of  alcohol,  in  white  feathery  crystals,  which  turn  light-yellow  on 
exposure  to  the  air.    (Dan son.) 

Sulphite  of  Magrneslum,  Mg"S0'.6H-0,  forms  small  shining  crystals,  belonging 
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to  the  rliombohcdral  system,  which  dissolve  in  20  pts.  of  cold  water,  and  are  gradually 
converted  into  sulphate  on  exposure  to  the  air.  It  gives  off  part  of  its  water  at  lOO'^, 
the  rest,  together  with  sulphurous  oxide,  at  200°  (Kamniel.sberg). — Muspratt  ob- 
tained a  salt  with  3  at.  water,  crystallising  in  oblique  rhombic  prisms. 

Ammonio-magvesic  sulphite,  (NH')-Mg'(SO-'')'.yH^O,  is  obtained,  according  to 
Rammelsberg,  by  mixing  a  solution  of  magnesia  in  sulphurous  acid,  with  excess  of 
ammonia,  dissolving  the  resulting  precipitate  in  sulphurous  acid,  and  leaving  the  solu- 
tion to  crystallise.   Sulphite  of  magnesium  then  separates  out  first,  and  afterwards  the 

much  more  soluble  double  salt. — Another  hydrate,  containing  (NH^)-Mg'(S0^)  '.18H-0, 
is  obtained  in  monoclinic  crystals  from  the  mixed  solution  of  the  component  salts 
(Rammelsberg). — The  potassic  double  salt  is  difficult  to  obtain  pure,  because  it  is 
about  as  solulilo  as  thi^  simple  magnesic  sidphite  formed  at  the  same  time. 

Sulpbite  of  XVEangranese,  Mn"S0^2H-0  or  (according  to  Rammelsberg)  2Mn"S0'. 
5H-'0,  is  a  reddish-white  crystalline  powder,  tasteless  at  first,  but  leaving  a  nauseous 
metallic  aftertaste.  It  is  insoluble  in  water,  alcohol,  and  ether,  and  permanent  in  the 
air  (Muspratt,  John).  When  heated  in  a  small  retort,  it  gives  oif  water  and  sul- 
phurous oxide,  and  leaves  a  greenish -brown  pulverulent  residue  of  manganic  oxide, 
manganous  sulphate,  and  sulphide  of  manganese.  (Rammelsberg.) 

Sulpbites  of  Mercury. — o.  Mercuric  salts. — When  a  syrupy  solution  of  basic 
mercuric  nitrate  is  mixrd  with  a  dilute  solution  of  alkaline  sulphite,  a  heavy  white 
curdy  precipitate  is  formed,  varying  in  composition  between  the  neutral  salt,  Hg"O.SO^, 
or  Hg"SO',  and  the  basic  salt,  2Hg"0.S0-  or  Hg"O.Hg"SO',  according  as  the  mercuric 
salt  used  in  the  preparation  contained  less  or  more  of  base. — The  neutral  salt,  Hg"SO', 
is  very  unstable,  and  is  converted  by  boiling  with  water  into  a  mixture  of  mereurous 
sulphate  and  metallic  mercury. — The  basic  salt,  Hg"O.Hg"SO^,  when  gently  heated  in 
tlie  dry  state,  or  boiled  with  water,  is  converted,  without  alteration  of  percentage 
composition,  into  neutral  mereurous  sulphate,  Hg^SO''  (P6an-de-St-GilIes,  Ann. 
Ch.  Phys.  [3],  xxx^-i.  80). — The  nitrate  is  the  only  mercuric  suit  from  which  mercuric 
suljihite  can  be  prepared,  all  others  being  reduced  or  dissolved  by  alkaline  sulphites. 

Acid  riicrcuric  sulpliitc,  Hg"H'-(SO^)^,  is  formed,  according  to  Wieke,  by  treating 
solid  mercuric  clilorido  with  a  solution  of  acid  sulphite  of  sodium,  and  separates  as  a 
white  crystalline  powder  consisting  of  microscopic  cubes.  It  is  moderately  soluble  in 
water.  The  solution  deposits  metallic  mercury  when  heated;  it  is  decomposed  by 
potash  in  the  cold,  by  ammonia  only  when  heated,  with  formation  of  a  white  precipi- 
tate ;  it  is  not  precipitated  by  alkalis. 

Ammonio-mcrcttric  Sulphite,  (NII*)-Hg"(SO')^. — A  solution  of  acid  ammonium-sul- 
phite, saturated  at  the  boiling  heat  with  mercuric  oxide,  and  then  left  to  evaporate  at 
a  gentlo  beat,  deposits  this  double  salt  in  large,  transparent,  colouiiess,  soft,  tabular 
crystals.  It  decomposes  when  exposed  to  light,  -with  separation  of  mercury-globules  ; 
slowly  also  even  when  kept  in  the  dark  and  in  well-closed  vessels.  Tlie  aqueous  solution 
decomposes  in  the  same  way,  slowly  in  the  cold,  immediately  on  boiling.    With  potasj 

it  yields  a  white  precipitate,  consisting  of  2Hg"SO^.N'Hg'.2H''0.  (Hirzel.) 

Potassio-yncrcuric  sulphite,  K'Hg"(SO')'.H^O,  separates  from  a  mixture  of  the  satu- 
rated solutions  of  potassic  sulphite  and  mercuric  chloride,  in  tufts  of  small  white 
nei-dles.  It  dissolves  slightly  in  cold  water,  forming  a  neutral  solution.  (Pdan-de- 
St-Gilles.) 

Sodio-mcrcuric  sulphite,  Na^Hg"(SO')'.II-0,  is  obtained  by  adding  mercuric  chloride 
to  excess  of  sodic  sulphite.  On  evapor.ating  the  liquid,  the  salt  crystallises  in  small 
rhonibohedral  plates,  whose  solution  has  a  neutral  reaction,  and  is  not  precipitated  by 
iodide   of  potassium  (P^an  de   St-Gilles).  —  Another  double  salt,  containing 

Na-Hg-(SO")'.H-0,  is  produced,  with  separation  of  a  small  quantity  of  calomel,  on 
mixing  the  hot  satimited  solutions  of  sodic  sulphite  and  mercuric  chloride,  the  latter 
being  in  excess.  The  liquid,  filtered  hot,  deposits  the  double  salt  on  cooling  as  a  com- 
pact mass  of  indistinct  needle-shaped  cr'vstals.  It  is  more  soluble  than  the  preceding. 
The  solution  has  an  alkaline  reaction,  and  iodide  of  potassium  separates  half  the 
mercury  from  it.  Potash  heated  with  it  separates  one-fourth  of  the  mercury.  (Pean- 
de-St-Gilles.) 

A  compound  of  ammonium-suJphite  with  mercuric  chloride,  2(NH'')^SO'.3Hg"Cl-, 
separates  in  nacreous  crystalline  laminae,  on  mixing  the  solutions  of  the  component 
salts.  When  heated  to  boiling  with  water,  it  gives  off  sulpihurous  oxide,  and 
deposits  mereurous  chloride. 

/3.  Mereurous  Sulphite. — The  neutral  salt  is  not  known.  An  anhi/drosulp/iite, 
2Hg'0.3SO-  =  2Hg'S0lS02,  or  3Hg-0.4S02  ^  sHg'^SO^SO'-,  is  produced  by  passing 
BulphuTOus  oxide  through  water  in  which  recently  precipitate'd  mercuric  oxide  is 
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suspended.  It  is  a  white,  very  easily  decomposible  Bait,  being  quiekly  oxidised  to 
sulphate,  with  separation  of  metallic  mercury.  When  heated  in  a  test-tube,  it  melts, 
gives  off  a  large  quantity  of  sulphurous  oxide,  and  yields  a  sublimate  of  mercurous 
sulphite  and  metallic  mercury.  It  is  also  quickly  decomposed  by  boiling  with  water, 
mercury  being  separated,  and  free  sulphuric  acid  remaining  in  solution.  Warm  nitric 
acid  dissolves  it  easily,  with  evolution  of  nitrous  acid.  Hydrochloric  acid  converts  it 
into  mercurous  chloride.  When  it  is  digested  with  caustic  potash,  the  filtrate  which 
runs  away  from  the  black  mercurous  oxide,  contains  but  little  sulphite  of  potassium. 
(Kammelsberg.) 

Sulphite  of  XTickel,  Ni"S0'.6H^0,  separates  by  spontaneous  evaporation  from  its 
aqueous  solution,  in  fine  tetrahedrons.  It  is  insoluble  in  pure  water,  soluble  in  water 
containing  sulphurous  acid,  and  becomes  opaque  when  heated  vrith  water,  probably  in 
consequence  of  conversion  into  the  anhydrous  salt,  or  of  another  hydrate  (M  uspr  att). 
— The  tctrakydrated  salt,  Ni"S0^4H'''0,  is  obtained,  according  to  Muspratt,  by  boiling 
the  solution  of  nickel-hydrate  in  sulphurous  acid ;  it  then  separates  in  small  green 
crystals,  nearly  insoluble  in  water.  Metallic  nickel  is  dissolved  by  aqueous  sulphurous 
acid,  with  formation  of  sulphite  and  hyposulphite  of  nickel ;  on  evaporating  the 
solution,  the  sulphite  crystallises  out  with  6  at.  water.    (Fordos  and  Gelis.) 

An  ammonio-sulfhite  of  nickel,  Ni"SO'.3NH^.3H-0,  is  thrown  down  by  alcohol  from 
a  solution  of  nickel-sulphite  in  ammonia,  as  a  light-blue  crystalline  precipitate,  which 
dissolves  in  a  small  quantity  of  water  to  a  light-blue  liquid,  becoming  turbid  when 
mixed  with  more  water,  or  when  heated.  (Eammelsberg.) 

Sulpbites  of  Osmium. —  Osmious  Sulphite,  Os"SO',  is  formed  by  treating  aqueous 
osmic  acid  with  sulphurous  acid,  and  separates  on  mixing  the  solution  with  sulphate  or 
carbonate  of  sodium,  and  leaving  it  to  evaporate,  or  warming  it,  as  a  blue  jelly,  which, 
while  moist,  oxidises  readily,  with  formation  of  sulphuric  acid,  but,  after  drying,  forms 
an  almost  unalterable  powder  of  a  dull  black- blue  colour.  It  is  insoluble  in  water,  but 
dissolves  easily  in  hydrochloric  acid,  forming  an  indigo-coloured  solution  without 
evolution  of  sulphurous  oxide.  It  is  decomposed  by  potash  at  the  boiling  heat,  and 
when  heated  by  itself  is  resolved  into  sulphide  of  osmium,  osmic  tetroxide,  and  sul- 
phurous anhydride.  (Claus,  J.  pr.  Chem.  xc.  65;  Jahresb.  1863,  p.  295.) 

The  salt,  Os0.2SO'.6KCl,  is  obtained  by  treating  the  following  compound  with 
hydrochloric  acid :  it  forms  a  brown-red  crystalline  salt,  having  a  sharp  taste,  and 
very  soluble  in  water.    (Claus,  Ann.  Ch.  Pharm.  Ixvii.  375.) 

Osmio-poiassic  Sulphite,  Os"W(&0^f.iK-S,0\iWO,  or  Os"K''H2(SO')'.4H'0,  is 
formed  by  heating  osmio-potassic  chloride  with  a  solution  of  potassic  sulphite.  It  is 
a  light,  white,  or  faintly  rose-red  powder,  consisting  of  small,  soft,  crystalline  scales. 
It  is  very  slightly  soluble  in  water,  and  decomposes  at  180°.  (Clau s,  Ann.  Ch. 
Pharm.  Ixiii.  355.) 

Sulpbites  of  Platinum. — o.  Platinic  Sulphite,  Pt'''(SO')',  obtained  by 
dissolving  platinic  oxide  in  sulphurous  acid,  and  gradual  evaporation,  is  a  white  gummy 
mass,  soluble  in  water  and  in  alcohol,  and  having  a  strong  acid  reaction.  When 
heated  it  is  resolved  into  metallic  platinum  and  sulphuric  anhydride.  From  a  solution 
of  aiu'ic  chloride  it  throws  down  metallic  gold,  the  solution  then  containing  platinic 
chloride  and  sulphuric  acid.  It  is  not  decomposed  by  sulphuric  or  by  hydrochloric 
acid.    It  forms  double  salts  with  sulphites  of  alkali-metal.  (Dobereiner.) 

)3.  PI  atinous  Sulphite,  Pt"SO',is  obtained  bypassing  sulphurous  oxide  through 
water  in  which  platinous  oxide  is  suspended.  On  leaving  the  liquid  to  itself  with  the 
vessel  closed  airtight,  the  oxide  gradually  dissolves,  forming  a  brown-green  solution. 
It  fonns  colourless  double  salts  with  sulphites  of  alkali-metals. 

Ammo?iio-platinous  Sulphite,  (NH'')^Pt"(SO^)^.H^O, discovered  by  Liebig  and  analysed 
by  Bockmann,  is  prepared  by  reducing  a  solution  of  platinic  chloride  to  platinous 
chloride  with  sulphurous  acid,  neutralising  with  ammonia,  precipitating  with  alcohol, 
and  crystallising  from  water.  Forms  long,  flat,  white  needles,  easily  soluble  in  water. 
— Another  ammonio-platinous  sulphite,  containing  (NII')'*Pt''(SO'')\  is  formed,  as  a 
white,  bulky,  crystalline  precipitate,  on  mixing  a  moderately  concentrated  solution  of 
ammonio-platinous  chloride  with  neutral  sulphite  of  ammonium.  (J.  Lang,  J.  pr. 
Chem.  Ixxxiii.  415.) 

Pvtassio-pl atinous  Sulphite,  2K°Pt"(SO')'.3H^O,  produced  by  heating  potassio- 
pLitinous  chloride  with  acid  sulphite  of  potassium,  crystallises  in  microscopic  six-sided 
prisms,  having  a  faint  straw-yellow  colour,  sparingly  soluble  in  cold,  easily  in  warm 
water.  The  neutral  solution  is  decomposed  by  hydrochloric  acid,  only  when  heated ; 
hydrate  and  carbonate  of  potassium  do  not  alter  it,  even  with  aid  of  heat ;  carbonate 
of  sodium  throws  down  a  white  precipitate  of  the  sodium  double  salt ;  carbonate  of 
ammonium  and  sulphydric  acid  do  not  act  upon  it  (Lang),    Claus,  by  decomposing 
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platinic  clilorido  with  sulphite  of  potassium,  obtained  the  salt  K'Pt"H^.(SO')'.H'0, 
analogous  to  the  osraiuni-salt  above  described.    Lang  was  not  able  to  prepare  this  salt. 

Sudio-platbious  Sulphite,  Na°Pt"(S0')'.3H'0,  prepared  by  reducing platinie  chloride 
to  platinous  chloride  with  sulphurous  acid,  saturating  the  liquid  witli  sulphurous  acid, 
and  exactly  neutralising  with  sodic  carbonate,  is  a  bulky  nearly  colourless  pre- 
cipitate,  which  dries  up  to  a  white  amorphous  powder,  acquiring  a  tinge  of  j'ellow 
when  moistened.  It  is  sparingly  soluble  in  cold,  more  soluble  in  warm  water, 
insoluble  in  alcohol.  From  the  aqueous  solution  it  is  precipitated  unaltered  by  the 
chlorides  of  sodium,  ammonium,  and  barium,  and  by  nitrate  of  silver.  It  gives  otf  its 
water  of  crystallisation  between  180°  and  -'00",  and  may  then  be  heated  to  240°  with- 
out alteration ;  but  at  higher  temperatures  it  becomes  darker,  and  is  completely 
decomposed  at  a  red  heat.  The  platinum  in  this  salt  cannot  be  detected  by  the 
ordinary  reagents;  but  strong  acids  decompose  the  salt,  eliminating  sulphurous  oxide, 
and  converting  it  into  the  following  compound.  By  cyanide  of  potassium  it  is  dissolved 
and  converted  into  potassio-platinous  cyanide.  (Litton  and  Schnodermann, 
Ann.  Ch.  Pharm.  sliii.  316. — Lang.) 

Another  sodio-platinous  sulphite,  Na^Pt"(SO^)MI'^0,  is  obtained  by  dissolving  tlie 
preceding  in  dilute  hydrochloric  or  sulphuric  acid,  and  leaving  the  solution  to  evaporate. 
It  is  then  deposited  as  a  yelluw  powder,  moderately  soluble  in  water,  and  forming  a 
slightly  acid  solution,  from  which  it  is  precipitated  by  common  salt.  In  other  respects 
it  resembles  the  preceding  compound.    (Litten  and  Sc hn ederm ann.) 

Atg<7iio-plafinous  Sulphite,  Ag^Pt'^SO^)*,  produced  by  mixing  the  corresponding 
pntassium-salt  with  nitrate  of  silver,  is  a  white  precipitate,  insoluble  in  water,  easily 
soluble  in  ammonia.    (Lau  g.) 

Sulpbites  of  Potassium. — The  neutral  salt,  K''S0'.2H-0,  is  obtained  by  satu- 
rating a  solution  of  the  carbonate  with  sulphurous  acid,  and  evaporating  over  oil  of 
vitriol,  in  large  monoelinic  octahedrons,  somewhat  deliquescent,  very  soluble  in  water, 
slightly  soluble  in  alcohol,  having  a  strong  alkaline  reaction  and  bitter  taste.  When 
heated,  it  swells  up,  gives  oif  sulphurous  oxide,  and  leaves  sulphate  of  potassium 
mixed  with  sulphide  and  hydrate.  (Muspratt.) 

The  acitl  salt,  K^ISO^  is  produced  by  supersatm-ating  a  warm  and  moderately  con- 
centrated solution  of  the  carbonate  with  sulphurous  acid,  and  separates  on  cooling,  or 
on  addition  of  absolute  alcohol,  as  a  white  mass  of  crystalline  needles.  The  solution, 
if  left  for  several  weeks  in  a  stoppered  bottle,  deposits  the  salt  in  large  rhombic  prisms. 
It  has  a  disagreeable  siilphurous  aftertaste,  a  neutral  reaction,  gives  off  sulphurous 
oxide  continually  on  exposure  to  the  air,  and  is  finally  converted  into  sulphate.  Its 
solution,  when  evaporated,  gives  off  sulphurous  acid,  leaving  a  mixture  of  acid  and 
neutral  salt,  and  after  prolonged  boiling,  only  the  neutral  salt  remains.  (Muspratt, 
Rammelsberg.) 

An  anhydrosulphitc,  K-'0.2S0',  orK-SO'.SO',  is  formed  bypassing  sulphurous  oxido 
through  a  warm  concentrated  solution  of  the  carbonate,  till  the  effervescence  ceases  and 
the  liquid  assumes  a  greenish  colour.  It  is  then  deposited  on  cooling,  in  hard  granu- 
lar crystals,  which  must  bo  collected  on  a  filter,  washed  with  alcohol,  and  dried 
between  fdtcr-paper.  It  dissolves  very  slowly  in  water,  very  slightly  in  alcohol,  and 
not  at  all  in  ether,  has  a  disagreeable  saline  taste,  and  is  permanent  in  the  air.  When 
heated,  it  gives  otf  sulphurous  oxide  and  sulphur,  leaving  a  residue  of  potassic 
sulphate.  (Muspratt.) 

Sulpblte  of  Rbodlum.    See  Ehodii'm  (p.  105). 

Sulpblte  of  Rutlienlum  and  Potassium,  K'Ru"(SO')^,  is  produced,  according 
to  Glaus,  as  a  cream-coloured  pulverulent  precipitate,  by  boiling  potassio-ruthenious 
chloride  with  sulphite  of  potassium.  By  repeated  solution  and  evaporation  it  may  be 
obtained  nearly  white.  (Clans.) 

Sulpblte  of  Silver,  Ag-SO',  is  prepared  by  dissolving  silver-oxide  in  sidphurous 
acid,  or  by  precipitating  a  silver-salt  with  an  alkaline  sulpliite  or  sulphurous  acid ;  and 
is  deposited,  according  to  the  mode  of  preparation,  in  small  white  shining  needles,  or 
as  a  white  precipitate  resembling  chloride  of  silver.  The  salt  is  very  slightly  soluble  in 
water,  has  a  disagreeable  taste,  and,  according  to  Muspratt,  acquires,  on  exposure  to 
the  air,  a  dark  purple  and  ultimately  black  colour.  According  to  Fourcroy,  the  crys- 
tals are  unaherable  even  in  sunlight.    It  forms  double  salts  with  alkaline  sulphites. 

Sulpbites  of  Sodium. — The  neutral  salt,  Na'-'SO',  is  easily  prepared  by  satu- 
rating a  solution  of  the  carbonate  with  sulphurous  acid,  and  adding  to  it,  while  warm,  as 
much  sodic  carbonate  as  it  originally  contained.  The  salt  then  separates  on  cooliu'T  In 
monoelinic  crystals  containing  Na-S0'.7H'0.  It  is  very  soluble  in  water;  the  solution 
has  an  alkaline  reaction,  and,  when  heated,  deposits  a  salt  (probably  anhydrous),  which 
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disappears  again  on  cooling.  It  dissolves  slightly  in  aqucons  alcohol.  At  150''  it 
gives  olF  the  whole  of  its  water,  becoming  white  and  enainel-like,  and  at  a  higher  tem- 
perature melts  to  a  yellowish-red  mass,  from  which  alcohol  extracts  sulphide  of  sodium, 
leaving  sulphate  (Eammelsberg). — Another  hydrate,  containing  Na-SOMOH'O,  is 
produced,  according  to  Muspratt,  by  saturating  a  solution  of  sodic  carbonate  with  sul- 
phxirous  acid  tdl  it  acquires  an  acid  reaction,  and  leaving  it  over  oil  of  vitriol.  It  then 
separates  in  large  oblique  prisms,  which,  on  exposure  to  the  air,  quickly  effloresce,  and 
are  gradually  converted  into  sulphate.  It  has  a  faint  alkaline  reaction  and  cooling 
sulphurous  taste  (Muspratt).  Specific  gravity  of  the  decahydrated  crj-stals  =  1-561 
(Buignet,  Jahresb.  1861,  p.  15). — Vauquelin  obtained  the  neutral  sulphite  with  8  at. 
water. 

Acid  sulphite,  NaHSO'. — A  solution  of  sodic  carbonate,  supersaturated,  while  warm, 
with  sulphurous  acid,  deposits  this  salt  on  cooling  in  small  shining  prisms.  Alcohol 
precipitates  it  in  the  granular  form.  It  smells  of  sulphurous  acid,  has  an  acid  re- 
action, an  unpleasant  sulphurous  taste,  effloresces  very  easily  in  the  air,  and  is  finally 
converted  into  sulphate  (Muspratt).    Clark  obtained  an  acid  salt  with  9  at.  water. 

Sodio-ammonic  sulphite,  Na\NH'')H(S0')^.8H^0,  crystallises,  according  to  Marignac, 
in  thin  monoclinic  tablets. 

Sulpbite  of  Strontium,  Sr'SO',  is  obtained  by  double  decomposition,  as  a  white 
tasteless  powder,  and  in  crystalline  gi'ains  by  dissolving  the  precipitate  in  aqueous 
sulphurous  acid,  or  by  passing  sulphurous  oxide  through  water  in  which  carbonate  of 
strontium  is  suspended  (Muspratt).  The  crystals  are  flat  rectangular  plates, 
acuminated  with  two  faces  (Eammelsberg).  The  salt  is  gradually  converted  into 
sulphate  by  exposure  to  the  air. 

Sulpbite  of  Titanium  is  precipitated,  according  to  Berthier,  on  boiling  a  solution 
of  titanic  hydrate  in  sulphurous  acid. 

Snipbites  of  T7raninm.  TJranic  Sulphite,  or  Sulphite  of  JJranyl, 
Ur-0^S0'^.3H^0  =  (Ur=02)"SO'.3H20,  separates  as  a  flocculent  precipitate,  of  a  fine 
light-yellow  colour,  on  mixing  the  nitrate  with  sulphite  of  ammonium,  or  on  passing 
sulphurous  oxide  through  water  in  which  uranic  hydrate  is  suspended.  It  is  permanent 
in  the  air  at  ordinary  temperatures,  but  decomposes  when  heated,  giving  oflF  sulphurous 
oxide,  and  leaving  a  brown  residue,  probably  of  uranoso-uranic  oxide  (Muspratt). 
According  to  Reinele  (Pogg.  Ann.  cxxv.  238),  a  solution  of  uranic  nitrate  mixed  with 
sulphite  of  ammonium  yields  a  lemon-yeUow  or  sulphur- yellow  precipitate,  consisting 
of  (U'^0')"S0'.2H*0,  mixed  with  variable  quantities  of  uranate  of  ammoniimi ;  it  is 
soluble  in  excess  of  ammonium-sulphite,  and  somewhat  soluble  even  in  water.  Accord- 
ing to  Girard  (Compt.  rend,  xxxiv.  22;  Jahresb.  1852,  p.  376),  the  salt  obtained  by 
passing  sidphurous  oxide  through  water  in  which  uranic  oxide  is  suspended,  and 
leaving  the  solution  to  evaporate,  contains  (U'^0-)"SO^.'lH-0. 

Uranous  Sulphite. — A  basic  salt,  Ur"SO'.Ur"H-0-.H^O,  is  precipitated,  with 
evolution  of  sulphurous  oxide,  on  mixing  a  solution  of  uranous  chloride  with  sulphite 
of  sodium.  It  has  a  grey-green  colour,  dissolves  easily  in  acids,  and,  when  heated, 
gives  off  sulphurous  oxide  and  leaves  uranoso-uranic  oxide. 

Sulpblte  of  Yttrium,  Y"SO',  is  a  white  powder,  insoluble  in  water,  slightly 
soluble  in  sulphurous  acid.  Its  solution,  when  evaporated,  yields  crystals  of  yttric  sxil- 
phate.    (Berlin,  Pogg.  Ann.  xliii.  105.) 

Sulpblte  of  Zinc,  Zn"S0'.2H*0  (according  to  Fordos  and  G^lis),  or 
2Zn"S0^.5H-0  (according  to  Eammelsberg),  crystallises,  on  evapor.iting  a  solution  of 
zinc-carbonate  in  sulphurous  acid,  in  small  sparingly  soluble  prisms  having  an  un- 
pleasant astringent  taste.  It  is  precipitated  from  the  aqiieous  solution  by  alcohol  or 
ether  in  needle-shaped  crystals.  On  exposure  to  the  air,  it  is  quickly  converted  into 
sulphate,  and,  when  heated,  gives  off  water  and  sulphurous  oxide,  leaving  a  residue  of 
sulphate,  sulphide,  and  oxide  of  zinc. 

NZn"H^> 

An  add  sulphite  of  zinc-ammoniitm,        -g  f  SO',  is  obtained  in  crystalline  crusts 

by  dissolving  zinc-sulphite  in  warm  aqueous  ammonia,  and  evaporating  at  a  gentle 
heat.  It  smells  of  ammonia,  and  is  decomposed  by  water,  which  dissolves  out  sul- 
phite of  ammonium.  (Eammelsberg.) 

Sulpblte  of  Zirconium  is  a  white  powder,  insoluble  in  water,  somewhat  soluble 
in  sulphurous  acid,  and  precipitated  from  the  solution  by  boiling.  (Berthier.) 
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Alcoholic  Sulphites.    Sulphurous  Ethers. 

The  two  atoms  of  hydrogen  in  the  molecule  of  sulphurous  acid,         1 0^  may  be 

partly  or  wholly  replaced  by  monatomic  alcohol-radicles,  giving  rise  to  acid  and  neutral 
sulphurous  ethers,  represented  by  the  general  formulae  : 

Acid.  Neutral. 
The  acid  ethers  may  also  bo  regarded  as  compounds  of  sulphuric  anhydride  with 
hydrocarbons  containing  even  numbers  of  hydrogen-atoms,  and  are  sometimes  designated 
as  sulpho-aciJs,  e.g. : 

Phenylsulphurous  acid,  |^fj*^}jj|o-    =    CH^SO^    Sulphobenzolic  acid. 
No  neutral  sulphurous  others  are  at  present  known  of  the  form  ^^^)  |o-,  but  there 

is  a  group  of  acid  ethers,  j^'-jj^jo'i  derived  from  a  double  molecule  of  sulphurous 

acid,  H'S^O",  by  substitution  of  a  diatomic  alcohol-radicle  for  half  the  hydrogen. 
Tlu'se  are  the  so-called  d  i  s  u  1  p  h  o  -  a  c  i  d  s,  which  may  also  be  formulated  as  compounds 
of  hydrocarbon  with  2  at.  SO',  e.g. : 

rhenylene-sulpliurous  acid,  (Cffy^O^    =    C''H«.2S0',    Disulphobenzolic  acid. 

The  acid  sulphurous  others  of  the  monatomic  alcohol-radicles,  C"!!-"'''',  homo- 
logous with  ethyl,  are  produced  by  the  action  of  oxidising  agents,  especially  of  nitric 
acid,  on  the  sulphides,  sulphydrates,  and  sulphocyanatcs  of  the  corresponding  radicles; 
methylsulphurous  acid  also,  by  electrolytic  reduction  of  its  chlorinated  derivatives 
(p.  555) ;  these  ethers  do  not  appear  to  be  formed  by  the  action  of  sulphurous  acid 
on  the  corresponding  alcohols. 

The  acid  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &c.)  are  pro- 
duced b}'  the  action  of  strong  sulphuric  acid  on  the  corresponding  hydrocarbons  con- 
taining even  numbers  of  hydrogon-atoms,  e.g. : 

C'H"  -t-  H-SO*    =    H^O  +  (CH^HSO'. 

Benzene.  Phenylsulphurous 

acid. 

All  these  ethers  are  monobasic  acids,  forming  well-defined  crystalline  salts.  The 
potassium-salts  of  phenylsulphurous  and  benzylsulphurous  acid  are  decomposed  by 
fusion  with  excess  of  poiass'w  hi/drate,  yielding  sulphate  of  potassium  and  the  corre- 
sponding alcohols,  phenol  and  cresol,  e.g. : 

(C'H')KSO»  +  KHO    =    K-SO^  +  (C"H')HO. 

Benzylsulphite  Ctesol. 
of  potassium. 

The  salts  of  all  the  acid  sulphurous  others  are  converted  by  pentachloride  of  phos- 
phorus into  chlorides  derived  from  the  acid  ethers  by  substitution  of  chlorine  for 
hydroxyl,  e.g. : 

Ethylsulphurous  acid  SO.C^H^O.HO. 

Ethylsulphurous  chloride  SO.C^H^O.Cl. 

These  chlorine-compounds,  when  enclosed  in  sealed  tubes,  gradually  resolve  them- 
selves into  a  chloride  of  the  .alcohol-radicle,  KCl,  and  sulphurous  oxide,  SO^ ;  when 
heated  with  pentachloride  of  phosphorus,  they  are  decomposed  according  to  the  general 
equation  : 

ECISO^  +  PCP    =    SOCP  -I-  ECl  +  POCP. 

They  are  converted  by  caustic  potash  into  the  original  acid  ethers  ;  by  ammonia 
into  amides ;  by  alcohols  into  the  corresponding  neutral  ethers,  e.g. : 

C^ffClSO  +  (C-H^)HO    =    HCl  +  (Cm'ySO'; 

Ethylsulpluirous  Ethjlicsul- 
cliloride.  phite. 

and 

C'H^CISO'  +  (CH')HO    =    HCl  +  (CH')(C»H*)SO». 

Ethylsulphurous  Methylethylic 
chloride.  sulphite. 
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The  neutral  sulphurousethersof  the  alcohol-radicles  C'S}"* '  are  also  produced 
by  the  action  of  alcohols  on  disulphide  of  chlorine  (see  page  535),  or  on  sulphurous 
shloride  ;  in  the  latter  case,  according  to  the  general  equation : 

SOCl^  +  2(C°H2°+')HO    =    2HC1  +  (C''ff''+')^SO'. 
These  neutral  ethers  are  resolved  by  caustic  alkalis  into  the  corresponding  alcohols 
and  a  sulphite  of  alkali-metal,  e.ff.  : 

(C'H'j-SO'  +  2KH0    =    2(C2H^)H0  +  K^SO'. 

But  the  neutral  sulphurous  ethers  of  other  alcohol-radicles  (phenyl,  naphthyl,  &c.) 
exhibit  a  different  reaction  with  alkalis ;  ethylic  naphthylsidphite  for  example,  when 
treated  with  potash,  yields,  not  sulphite,  but  naphthylsulphite  of  potassium.  (Carius, 
Ann.  Ch.  Pharm.  cxiv.  UO;  Jahresb.  1860,  p.  421.) 

The  acid  sulphurous  ethers  of  diatomic  alcohol-radicles — the  so- 
called  disulpho- acids,  are  obtained  in  some  cases  by  the  action  of  strong  sulphuric 
acid  upon  hydrocarbons:  thus,  naphthylene-sulphurous  or  disulphonaphthalic  acid, 
Qiojjsg2Qii^  is  produced  in  small  quantity,  together  with  naphthylsulphurous  acid,  by 
the  action  of  sulphuric  acid  on  naphthalene.  More  frequently,  however,  they  are  pro- 
duced by  the  action  of  fuming  sulphuric  acid  on  the  cyanides  of  the  alcohol-radicles 
(nitriles),  (or  on  the  corresponding  amides,  which  differ  therefrom  by  addition  of  1  at. 
H-0) :  thus  phenylic  cyanide  or  benzonitrile,  treated  with  fuming  sulphuric  acid,  yields 
phenylenesulphurous  or  disulphobenzolic  acid  : 

C'H^N  +  m-HO*    =    C«H«S20»  +  (NH<)HSO'  +  C0=. 
The  formation  of  ethylene-sulphurous  acid,  and  its  homologues,  may  be  represented 
by  the  general  equation : 

C-H^.+i.CN  +  SH^SO*    =    (C°ff°)H'S20«  +  (NH^)HSO*  +  C0=. 

They  are  also  produced  by  the  oxidation  of  the  sulphocarbonates  of  diatomic  alcohol- 
radicles  ;  e.ff.,  ethylene-sulphurous  acid,  (C'H*)H-S'-0'',  by  the  action  of  nitric  acid  on 
ethylenic  disulphocarbonate  or  trisulphocarbonate  (p.  502). 

These  ethers  are  dibasic  acids,  forming  acid  and  neutral  salts. 

a.  Sulphurous  Ethers  containitig  Monatomic  Alcohol-radicles. 

(S0)'\ 

Amylsulpburous  Actd,    C^H'W    =    (C^H")HSO'    =    C'W\0\  (Ge- 

H  f 

rathewohl,  J.  pr.  Chem.xxxiv.447. — O.Henry,  Jun.,  Ann.Ch.Phys.  [3],xxv.  246. — 
Medlock,  Ann.  Ch.  Pharm.  Ixix.  225.) — This  acid  is  produced  by  the  action  of  nitric 
acid  on  the  sulphj'drate,  disulphide,  and  sulphoeyanate  of  amyl.  When  aniyl-mer- 
captan  is  added  by  small  portions  to  gently  heated  nitric  acid  of  specific  gravity  1-25, 
two  layers  of  liquid  are  obtained,  the  upper  of  which  is  oily,  and  of  variable  compo- 
sition— the  lower  watery,  and  consisting  of  amyl  sulphurous  acid  mixed  with  nitric  acid ; 
and  on  evaporating  the  latter  over  the  water-bath  till  the  odour  of  nitrous  acid  is  no 
longer  perceptible,  a  thick  colourless  syrup  is  left,  consisting  of  impure  amylsulphurous 
acid.  This  product  may  be  used  to  prepare  most  of  the  amylsidphites,  inasmuch  as  on 
treating  the  resulting  salts  with  boiling  alcohol,  the  amylsulphite  dissolves,  while  the 
small  quantity  of  sulphate  with  which  it  is  mixed  remains  behind. 

The  pure  acid  is  obtained  by  decomposing  the  lead-salt  with  sulphuretted  hydrogen, 
and  evaporating  the  filtrate,  as  a  very  acid  syrup,  having  a  peculiar  odour.  According 
to  Gerathewohl,  it  does  not  crystaUise  even  in  a  vacuum  over  oil  of  vitriol.  Medlock, 
however,  obtained  it  as  a  deliquescent  crystalline  mass. 

The  amylsulphites  of  ammonium,  potassium,  and  calcium,  crystallise  in  colourless 
laminae,  insoluble  in  water  and  in  alcohol. — The  barium-salt,  C'°H^''Ba"S'0°,  forms 
transparent  unctuous  scales,  which  gjTate  upon  water  like  amylsulphate  or  butyrate 
of  barium.  It  burns  in  rather  strong  heat  without  decomposing. — The  copper-salt 
forms  bluish-green  tables  ;  the  lead-salt,  C'°H--Pb"S^O^  colourless  laminae  containing 
water  of  crystallisation,  which  they  give  off  at  120°. — The  silver-salt,  C*H"AgSO^  crys- 
tallises from  a  moderately  concentrated  solution  in  very  fine  colourless  rhombic  plates. 

DiAMYiic  or  Neuteai  Amylic  Sttlphite,  (C*H")'SO'.  (Carius,  Ann. 
Ch.  Pharm.  cvi.  291  ;  cxi.  97  ;  Jahresb.  1858,  p.  26;  1859,  p.  88.)— Produced  by  the 
action  of  disulphide  of  chlorine  or  sulphurous  chloride,  (SOCl^),  on  amylic  alcohol,  the 
decomposition  in  both  cases  being  similar  to  that  which  takes  place  in  the  preparation 
of  ethylic  sulphite  (p.  654).  The  second  process  is  the  easier  of  the  two  ;  1  at.  sul- 
phurous chloride  being  added  to  2  at.  amylic  alcohol,  and  the  resulting  liquid  freed 
from  hydrochloric  acid  by  passing  a  stream  of  carbonic  dioxide  through  it. 

Amylic  sulphite  thus  prepared  is  a  nearly  colourless  oily  liquid,  smelling  like  amylic 
alcohol  aud  ethylic  sulphite,  giving  off  sulphurous  acid  on  exposxire  to  moist  air,  and 
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acquiring  a  rod  or  brown  colour.  It  is  decomposed  by  water,  and  more  quickly  by 
aqueous  alkalis,  into  amylsulphurous  acid  and  aroylic  alcohol.  When  heated  above 
150°  in  contact  with  the  air,  it  begins  to  decompose  into  amylic  alcohol  and  sulphurous 
oxido  ;  but  in  an  indifferent  gas,  it  may,  for  the  most  part,  be  distilled  without  decom- 
position at  230°— 250. 

(SO)'\ 

Benzylsulpburous  Acid,*f  C'IPSO'    =    C'll"  LO-.   Tohtcnylsulplmrous,  Sid- 

H  j 

fhotoluic,  Sulphotolueiiic,  Sulphiben:i/lic,  ov  Sidphohenzoenio  Acid.  (H.Deville,  Ann. 
Ch.  Phys.  [3],  iii.  172.) — Produced  by  the  action  of  fuming  sulphuric  acid  on  toluene 
(benzylie  hydride,  i.  573),t  and  purified  by  conversion  into  a  lead-salt,  separation  by 
sulphydric  acid,  and  concentration  in  a  vacuum.  It  crystallises  in  small  very  deliquescent 
laminas. 

Bcncylsididute  of  ainmoniuni  crystallises  in  small  stars;  the  potassmm-salt  in  very 
soluble  anhydrous  laminae ;  the  barium-saJt,  C"Ji}*Y>?i'S-0^,  in  crystalline  scales  very 
soluble  in  water,  but  not  deliquescent. — The  lead-salt  is  very  soluble. 

The  beuzylsulphites  do  not  precipitate  argentic  or  cupric  nitrate. 

(S0)"| 

Cumenylsulphurous  Acid,  C°II'-SO^  =  CH'^VO''.  SidpliocumemcAcidAGcT- 

H  ) 

hardt  and  Cahours,  Ann.  Ch.  Phys.  [3],  i.  87.) — Prepared  by  adding  about  1  pt.  of 
cumene  to  2  pts.  fuming  sulphuric  acid,  and  agitating  till  the  whole  is  dissolved. — The 
hariii Ill-salt,  C"'H-^Ba"S-'0'',  obtained  by  saturating  the  acid  solution  with  carbonate  of 
barium,  crystallises  in  a  mass  of  nacreous  very  brilliant  laminae,  resembling  fish-scales. 
Its  solution  is  not  decomposed  by  boiling,  and  does  not  precipitate  the  solution  of 
calcic  chloride,  plumbic  acetate,  mercuric  chloride,  cupric  chloride,  nickel-chloride,  or 
bismuth-chloride. 

Etbylsulphurous  Etbers. — Three  of  these  compounds  are  known:  viz.,  ethyl- 
sulphurous  acid,  produced  by  the  action  of  oxidising  agents  on  sulphydrate  and 
Biilphocyanate  of  ethyl ; — ethylsulphurous  chloride,  by  the  action  of  phosphoric 
oxyclilorido  on  metallic  ethylsulphites  ;— and  neutral  ethylic  sulphite,  by  the 
aelion  of  alcohol  on  disulphide  of  chlorine,  sulphurous  chloride,  or  ethylsulphurous 
chloride. 

Ethylsui.puueous  Acid,  CTPSO^  =  (C-ff)nSO^  Sulp/ictliolic  Acid. 
Ili/posidphrtkylic  Acid.  (Lowig  aud  Weidmann,  I'ogg.  Ann.  xlvii.  153  ;  xlix.  329. — 
Kopp,  Ann.  Ch.  Pharm.  xxxv.  346. — Muspratt,  Chem.  Soc.  Qu.  .1.  iii.  18;  Compt. 
t^him.  1848,  p.  10.) — This  acid  is  produced: — 1.  By  the  prolonged  action  of  nitric 
iicid  (specific  gravity  =  r23)  on  morcaptan.  The  resulting  liquid  is  evaporated, 
diluted  with  water,  neutralised  with  carbonate  of  h  ad,  filtered,  and  concentrated  ; 
the  lead-salt,  after  crystallisation,  is  decomposed  by  sidphydric  acid  ;  and  the  filtrate 
concentrated  by  evaporation. — 2.  By  the  action  of  moderately  dilute  nitric  acid  on 
ethylic  sulphocyanate.  The  liquid  is  cohobatedfive  or  six  times,  then  evaporated  to  a 
syrup,  which  after  dilution  is  saturated  with  carbonate  of  bariiun ;  and  the  barium- 
salt  thus  obtained  is  decomposed  by  sulphuric  acid.  In  both  modes  of  preparation 
sulphuric  acid  is  formed  as  well  as  ethylsulphurous  acid,  and  in  greater  quantity  as 
the  nitric  acid  is  more  concentrated. — 3.  By  treating  ethylic  sulphocyanate  with  a 
mixture  of  hydrochloric  acid  and  potassic  chlorate. 

Ethylsulphurous  acid  concentrated  by  evaporation  forms  a  heavy  oil,  of  specific 
gravity  I'SO,  in  which  limpid  crystals  gradually  form,  especially  at  low  temperatures. 
It  has  no  smell,  but  a  very  sour  taste,  with  disagreeable  aftertaste,  like  that  of  phos- 
phurelted  hydrogen.  It  dissolves  in  all  proportions  in  water  and  in  alcohol,  and 
absorbs  moisture  from  the  air.  It  bears  a  rather  high  temperature  without  decompo- 
sition, but  if  very  strongly  heated,  gives  off  sulphuric  acid  and  sulphurous  anhydride. 
I'used  with  hydrate  of  potassium,  it  yields  a  product  from  which  hydrochloric  or  sul- 
phuric acid  eliminates  a  large  quantity  of  sulphurous  acid. 

The  ethylsulphites,  C'-H^MSO',  are  soluble  in  water  and  in  alcohol,  and  have 
a  dis  ia;ree:ilile  taste,  like  that  of  the  acid.  They  decompose  when  strongly  heated, 
turning  black,  giving  off  sulphurous  anhydride,  together  with  fetid  sulpliurous  vapours, 
which  burn  with  a  violent  fl.ime,  and  leaving  a  carbonaceous  residue  containing 
metallic  sulphide  and  suljihate. — The  ammonium-salt  erystallises  in  very  deliquescent 
tablets. — The  potassiiim-salt,  C'-'H^KSO'  (at  120°)  fornts  lanieilar,  opaque,  deliquescent 
crystals,  sparingly  soluble  in  cold,  more  soluble  in  boiling  alcohol.  It  gives  off  6'75 
per  cent,  water  at  120°,  and  decomposes  at  a  higher  temperature — The  sodium-salt, 

*  The  term  benzylsulpburous  acid  is  applied  by  Kolbe  to  the  compninid  Cfll'^SO-',  more 
proi)erly  called  pheuyUlllpburous  or  s«lpii"phenylir  hydride  (p.  5*j2). 

t  There  is  foiine<i,  at  the  same  time,  a  crystalline  substance,  probably  Ijomologous  with  sulpliobea- 
zide. 
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C'H*NaSO',^H-0,  forms  deliquescent  crystals,  exhibiting  similar  characters. — The 
barium-salt,  C'H'°Ba"S-'O^.H-0,  is  extremely  soluble,  but  may  be  obtained  in  fine 
rhombo'idal  prisms  by  slow  evaporation  of  a  very  concentrated  solution.  It  gives  off 
its  water  at  100°,  dissolves  very  easily  in  hydrated  alcohol,  but  is  insoluble  in  absolute 
alcohol,  which  precipitates  it  from  a  strong  aqueous  solution  in  silky  needles. — The 
calcium-salt,  C^H'"Ca"S^O''  (at  100°),  forms  limpid  crystals  resembling  the  barium- 
salt,  very  soluble  in  water  and  in  alcohol. — The  magnesium-salt  crystallises  by  cooling 
in  hydrated  prisms. — The  cwprio  salt,  C'H"'Cu"S^0''.5H-0,  forms  light-blue  prisms, 
becoming  anhydrous  at  120^. — The  ferrous  salt,  formed  by  dissolving  metallic  iron  in 
a  boiling  concentrated  solution  of  the  acid,  crystallises  on  cooling  in  colourless  prisms. 
— The  manganese-salt  forms  colourless  needles. — Tho  lead-salt,  C'H"'Pb"S^O''  (at 
100°),  crystallises  from  a  hot  concentrated  solution  in  fine  colourless  plates. — The 
silver-salt,  obtained  by  saturating  the  boiling  aqueous  acid  with  carbonate  of  silver, 
forms  colourless  laminaj. — Tho  zinc-salt  forms  colourless  dendritic  crystals,  efflorescing 
in  dry  air,  but  absorbing  moisture  in  damp  air.  The  crystallised  salt  melts  when 
heated,  and  solidifies  in  a  crystalline  mass  on  cooling.  It  gives  off  8' 7 2  per  cent.  (2 
at.)  water  at  120°,  and  22-96  per  cent.  (3  at.)  more  at  180°. 

ETHTLStrLPHtTEous  Chloeide,  C^ffClSO".  (Gr crh ard t and C h an c el, Compt. 
rend.  xxxv.  691.) — This  compound,  derived  from  ethylsulphurous  acid  by  substitution 
of  CI  for  HO,  is  easily  obtained  by  distilling  ethylsulphite  of  sodium  with  excess  of 
phosphoric  oxychloride.  It  is  a  colourless,  slightly  fuming  liquid,  insoluble  in  water,  very 
soluble  in  alcohol,  having  a  specific  gravity  of  l"3o7  at  22-6°,  and  boiling  at  171°. 
Caustic  potash  converts  it  into  a  mixture  of  potassic  chloride  and  ethylsulphite  (Grer- 
hardt  and  Chancel). — When  kept  in  a  sealed  tube,  it  is  graduaUy  resolved  into 
ethylic  chloride  and  sulphurous  anhydride.  Heated  with  pentachloride  of  phosphorus 
to  120°  in  a  sealed  tube,  it  yields  sulphurous  chloride,  ethylic  chloride,  and  phosphoric 
oxychloride : 

C'H'CISO^  +  PC1=  =  SOCP  +  C^H'Cl  +  POCP. 
Alcohol  converts  it  into  neutral  ethylic  sulphite.    (Cariu  s.) 

DiETHTLic  Sulphite,  (C-H*)^SO'.  Neutral  Ethylic  Sulphite.  Sulphurous  Ether. 
(Ebelmen  and  Bouquet,  Ann.  Ch.  Phys.  [3],  xvii.  66. — CariuB,  Ann.  Ch.  Pharm. 
evi.  291;  cxi.  93;  Jahresb.  1858,  p.  94;  1869,  p.  87.)— This  ether  is  produced:— 
1.  By  the  action  of  absolute  alcohol  on  disulphide  of  chlorine.  According  to  Carius, 
the  first  products  are  sulphurous  chloride  and  ethylic  sulphydrate: 

S^CP  +  C^H^O    =    SOCP  +  CWB; 
and  these,  by  their  mutual  action,  produce  ethylic  sulphite,  together  with  ethylic  chloride, 
hydrochloric  acid,  and  free  sulphur  : 

3S0CP  +  4(C2HS)HS    =    (C2H>)''S0'  +  iCWCl  +  4HC1  +  S« 

The  alcohol  is  to  be  added  in  excess  to  the  sulphide  of  chlorine  (Carius) ;  the  liquid 
filtered  from  the  precipitated  sulphur  is  distilled  ;  and  the  portion  which  goes  over, 
between  150°  and  170°,  is  collected  apart.    (Ebelman  and  Bouquet.) 

2.  By  the  action  of  sulphurous  chloride  on  alcohol : 

SOCP  +  2(C^H^)H0    =    2HC1  +  (C=ff)=SO^ 
The  alcohol  must  be  perfectly  anhydrous,  and  added  by  drops  to  the  sulphurous 
chloride  ;  but  the  result  is  not  affected  by  the  proportions  in  which  the  two  substances 
are  idtimately  mixed.  (Carius.) 

3.  By  the  action  of  absolute  alcohol  on  ethylsulphurous  chloride  (Carius): 

C^H^'CISO^  +  (C=H'>)HO  =  HCl  +  (C=H5)'S0'. 
Ethylic  sidphite  is  a  limpid  colourless  liquid,  having  an  odour  somewhat  like  that 
of  mint.  Boiling-point  160°.  Specific  gravity  of  liquid  =  1'085  at  16°;  of  vapour 
=  4-78.  It  dissolves  in  all  proportions  in  alcohol  and  ether;  water  precipitates  it 
from  the  solutions,  and  gradually  decomposes  it. — Chlorine  attacks  it  strongly,  and  in 
bright  sunshine  forms  crystals  of  trichloride  of  carbon,  C-'CP,  together  with  a  strongly 
fuming  liquid  containing  trichloracetic  chloride  and  chloride  of  sulphuryl  (Ebelmen 
and  Bouquet). — By  aqueous  a//ta^ts  m  alkaline  carbonates,  \\,  is  quickly  decomposed 
into  alcohol  and  an  alkaline  sulphite.  On  adding  to  a  dilute  solution  of  the  ether  in 
anhydrous  alcohol,  a  quantity  of  a  solution  oi  potassic  hydrate  in  absolute  alcohol,  not 
sufficient  to  decompose  it  completely,  a  precipitate  is  formed,  consisting  of  potassic 
ethylsulphite.  When  its  alcoholic  solution  is  saturated  with  dry  ammonia-gas,  and 
heated  to  120 — 140°  in  a  sealed  tube,  laminar  crystals  of  neutral  ammonium-sulphite 
separate  on  slow  cooling,  and  the  liquid  separated  therefrom  contains  ethylamine: 
{Cm^f&O^  +  4NH'    =    (NH')'SO'  ^  2{Cm')Wif. 
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If  tho  alcoholic  solution  be  saturated  with  ctht/lamine  instead  of  ammonia,  the  pro- 
ducts are  diethylamine  and  sulphite  of  ethylamine  (Carius). — Ethylic  sulphite  is 
strongly  attached  by  pcntachloride  of  ■phos2}horus,  yielding  sulphurous  chloride,  phos- 
phoric oxychlorido,  and  ethylic  cUlorido  (Carius): 

(C^ff)=S03  +  2PCI^    =    S0C12  +  2C=ffCl  +  2P0C1'. 

Ethtiamtlic  Sulphite,  C'II"'S0^  =  ^.j^,,  |S0'.  (Carius,/oc. aY.) — Produced 
by  the  action  of  ethylsulpliurous  chloride  on  amylate  of  sodium  : 

C-ffClSO^  +  C^H"NaO    =    NaCl  +  (C2H=)(C*H")S0'. 
Ethylsulphurous  chloride  is  added  to  amylic  alcohol  containing  an  equivalent  quantity 
of  sodium  in  solution,  and  the  liquid  separated  from  the  precipitated  chloride  of 
sodium  is  freed  from  excess  of  amylic  alcohol  by  passing  a  stream  of  carbonic  di- 
oxide through  it. 

The  compound  may  also  be  formed  by  heating  ethylsulphurous  chloride  with 
amylic  alcohol  in  a  sealed  tube  to  120°;  but  the  hydrochloric  acid  formed  in  the 
reaction  acts  on  another  portion  of  the  amylic  alcohol,  and  the  water  thereby  produced 
decomposes  the  greater  pai't  of  the  double  ether. 

Ethylamylie  sulphite  is  a  faintly  yellowish  oily  liquid,  boiling  with  partial  decom- 
position between  210'-'  and  225^,  and  resembling  amylic  sulphite  in  all  its  reactions. 

BXethylsulpburous  Etbers. — There  are  three  compounds  of  this  group,  cor- 
responding exactly  to  the  ethylsulphurous  ethers  :  viz.,  methylsulphurous  acid,  methyl- 
sulphui'ous  chloride,  and  neutral  methylic  sulphite ;  also  a  methylethylic  sulphite. 

Methylsulphtjeous  Acid,  CH-iSO'  =  (CH3)HS0'.  Sulphometholic,  Methyl- 
dithw')uc,or  S^ilphomcthyhulphuric  Acid.  (Kolbo,  Ann.  Ch.  Pharm.  lir.  174. — Mus- 
pratt,  ibid.  Ixv.  Tol ;  Chem.  Soe.  Qu.  J.  iii.  22.) — This  acid,  discovered  by  Kolbe  in 
184.5,  together  with  its  three  chlorinated  derivatives,  di'dSC,  CH2CFS0^  and 
CHCPSO'-',  is  produced  :  1.  By  the  electrolytic  reduction  of  cither  of  these  chlorinated 
acids  ;  2.  By  the  action  of  nitric  acid  on  sulphocyanate  or  disulphide  of  methyl,  the 
operation  being  conducted  in  the  same  manner  as  for  the  preparation  of  ethylsulphurous 
acid  (p.  653).  (Muspratt.) 

Frcparation  from  Trichlorornethylsulphiirous  Arid. — 1.  A  perfectly  neutral  solu- 
tion of  potassic  trichloromethylsulphite  (p.  558),  is  decomposed  by  the  current  of  a 
two-pair  Bunsen's  battery,  the  electrodes  being  formed  of  amalgamated  zinc.  Tho 
reduction  takes  place  at  first  with  great  rise  of  temperature,  but  quietly,  no  hydrogen 
being  evolved  at  the  negative  pole  till  nearly  the  whole  of  the  trichloromethylsulphite 
is  converted  into  methylsulphite.  After  an  hour's  action  of  the  battery,  the  liquid 
becomes  so  much  charged  with  chloride  of  zinc,  that  zinc  is  deposited  at  the  negative 
pole.  The  zinc  is  then  precipitated  by  carbonate  of  potassium  at  the  boiling  heat ; 
the  filtrate  evaporated  to  its  former  bulk,  aud  the  current  again  made  to  act  upon  it, 
till  the  quantity  of  carbonate  of  zinc  (resulting  from  precipitation  of  the  chloride  of 
zinc,  as  it  forms,  by  the  excess  of  potassic  carbonate)  increases  to  such  an  amount,  that 
zinc  is  reduced  at  the  negative  pole.  The  solution  is  then  again  precipitated  by  carbon- 
ate of  potassium,  and  tho  process  repeated.  The  evolution  of  hydrogen  at  the  negative 
pole  does  not  begin  till  64  pts.  of  zinc  (to  100  pts.  of  CCPKSO'^)  have  been  dissolved 
at  the  positive  pole.  The  liquid,  in  addition  to  methylsulphite,  contains  chloromethyl- 
sulphite,  aud  a  very  large  quantity  of  chloride  of  potassium.  It  must,  therefore,  be 
evaporated  to  dryness  ;  the  residue  boiled  with  alcohol  of  80  per  cent.,  filtered  from 
tho  chloride  of  potassium,  which  for  tho  nio.st  part  remains  undissolved;  the  alcohol 
distilled  off;  and  the  residue,  after  being  diluted  with  water  and  mixed  with  car- 
l>onate  of  potassium,  again  subjected  to  the  action  of  the  current  till  the  evolution  of 
h_ydrogeu  becomes  very  brisk.  This  galvanic  decomposition  (for  70  gTamraes  of  tri- 
chloromethylsulphite) occupies  altogether  about  ten  hours. — 2.  An  amalgam  of  1  pt. 
potassium  and  100  pts.  mercury  is  immersed  in  the  aqueous  solution  of  potassic  tri- 
chloromethylsulphite. Great  heat  is  then  evolved,  and  methylsulphite  of  potassium  is 
formed,  together  with  hydrate  and  chloride  : 

CCPKSO'  +  3H-0  +  K"    =    COTvSO^  +  3KC1  +  3KH0. 

No  hydrogen  is  evolved  till  the  transformation  is  complete. 

Methylsulphurous  acid  is  extracted  from  its  potassium-salt  in  the  same  manner  as 
the  corresponding  chlorinated  acids  (p.  557).  It  forms  a  thick  inodorous  liquid,  which 
bears  without  decomposition  a  temperature  above  300°.  It  is  a  strong  acid,  and  forms 
well-defined  salts. 

The  methyl  sulphites  ai'e  soluble  in  water,  aud  crystalli sable ;  they  are  decom- 
posed by  cdcination  into  metallic  sulphide,  charcoal,  carbonic  oxide,  and  fetid  gaseous 
products  containing  sulphur. 
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The  ammonium-salt  forms  long  deliquescent  prisms. — The potassmm-saH,  CH'KSO' 
(at  100°),  crystallises  from  solution  in  boiling  alcohol  of  90  per  cent.,  in  a  thick  pulp 
of  interlaced  needles.  It  becomes  moist  in  the  air,  but  does  not  deliquesce ;  its 
aqueous  solution  is  neutral  to  test-papers. — An  acid  salt,  CH^KSO'.CH'SO'  (at  100°), 
is  obtained  by  leaving  a  solution  of  the  neutral  salt  in  methylsulphurous  acid  to 
evaporate  in  a  vacuum  over  oil  of  vitriol.  It  forms  dehquescent  quadrilateral  prisms, 
•which  strongly  redden  litmus. 

The  bariuyn-salt,  C-H''Ba"S'0''  (at  100°),  forms  rhombic  transparent  tablets,  per- 
manent in  the  air ;  it  is  precipitated  from  its  aqueous  solution  by  alcohol  in  shining 
slender  needles. —  The  cupric  salt,  C-H*Cu"S'0°.5H^0,  forms  beautiful  xery  soluble 
crystals. — The  lead-salt,  C''^H'*Pb"S'-O^.H-0,  obtained  by  neutralising  methj'lsulphurous 
acid  with  carbonate  of  lead,  crystallises  in  large  rhomboi'dal  prisms,  which  are  per- 
manent in  the  air,  and  give  off  their  water  of  crystallisation  at  100°. — A  basic  lead-salt, 
C^H'^Pb"S20«.2Pb"0  (at  100°),  is  obtained  by  boiling  the  neutral  salt  with  oxide  of 
lead,  and  evaporating  in  a  vacuum,  as  a  white  amorphous  mass,  the  solution  of  which 
is  precipitated  by  carbonic  acid. 

The  silver-salt,  CH^AgSO',  crystallises  readily  in  thin  anhydrous  laminae,  having  an 
acid  reaction  and  sweetish  taste,  and  not  very  easily  altered  by  exposure  to  light ;  the 
solution  may  be  evaporated  by  heat  without  decomposition. 

Methvlsulphueous  Chloeide,  CH'CISO^  (Carius,  Ann.  Ch.  Pharm.  cxiv. 
140;  Jahresb.  1860,  p.  422.) — Prepared  by  heating  methylsulphurous  acid  with  twice 
its  weight  of  phosphoric  pentachloride,  adding  a  little  more  of  the  latter,  and  isolating 
by  fractional  distillation  the  portion  of  the  product  which  boils  between  150°  and  153°. 
Wlien  freshly  prepared  it  is  a  colourless  liquid,  having  an  odour  like  that  of  neutral 
ethylic  sulphite,  but  likewise  sharp,  and  exciting  sneezing.  It  fumes  slightly  in  the 
air,  sinks  in  water,  and  is  slowly  decomposed  thereby,  yielding  hydrochloric  and 
methylsidphurous  acid. 

DiMETHYLic  or  Netttral  Methtlic  Sttlphite,  (Cff)-SO'.  (Carius,  Ann. 
Ch.  Pharm.  ex.  209 ;  cxi.  93;  Jahresb.  1859,  p.  86.) — Produced  by  the  action  of  methylic 
alcohol  on  disulphide  of  chlorine  or  on  sulphmous  chloride,  also  by  that  of  methylic 
alcohol  on  methylsulphurous  chloride,  the  reactions  being  exactly  similar  to  those  by 
which  ethylic  sulphite  is  obtained  (p.  554). 

It  is  a  colourless  liquid,  boiling  at  121-5°,  under  a  barometric  pressure  of  755'4  mm. 
Specific  gravity  of  liquid  =  1  0456  at  16'2°  (compared  with  that  of  water  at  4°  as 
unity) :  of  vapour,  obs.  =  3'655  to  3703  ;  calc.  =  3796.  When  not  decomposed  by 
exposure  to  moist  air,  it  has  an  agreeable  odour  resembling  that  of  ethylic  sulphate. 

It  dissolves  in  all  proportions  in  alcohol  and  ether ;  slightly  in  water,  with  evolu- 
tion of  sulphm-ous  oxide  and  formation  of  methylic  alcohol ;  and  reacts  with  alkalis, 
ammonia,  and  pentachloride  of  phosphorus,  exactly  like  ethylic  sulphite. 

Methtlethylic  Sulphite,  C'H'S0»  =  (CH3)(C-H*)S0'.  (Carius,  Ann.  Ch. 
Pharm.  cxi.  93;  Jahresb.  1859,  p.  88.) — Produced  by  the  action  of  ethylsulphurous 
chloride  on  methylate  of  sodium,  the  mode  of  preparation  being  similar  to  that  of 
ethylamylic  sulphite  (p.  554).  It  is  a  colourless  fragrant  liquid,  which,  on  exposure  to 
the  air,  takes  up  water  and  gives  off  sulphurous  acid.  Boiling-point  140°  to  141'5°. 
Specific  gravity  of  the  liquid  =  1-0676  at  18°  (water  at  4°  =  1);  of  the  vapour  = 
4'3045.    Its  reactions  are  similar  to  those  of  ethylic  and  methylic  sulphite. 

Chlorinated  Methylsulphurous  Acids. 

Three  chlorinated  acids  are  known,  derived  from  methylsulphurous  acid  by  the  sub- 
stitution of  one,  two,  and  three  atoms  of  chlorine  for  hydrogen. 

CHLOEOMETHYLSTiLPHirEors  AciD,  CH^CISO^  =  (CH=C1)HS0'.  Chloro- 
m ethyl dithionic  Acid,  Chlorelayl-hyposulphurie  Acid.  (Kolbe,  Ann.  Ch.  Pharm.  liv. 
174.) — Produced  by  the  partial  dechlorination  of  dichloromethylsulphurous  acid,  by 
means  of  the  electric  current.  To  prepare  it,  the  aqueous  solution  of  potassic  dichloro- 
methylsulphite,  CHKCISO^  (p.  567),  is  mixed  with  sulphuric  acid,  and  digested  with 
zinc  till  saturated  therewith.  The  solution  is  then  left  to  cool,  and  decanted  from  the 
crystallised  zincate  of  potassium  ;  the  rest  of  the  zinc  is  thrown  down  from  it  by  boiling 
with  carbonate  of  potassium  ;  the  filtrate  is  evaporated ;  and  the  residue  pounded  and 
boiled  with  alcohol  of  80  per  cent.  On  evaporation,  cliloromethylsulpliite of  potassium 
is  obtained,  mixed  however  with  a  considerable  quantity  of  unaltered  dichloromethyl- 
sulphite.  It  must  therefore  be  again  treated,  as  above,  with  sulphuric  acid  and  zinc  ; 
and  on  subsequent  treatment  with  alcohol,  but  little  of  the  latter  salt  will  remain. 
To  convert  this  portion  likewise,  the  aqueous  solution  of  the  residue,  acidulated  with 
a  small  quantity  of  sulphuric  acid,  is  exposed  to  the  action  of  two  elements  of  Bun- 
sen's  ziuc-carbon  battery — the  cui'rent  being  conducted  into  the  solution  by  two 
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amalgamated  zinc-platos — till  the  evolution  of  hydrogen  at  the  negative  pole  ceases, 
and  zinc  is  deposited  upon  it.  The  zinc  is  then  precipitated  from  the  solution  by 
carbonate  of  potassium ;  the  filtrate  acidulated  with  sulphuric  acid  and  again  exposed  to 
the  electric  current ;  the  solution  again  precipitated  with  carbonate  of  potassium  ;  and 
these  operations  repeated  three  or  four  times,  till  the  whole  of  the  salt  is  converted 
into  CCIH-KSO' — that  is  to  say,  till  the  salt,  when  ignited,  no  longer  gives  off  hydro- 
chloric acid,  inasmuch  as  this  acid  is  evolved  from  the  diclilorinated  but  not  from 
tile  monochlorinated  salt.  To  ascertain  whether  the  conversion  is  complete,  a  sampli; 
of  the  solution  is  evaporated  to  dryness,  and  exhausted  by  boiling  with  absolute 
alcohol ;  the  crystals,  which  separate  from  the  alcoholic  solution  on  cooling,  are  dried 
and  heated  in  a  test-tube  ;  and  the  condensed  drops  are  mixed  with  solution  of  silver. 
There  is  no  method  of  separating  tlie  two  salts.  The  liquid  subjected  to  the  action  of 
the  current  must  always  contain  free  sulphuric  acid;  otherwise  the  chloromcthylsul- 
phite  will  be  further  converted  into  methylsulphite.  As  soon  as  the  diehloromethyl- 
sulphite  has  completely  disappeared,  the  liquid  is  treated  with  carbonate  of  potassium 
to  precipitate  the  zinc  ;  the  filtrate  evaporated  to  dryness  ;  the  residual  mass  boiled 
with  alcohol  of  80  per  cent.,  which  leaves  behind  the  sulphate,  and  the  greater  part 
of  the  chloride  of  potassium  ;  the  potassium  is  precipitated  from  the  alcoholic  filtrate 
by  sulphuric  acid  in  slight  excess;  the  filtrate  evaporated  till  the  boiling-point  rises  to 
130°,  and  all  the  hydrochloric  acid  is  expelled  ;  the  viscid  residue  diluted  with  water ; 
the  solution  saturated  with  carbonate  of  lead,  and  filtered  from  the  insoluble  sulphate 
of  lead ;  and  the  filtrate,  freed  from  lead  by  sulphuretted  hydrogen,  is  again  filtered,  and 
concentrated  hj  evaporation.    The  residue  is  the  concentrated  aqueous  acid,  CH^CISO^ 

Chloromethylsulphurous  acid  is  a  thickish  liquid,  syrupy  at  16°;  strongly  acid ; 
yiehls  no  crystals  ;  sustains  a  heat  of  140°  without  decomposition. 

The  chloromethylsulphites  are  all  soluble  in  water,  and  most  of  them  are 
crystalli sable.  —  The  a/nmonium-salt  crystallises,  by  slow  evaporation,  in  deliquescent 
prisms. — The  potassium-salt,  CIPKCISO',  crystallises  in  needles  from  a  hot  saturated 
solution  in  alcohol  of  96  per  cent.,  the  liquid  thereby  becoming  semi-solid.  The 
needles  pressed  between  paper,  and  dried  at  100°,  are  anhydrous  ;  at  a  red  heat,  they 
give  olf  water  and  sulphurous  oxide,  with  a  trace  of  sulphur,  and  leave  chloride  of 
potassium  much  blackened  by  charcoal : 

CH'KCISO'    =    KCl  +  C  +  n=^o  +  SO^. 

The  salt  becomes  moist  in  the  air,  but  does  not  deliquesce.  It  does  not  dissolve  in 
aKsolute  alcohol. 

The  si>din»i-sa/t  crystallises  from  boiling  alcohol  of  96  per  cent.,  in  needles  united 
in  stellate  groups,  and  deliquescent  in  the  air. — The  barium-salt  forms  small  rliombic 
tables,  which  redden  litmus  faintly,  and  have  a  cooling  saline  taste. 

Lcad-saU,C-lV£h"C[-S-0^  (at  100°).— The  aqueous  acid,  saturated  with  carbonate  of 
lead,  and  evaporated  over  oil  of  vitriol,  yields  delicate  silky  needles,  united  in  tufts. 
After  being  pressed  between  paper  and  dried  over  oil  of  vitriol,  they  appear  dull  and 
opaque,  and  retain  3-7  per  cent.  (1  at.)  water,  which  escapes  at  100°. — The  salt  dis- 
solves very  readily  in  water,  forming  a  solution  which  reddens  litmus,  and  tastes  sweet 
at  first,  but  afterwards  astringent. 

The  solution  boiled  with  lead-oxide  yields  an  alkaline  filtrate,  which  deposits  car- 
bonate of  lead  on  expcsure  to  the  air. 

Silver-salt. — The  saturated  solution  of  carbonate  of  silver  in  the  aqueous  acid, 
evaporated  over  oil  of  vitriol  in  vacuo  and  in  the  dark,  leaves  a  piale-yellow  viscid 
liquid,  which  with  dijficulty  yields  small  crystals,  having  a  slight  acid  reaction,  a 
sweetish  and  disagreeably  metallic  taste,  and  very  sensitive  to  light  and  heat. 

DiCHLOBOMETHYLSULPHUEOTJS  A  C I  D,  CH-'CPSO^  =  (CHCP)HSOl  LicllIoTO- 

mcthyldithioiiicon  Chloroformyl-ht/posulphurous  Acid.  (Kolbe,  loc.cit.) — This  acid  is 
obtained: — 1.  As  a  zinc-salt,  by  dissolving  zinc  in  trichloromethylsulphurous  acid  : 
2CHCPS03  +  Zn=    =    C-WCW.nS'O^  +  Zn"CR 

The  zinc  is  precipitated  from  the  resulting  solution  by  carbonate  of  potassium  ;  the 
filtrate  evaporated  to  dryness ;  and  the  residue  is  boiled  with  alcohol  of  96  per  cent. : 
the  solution,  as  it  cools,  deposits  crystals  of  potassic  dichloromethylsulphite. 

2.  More  easily,  as  a  potassium-salt,  by  boiling  dichloromethylsulphurous  chloride, 
CHCPSO^  (p.  659),  with  potash  : 

cncrso=  +  kiio  =  ctici-kso^  +  nci. 

The  excess  of  potash  is  neutralised  with  carbonic  acid  ;  the  liquid  evaporated  to  dry- 
ness ;  and  the  dichloromethylsulphite  of  potassium  is  separated  from  chloride  of  potas- 
sium by  boiling  spirit  (as  in  the  first  method),  and  further  purified  by  recrystallisation 
from  water,  till  it  no  longer  gives  a  cloud  with  nitrate  of  silver. 
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To  obtain  the  acid  from  tlie.  potassium-salt,  the  alcoholic  solution  of  this  salt  is  mixed 
with  sulphuric  acid;  and  the  liquid  filtered  from  the  sulphate  of  potassium  is  evapo- 
rated as  far  as  possible  without  decomposition.,  and,  if  chloride  of  potassium  be  present, 
tin  all  the  hydrochloric  acid  is  driven  oif.  The  sulphuric  acid  is  then  precipitated 
from  the  filtrate  by  baryta-water,  added  exactly  in  the  right  proportion;  the  filtrate 
evaporated  as  far  as  possible ;  and  the  residue  exhausted  by  boiling  ether,  which 
leaves  undissolved  any  salt  that  may  still  be  present,  and  on  evaporation  leaves  the  acid 
in  the  form  of  a  coloured  liquid.  To  decolorise  this  acid,  oxide  of  lead  is  dissolved  in 
it,  the  load  precipitated  by  sulphuretted  hydrogen,  and  the  liquid  filtered.  The 
colouring-matter  remains  with  the  sulphide  of  lead,  and  the  filtrate,  evaporated  in 
vacuo,  leaves  the  crystallised  acid. 

Dichloromethylsulphurous  acid  crystallises  by  evaporation  in  a  vacuum,  in  small, 
colourless,  deliquescent  prisms.  Its  properties  are  very  much  like  those  of  trichloro- 
methylsulphurous  acid.  It  decomposes  chlorides,  sustains  a  heat  of  140°  without 
alteration,  but  melts  at  a  higher  temperature,  with  evolution  of  white  vapours  and 
separation  of  carbon.  It  is  not  oxidised  by  nitric,  nitromuriatie,  or  chromic  acid.  It 
dissolves  zinc  with  evolution  of  hydrogen,  forming  dichloromethylsulphite,  and  like- 
wise monochloromethylsulphite  of  zinc.  The  quantity  of  the  latter  salt  is  greater  as 
the  evolution  of  hydrogen  is  kept  up  for  a  longer  time  by  continual  addition  of  sul- 
phuric acid ;  its  foi'mation  is  represented  by  the  equation  : 

2CH-CPS0^    +    Zn-         Zn"CP  +  C^H-'CPZu'S-O''. 

The  dichloromethylsulphites  are  soluble  in  water,  some  of  them  also  in 
alcohol.  They  are  distinguished  from  the  chloromethylsulphites  by  giving  off  hydro- 
chloric acid  by  dry  distillation,  together  with  sulphurous  and  carbonic  anhydrides  ;  the 
residue  consists  of  metallic  chloride  slightly  coloured  by  charcoal : 

2CHCPKS0'    =    2KC1  -i-  C  +  280^  +  C0=  +  2HC1. 

Carbonic  oxide  is  also  found  among  the  gaseous  products,  being  probably  formed  by 
the  action  of  the  free  carbon  on  the  carbonic  anhydride. 

The  ammonium-salt  crystallises  by  spontaneous  evaporation  in  colourless  prisms, 
permanent  in  the  air,  and  often  an  inch  long. — 'Yh.ei  poiassium-salt,  CHCl-KSO^  forms 
small  pearly  scales.  It  dissolves  in  water  and  in  boiling  alcohol,  but  not  in  cold 
absolute  alcohol.  It  is  permanent  in  the  air,  neutral  to  test-papers,  and  has  a  slightly 
saline  taste.  It  bears  a  heat  of  250°  without  decomposition,  but  at  higher  tempera- 
tures it  is  decomposed  in  the  manner  above  mentioned. — The  silver-salt,  CHCPAgSO^, 
obtained  by  neutralising  tlie  acid  with  carbonate  of  silver,  is  very  sensitive  to  light 
and  heat.  When  protected  therefrom,  it  may  be  obtained  by  evaporation  in  a  vacuum, 
in  small  transparent  crystals,  which  may  be  heated  to  150°  without  decomposing. 

TRiCHi.OEOMETHYLSTJLPHtiEOTrsAciD,(CCP)IIS0^.  Trickloromcth yld ithionie 
or  ChlorocarbohT/posiilpkuric  Acid.  (Kolbe,  loc.  cit.) — Obtained  as  a  potassium — or 
barium-salt,  by  gently  heating  tricliloromethylsulphurous  chloride,  CCPSO'^  (p.  559), 
with  potash  or  baryta ;  and  isolated  by  decomposing  the  barium-salt  with  sulphuric 
acid,  removing  the  excess  of  sulphm-ic  acid  with  carbonate  of  lead,  and  the  excess  of 
lead  by  sulphydric  acid. 

The  acid  crystallises  by  evaporation  in  small  colourless  prisms,  containing 
CHCPSO'.H-'O.  The  crystals,  dried  in  a  vacuum,  yield  a  colourless  deliquescent 
mass,  difficult  to  dry  completely.  It  melts  at  130"^  in  its  water  of  crystallisation,  and 
begins  to  boil  at  160°,  partly  volatilising;  while  another  part  is  completely  resolved 
into  hydrochloric  acid,  sulphurous  oxide,  and  chloride  of  carbonyl  (phosgene-gas) : 
CHCPSO'    =    HCl  +  S0«  +  C0C1% 

It  easily  dissolves  zinc,  with  evolution  of  hydrogen,  yielding  dichloromethylsulphite  of 
zinc.  It  is  not  attacked  by  boiling  with  fuming  nitric,  nitromuriatie,  or  chromic  acid. 
It  decomposes  all  salts  of  volatile  acids,  even  the  chlorides. 

The  aqueous  acid  is  converted,  by  a  small  quantity  of  potassium-amalgam  (1  pt. 
potassium  to  100  pts.  mercury),  into  dichloromethylsulphite  of  potassium  ;  with  a  larger 
quantity  of  the  amalgam,  the  monochlorinated  salt  is  formed,  and  with  a  still  larger 
quantity,  the  methylsulphite. 

The  trichloromethylsulphites  are  soluble  in  water  and  in  alcohol,  and  have 
an  astringent  metallic  taste.  When  calcined  they  decompose  like  the  aoid,  giving  off 
sxilphurous  oxide  and  phosgene,  and  leaving  a  residue  of  chloride.  The  evolution  of 
phosgene  distinguishes  the  trichloromethylsulphites  from  the  monochlorinated  and 
dichlorinated  salts. 

The  ammonium-saU  fonns  large  regular  prisms,  permanent  in  the  air,  and  resolved 
by  heat  into  sal-ammoniac,  sulphurous  oxide,  and  phosgene. — The  poiassiuni-salt, 
prepared  as  above,  and  purified  by  recrystaUisation.  forms  thin  transparent  plates, 
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which  have  a  harsh  disagreeable  taste,  efSorosco  on  exposure  to  the  air,  and  give  oif 
7'1  percent  (1  at.)  water  at  100°.  It  may  be  heated  to  300°  without  decomposition, 
but  decomposes  at  a  higher  temperature  in  the  manner  above  mentioned.  In  aqueous 
solution  it  is  converted  by  electrolysis,  if  no  free  acid  is  present,  into  methylsulpliite  of 
potassium  (p.  5b!)). 

The  sodium-salt,  obtained  like  tlie  potassium-salt,  forms  thin  rhombic  tables,  wliicli 
effloresce  readily,  and  are  more  soluble  in  water  than  the  potassium- salt. — The  barium- 
salt,  C'''Cl''Ba"S'-0''.H'0,  prepared  as  above,  crystallises  on  cooling  from  a  hot  aqueous 
solution,  in  small  colourless  lamins,  but  by  spontaneous  evaporation  in  tables  of  larger 
size.  The  crystals  dried  at  100°  still  retain  3'05  percent.  (1  at.)  water,  which  escapes 
at  100°. 

The  lead-salt,  C^Cl°Pb"S-'0'"'.2IP0,  crystallises  by  spontaneous  evaporation  of  tlie 
aqueous  solution  in  broad  tables,  wliieh  redden  litmus,  and  have  a  sweetish  rough  taste  ; 
they  contain  6'1  per  cent.  (1  at.)  of  water,  which  escape  at  100°  ;  decomposition  begins 
at  150°.  The  aqueous  solution  boiled  with  oxide  of  lead,  yields  an  alkaline  filtrate, 
which  is  precipitated  by  the  carbonic  acid  of  the  air,  and  when  evaporated  in  a  vacuum 
leaves  an  amorphous  basic  salt. 

The  copper-salt  forms  small  tables,  permanent  in  the  air,  and  containing  5  at.  water, 
of  which  only  2  at.  go  off  at  180° — the  other  three  remaining  till  the  salt  begins  to 
decompose. 

Silver-salt,  CCl'AgSO'. — The  aqueous  solution  evaporated  in  a  vacuum,  and  protected 
from  light,  yields  transparent  and  colourless  prisms,  which  redden  litmus,  ha.  e  a 
sweetish  metallic  taste,  Ijlackc^n  on  exposure  to  the  light,  and  likewise  when  their 
aqueous  solution  is  boiled.  Eut  when  freed,  by  heating  to  100°,  from  the  2  at.  water  of 
crystallisation  which  they  contain,  they  remain  colourless  in  sunshine. 


Chloromethi/lsulphuroiis  Chlorides. 

Two  chlorides  are  known,  derived  from  di-  and  tri-chloromethylsulphurous  ticid,  by 
substitution  of  CI  for  HO.  When  they  are  treated  with  alkalis,  the  reverse  substitu- 
tion is  effected,  hydrochloric  acid  being  evolved  and  the  acid  produced  ;  e.  g.: 

(so)'^io  +  g|o  =  (,^)" 

Chloride.  Acid. 

DicHLOROMETHYLSULPHUBOus  Chlohide,  CHCPSO".  (Kolbe,  Ann.  Ch. 
Pharm.  liv.  153. — Gerhardt,  Compt.  chim.  1815,  p.  197.) — This  compound  is  formed 
by  the  action  of  reducing  agents  on  trichloromethylsulphurous  chloride.  When  a  current 
of  sulphurous  oxide  gas  is  passed  through  an  alcoholic  solution  of  the  latter  body,  till  the 
liquid  no  longer  gives  a  precipitate  ■nnth  water,  a  solution  is  formed,  containing — be- 
sides sulphurous  acid — hydrochloric  acid,  sulphuric  acid,  and  dichloromethylsulphurous 
chloride : 

CCPSO'  +  S02  +  2H^0    =    HCl  +  II-SO'  +  CHCPSO'. 

This  chloride  cannot  be  completely  separated  from  the  bodies  with  which  it  is  mixed, 
since  it  is  very  easily  decomposed  by  evaporation,  yielding  phosgene-gas  together  with 
sulphuric  and  sulphurous  acids.  A  small  quantity  spread  out  upon  a  surface  soon  tills 
the  atmosphere  with  suifocating  vapours  of  phosgene  and  sulphiu-ous  oxide: 

CHCPSO'  +  0    =    COCP  -1-  SO^  +  HCl. 

Chlorine  passed  into  the  aqueous  solution  reprceipitates  trichloromethylous  sidphide. — 
Bromine  forms  a  similar  precipitate,  containing  bromine  as  well  as  chlorine. — loelinc 
forms  no  precipitate.  The  aqueous  solution  boiled  with  potash  yields  chloride  and 
dichloromethylsulphito  of  potassium. 

This  compound  has  not  been  obtained  in  the  separate  state,  and  therefore  its  com- 
position has  not  been  determined  by  analysis.  Kolbe  assigned  to  it  the  formula 
CCl-SO-  {schwejligsaiircs  KoMcnchlorid)  ;  the  more  probable  view  of  its  mposition 
above  given  was  suggested  liy  Gerhardt.    The  two  formulae  differ  only  by  HCl. 

TRiCHLOBOMETHYLStrLPHTJBOUS  Chloride.  CCPSO-.  Sulphite  of  Perctdoride 
of  Carbon.  Schwcfligsanrcs  KoMejisupcrchlorid  (Kolbe).  Chloruntcrschu'efligsaurcs 
Chlorkohlinoocyd  (Berzelius). — This  compound,  discovered  by  Berzelius  and 
Marcet  ^Schw.  J.  ix.  298),  and  further  examined  by  Kolbe  (Ann.  Ch.  Pharm.  liv. 
148),  is  produced  by  the  action  of  moist  chlorine  on  carbonic  disulphide : 

CS^  H-  6CP  +  2H-0    =    CC1'S0=  +  SCP  +  4HC1. 

Kolbe  prepares  it  by  introducing  into  a  stoppered  bottle,  having  a  capacity  of  about 
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six  litres,  a  quantity  of  manganic  peroxide  and  hydrochloric  acid  sufficient  to  fill  about 
half  of  it,  then  adding  about  50  grammes  of  carbonic  disulphide,  and  immediately 
closing  the  vessel.  The  mixture  is  left  for  several  days  in  a  cool  place ;  then,  after 
frequent  agitation,  exposed  to  a  temperature  of  about  30°  (most  conveniently  to  the 
rays  of  the  sun  in  summer),  till  the  greater  part  of  the  carbonic  disulphide  is  trans- 
formed. The  action  is  much  facilitated  by  adding  from  100  to  200  grms.  of  commer- 
cial nitric  acid.  All  danger  of  the  vessel  bursting  from  internal  pressure  may  be 
obviated  by  lifting  the  stopper  from  time  to  time.  The  mixtiire  is  then  transferred 
to  a  large  glass  flask,  and  distilled  in  an  oil-bath  into  a  cooled  receiver.  Undecom- 
posed  carbonic  disidphide  then  passes  over  first,  mixed  with  a  yellowish  fetid  liquid  ;  and 
afterwards  the  trichloromethylsulphurous  chloride,  which  attaches  itself  in  crystals  to 
the  sides  of  the  receiver,  but  is  easily  detached  by  slight  blows ;  50  grms.  of  carbonic 
disulphide  yield  nearly  100  grms.  of  trichloromethylsulphurous  chloride. 

This  chloride  is  a  white,  crystalline,  volatile  body,  insoluble  in  water  and  in  acids, 
soluble  in  alcohol,  ether,  and  carbonic  disulphide  ;  its  alcoholic  solution  is  precipitated 
by  water.  It  melts  at  135°,  and  boils  without  alteration  at  170°;  distils  also  with 
vapour  of  water.  It  has  an  extremely  pungent  odour,  excites  tears,  and  produces  a 
disagreeable  roughness  in  the  throat.  Its  alcoholic  solution,  when  recently  prepared, 
is  but  slightly  clouded  by  nitrate  of  silver,  precipitation  not  taking  place  till  the  liquid 
has  remained  for  some  time  in  contact  with  the  air. 

The  compound  sublimes  like  camphor,  in  small,  colourless,  transparent  plates,  having 
an  adamantine  lustre.  In  the  dry  state  it  does  not  alter  the  colour  of  litmus,  but 
reddens  it  when  moist,  in  consequence  of  decomposition.  The  moist  crystals  are  white, 
opaque,  and  form  vegetations  like  hoarfrost.  It  supports  a  moderately  high  tempera- 
ture without  decomposition  ;  but  when  passed  through  a  tube  heated  to  dull  redness, 
it  is  resolved  into  chlorine,  sulphurous  oxide,  and  perchlorethylene : 

2CC1'S02    =    C-CP  +  2CP  +  2S0=. 

When  distilled  with  a  large  excess  of  strong  sulphuric  acid,  it  is  resolved  into  sulphu- 
rous oxide,  hydrochloric  acid,  and  phosgene  : 

CCPSO"  +  WO    =    SO'  +  2HC1  +  COCP. 

In  contact  with  air  and  water,  it  decomposes  in  a  similar  manner,  yielding  hydrochloric 
acid,  sulphurous  oxide,  sulphuric  acid,  and  carbonic  dioxide. 

It  dissolves  in  caustic  potash,  forming  trichloromethylsulphite  and  chloride  of 
potassium. 

Waphthylsulphurous  Acid,  C'»H»S03  =  (C'»H')HSO»  =  c'^ffnl^'- 

phonaphtkalic,  Hyposulphonaphthalic,  ov  Naphthyldithionic  Acid.  (Faraday  [1827], 
Ann.  Ch.  Phys.  [2],  xxxiv.  16-1-.— Berzeliu s,  ibid.  Ixv.  290.— Wohler,  Ann.  Ch. 
Pharm.  xxxvii.  197. — Eegnault,  Ann.  Ch.  Phys.  [2],  bsv.  87. — Laurent,  Rev. 
scient.  xiii.  587. — Kimberly,  Ann.  Ch.  Pharm.  cxiv.  129.) — This  acid  is  produced, 
together  with  naphthylene-sulphurous  (disulphonaphthaUc)  acid,  by  melting  naphtha- 
lene with  strong  sulphuric  acid  or  sulphuric  anhydride.— When  naphthalene  is  dissolved 
to  saturation,  in  strong  sulphuric  acid  heated  to  90°,  and  the  solution  is  exposed  to  the  air, 
it  solidifies  completely  after  some  time  ;  and  the  solidified  mass,  after  being  freed  from 
excess  of  acid  by  pressure  between  porous  tiles,  dissolves  completely  in  water,  pro- 
vided all  the  naphthalene  has  been  converted  into  acid  products.  To  separate  the  two 
acids,  the  aqueous  solution  is  neutralised  with  carbonate  of  barium,  concentrated,  and 
mixed  with  twice  its  volume  of  alcohol,  which  precipitates  naphthylene-sulphite  of 
barium,  while  the  naphthylsulphite  remains  in  solution,  and  may  be  crystallised  there- 
from.— To  obtain  the  free  acid,  the  solution  of  the  barium-salt  is  precipitated  by 
sulphuric  acid ;  the  excess  of  the  latter  removed  by  carbonate  of  lead  ;  the  resulting 
naphthylsulphite  of  lead  is  decomposed  by  sulphydric  acidj  and  the  filtrate  is  evapo- 
rated in  a  vacuum. 

Naphthylsulphurous  acid  may  be  obtained,  by  evaporation  of  its  aqueous  or  alcoholic 
solution,  as  an  irregularly  crystalline  deliquescent  mass,  containing  CH'SCffO.  It 
has  a  strongly  acid,  astringent,  metallic  taste ;  is  extremely  soluble  in  water,  oil  of 
turpentine,  fixed  oils,  and  alcohol,  but  very  slightly  soluble  in  ether.  It  melts 
between  86°  and  90°,  blackens  at  about  120°,  giving  off  an  odour  of  naphthalene,  and 
when  more  strongly  heated  swells  up  considerably,  leaving  a  very  bulky  cinder.  The 
aqueous  solution  turns  brown  on  boiling. 

Naphthylsulphites. — The  acid  is  monobasic.  Its  salts  are  soluble  in  water, 
for  the  most  part  also  in  alcohol,  and  have  a  bitter,  almost  metallic  taste.  When 
heated,  they  give  off  a  considerable  quantity  of  naphthalene,  together  with  sulphurous 
oxide,  and  leave  a  residue  of  sulphate  and  sulphide. — The  potassium-salt  fused  with 
excess  of  potassic  hydrate  is  decomposed,  with  evolution  of  sulphurous  oxide,  and 
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form.'ition  of  a  solid  body,  probably  iiaphthol  or  uaphthylic  alcohol.  (Wurtz, 
Compt.  rend.  Ixiv.  750.) 

The  ammoniimi-salt  crystallises  iu  slender  needles,  permanent  in  the  air.  Its  sohi- 
tion  becomes  acid  on  evaporation.  AVhen  subjected  to  dry  distillation,  it  melts, 
decomposes,  and  takes  fire. — The  potasshim-salt,  2C'°H'KS0'.H-0,  crystallises  in 
small,  white,  very  brilliant  scales,  permanent  in  the  air,  and  slightly  soluble  in  water. 
— The  sodUun-salt  is  similar,  and  has  a  strong  metallic  taste. — The  silver-.- a!t, 
C'H'AgSO',  is  moderately  soluble,  100  pts.  of  water  at  20°  dissolving  aliout  10-3  pts. 
of  it.    The  solution  is  not  decomposed  by  boiling. 

The  harium-mH,  C™H"Ba"S'()''.2H^0,  crystallises  from  a  hot  saturated  solution  on 
cooling,  in  small  tufts  or  cauliflower-heads  ;  by  spontaneous  evaporation  in  irregular 
scales,  grouped  like  cockscombs.  In  the  cb-y  state  it  quickly  absorbs  moisture  from 
the  air.  It  is  but  sparingly  soluble  in  water,  100  pts.  of  water  dissolving  1-13  pts.  of 
it  at  15°,  and  4-76  pts.  at  100°.  It  dissolves  also  in  absolute  alcohol  and  in  ether. 
Heat^'d  on  platinum-foil,  it  burns  with  a  bright  very  smoky  flame,  leaving  a  blackish 
residue. — The  strontium-salt  is  crystalline. — The  calcium-salt  crystallises  with  diffi- 
culty. When  boiled  with  nitric  acid,  it  yields  nitronaphthylsulphite  of  calcium. — The 
magnesium-,  zinc-,  nickel-,  inanganoiis,  and  ferrous  salts  are  also  crystallisable. — The 
cu'pric  salt  crystallises  in  greenish  scales  containing  water,  which  they  partly  give  off 
in  dry  air. — The  iieuiral  lead-salt,  C*°H"Pb"S-0'',  crystallises  less  regularly  than  the 
barium-.salt.  When  heated  it  decomposes,  throwing  out  ramifications  in  all  directions, 
and  increasing  considerably  in  volume.  Its  solution  boiled  with  oxide  of  lead  yields 
a  basic  salt  containing  C™H"Pb"S-08.Pb"0  or  C-°H"Pb"S'0'^.3Pb"0,  according  to  the 
quantity  of  oxide  used. — The  imrcuric  salt,  obtained  by  dissolving  mercuric  oxide  in 
naphthylsulphurous  acid,  is  yellow  and  deliquescent. 

Metanaphthylsiilplmrous  Acid. — This  name  may  be  applied  to  an  acid,  apparently 
isomeric  with  naplitliylsulphurous  acid,  which,  according  to  Faraday,  is  sometimes 
formed  in  small  quantity  in  the  preparation  of  the  latter,  especially  when  1  pt.  of 
naphthalene  is  very  strongly  heated  with  2  pts.  of  concentrated  sulphiu-ic  acid,  with- 
out, however,  allowing  the  mixture  to  give  off  sulphiu-ous  oxide.  On  saturating  the 
aqueous  solution  of  the  product  with  carbonate  of  barium,  the  barium-salt  of  this 
peculiar  acid  is  precipitated,  together  with  sulphate,  and  may  be  dissolved  out  from 
the  latter  by  boiling  water;  on  evaporating  the  resulting  solution,  it  is  deposited  in 
small  hard  crystals,  slightly  soluble  in  water  and  in  alcohol.  This  salt  contains  the 
s;ime  quantity  of  barium  as  the  ordinary  naphthylsulphite,  but  is  distinguished 
from  it  by  not  burning  with  flame  when  heated,  but  merely  smouldering  (Faraday, 
Berzolius). — The  ^jo;'(7A<;m;«-«(7?<  of  the  same  acid  crystallises  in  scales,  soluble  in 
water  and  in  alcoliol. — The  lead-salt  is  very  much  like  the  barium-salt.  By  decom- 
posing it  with  sulphuretted  hydrogen,  an  acid  is  obtained,  which  crystallises  in  scales, 
soft  to  the  touch,  permanent  in  the  air,  but  turning  brown  on  exposure  to  the  sun. 
(Faraday,  Berzelius.) 

Naphthylsulphurous  Chloride,  C'E'CISO'.  (Kimberly,  Ann.  Ch.  Pharm. 
cxiv.  129.) — Produced  by  the  action  of  phosphoric  pentachloride  on  naphthylsulphite  of 
Sodium  dried  at  100^.  On  treating  the  product  with  water,  and  crystallising  the  un- 
dissolved portion  from  ether  free  from  alcohol,  it  is  obtained  pure,  in  colourless, 
microscopic,  rhombic  laminae.  It  is  inodorous,  melts  at  65°,  and  solidifies  in  globular 
masses  on  cooling,  but,  if  kept  from  agitation  and  from  contact  with  solid  bodies,  it 
remains  liquid  below  .55°.  It  di.ssolves  very  easily  in  ether,  benzol,  carbonic  disul- 
phide,  and  phosphoric  oxychloride.  It  is  for  the  most  part  decomposed  by  dry  distil- 
hilion,  the  decomposition  beginning  at  about  120°.  It  is  slowly  decomposed  by  water, 
easily  ^^y  potash,  in  aqueous  and  especially  in  alcoholic  solution,  yielding  alcohol  and 
na|)hthylsulphurous  acid. — Alcohol  converts  it  slowly  in  the  cold,  quickly  when  heated, 
into  othyluaphthylic  sulphite: 

C'TI'CISO-  +  (C=ff)HO    =    HCl  +  (C=H=')(C'»H')SO''. 

Aqueous  <7)«»(0hw  converts  it  into  n  aph  t  hy  1 1  lii  onamie  acid: 

C'lPClSO-  +  IPN    =    HCl  4-  C'"H'NSO-. 

Ethylnaphthylic  Sulphite,  C'^H'^SO^  =  (^i!^' 1 (Kimberly,  loc.  cit.) 
— Prepared  by  heating  1  at.  naphthylsulphurous  chloride  with  not  more  than  2  at. 
alcohol,  in  an  apparatus  so  arranged  that  the  vapours  may  condense  and  flow  back 
again  ;  then  distilling  off  the  excess  of  alcohol,  and  washing  the  residue  with  water; 
if  the  product  is  coloured,  it  must  be  dissolved  in  ether,  and  treated  with  animal  chai» 
coal. 

Ethylnaphthylic  sulphite,  wlien  recently  prepared,  is  a  viscid  liquid  at  ordinary 
I' mperatures,  and  does  not  solidify  even  at  —8°  to  —10°;  but  after  keenino- for 
Vol.  V.  0  0 
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several  days  (or,  if  it  has  been  heated  above  50°,  after  weeks  or  months"),  it  solidifies  in 
nodules  composed  of  laminar  crystals.  It  is  insoluble  in  wafer,  but  mixes  in  aU  pro- 
portions with  alcohol  and  ether.  It  is  decomposed  by  distillation,  gi-\nng  off  sulphurous 
oxide,  yielding  a  considerable  sublimate  of  naphthalene,  and  leaving  a  small  carbo- 
naceous residue. — By  aqueous  or  alcoholic  potash,  it  is  quickly  resolved  into  alcohol 
and  naphthylsulphite  of  potassium.  In  alcoholic  solution  it  is  decomposed  by  water 
in  the  same  manner  as  by  potasli ;  and  when  heated  with  water  alone  in  a  sealed  tube 
to  about  150°,  it  is  resolved,  without  blackening  or  formation  of  secondary  products, 
into  alcohol,  naphthalene,  and  sulphuric  acid  (probably  first  into  alcohol  and  naphthyl- 
sulphurous  acid,  which  is  then  further  split  up  into  naphthalene  and  sulphuric  acid). 
— With  pcntachloride  of  jihosphorus,  it  yields  ethylic  chloride,  naphthylsulphurous 
chloride,  and  phosphoric  oxychloride : 

(C='ff)(C'°H')SO'  +  PGP    =    C^ffCl  +  C'H'ClSO'i  +  POCP. 

C"'H'.H)„ 

Naphthylthionaviic  Acid,  CoH^NSO^  =      (S0)'7i:  NaphthyliMonamide. 

H  )^ 

(Kimberly,  foe.  cit.) — Produced,  by  triturating  naphthylsulphurous  chloride  with 
ammonia,  as  a  yellow  oil,  which  solidifies  to  an  amorplious  mass.  It  dissolves  easily 
in  ether  and  in  alcohol,  and  separates  from  either  solution  in  microscopic  crystals, 
apparently  quadratic  combinations,  P  .  oP  .  Poo  ,  with  the  angle  P  :  P  on  the  lateral 
edges  =  llO''.  It  dissolves  also  in  aqueous  ammonia,  in  strong  hydrochloric  acid,  and 
in  glacial  acetic  acid,  and  crystallises  from  the  two  latter  solutions  unaltered.  It  is 
inodorous,  has  a  greyish-yellow  colour  when  dry,  light-yellow  when  moistened  with 
aqueous  ammonia,  gradually  turning  red  on  exposure  to  the  air.  It  melts  without 
decomposition,  in  boiling  water,  to  a  viscid  liquid,  which  solidifies  to  an  amorphous 
mass  ;  at  a  higher  temperature,  it  chars  and  gives  off  pungent  vapours. 

It  is  quickly  decomposed  by  aqueous  potash,  yielding  ammonia  and  naphthyl- 
sulphite of  potassium.  Heated  with  aqueous  7iitritc  of  potassium,  it  gives  oif  nitrogen, 
and  is  converted  into  naphthylsulphite  of  potassium  ;  part  of  it  is,  however,  ti-ansformed 
at  the  same  time  into  a  resinous  substance,  insoluble  in  water,  and  detonating  sliglitly 
when  heated. 

When  the  alcoholic  solution  of  the  acid,  containing  a  little  free  ammonia,  is  mixed 
with  excess  of  argentic  nitrate,  and  the  ammonia  is  allowed  to  evaporate  gradually  at 
ordinary  temperatures,  argentic  naphthylthionamate,  C'"ll''AgNSO-,  is  de- 
posited as  a  white  crystalline  substance,  easily  soluble  in  alcohol,  ether,  and  ammonia, 
and  quickly  blackening  when  exposed  to  light. 

Benzonaphthylthionamic  acid,  C"'H''(C'H^O")NSO^  is  produced  by  fusing  naphthyl- 
thionamic  acid  with  an  equivalent  quantity  of  benzoic  chloride,  till  hydrochloric  acid 
is  no  longer  evolved ;  and  on  washing  the  product  with  lukewarm  water,  drying  it, 
and  recrystallising  from  alcohol,  it  separates  in  microscopic  prismatic  crystals,  easily 
soluble  in  alcohol,  ether,  aqueous  ammonia,  and  glacial  acetic  acid.  It  melts  without 
decomposition  at  100°,  but  decomposes  at  a  higher  temperature,  and  when  boiled  with 
aqueous  potash,  gives  oiF  ammonia,  and  yields  benzoate  and  naphthylsulphite  of 
potassium.  When  its  solution  in  absolute  alcohol  is  mixed  with  ammonia  and  argentic 
nitrate,  and  left  to  evaporate,  it  deposits  argentic  b enzon  aph thy  Ithion amat e, 
C"'H'Ag(C'H^O)NSO^  as  an  amorphous  flocculent  precipitate,  which  dissolves  some- 
what slowly  in  alcohol,  and  may  be  crystallised  in  microscopic  needles  by  mixing  its 
ammouiacal  alcoholic  solution  with  a  slight  excess  of  acetic  acid,  and  gently  warming 
the  liquid.  (Kimberly.) 

Bromo;  CMoro-,  and  Nitro-naphthylsulpMirous  Acids. 

These  acids  are  formed  by  heating  the  bromo-,  chloro-,  and  nitro-naphthalenes  with 
fuming  sulphuric  acid,  or  (in  the  case  of  the  monochlorinated  compound)  with  ordinary 
concentrated  sulphuric  acid. 

Sromonaphthylsulphurous  Acid,  C'H'BrSO'  =  (C"'H^Br)HSO\  (Lau- 
rent, Compt.  chim.  1849,  p.  392.) — When  the  solution  obtained  by  heating  bromo- 
naphthalene  with  fuming  sulphuric  acid  is  neutralised  with  potash,  diluted,  and  boiled, 
the  filtered  liquid  deposits,  on  cooling,  a  crystalline  pulp  of  potassic  bromonaphthyl sul- 
phite, C'E^BrKSO',  which  is  colourless,  slightly  soluble  in  cold  water,  moderately 
soluble  in  boiling  water  and  alcohol,  whence  it  crystallises  in  tubercles.  Boiling  nitric 
acid  converts  it  into  a  yellow  salt,  which  takes  fire  when  heated  in  a  close  vessel,  and 
probably  consists  of  C">HXNO^)BrKSO^ 

A  solution  of  potassic  bromonaphthylsulphite  poured  into  a  warm  moderately  concen- 
trated solution  of  barium-chloride,  precipitates  the  bromonajMhyts-ulphitc  of  barium, 
C2i)H'2Br2Ba"S'0=,  as  a  crystalline  salt  soluble  in  cold  water.    The  solution  of  the 
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potassium-salt  forms  white  precipitates  with  moderately  strong  solutions  of  calcic 
chloride  aud  plumbic  acetate,  but  does  not  precipitate  the  salts  of  magnesium,  man- 
ganese, colialt,  nickel,  zinc,  mercury,  and  silver. 

Bihromonaphihylsuliihurous  Acid,  C'^ffBr^SO'  =  (C"'IPBr-)HSO'. 
(Laurent,  Compt.  chim.  1849,  p.  392.) — Prepared  as  above  from  dibromonaphthalene. 
— The  "potassium-salt,  C"'H''Br-KSO^,  is  crystalline,  and  soluble  in  boiling  alcohol. — The 
liarium-salt,  C-''H"'Br'Ba"S^O'',  is  obtained  by  pouring  a  solution  of  the  potassium-salt 
into  a  boiling  and  very  dilute  solution  of  bariura-cliloride,  and  separates,  on  cooling,  as 
a  flocculent  precipitate  composed  of  microscopic  needles. 

Chloronaj)htkylsulphurous  Acid,  (C"'H«C1)HS0^  (Zinin,  J.  pr.  Chem. 
xxxiii.  36.) — When  a  mixture  of  2  vols,  strong  sulphuric  acid  and  1  vol.  chloro- 
naphthalene  is  heated  to  liO'-"  for  a  quarter  of  an  hour,  a  transparent  brownish  liquid 
is  obtained,  which  does  not  alter  on  cooling  ;  but  is  converted,  by  addition  of  a  few  drops 
of  water,  into  a  ^^■llite,  buttery,  scarcely  crystalline  mass,  which  may  be  freed  from 
excess  of  sulphuric  acid  by  spreading  it  out  on  a  porous  tile  (Zinin).  The  same 
acid  appears  to  be  formed,  with  evolution  of  hj'drocliloric  acid,  on  dissolving  chloride 
of  naphtlialene  in  fuming  sulplmric  acid.  (Laurent.) 

Chloronaphthylsulphurous  acid  dissolves  easily  in  water  and  in  alcohol ;  when  heated, 
it  melts  to  a  brownish  liquid,  decomposes,  and  gives  oiF  an  odour  of  naphthalene. 

The  ammo7iium-s(dt  of  this  acid  is  crystalline  and  very  soluble.  Its  solution  forms 
soluble  curdy  precipitates  with  ferrou.s  and  argentic  salts. — The  potassium-salt  is 
slightly  soluble  in  water  and  in  alcohol. — The  barium-salt,  C-"H'^CPBa"S-0'',  forms 
microscopic  needles  of  a  dull  white  colour,  and  very  soluble. — The  cufric  salt  is  bluish 
and  very  soluble. — The  ferrous  salt  is  a  white  flocculent  precipitate. — The  lead-salt  is 
a  white  nearly  insoluble  powder. — The  silver-salt  is  a  white  curdy  precipitate,  slightly 
soluble  in  water,  and  decomposing  at  100°. 

Dichloro7iaphthylsulphwrous  Acid,  (C"'ffCP)HSO^  (Zinin,  he.  cit.)— 
Prepared  like  the  preceding.  It  is  a  white  buttery  acid,  very  soluble  in  water.  Its 
am/uoniiim-sa/t  is  also  very  soluble. — The  potassium-salt  and  the  hariuin-salt, 
C•-»H'»Cl■'Ba"S■•^0^  form  small  slightly  soluble  needles.— The  silver-salt,  C'»H^CPAgSO^ 
crystallises  in  colourless  scales,  still  less  soluble  than  the  potassium-salt. 

Trichloronaphthylsulphurous  Acid,  (C"'H'CP)HSO'.  (Lau ren t,  Compt. 
chim.  1849,  p.  39-1:.) — Prepared  by  dissolving  trichloronaphthalene  in  fuming  sulphm'ic 
acid,  neutralising  the  diluted  solution  with  potash,  converting  the  potassium-salt  into 
a  barium-salt,  then  into  a  leatl-salt,  and  decomposing  the  latter  with  sulphuric  acid. 
The  aqueous  solution  thus  obtained  solidifies  on  cooling  to  a  mass  of  microscopic 
needles,  which  may  be  purified  by  recrystallisation  from  boiling  alcohol. 

The  ammo7!.ium-salt  of  this  acid  is  easily  soluble  in  water  and  in  aqueous  ammonia. 
Most  of  the  other  trichloronaphthylsulphites,  even  those  of  potassium  and  sodium,  are 
but  very  slightly  soluble  in  cold  water  ;  consequently  the  acid  and  its  ammonium-salt 
form  precipitates  even  in  the  cold  dilute  solutions  of  the  nitrate  and  sulphite  of  potas- 
sium and  sodium,  and  in  those  of  the  chlorides  of  barium  and  calcium,  and  of  the 
sulphates  of  magnesium,  nickel,  and  copper. 

The  potassium-salt  forms  opaque  microscopic  scales,  very  soluble  in  boiling  water, 
nearly  insoluble  in  cold  water  and  in  boiling  alcohol. — The  barium-salt,  C-°H''CPBa"S-0^, 
requires  from  300  to  400  pts.  of  boiling  water  to  dissolve  it. — An  ammoniacal  cupric 
salt,  C™H'Cl'^CuS-0'*.41SIIP.4H'0,  is  obtained  by  pouring  a  solution  of  the  ammonium- 
salt  into  cupric  acetate,  adding  ammonia,  and  heating.  The  solution,  on  cooling, 
solidifies  to  a  filamentous  jelly,  like  the  mycodermic  substances  deposited  from  tartaric 
solutions.    The  washed  salt  has  a  lilac  colour,  changing  to  blue  on  drying. 

Tctrachloronaphthyl sulphurous  Acid,  (C"'H^C1'')HS0^.  (Laurent, Compt. 
chim.  1849,  p.  397.) — Prepared  by  heating  tetrachloronaphthalene  with  fuming  sulphuric 
■Acv\.~'lhe  potassium-salt,  C"'H'C1*KS0^  is  nearly  insoluble  in  cold,  slightly  soluble 
in  boiling  water,  very  soluble  in  boiling  alcohol,  whence  it  separates  in  microscopic 
spherules.  Its  alcoholic  solution  does  not  precipitate  acetate  of  barium,  but  on 
addition  of  water,  the  liquid  coagulates  to  a  gelatinous  mass. 

Nitron  aphthyl  sulphurous  Acid,  C"'H'(NO-)SO'.  (Laurent,  K(5v.  scient.  xiii. 
688.) — Nitronaphtiialeno  heated  with  fuming  sulphuric  acid,  yields  a  red  solution, 
from  which  water  precipitates  more  or  less  unaltered  nitronaphthalene.  The  filtered 
solution  saturated  with  carbonates  yields  the  nitronaphthylsulphites.  The  acid  is 
also  produced  by  the  action  of  nitric  acid  on  naphthylsulphurous  acid.  It  crystallises 
in  microscopic  rhomboidal  scales.  Sulphydrato  of  ammonium  appears  to  convert  it 
into  naphthionie  acid  (iv.  17). 

The  nitronaphthylsulphites  ignite  when  heated  in  close  vessels. — The  ammomum- 
salt  crystallises  in  needles;  the  potassium-salt  by  spontaneous  evaporation,  in  irregular 
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crystals. — The  calcium-salt,  C-''H'-Ca'\NO'')^S-0°,  is  moderately  soluble  in  water  and 
in  alcohol. 

Dinitrona'phthylsulphurous  Acid,  C"'H*(NO-)"SO',  is  formed  by  the  pro- 
longed action  of  nitric  acid  on  naphthylsulphurous  acid. — Its  ammonium-saH, 
C'°fr(NH')(NO^)^SO^,  crystallises  in  yellow  needles  ;  it  is  decomposed  by  sulphydrate 
of  ammonium,  yielding  a  deposit  of  sulphur,  and  a  peculiar  acid,  perhaps  nitronaph- 
thionie  acid.  (Laurent,  Compt.  rend.  xxxi.  537.) 

Pbenylsulpburous  Acid,  CH'^SO'  =  (C''H^)HSO'.  SidjMcnsolic,  Sulphn- 
bcnzinic,or  Sul-phohenzklic  Acid.  (Mitscherlich  [1834],  Pogg.  Ann.  xxxi.  283,  634. 
— Stenhouse,  Proc.  Eoy.  Soc.  xiv.  351. — Wurtz,  Compt.  rend.  Ixiv.  749. — Kekule, 
ibid.  p.  752.) — This  acid  is  produced  by  dissolving  benzene  in  fuming  sulphuric  acid, 
diluting  with  water,  filtering  to  separate  any  sulpliobenzide  (p.  486)  that  may  h;ive  been 
formed  at  the  same  time,  satiu'ating  with  carbonate  of  barium,  converting  the  resulting 
barium-salt  into  a  cupric  salt  by  precipitation  with  cuprie  sulphite,  purifying  tlie 
eupric  salt  by  crystallisation,  and  decomposing  it  with  sulphiu-etted  hydrogen.  Tlie 
acid  may  also  bo  prepared  by  gently  heating  benzene  with  about  an  equal  volume  of 
ordinary  concentrated  sulphuric  acid;  and  (according  to  Stenhouse)  this  is  the  best, 
method  of  obtaining  it  in  large  quantities,  using  4  vols,  sulphuric  acid  to  5  vols,  benzene. 
Phenylsulphurous  acid  evaporated  to  a  syrupy  consistence,  yields  a  ciystaUine  residue, 
which  decomposes  at  a  higher  temperature. 

The  pheny  Isulphites  or  sulphobenzolate  s,  C^H^MSO',  are  very  stable  salts, 
some  of  them  bearing  a  very  high  temperature  without  decomposing.  The  ammonium- 
salt,  however,  decomposes  easily  at  200°,  yielding  sulphophenylamide  (p.  523),  together 
with  sulphurous  oxide,  ammonia,  benzene,  and  a  small  quantity  of  phenylic  sulphide ; 
and  the  sodium-  and  calcium-salts  yield,  by  dry  distillation,  phenylic  sulphide, 
(C''H^)^S,  together  with  carbonic  dioxide  and  sulphurous  oxide.  (Stenhouse,  iv. 
417.) 

The  phenylsulphites  distilled  with  oxychloride  of  phosphorus,  yield  phenylsulphu- 
rous or  sulphophenylic  chloride,  C'H'CISO^  (Gerhardt  and  Chancel).  They 
may  be  boiled  for  a  long  time  with  excess  of  aqueous  potash  without  decomposition, 
l)ut  by  fusion  with  potassic  hydrate  they  are  resolved  into  sulphiirous  acid  and  phenol 
(Wurtz,  KekuU): 

(C«H5)KS0'  +  KHO    =    K^SO'  +  (C6ff)H0. 

Potassic  phenyl-  Phenol, 
sulphite. 

The  phenylsulphites  of  ammonimn,  potassium,  sodium,  and  calcium  crystallise  easily  ; 
the  barium-salt  is  obtained  only  in  crystalline  crusts;  the  cine- a.\iA.nlver-salts  are  also 
crystallisable. — The  cupric  salt,  C'^H"'Cu"S-0'',  forms  fine,  bulky,  hydrated  crj-stals, 
which  give  off  all  their  water  at  170°.  (Mitscherlich.) 

Nitnrphenylstilplmrous  acid,  C''H*(NO)^SO-',  is  produced  by  boiling  phenylsulphurous 
acid  with  nitric  acid. — Its  ammonium-salt,  C°H'(NH'')(NO'-)SO^,  is  converted  by  sul- 
phydric  acid  into  phenylsulphamate  of  ammonium.  (Laurent,  Compt.  rend.  xxxi. 
538.) 

(SO)" )  CI 

Phenylsulphurous  Chloriie,  C^H^CISC  =  qsjjs  [  q-  Sidphophcnylic  or 
Sulphobenzolic  Chloride.  (Gerhardt  and  Chancel,  Compt.  rend.  xxxv.  690.) — Pro- 
duced by  the  action  of  phosphoric  oxychloride  on  a  pheny Isulphite.  To  prepare  it, 
benzene  is  gently  heated  with  an  equal  volume  of  strong  sulphuric  acid,  till  it  is  com- 
pletely dissolved ;  the  liquid,  after  dilution,  is  saturated  with  chalk  ;  the  filtered  solu- 
tion of  calcic  phenylsulphite  is  exactly  decomposed  by  carbonate  of  sodium,  and  tlie 
solution  of  sodic  phenylsulphite  is  filtered  and  evaporated.  This  salt  having  been 
dried  at  150°,  is  then  mixed  in  a  retort  by  small  portions  with  oxychloride  of  phospho- 
rus, so  as  to  form  a  tliick  pulp.  The  reaction  begins  in  the  cold,  and  as  soon  as  it. 
ceases,  the  product  is  to  be  distilled  as  long  as  any  oily  matter  passes  over,  and  the 
distillate  rectified,  collecting  apart  the  latter  portions,  which  distil  at  254°.  The  lower 
portions  contain  also  a  considerable  quantity  of  phenylsulphurous  chloride,  and  may  be 
utilised  for  the  preparation  of  sulphophenylamide  (p.  523). 

Phenylsulphurous  chloride  is  a  colourless,  strongly  refracting  oil,  of  specific  gravity 
1-378  at  23°.  It  boils  at  254°,  has  a  strong  odour  like  that  of  bitter-almond  oil,  and 
fumes  slightly  in  the  air.  It  is  scarcely  attacked  by  water,  but  alkalis  instantly 
convert  it  into  phenylsulphite  and  chloride  of  alkali-metal.  With  aqueous  ammonia 
it  yields  sal-ammoniac  and  sulphophenylamide  (phenylthionamide). 

Phenylsulphurous  Hydride,  CH^SO^  Ben~yhulphurous  Acid.  (Kolbe, 
Ann.  Ch.  Pharra.  cxix.  153  ;'  Jahresb.  1801,  p.  627.) — Produced,  as  a  zinc-salt,  by  the 
action  of  zinc-ethyl  on  phenylsulphurous  chloride  : 

^CnPClSO^  +  Zn"(CTI5)-  _    2C-H^C1  +  C''-lI'"Zn"S^O'. 
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Pure  phenylsulphurous  chloride  is  mixed  with  3  vols,  ether  free  from  water  and  alcohol, 
and  zinc-ethyl  is  gradually  added  tothe  mixture  iu  aflask  tilled  with  dry  carbonic  dioxide, 
t  he  liquid  becoming  hot,  and  depositing  a  white  powder  at  each  addition.  As  soon  as 
a  portion  of  the  mixture  no  longer  exliibits  the  smell  of  the  chloride,  the  pasty  mass  is 
to  bo  heated  to  100°  to  expel  the  ether,  and  the  excess  of  zinc-ethyl  is  decomposed  by 
water,  which  will  not  dissolve  the  basic  zinc-salt  formed  in  the  reaction,  even  on 
boiling.  On  treating  it  with  hydrochloric  acid,  the  whole  dissolves,  excepting  a  small 
quantity  of  a  disagreeably-smelling  oil  [porhaps  C'^H^(C-H'')SO'] ;  and  the  decanted 
liquid,  on  cooling,  deposits  phenylsidphurous  hydi'ido,  in  large,  mostly  stellate  prisms, 
which  may  be  freed  from  the  last  traces  of  the  oil  by  recrystallisation.  Its  formation 
from  the  zinc-salt  is  represented  by  the  equation  : 

C'=H'"Zu"S-0'  +  2HC1    =    Zn"Cl-  +  2C''H«S0^ 

Phenylsulphurous  liydride  dissolves  slightly  in  cold,  easily  in  boiling  water — freely 
also  in  alcohol,  and  especially  in  ether.  It  is  inodorous;  has  a  sti'ong  acid  taste  and 
reaction ;  cannot  be  sublimed,  melts  below  100°,  and  begins  to  decompose  when  heated 
above  100°.  It  is  oxidised  to  phenylsulphurous  acid,  slowly  by  contact  with  the  air, 
quickly  by  nitric  acid.  By  nascent  hydrogen  (evolved  from  sulphuric  acid  by  zinc),  it 
is  converted  into  pihenylic  sulphydrate. 

Phenylsnlphurous  hydride  is  a  monobasic  acid,  which  easily  decomposes  metallic 
hydrates  and  carbonates.  According  to  Kekule's  views  of  the  composition  of  the  aro- 
matic bodies,  it  maybe  regarded  as  benzene-sulphurous  acid,  C'^ff(SO-H), 
that  is  as  benzene  in  which  1  at.  H  is  replaced  by  the  sulphurous  acid  residue,  SO-'H  ; 
the  hydrogen  in  this  residue  is  still  replaceable  by  metals. 

The  ainmo7iiimi-sa/t  crystallises  in  colourless  silky  laminae,  easily  soluble  in  water, 
sparingly  in  alcohol  and  ether. — The  barmmsalt,  C'-II"'Ba"S-0',  forms  crystalline 
nodules,  easily  soluble  in  water,  less  soluble  in  alcohol. — The  cupricsa/t  separates  from 
a  strongly  concentrated  solution,  in  yellowish-green  larainfe,  having  a  satiny  lustre  and 
slightly  soluble  in  alcohol. — The  silver-salt,  C^H^AgSO-,  separates  from  a  hot  aqueous 
solution  on  cooling  in  satiny  laminse,  slightly  soluble  in  cold  water.  The  same  salt  is 
obtained,  as  a  white  curdy  precipitate,  on  mixing  the  aqueous  acid  with  nitrate  of 
silver. — The  neutral  zinc-salt,  C'''^H'"Zn"S-0',  is  obtained  by  boiling  the  aqueous  acid 
with  zinc-carbonate,  or  by  decomposing  the  basic  salt  obtained  in  the  preparation  of 
the  acid  with  cai'bonic  acid,  and  evaporating  the  filtrate.  It  ciystallises  iu  oblique 
rhombic  plates  with  truncated  angles,  moderately  soluble  in  cold  and  in  hot  water. 

DlVHENYL-DISULPlUTROUS  Or  DiPHENTL-DISULPHOPHEXYLIC  AciD,  C''n"'S'0".  (Fit- 
tig,  Ann.  Ch.  Pharm.  cxxxii.  201.) — Formed  by  dissolving  phenyl  (iv.  4:09)  in  warm 
concentrated  sulphuric  acid:  the  warm  much-diluted  solution  is  neutralised  with 
carbonate  of  potassium  ;  and  the  sparingly  soluble  potassium-salt,  which  separates 
on  cooling,  is  crystallised  sever;d.  times  from  water.  The  acid  separated  from  the  lead- 
salt  by  sulphuretted  hydrogen  crystallises  by  evaporation  over  oil  of  vitriol  in  prismatic 
deliquescent  crystals,  which  melt  at  72'5°,  and  deconqiose  when  heated  above  200°. 
The  acid  is  dibasic. — The potassiznn-salt,  C'H'K^S-O",  crystallises  in  efflorescent  prisms 
or  scales,  insoluble  in  alcohol,  slightly  soluble  in  coLl,  more  easily  in  hot  water,  and 
decomposing  at  a  red  heat. — The  Inti-ium-salt,  C'"iI"Ba"S'-0'',  is  a  white  crystalline 
precipitate,  nearly  insoluble  in  water  and  in  acids. — The  calcium-salt,  C'^H''Ca"S-0'', 
is  also  very  dilficultly  soluble  in  cold  water,  and  is  formed  onlj'  on  heating  the  solution  of 
the  potassium-salt  with  chloride  of  calcium. — The  lead-salt  is  insoluble  in  water,  but 
soluble  in  acids. — The  silver-salt  crystallises  iu  laminse,  more  soluble  iu  cold  wntor  than 
the  potassium-salt.  The  salts  of  other  metals  do  not  form  precipitates  with  the  solu- 
tion of  the  potassium-salt. 

Thymylsulpburous  Acid,  C'lI^SO'.  Syn.  with  Cymylsulpiiueous  Acid 
(ii.  208). 

Xylylsulphurous  Acid,  C«II"'SO''  =  (C''H')HSO^  Sulplwxi/lenic  or Sitlp/io.ri/lo- 
licAiid.  (Cahours,  Compt.  rend.  xxx.  319. — Church,  Chem.  Soc.Qu.,!.  xiv.  52. — 
Volck  el,  Ann.  Ch. Pharm.  Ixxxvi.  33.5. — Do  la  Euoand  Miiller,  Chem.  Sec.  Qu.  J. 
xiv.  64.) — AVhen  xylene  is  left  in  contact  for  a  week  with  fuming  suljiluiric  acid,  part 
of  it  dissolves,  and  the  undissolved  portion  becomes  more  or  less  filled  with  long, 
colourless,  shining  needles  of  xylylsulphurous  acid.  They  have  a  strongly  acid,  after- 
w;irds  bitter  taste  ;  dissolve  readily  in  water  and  iu  sulphuric  acid  ;  deliquesce  quickly 
on  exposure  to  the  air,  and  may  be  heated  to  meltaiig  in  a  vacuum  or  in  vapour  of 
xylene  without  decomposition;  at  a  higher  temperature  they  become  dark-coloured. 

Xi/h/hulphite  of  hariiim,  C"'H"Ba"S'^0'',  crystallises  iu  nacreous  transparent  scales, 
not  altered  by  boiling  with  water. 


566        SULPHUR:  OXIDES  AND  OXYGEN-ACIDS. 


/3.  Sulphurous  Ethers  containing  Diatomic  Alcohol-radicles. 

Etbylene-sulpburoas  Acid,  C^H'S^O^    =    {Cm')'R\BO''f  =  {C''W)"}0\ 

W  S 

Bisulphetholic  Acid.  (Buckton  and  Hofmann  [1856],  Chem.  Soe.  Qu.  J.  ix. 
250  ;  Ann.  Cli.  Pharm.  c.  129. — Husemann,  Ann.  Cli.  Pharm.  cxxvi.  269  ;  Jahresb. 
1862,  p.  428.) — This  acid  is  produced  : — 1.  By  heating  ethylenic  di-  or  tri-sulpho- 
carbonate  (p.  502)  -with  fuming  nitric  acid  : 

(C^H^)C0S2  ^  4N0^H    =    (C'-H<)mS^O''  +  4N0  +  CO^  +  H^O. 
(C2H^)CS'  +  6N0'H    =    (C-'H^)H-S=0'^  +  6N0  +  CO^  +  SO^  +  2W0. 

The  liquid  is  heated  as  long  as  nitrous  fumes  are  evolved,  then  evaporated  with 
repeated  addition  of  water,  and  neutralised  with  carbonate  of  lead  ;  the  lead-salt, 
which  crystallises  out,  is  decomposed  by  sulphuretted  hydrogen ;  and  the  filtered 
solution  of  ethylene-sulphurous  acid  is  e\-aporated  to  a  syrup.  (Husemann.) 

2.  Together  with  sulphopropionic  acid,  by  the  action  of  fuming  sulphuric  acid  on 
propionitrile  (cyanide  of  ethyl)  or  propionamide : 

C^H^N  +  SH^SO*    =    C-H^S^O"  +  (NH^)HSO<  +  CO*. 

Propionitrile.                             Etliylene-  Acid  sulpliate 

sulplmrous  of  ammoDium. 
acid. 

C'ffN    +   H^O  +  2H'^S0*    =    C'H'SO^  +  (NHJ)HSO'. 

Propionitrile.  Sulphopro-         Acid  sulphate 

pionic  acid.         of  ammonium. 

Propionamide,  (C'H'NO),  which  differs  from  propionitrile  only  by  H'O,  is  acted  upon 
by  sulphuric  acid  in  exactly  the  same  manner ;  and  being  easier  to  prepare  than  pro- 
pionitrile, is  used  in  preference  for  the  preparation  of  ethyleue-sulphurous  acid.  For 
this  purpose,  a  mixture  of  propionamide  with  an  equal  volume  of  Nordhausen  sulphtmc 
acid,  is  heated  as  long  as  carbonic  dioxide  is  evolved  and  propionic  acid  distils  over. 
The  solid  residue  is  then  dissolved  in  water;  the  free  sulphuric  acid  is  neutralised 
with  finely-pounded  marble  ;  the  sulphate  of  ammonium  is  decomposed  by  boiling  the 
liquid  with  carbonate  of  barium  till  it  no  longer  gives  a  permanent  precipitate  with 
chloride  of  barium ;  and  the  filtered  solution  of  ethylene-sulphite  of  ammonium  is 
concentrated  to  the  crystallising-point.  To  obtain  the  free  acid,  this  salt  is  converted 
into  a  barium-salt  by  boiling  with  baryta-water;  the  barium-salt  is  decomposed  by 
sulphuric  acid  ;  the  acid  filtrate  is  boiled  with  carbonate  of  lead  ;  and  the  resulting 
lead-salt,  after  crystallisation,  is  decomposed  by  sulphuretted  hydrogen.  (Buckton 
and  Hofmann.) 

The  syrupy  acid,  obtained  by  carefully  evaporating  the  aqueous  solution,  solidifies, 
when  left  over  oil  of  vitriol,  to  a  radio-crystalline,  very  deliquescent  mass,  consisting 
(according  to  Husemann)  of  C-'H''S-'0".H-0.  It  gives  off  its  1  at.  water  at  100^ ;  and 
the  anhydrous  acid  melts  at  94°,  and  solidifies  again  at  60°  (Husemann) ;  at  higlier 
temperatures  it  chars,  and  gives  off  white  vapours.    (Buckton  and  Hofmann.) 

Ethylene-sulph\irous  acid  is  dibasic,  foiTning  neutral  and  acid  salts. — The  ethy- 
lene-sulphites  are  all  soluble  and  crystallisable. 

The  neutral  ammonium-salt,  C-H'(NH*)-S-'0",  crystallises  in  long  monoclinic 
prisms,  often  exhibiting  the  simple  combination  ooP  .  Pco  (Husemann). — The  neu- 
tral potassium-salt,  C^H'K-S'-O'*,  forms  thick,  four-sided,  monoclinic  prisms  ;  the  acid 
potassium-salt,  2(C2H^)HKS-0''.3H'-0,  hard,  white,  crystalline  crusts.— The  neutral 
sodium-salt,  C'H'Na-S'O"^,  crystallises  in  well-defined  crystals,  belonging  to  the  trinietric 
system,  and  exliibiting  the  combination  . — The  neutral  silver-salt,  C'-H'Ag-S-O", 

forms  thin  monoclinic  tables ;  there  is  also  an  acid  silver-salt,  C'^H^AgS^C.G-'H^Ag-S-O", 
forming  milk-white  spherical  groups  of  crystals.  (Husemann.) 

The  barium-salt,  obtained  by  boiling  the  solution  of  the  ammonium-salt  with  baryta, 
and  precipitating  the  excess  of  the  latter  with  carbonic  acid,  crystallises  in  stellate 
groups  of  six-sided  tablets,  which  contain  C-H'Ba"S-0''.H"0,  and  become  anliydrous 
at  170°  (Buckton  and  Hofmann). — According  to  Husemann,  a  hydrated  salt 
containing  C''H*Ba"S-0''.2H-0,  is  obtained  in  small  rhombic  octahcdi-ons,  by  saturating 
the  still  yellow  solution  of  ethylene-sulphocarbonato  in  fuming  nitric  acid  with  carbo- 
nate of  barium  ;  whereas  the  pure  acid,  saturated  in  like  manner,  yields  the  anhydrous 
salt,  C^H'Ba"S*0'',  which  is  more  soluble,  and  crystallises  in  slender  monoclinic 
prisms. 

The  cicpric  salt,  C-H''Cu"S-0*.4H-0,  forms  light-blue  monoclinic  prisms,  which 
give  off  I  of  their  water  at  100°,  and  the  rest  at  170°  (Husemann). — The  lead-salt 
forms  easily  soluble  crystalline  crusts,  containing 20-11 'Pb">'5-'0".3H'0  (Husemann); 
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according  to  Buck  ton  and  Ilofm  a  n  n,  it  crystallises  in  thin  prisms  and  four-sided 
laminae,  and  its  solution,  wlien  quickly  evaporated,  dries  up  to  a  tough  gummy  mass. — The 
magnesium-salt,  C-H'Mg".S'-0''.6H-0,  crystallises  in  colourless,  easily  soluble,  mono- 
clinic  prisms  and  tables,  which  give  off  half  their  water  at  100'-',  and  the  rest  at  180° 
(Husemann). — The  mercuric  salt,  C-H*Hg"S-'0''.6H'0,  forms  long,  thin  monoelinic 
prisms  ;  the  mercurous  salt,  C'-H'Hg'-'S-'0"'.H'-0,  forms  white  crusts,  which  separate  on 
warming  into  an  acid  and  a  basic  salt  (Husemann). — The  sinc-salt,  C^H'Zn"S-0°. 
6H-0,  crystallises  in  nacreous  monoelinic  tablets,  which  do  not  give  their  last  atom  of 
water  till  heated  to  176°.  (Husemann.) 

Appendix  to  Ethylene- sulphurous  Acid:  Sulphopropionic  Acid,  C^H'SO^  = 


C^H^O^SO'  =  (C3H'0)">0^?— Produced,  together  with  othylenc-sulphurous  acid  (as 


above  described),  by  the  action  of  sulphuric  acid  on  propionamide  or  propionitrile.  Its 
ammonium-salt  remains  in  the  mother-liquor  of  the  othylene-sulpliitc  of  ammonium, 
and  may  bo  separated  therefrom  as  a  syrupy  precipitate  by  addition  of  absolute 
alcohol.  On  boiling  the  dilute  mother-liquor  with  carbonate  of  jjarium,  and  concen- 
trating, sulphopropionate  of  barium,  C'H'Ba"S''0*  (at  170°),  separates  in  cubic 
granules ;  or  if  the  solution  be  less  concentrated,  and  left  to  itself  for  twenty-four 
hours,  in  spherical  groups  of  silky  crystals.    (Buckton  and  Hofmann.) 


Methylene-sulphurous  Acid,  CH'S-O"  -  (CIF)">0'.    Bisulphomctholic  Acid. 


Mcthionic  Acid.  (Li obi g,  Ann.  Ch.  Pharm.  xiii.  35. — Wetlierill,  ihid.  Ixvi.  122. — 
Strecker,  ihid.  c.  199. — Buckton  and  Hofmann,  ihid.  c.  129  ;  Chom.  Soc.  Qu.  J. 
ix.  211;  Jahresb.  1856,  p.  608.) — This  acid,  discovered  by  Liebig,  is  produced: 
1.  By  the  action  of  sulphuric  oxide  (anhydride)  on  ethylie  ether  (Liebig,  WetheriH, 
Strecker). — 2.  By  the  action  of  fuming  sulphm-ic  acid  on  aectamido  or  acetonitrile 
(Buckton  and  Hofmann).  Its  mode  of  formation  by  this  second  method  is  exactly 
similar  to  that  of  othyleno-sulphurous  acid  from  propionamide  or  propionitrile  (p.  666), 
sulphacetie  acid  Ijeing  formed  at  the  same  time  (p.  475). 

To  prepare  it  by  the  fii-st  method  (which,  however,  yields  but  a  small  product),  sul- 
phui'ie  oxide  is  passed  in  the  state  of  vapour,  or  (preferably)  introduced  in  the  solid 
state,  into  anhydrous  ether  contained  in  a  cooled  vessel  ;  the  resulting  solution  is 
shaken  up  with  water  ;  the  watery  liquid,  separated  frr)m  the  ethereal  solution  of 
neutral  ethylie  sulphate,  is  neutralised  with  carbonate  of  barium  ;  the  methylene-sul- 
phite  of  barium  thus  produced  is  decomposed  by  excess  of  sulphuric  acid;  the  filtered 
solution  is  boiled  with  carbonate  of  lead ;  and  the  resulting  lead-salt  decomposed  by 
sulphuretted  hydrogen.  (Strecker.) 

By  evaporating  the  aqueous  solution  of  methylene-stilphurous  acid  over  the  water- 
bath  to  a  syrup,  and  leaving  it  to  cool -in  a  vacuum,  the  acid  is  obtained  as  a  mass  of 
radiating  needles  (Buckton  and  Hofmann);  when  left  over  oil  of  vitriol,  it 
solidifies  iu  long  needle-shaped  crystals  (Strecker).  It  is  very  deliquescent,  has  a 
very  sour  taste,  and  is  not  decomposed  by  rather  strong  heating,  by  prolonged  boiling 
with  nitric  acid,  or  by  passing  chlorine  into  its  solution. 

Tlie  methylene-sulphites,  (CH''')]VPS^O'',  and  (CH=)M"S'0'',  are  easily  prepared 
by  digesting  the  aqueous  acid  with  oxides  or  carbonates.  They  are  all  soluble  in 
water,  but  insoluble  in  alcohol. 

The  ammonium-salt,  CH'(NH'')-S-0''.  crystallises  in  needles  (Strecker)  ;  in  prisms 
of  97'4:5,  bevelled  at  the  ends,  which  bear  a  heat  of  190°  without  decomposition. — The 
potassium-salt  crystallises  in  shining  needles  or  granules,  soluble  in  14  pts.  of  water  at 
22°  (Buckton  and  Hofmann). — The soc//((./«-*(t/(;  crystallises  in  needles  (Strecker). 
— The  harium-salt ,  CH-Ba"S-0''.2H^0,  forms  nacreous  rectangular  plates,  which  give 
oflf  their  water  at  150°  (Buckton  and  Hofmann);  at  140°  (Strecker). 

The  ci<;jreV  Sfl//,  obtained  by  precipitating  the  barium-salt  with  cupric  sulphate,  crys- 
tallises in  blue  rhombic  prisms,  containing  CH-Cu"S-0''.5H-0,  wliieh  effloresce  and  turn 
whitish  on  exposure  to  the  air,  and  become  anhydrous  at  100°  (Strecker).  Buckton 
and  Hofmann  obtained  a  cupric  salt  in  green  needles. 

The  neutral  lead-salt,  CH-Pb"S'-0".2H^0,  obtained  by  boiling  the  acid  with  carbonate 
of  lead,  crystallises  in  large,  transparent,  colourless  rhombic  prisms  (in  small  square 
himinse,  according  to  Buckton  and  Hofmann),  which  give  off  their  water  at  100°. 
By  boiling  this  salt  with  plumbic  hydrate,  a  less  soluble  basic  salt  is  obtained,  sepa- 
rating from  the  cooling  solution  in  ,,colonrIess  crystals,  which,  after  drying  over  oil 
of  vitriol,  appear  to  consist  of  C-'H-Pb'S'O'-.H-O  ;  they  have  an  alkaline  reaction,  and 
absorb  carbonic  acid  from  the  air.  (Strecker.) 

The  silver-salt,  CH'^Ag'S-'O*,  crystallises  in  groups  of  thin  needles  or  broad  plates, 


(SO)" 


568      SULPHUR:  OXIDES  AND  OXYGEN-ACIDS. 


■which  may  be  heated  to  160°  withont  decomposition  (Buckton  and  Hof  mann),  but 
blacken  slightly  when  exposed  to  light  (Strecker).  Its  concentrated  solution  is  in- 
stantly decomposed  by  ethylic  iodide,  yielding  argentic  iodide,  alcohol,  and  free 
methylene-siilphurous  acid,  but  no  ethereal  compound.    (Buckton  and  Hofmaun.) 

The  zinc-salt,  which  is  produced  with  evolution  of  hydrogen,  by  dissohing  zinc  in  the 
arjueous  acid,  is  difiBcult  to  crystallise,  and  is  not  precipitated  by  alcohol.  (Buckton 
and  Hofmann.) 

SJapbtbylene-suIpliuroas  Acid,  C'WS'O''    =    (C>«H«)"H'=S20«.  Bimlpho- 

7iai)htholic,  Thionaphthic,  or  Hypomlfhona-phtholw  Acid.  (Berzelius,  Ann.  Ch. 
Phys.  [2],  Ixv.  290. — Laurent,  Compt.  chim.  1849,  p.  390. — Dusart,  Compt.  rend. 
Ixiv.  859.) — Berzelius  obtained  this  acid  in  small  quantity,  together  with  naphthylsul- 
phurous  acid  (p.  560),  by  the  action  of  sulphuric  acid  on  naphthalene;  and  separated 
the  two  by  the  different  solubilities  of  their  barium-salts,  the  naphthylene-sulphite 
being  the  more  soluble  of  the  two.  On  partially  saturating  the  diluted  solution  with 
carlionate  of  barium,  the  naphthylsulphite  separates  out  first ;  and  on  completing  the 
saturation  of  the  remaining  liquid,  concentrating  it  over  the  water-bath,  and  mixing  it 
with  two  or  three  times  its  volume  of  alcohol,  the  naphthalene-sulphite  is  deposited  in 
granular  crystals  (Berzelius).  Dusart,  by  using  a  larger  proportion  of  sulphuric 
acid,  and  applying  a  stronger  heat,  has  succeeded  in  converting  the  whole  of  the 
naphthalene  into  naphthylene-sulphurous  acid.  For  this  purpose,  10  pts.  of  naphthalene 
are  strongly  heated  with  25  pts.  of  concentrated  sidphuric  acid,  till  a  sample  of  the 
liquid,  saturated  with  a  strong  solution  of  sodic  carbonate,  remains  clear,  and  no  longer 
deposits  a  crystalline  precipitate  of  sodic  naphthylsulphite.  The  solution  is  then 
diluted  with  water,  and  saturated  with  alkaline  carbonate ;  the  greater  part  of  the  siJ- 
phate  removed  by  crystallisation,  and  the  remainder  from  the  mother-liquor  by  addi- 
tion of  alcohol.  The  evaporated  solution  yields  crystals  of  naphthylene-sulphite,  which 
may  be  purified  by  recrystallisation. 

Naphthylene-sulphurous  acid,  separated  from  its  barium-salt  by  sulphuric  acid,  dries 
up  in  a  vacuum  to  a  brown  lamellar  mass,  having  a  sour  and  bitter  taste,  and  soluble 
in  alcohol  (Berzelius).  The  acid  is  dibasic.  The  naphthyleue-sulphites, 
C'»H«M-S''0«and  C"'H''M"S'0^  resemble  the  naphthylsulphites ;  they  are  very  soluble  in 
water,  but  in  general  less  soluble  in  alcohol  than  the  naphthylsulphites.  They  have  an  acid 
slightly  metallic  taste,  bear  a  considerable  degree  of  heat  without  decomposition,  but 
at  very  high  temperatures  give  off  vapours  of  naphthalene,  with  a  small  quantity  of 
sulphurous  oxide  (Berzelius).  They  are  decomposed  by  fusion  with  hydi-ate  of 
potassium,  with  formation  of  metallic  sulphite  and  the  potassium-salt  of  naphthy- 
lenic  alcohol,  C"'H»02    ==    (C"'H<')"H202 : 


The  naphthylenic  alcohol  precipitated  from  its  potassium-salt  by  an  acid,  and  puri- 
fied from  accompanying  tarry  matter,  by  solution  in  water  and  crystallisation,  forms 
small  rhombohedral  crystals,  soluble  in  water,  and  easily  soluble  in  potash.  The  latter 
solution  instantly  burns  black  in  contact  wHth  the  air,  and  if  afterwards  neutralised 
yields  a  black  precipitate  of  an  acid  body,  which  in  strong  solutions  solidifies  to  a  jelly. 
(Dusart.) 

Naphthylene-sulphite  of  ammonium  is  obtained,  by  spontaneous  evaporation,  as  a 
gi'anular  mass  ;  its  solution  becomes  acid  when  evaporated  by  heat. — The  potassium- 
salt  is  granular,  and  slightly  soluble  in  alcohol. — The  barium-salt,  C'"H'^Ba"S^O'',  is  but 
slightly  soluble  in  water,  even  at  the  boiling  heat;  very  slightly  soluble  in  alcohol;  on 
evaporating  the  aqueous  solution,  it  remains  as  an  amorphous  mass  (Berzelius). — 
The  lead-salt,  G"'H"Pb"S°0''.2H-0,  is  very  much  like  the  barium-salt,  easily  soluble  in 
water,  but  nearly  insoluble  in  alcohol.  It  retains  its  2  at.  water  at  100°,  but  gives  it 
up  at  220°.  (Laurent). 


Pbenylene-sulpburous  Acid,  C=H"S-0«  =    (C"H'')"LO'    =  CH^SO'H)'. 


Bisnlphohcnzolic  AM.  (Buckton  and  Hofmann,  Chem.  Soc.  Qu.  J.  ix.  255.) — 
Produced,  together  with  sulphobenzoic  acid  (p.  486),  by  heating  benzonitrile  (phenyUc 
cyanide)  with  fuming  sulphuric  acid.  The  product,  after  dilution,  is  treated  with 
carbonate  of  barium,  as  in  the  prep;iration  of  ethylene-sulphurous  acid ;  and  the 
filtered  solution  of  the  barium-salts,  which  is  very  dark-coloured,  is  decomposed  by 
sulphuric  acid,  then  boiled  with  oxide  of  lead,  filtered,  and  treated  with  sulphydric 
acid.  The  acid  liquid  is  then  saturated  with  carbonate  of  barium,  and  the  resulting 
solution  treated  with  alcohol,  which  throws  down  first  sulphobenzoate,  and  afterwards 
phenylene-sulphite  of  barium. 

The  acid  is,  however,  more  easily  obtained  by  heating  phenylsulphurous  (sulphoben- 
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golic)  acid  (p.  563)  with  fuming  sulphuric  acid.  The  product  is  very  diirk-culinired, 
but  may  be  rendered  colourless  by  .-.onversion  into  a  lead-salt,  and  separation  liy  sul- 
phydric  acid.  The  liquid  saturated  with  carbonate  of  barium,  and  evaporated,  yields 
'phcnylcnc-sulphite  of  barium,  C''H^Ba".S-'0'',  as  an  apparently  amorphous  mass,  which, 
however,  appears  distinctly  crystalline  under  the  microscope.  When  strongly  heated 
on  platinimi-fuil,  it  burns,  with  evolution  of  sulphurous  oxide. 

Tritylene-sulphurous  or  IPropylene-sulphurous  Acid,  CH^S^O"  = 
(C^II'')11-S"U''.  Lisulphopropol ic  Acid. — Produced,  together  with  sulphobutyric  acid, 
C  'H'SO^,  by  heating  butyramido  with  fuming  sulphuric  acid.  The  barium-salts  of  the 
two  acids  are  both  very  soluble  in  water,  and  very  difficidt  to  separate  ;  baton  treating 
the  concentrated  solution  with  absolute  alcohol,  the  sulphobutyrate,  C'H''Ba"S^O*, 
separates  first ;  and  by  continued  fractional  precipitation  with  alcohol,  a  barium-salt 
is  at  length  obtained,  having  nearly  the  composition  of  the  trityleno- sulpJii  te, 
C''H''Ba"S-0"'.  By  slow  evaporation  of  its  aqueous  solution,  it  is  obtained  in  very 
minute  crystals,  appearing  under  the  microscope  as  thin  pearly  plates.  (Bucktoii 
and  Hofmann,  Chem.  Soc.  Qu.  J.  ix.  253.) 

Sulpburic  Compounds. 

TitlOXIDE    OF    SULPHTTK.        SuLPHURIC     OxiDE     Or     AnHTDEIDE,  SO'. 

Anhi/drous  Sidphiiric  Acid. — This  compound  is  formed :  1.  By  the  direct  oxidation 
of  sulphurous  oxide.  A  perfectly  dry  mixture  of  this  gas  with  oxygen,  subjected 
to  tile  action  of  a  rapid  stream  of  electric  sparks,  slowly  diminishes  in  volume,  and 
deposits  sulphuric  oxide.  The  oxidation  may  also  be  efiected  by  passing  the 
mixture  of  the  two  gases  througli  a  red-hot  tube  containing  platinum-black  or 
platinised  pumice  (Piria,  Cimento,  ii.  293). — 2.  By  the  decomposition  of  acid 
sulphates.  Acid  sulphate  of  sodium,  NaHSO*,  heated  to  dull  redness,  gives  oif 
water,  leaving  the  anhydrosulpihate,  Na-SO'.SO'  =  2NaIlS0^  -  WO;  and  this 
compound,  distilled  at  a  higher  temperature,  gives  oft'  white  fumes  of  sulphuric 
oxide,  leaving  the  neutral  sulphate,  Na'-SO'.  Ferric,  platinic,  antimonious,  and 
bismutliic  sulphates  also  give  oif  sulpihuric  oxide  wlien  heated. — 3.  By  the  distilla- 
tion of  fuming  sidphuric  acid.  This  liquid,  prepared  at  Nordhausen  in  Saxony,  bv 
the  dry  distillation  of  dehydrated  sulphate  of  ir(ni,  may  be  regarded  as  a  solution  of 
sulphuric  oxide,  SO^  in  the  strongest  sulphuric  acid;  and  when  distillfd  at  a  gentlo 
heat,  gives  off  the  sulphuric  oxide  in  white  fumes,  while  ordinary  sulphuric  acid,  H'-S(J', 
remains  behind.  The  sulphuric  oxide  may  be  condensed  in  a  dry  receiver  surrounded 
by  cold  water. — 4.  By  distilling  strong  sulphimc  acid  with  phosphoric  oxide  (an- 
hydri<lo),  sulpihuric  oxide  then  piassing  over,  and  glacial  phosphoric  acid  remaining 
behind : 

H=SO<  -I-  P^O^    =    2HP03  +  S0\ 

Properties. — Sulphuric  oxide  crystallises  in  beautiful  white  slender  needles,  arranged 
in  feathery  and  star-shaped  groups,  and  forming  an  opaque  mass,  resembling  asbestos. 
It  is  tough,  and  difficult  to  cut.  Wlu^n  recently  solidified  from  the  liquid  or  gaseous 
state,  it  melts  at  about  hut  quickly  passes  into  another  modification,  in  which  it 
does  not  melt  below  100",  volatilising  slowly  at  the  same  time,  and  retui-uing  to  the 
first  modification  (Marignae,  Ann.  Ch.  Pharra.  Ixxxviii.  22S).  In  the  melted  state  it 
forms  a  liquid  thinner  than  oil  of  vitriol,  and  probably  colourless  when  pm-e,  but  usually 
exliibiting  a  brownish  colour  from  the  presence  of  organic  matter.  It  boils  at  35°.  The 
specific  gravity  of  the  solid  oxide  is  l-9-t66  at  13°  (Morvean) ;  of  the  liquid,  1-97  at 
20°  (Bussy).    The  density  of  the  vapour  is,  according  to  Mitscherlich's  observation, 

,    ,     ,  ,     .     .   32  -I-  3  .  16 
3-01  ;  the  calculated  density  is  ^   x  0-0693    =  2-76. 

Reactions. — 1.  Sulphuric  oxide  has  a  most  powerful  afiSnity  for  water,  in  which  it 
dissolves,  forming  sulphuric  acid.  When  dropped  into  water,  it  hisses  like  red-hot 
iron.  Wood,  paper,  and  organic  bodies  in  general  are  qm'ekly  carbonised  and  destroyed 
by  it ;  when  perfeetly  dry,  however,  it  may  be  held  for  a  while  between  the  fingers 
without  inconvenience,  but  it  soon  absorbs  moisture,  and  then  exerts  a  painful  corro- 
sive action. — 2.  It  does  not  alter  the  colour  of  litmus  or  any  other  vegetable  sub- 
stance, unless  moisture  is  present. — 3.  It  dissolves  v^nthout  alteration  in  anhydrous 
carbonic  disulphide,  forming  a  clear  solution,  which  fumes  in  the  air,  and  solidifies 
at  low  temperatures  to  a  deliquescent,  interlaced,  crystalline  mass. 

4.  Sulphuric  oxide  is  a  non-conductor  of  electricity,  and  is  not  decomposed  even  by 
the  current  of  a  battery  of  14  Bunsen's  elements.  But  when  dissolved  in  coucentrated 
sulphuric  acid,  it  is  resolved  by  electi'olysis  into  oxygen  at  the  positive,  and  sulphur  at 
the  negative  pole.  With  certain  proportions  of  the  acid  and  oxide,  part  of  the  sulphur, 
instead  of  being  separated  in  the  free  state,  reduces  the  sulpluuic  acid  to  sulphurous 
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acid,  and  sulphurous  oxide  is  evolved  at  the  negative  pole.  (Geuther,  Ann.  Ch. 
Pharm.  ciz.  130.) 

6.  The  vapour  of  sulphuric  oxide  is  resolved,  at  a  strong  red  heat,  into  sulphurous 
oxide  and  oxygen,  2  vols.  SO'  yielding  2  vols.  and  1  vol.  oxygen. — 6.  Phosp?iorus 
takes  fire  in  the  vapour  at  ordinary  temperatures,  and  precipitates  the  sulphur  in  the 
form  of  a  thick  crust  (Vogel). — 7.  AVhen  2:>hospkoretted  ht/drogen-gas  is  passed  over 
sulphuric  oxide  at  ordinary  temperatures,  sulphurous  oxide  is  abundantly  evolved,  and 
tlie  sides  of  the  vessel  become  coated  with  red  oxide  of  phosphorus  [?  amorphous 
phosphorus]  (H.  Rose). — 8.  Dry  sidjjhydric  acid  decomposes  sulphuric  oxide,  with 
formation  of  sulphuric  acid,  and  separation  of  sulphur,  which  partly  dissolves,  with 
blue  colour,  in  the  sulphuric  acid  (Geuther) : 

4S0'  +  3H'S    =    SH^SO^  +  S*. 

9.  Metallic  mercury,  heated  with  sulphuric  oxide,  abstracts  part  of  the  oxygen, 
forming  sulphurous  oxide  and  mercuric  oxide,  which  unites  with  undecomposed  sul- 
phuric oxide,  forming  mercuric  sulphate. — Red-hot  iron  decomposes  the  vapour, 
forming  sulphide  of  iron  and  ferroso-ferric  oxide ;  zinc,  under  similar  circxinistances, 
forms  sulphide  and  oxide  of  zinc.  (Albert  d'Heureuse,  Ann.  Ch.  Pharm.  Ixviii.  242.) 

10.  ^Vhen  sulphuric  oxide  vapour  is  passed  over  anhydrous  baryta  or  lime  heated  to 
low  redness,  combination  takes  place,  attended  with  vivid  incandescence,  and  the  base 
is  converted  into  sulphate. 

1 1 .  Wlieu  dry  monosulphide  of  potassium  is  brought  in  contact  with  an  excess  of 
fused  sulphuric  oxide,  an  energetic  action  takes  place,  resulting  in  the  formation  of 
anhydrosulphate  of  potassium  and  sulphuric  oxide : 

5S0'  +  K^S    =    K-SO'.SO'  +  480^. 

Galena  is  slowly  converted  by  the  liquid  oxide  into  sulphate  of  lead,  while  sulphurous 
oxide  and  sulphur  are  set  free,  the  latter  dissolving  in  the  excess  of  sulphuric  oxide  and 
forming  a  blue  liquid  : 

2S0'  +  Pb"S    =    Pb"SO*  +  SO''  +  S. 
Native  sulphide  of  antimo7iy  dissolves  more  quickly,  with  blue  coloration  and  forma- 
tion of  sulphurous  oxide  and  antimonious  sulphate,  which  separates  as  a  basic  salt  on 
dilution. — Ferrous  sulphide,  iron  pyrites,  and  copper  pyrites  do  not  act  on  fused  sul- 
phuric oxide.    (Geuther,  Ann.  Ch.  Pharm.  cxi.  177.) 

12.  With  pcntachloride  of  phosphorus,  sulphuric  oxide  yields  oxychloride  of  phos- 
phorus and  sulphuric  chloride  (Schiff,  Ann.  Ch.  Pharm.  cii.  Ill)  : 

SO'  +  POP    =    POCP  +  SO^Cl^ 

13.  Sulphuric  oxide  dissolves  sulphur  in  various  proportions,  forming  a  brown,  a 
green,  and  a  blue  liquid,  the  first  of  which  contains  the  largest  and  the  last  the 
smallest  quantity  of  sulphur.  These  solutions  are  formed  by  placing  flowers  of  sul- 
phur and  sulphiu'ic  oxide  in  alternate  laj'ers  in  a  glass  tube,  sealing  it,  and  heating  it 
to  16° — 19°.  They  are  decomposed  by  water,  yielding  sulphuric  and  sulphurous 
acids  and  fi-eo  sulphur.    (Wach,  Schw.  J.  1.  1.) 

14.  Sulphuric  oxide  unites  with  a  tenth  of  its  weight  of  iodine,  forming  a  compound 
of  a  fine  green  colour,  which  may  be  crystallised. 

15.  Vapour  of  nitric  peroxide  is  rapidly  absorbed  by  sulphuric  oxide;  and  if  the 
action  be  moderated  at  first,  by  passing  the  vapour  slowly  and  cooling  the  vessel,  and 
finally  assisted  by  gentle  heating  till  the  sulphuric  oxide  becomes  saturated,  a  white 
crj-stalline  mass  is  formed,  fusible  without  decomposition  at  a  gentle  heat,  and  agree- 
ing nearly  in  composition  with  the  formula  NO^.SO'.  When  strongly  heated,  it  de- 
composes, with  evolution  of  ox3'gen,  and  a  small  quantity  of  nitric  peroxide ;  and  if 
the  heating  be  discontinued  as  soon  as  the  evokition  of  oxygen  ceases,  there  remains  a 
hurd  crystalline  compound,  similar  in  appearance  to  the  former,  but  consisting  of 
N-012S0'  =  2(N0^S0')  -  0  (Weber,  Pogg.  Ann.  exxiii.  337;  Jahrcsb.  1864, 
p.  156). — This  latter  compound,  which  may  be  regarded  as  anhydrosulphate  of 
uitrosyl  or  azotjd,  (NO)-SO'.SO',  is  likewise  obtained,  according  to  De  la 
Provostaye  (Ann.  Ch.  Phys.  [2],  Ixxiii.  362),  by  passing  the  vapour  of  nitric  per- 
oxide into  liquid  sulphurous  oxide : 

2S0=  +  4N0='    =    (NO)'S'O'  +  N-0'; 

and,  according  to  Briin  in g  (xinn.  Ch.  Pharm.  xcviii.  377),  by  the  action  of  nitne 
oxide  on  sulphuric  oxide  : 

3S0'  +  2N0    =    (NO)'S'O'  +  SO^ 

16.  A  compound  of  sulphuric  oxide  \v\t\i  nitrous  chloride,  NOCl.SO',  is  obtained 
by  passing  the  vapours  evolved  from  nitromuriatic  acid,  and  dried  by  chloride  of 
calcium,  over  sulphuric  oxide  till  it  is  saturated.    This  compound  is  white  and 
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lamino-erystiilline,  like  stearic  acid.  When  gently  heated,  it  melts  without  coloration, 
but  at  a  higher  temperature,  turns  yellow  and  decomposes.  With  water  it  yields 
sulphuric  acid,  hydrochloric  acid,  and  the  decomposition-products  of  nitrous  acid. 
In  strong  sulphuric  acid  it  dissolves,  with  evolution  of  hydrochloric  acid;  and  on 
heating  the  solution,  a  liquid  distils  over,  consisting  essentially  of  sulphuric  chlor- 
hydrate,  SO'HCl.    (Weber,  Pogg.  Ann.  cxxiii.  233.) 

17.  Dry  ammo7iia-gas  is  absorbed  by  sulphuric  oxide,  forming  sulphamate  of  am- 
monium, "N-H'^SO'  (p.  476). 

Sulphato-iodic  Oxide  ov  A)ihydride,  PO'.SO'. — This  compound  is  formed  by  the  pro- 
longed action  of  dry  sulphurous  oxide  on  pulverised  iodic  oxide  (I-'O^)  at  100°.  A 
small  quantity  of  iodine  is  at  first  liberated,  and  the  iodic  oxide  is  then  converted  into 
a  light-yellow  granulo-crystalline  mass,  which  is  quickly  decomposed  by  water,  with 
separation  of  iodine.  By  absolute  alcohol  it  is  quickly  resolved  into  sulphuric  and 
iodic  oxides.  With  alcoholic  potash  it  forms  iodate  and  sulphate  of  potassium.  Strong 
sulpiiuric  acid  does  not  act  upon  it  at  ordinary  temperatures ;  hydrochloric  acid  dis- 
solves it,  with  evolution  of  chlorine,  and  formation  of  chloride  of  iodine.  (Kammerer, 
J.  pr.  Chem.  Ixxxii.  72;  Jaliresb.  1861,  p.  134.) 

Sidphato-acctic  Oxide  or  Aiihi/dride. — ^'apour  of  sulphuric  oxido  is  absorbed  by 
cooled  acetic  oxide,  forming  a  yellow  gummy  mass,  which  dissolves  in  water ;  the 
solution,  when  neutralised  with  baryta-water  and  filtered,  yields  crystals  of  baric 
sulphacetate.    (Schiitzenberger,  Compt.  rend.  liii.  638  ;  Jakresb.  1861,  p.  439.) 

Sulpiiuric  oxide  unites  with  acetic  acid,  benzoic  acid,  and  many  other  organic  acids, 
forming  sulphacetic  acid,  C'H^O'-.SO',  sulphobenzoic  acid,  C'H''0-.SO'',  &c. ;  and  with 
many  hi/drocarljuns,  forming  sulphoacids,  which  may  be  regarded  as  sulphurous  ethers 
(p.  SrjO):  e.g.,  with  benzol,  C^ll",  it  forms  sulphobenzolic  or  plienylsiilphui-ous  acid, 
CTPSO^  =  (SO)".C«H='O.HO,  &c. 

Chlorosidphuric  Oxide  or  Anhydride,  S-O^CP. — This  compound,  first  obtained  by  H. 
Rose,  by  the  action  of  sulphuric  oxide  on  disidphide  of  chlorine  (p.  635),  is  also  pro- 
duced, according  to  Kosenstiehl  (Compt.  rend.  liii.  658),  by  heating  sulphuric 
oxide  with  dry  pulverised  chloride  of  sodium,  distilling,  and  rectifying,  to  remove 
the  last  traces  of  sulphuric  oxide.  It  is  a  colourless  oil,  of  specific  gravity  1-762 
(Kosenstiehl);  1-818  at  16°  (Rose) ;  boiling  at  145°  (Ro s e),  between  145°  and 
ISO"--  (Rosenstiehl).  It  is  violently  decomposed  by  water,  and  quickly  chars 
organic  bodies.  With  nianganates  it  evolves  chlorine  ;  with  alkaline  chromates  it 
forms  chromic  oxychloride,  CrO^CP  : 

K^CrO*  +  S^O^CP    =    K"S=0'  +  CrO^CP. 

Pot:issie        Chlorosul-  Potassic  Chromic 

chromate.     phuric  o.xide.         anhydro-  oxychloride. 

sulphate. 

With  dry  acetate  of  sodium,  it  forms  chloride  of  acetyl.    (Ro sens  tiehl.) 

Sulphuric  Acid,  H-SO'  =  H-'O.SO^   =  ^^gj^'^O'^  =  (SO-)".HO.HO.-This 

liiplily  important  acid  is  produced,  as  already  observed,  by  the  hydration  of  the  anhy- 
dride ;  by  the  decomposition  of  sulphui-ic  chloride  ;  by  the  oxidation  of  sulphur,  sulphy- 
drie  acid,  and  sulphurous  acid  ;  and  by  the  decomposition  of  the  polythionic  acids 
(p.  540). 

Prejjaraiion. — By  the  oxidation  of  Sidphurous  Acid. — Sulphuric  acid  is  produced  by 
parsing  moist  sulphui-ous  oxide  and  air  through  tubes  containing  spongy  platinum 
lieatcd  to  low-redness.  Sulphurous  acid  is  also  slowly  converted  into  sulphuric  acid 
by  mere  exposure  to  air,  and  immediately  by  treatment  with  powerful  oxidising 
;igents.  The  enormous  quantities  of  sulphuric  acid  manufactured  in  this  country  (more 
than  100.000  tons  annually),  are  made  by  burning  sulphur  or  roasting  pyrites,  and 
oxidising  the  resultant  sulphurous  vapour  by  means  of  moist  air  and  certain  oxides  of 
nitrogen.  For  this  purpose,  the  sulphurous  acid  vapour  is  mixed  with  vapour  of  nitric 
acid  evolved  by  decomposing  a  nitrate  with  sulphui'ic  acid.  This  acid  immediately 
converts  a  portion  of  the  sulphurous  acid  into  sulphuric  acid,  and  is  itself  reduced  to 
nitric  oxide,  NO  ;  and  this  gas  coming  in  contact  with  air,  is  converted  into  nitric 
peroxide,  NO-,  which  reacts  with  another  portion  of  sulphurous  oxido  and  with  water, 
in  such  a  manner  as  to  form  sulphuric  acid  and  nitric  oxide : 

NO-  4-  SO^  +  H-0    =    ffSO'  +  NO. 

The  nitric  oxido  thus  liberated  again  absorbs  oxygen  to  form  nitric  peroxide,  which 
again  oxidises  the  moist  sulphurous  vapours  into  sulphuric  acid,  with  liberation 
of  nitric  oxido,  and  so  on  continuously.  Theoretically,  therefore,  a  small  qiumtify  of 
nitric  oxide  should  suffice  to  produce  an  indefinitely  large  amount  of  sulphuric  acid. 
Sometimes,  when  there  is  but  a  small  quantity  of  water  present,  tlie  sulphurous 
oxide  and  nitric  peroxide  react  in  the  manner  ah-eady  mentioned  (p.  570),  producing 
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anhydrosulphate  of  nitrosyl,  (NO)-S-O',  which,  together  with  certain  other  sulphates 
of  nitrosyl,  formed  from  it  by  the  action  of  water  and  of  the  sulpliuric  acid  already 
produced,  is  deposited  as  a  white  crystalline  mass  on  the  sides  of  the  vessel  or  cham- 
ber in  which  the  reaction  tates  place.  The  formation  of  these  crystalline  compounds 
is  not,  however,  a  necessary  stage  in  the  process,  and  in  fact,  when  steam  is  largely 
introduced  into  the  chamber  (as  in  the  present  mode  of  making  the  acid),  it  does  not  take 
place  at  all. 

The  exact  changes  which  nitric  oxide,  sulphurous  oxide,  oxygen,  and  water  undergo, 
in  presence  of  one  another,  have  been  minutely  studied  by  several  chemists,  particularly 
by  Provostaye  and  Desains,  but  without  any  very  definite  results.  The  description 
above  given  must  indeed  be  considered  rather  as  a  general  than  a  strictly  accurate 
account  of  the  reaction.  (See  Gmelin's  Handboo/c,  ii.  445 — 451 ;  also  Weber,  Jahrcsb. 
1863,  p.  738;  1865,  p.  93;  Bull.  Soc.  Chim.  1867,  i.  151.) 

In  the  manufacture  of  sulphuric  acid  on  the  large  scale,  sulphur  is  burnt  slowly  on 
an  iron  plate  forming  the  floor  of  a  sort  of  furnace,  the  amount  of  air  admitted  being 
riigulatt'd  by  means  of  a  smaller  iron  plate  forming  the  door  of  the  furnace,  so  that  the 
sulphur  when  once  ignited  may  go  on  burning  and  producing  sulphurous  oxide  with 
tolerable  uniformity.  Upon  the  iron  plate  on  which  the  sulphur  is  burnt  is  also 
placed  an  iron  pot  containing  a  mixture  of  nitrate  of  sodium  and  sulphuric  acid,  which 
continues  to  generate  nitric  acid  for  some  time.  The  sulphurous  oxide  and  nitric  acid 
vapour,  from  one  or  several  furnaces,  are  conveyed  by  means  of  flues  into  a  largo 
leaden  chamber  having  a  capacity  of  from  50,000  to  100,000  cubic  feet  or  more. 
Within  this  chamber,  into  which  steam  is  admitted  continuously  by  several  jets,  the 
reaction  chiefly  occurs.  The  nitric  acid  is  soon  reduced  to  nitric  oxide,  after  which 
the  succession  of  changes  already  pointed  out  takes  place  ;  and  dilute  sulphuric  aeid 
collects  on  the  floor  of  the  chamber,  whence  it  is  drawn  off  into  leaden  evaporating 
pans.  The  vapours  escaping  from  the  large  chamber  are  usually  passed  into  one  or 
two  smaller  subsidiary  chambers  also  supplied  with  steam.  In  these  a  further  con- 
densation occurs,  and  a  still  weaker  acid  is  produced,  which  is  run  back  into  the  largo 
•chamber  to  become  more  concentrated.  In  some  manufactories,  the  vapours  from  the 
subsidiary  chambers  are  then  passed  through  coke-serubbors — that  is,  through  columns 
packed  with  coke,  over  which  water  is  constantly  pouring ;  and  here  a  further  conden- 
sation occurs,  and  a  very  dilute  aeid  is  produced,  which  is  pumped  up  into  the 
subsidiary  leaden  chambers.  In  a  few  factories,  Gay-Lussac's  scrubber  is  used  instead 
of  the  water-scrubber.  The  coke  in  this  case  is  kept  moistened  with  concentrated 
sulphuric  acid,  which  completely  absorbs  the  nitric  oxide  gas.  The  acid  is  then  pumped 
into  a  second  similar  scrubber,  in  which  it  is  robbed  of  its  nitric  oxide  by  means  of 
the  sulphurous  oxide  proceeding  from  the  .burning  sulphur.  In  a  theoretically  perfect 
operation,  there  should  be  no  final  escape  into  the  atmosphere  of  any  other  gas  than 
the  nitrogen  of  the  air  admitted  into  the  fuimace,  and  thence  into  the  chamber ;  but  in 
practice  a  small  quantify  of  sulphurous  or  nitrous  gas,  or  both,  escapes  condensation, 
although  the  amount  of  sulphuric  acid  finally  produced  usually  approximates  very 
closely  to  the  theoretical  quantity. 

The  acid  withdrawn  from  the  leaden  chambers  has  generallya  specific  gravity  of  about 
I'55.  By  evaporation  in  a  series  of  shallow  leaden  pans,  its  specific  gravity  is  raised 
to  above  1'7.  This  acid  is  usually  dark-coloured,  from  the  presence  of  organic  matter, 
and  is  technically  known  by  the  name  of  "  brown  acid."  The  further  concentration 
has  to  be  effected  in  retorts  of  glass  or  platinimi.  AVith  glass  retorts  the  operation  is 
intermittent.  A  number  of  large  glass  retorts  are  heated  on  a  sand-bath  until  the 
requisite  concentration  is  attained.  Throughout  the  process,  a  diluted  sulphuric  acid, 
containing  sulphurous  acid  from  the  reaction  of  the  organic  matter  and  sulphuric  acid, 
distils  over.  This  is  returned  to  the  leaden  chamber,  and  the  concentrated  colourless 
acid  is  siphoned  off  from  the  retorts  into  carboys.  AVith  a  platinum  retort  the  process  it 
continuous.  Brown  acid  is  constantly  admitted  at  the  top,  concentrated  acid  with- 
drawn from  the  bottom,  and  diluted  sulphuric  acid,  with  sulphurous  acid,  distilled  off 
into  receivers,  whence  it  is  pumped  back  into  the  chambers.  In  commerce,  the  con- 
centrated colourless  acid,  having  a  specific  gravity  reaching  to  1-842,  or  approximating 
very  closely  thereto,  is  alone  known  by  the  name  of  "  oil  of  ntriol." 

The  process  above  described  is  substantially  the  samo  as  that  introduced  by  Dr. 
Koebuck  about  the  year  1720.  It  is  known  as  the  English  mode  of  manufacture,  and 
the  product  is  called  "  English  oil  of  vitriol."  This  oil  of  vitriol  always  contains  lead, 
and  not  unfrequently  other  impurities,  chiefly  arsenic  and  nitrous  or  nitric  acid.  By 
diluting  it  with  water,  the  lead  is  thrown  down  as  a  white  precipitate,  which  becomes 
black  by  the  action  of  sulphuretted  hydrogen.  The  arsenic  may  bo  recognised  by 
Eeinsoh's  or  Marsh's  tests,  or  by  neutralising  the  diluted  acid  with  carbonate  of  potas- 
sium, filtering  from  the  resulting  sulphate  of  potassium,  and  tre;itiug  the  acidulated 
filtrate  with  sulphuretted  hydrogen,  when  a  yellow  precipitate  will  be  produced,  Thcf 
nitrous  or  nitric  acid  can  be  detected  by  pouring  in  a  dilute  solution  of  sulphate  of 
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iron,  so  as  to  float  on  tho  top  of  the  acid.  Wliero  the  two  liquids  moot,  a  browiiish- 
I-urple  ring  of  discoloration  will  bo  produced.  The  addition  of  sulphide  of  barium  to 
arsenical  sulphuric  acid  produces  a  precipitate  of  mixed  sulphide  of  arsenic  and  suljihate 
(if  barium,  which  may  be  separated  by  subsiilonce  and  decantatiun.  The  acid  may  be 
purified  from  arsenic  by  heating  it  nearly  to  the  boiling-point,  and  passing  a  current  of 
hydrochloric  acid  gas  through  it;  whereby  the  arsenic  is  carried  over  as  volatile  chlo- 
ride of  arsenic,  while  the  nitric  and  nitrous  acids  are  expelled  almost  completely.*  The 
nitrous  or  nitric  acid  may  also  bo  entirely  decomposed  into  water  and  nitrogen-gas,  by 
heating  the  acid  with  a  little  sulphate  of  ammonia  ;  and,  lastly,  by  distilling  the  sul- 
]ihuric  acid  after  the  separation  of  the  arsenic  and  nitrous  acid,  it  may  be  obtained  quite 
jiure.  The  distillation  nmst  bo  effected  in  large  retorts,  heated,  not  at  the  bottom,  but 
somewhat  at  the  sides,  to  avoid  tho  violent  percussive  ebullition  which  results  from 
directly  heating  tho  deposit  of  sulpliate  of  lead  wliich  gradually  forms  at  the  bottom  of 
the  retort.  The  vapour  of  oil  of  vitriol  has  a  very  small  latent  heat,  and,  nnder  any 
circumstances,  the  ebullition  of  the  acid  is  somewhat  percussive.  The  presence  of 
platinum-clippings  in  the  retort  prevents  this  action  to  a  considei-able  extent. 

According  to  Nickles  (Compt.  rend.  xlv.  250  ;  Jahrosh.  1857,  p.  119),  commercial 
oil  of  vitriol  often  contains  hydrofluoric  acid,  but  may  be  freed  therefrom  by  diluting 
it  with  twice  its  bulk  of  water,  and  gently  heating  it  for  about  fifteen  hours — tho 
hydrofluoric  acid  then  volatilising. 

l''or  further  details  respecting  the  manufacture,  purification,  and  concentration  of 
.'sulphuric  acid,  see  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  i.  pp. 
61-117,  and  pt.  v.  pp.  198-222. 

Properties  atid  Eeactions. — Pure  oil  of  vitriol,  or  normal  sulphuric  acid,  H-'SO',  is 
a  heavy,  oily,  colourless,  inodorous  liquid,  having  a  specific  gi'avity  of  l'84-2.  It  boils 
at  327°,  and  freezes  at  —35°.  It  is  very  hygromotric,  and,  when  exposed  to  moist  air, 
will  even  double  its  weight  in  the  course  of  a  few  days.  Hence  it  is  in  constant  requi- 
sition as  a  desiccating  agent.  It  abstracts  water  from  many  oi'ganic  substances,  and 
thereby  gives  origin  ti  now  compounds.  Thus  alcohol,  acetone,  formic  acid,  glycerin, 
&c.,  when  dehydrated  by  sulphuric  acid,  produce  olefiant  gas,  mesitylcne,  carbonic 
oxide,  and  acrolein  respectively.  In  many  cases,  the  organic  substances  acted  upon  by 
sulphuric  acid  arc  completely  broken  np  or  destroyed ;  as  is  especially  the  ease  with 
woody  fibre,  sugar,  and  bodies  of  allied  composition,  which,  by  the  loss  of  water, 
become  thoroughly  charred  or  carbonised.  This  charring  effect  of  strong  sulphuric 
acid  is  highly  characteristic.  The  diluted  acid  slowly  destroys  organic  fibres,  without 
charring  them.  But  tissues,  moistened  with  dilute  sulphuric  acid  and  then  heated, 
liecome  charred  from  the  concentration  of  the  acid  which  gradually  takes  place.  Tho 
admixture  of  the  strong  acid  with  water  is  attended  by  a  great  development  of  heat. 
On  mixing  4  parts  by  weight  of  oil  of  vitriol  with  1  part  of  water,  the  temperature 
rises  from  0°  to  100°.  The  cooled  mixture  of  water  and  acid  occupies  a  volume  con- 
siderably less  than  that  of  the  two  separate  liquids. 

Sulphuric  acid  is  reduced  to  sulphydric  acid  Ijy  passing  its  vapour,  m'th  excess  of 
hydrogen,  through  a  tube  heated  to  redness. — Phosphorus  takes  fire  in  sulphuiic  acid 
vapour,  and  liberates  sidphur.  At  increased  temperatures,  not  only  ^inc,  iron,  copper, 
mercury,  silver,  and  most  of  the  metals  save  gold  and  platinum,  but  also  charcoal  and 
sulphur,  exert  a  reducing  action  upon  strong  sulphuric  acid,  and  evolve  sulphurous 
acid.  All  the  metals  of  the  zin'cic  and  feme  families,  with  the  exception  of  copper, 
readily  displace  hydrogen  from  tho  diluted  acid  to  form  their  respective  sulphates  of 
nietal.  At  ordinary  or  somewhat  increased  temperatures,  sulphuric  acid  decomposes 
tho  salts  of  nearly  all  other  acids,  with  production  of  the  corresponding  sulphates,  and 
liberation  of  tho  respective  acids.  By  its  action  on  certain  highly-oxidised  metallic 
compounds,  such  as  the  peroxides  of  lead  and  manganese,  and  the  manganic,  chromic, 
and  ferric  acids,  or  their  salts,  it  produces  sulphates  of  the  respective  metals,  with 
evolution  of  oxygen-gas.  Sulphuric  acid,  like  the  anhydride,  absorbs  nitric  oxiile  gas, 
forming  a  crystalline  sulphate  of  nitrosyl  (p.  577),  which  dissolves  unchanged  in  an 
excess  of  acid.  Tho  vapvour  of  sidphuric  acid  is  decomposed,  at  a  red  heat,  into  water, 
sulphurous  oxide,  and  oxygen. 

Sulphuric  acid  reacts  with  a  large  number  of  hydrogenised  bodies,  alkaline,  neutral 
and  acid,  to  form  new  compounds  by  the  elimination  of  water.  The  typical  reactions 
arc  tho  following : 

(1.)     H-SO*  +  2A  -  2irO    =  X. 

In  accordance  with  this  reaction,  the  neutral  sulphates  of  ethyl  and  phenyl, 
also  sulphobenzide  and  sulphonaphthalene,  are  formed  by  the  action  of  sulphuric  acid 

*  On  tho  prop.iratinn  of  snlphnrir  acid  froo  frnin  .Ti  scnic.  for  moilico-Iof;  il  purposes,  fpi>  B  1  o  x  n  m 
(Cliem.  Soc.  (Jii.  J.  xv.  5-2)  ;  also  Bu  i  gn  e  t  and  B  u  ssy  (J.  PI  arm.  [.tj  xliv.  177  ;  xlvi.  2^2  ;  Jahrehb. 
18G3,  p.  151  i  1861,  p.  111). 
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upon  alcohol,  phenol,  benzene,  and  naphthalene,  respectively.  All  these  products  are 
neutral  in  their  properties. 

(2.)    H^SO*  +  A  -  WO    =  Y. 

In  accordance  with  this  reaction,  sulphanilic  acid,  ethylsulphuric  acid,  phenylsul- 
phuric  acid,  phenylsulpliurous  acid,  and  naphthylsulphurous  acid  are  formed  by 
the  action  of  sulphuric  acid  upon  aniline,  alcohol,  phenol,  benzene,  and  naphthalene, 
respectively.  AU  these  products  have  the  properties  of  monobasic  acids.  Sulphuric 
acid  also  reacts,  in  accordance  with  the  above  equation,  upon  benzoic  and  other 
monobasic  acids :  but  then  the  products  of  its  action  (sulphobenzoic  acid,  for  instance) 
have  the  properties  of  dibasic  acids.  The  rule  which  applies  to  all  such  reactions  as 
those  now  under  consideration,  is  that  the  basicity  of  the  product  equals  the  sum  of 
the  basicities  of  the  reagents,  minus  as  many  units  of  basicity  as  there  are  atoms  of 
water  eliminated  (see  Acins,  i.  49). 

(3.)  +  A  -  2W0    =  Z. 

In  accordance  with  this  reaction,  methylene-sulphurous,  ethylene-sulphurous,  naph- 
thylene-sulphurous,  and  phenylene-sulpburous  acids  (p.  551),  also  disiilphanilio  acid 
(p.  479),  have  been  obtained.  Agreeably  to  the  above  rule,  all  these  products  have 
the  properties  of  dibasic  acids.  In  the  actual  reactions,  Nordhausen  acid,  or  even 
sulphuric  anhydride,  is  frequently  emjjloyed. 

Hydrates  of  Sulphuric  Acid. — There  are  two,  if  not  more,  well-defined  hydrates  of 
Bulphui'ic  acid — namely,  the  monohydrate,  H'-SO''.II-0,  and  the  dihydrate,  H-S0*.2H''O. 
The  first  compound  has  a  specific  gravity  of  r78,  and  solidifies  at  8°  or  9°,  forming 
a  mass  of  colourless  six-sided  prisms,  whence  it  is  called  glacial  sulphuric  acid. 
It  boils  at  205° — 210°,  giving  ofif  a  weak  acid  vapour.  It  may  be  obtained  by  evapo- 
rating any  dilute  sulphuric  acid  at  a  temperature  of  205°,  until  it  ceases  to  lose  water. 
The  second  hydrate  results  from  the  mixture  of  1  at.  oil  of  vitriol  with  2  at.  water. 
This  proportion  corresponds  witli  the  maximum  condensation  (nearly  8  per  cent.) 
which  results  from  the  union  of  the  acid  and  water.  Its  specifi.c  gravity  is  1'62.  It 
boils  at  193°,  giving  off  nothing  but  water  iintil  the  temperature  rises  to  205°.  It  may 
be  obtained  by  evaporating  any  more  dilute  acid  at  100°,  until  it  ceases  to  lose  water. 
Both  these  hydi'ates  dissolve  snow  with  production  of  intense  cold. 

Fuming  Sulphuric  Acid. — This  is  a  mixture  or  compound  of  sulphuric  acid  and 
sulphuric  anhydi-ide,  obtained  by  the  decomposition  by  heat  of  certain  sulpihates.  The 
anhydrosulphates  of  the  alkali-metals,  M-SO'.SO',  and  the  sulphates  of  the  triatomic 
metals — iron  (ferricum),  bismuth,  antimony,  i&c. — when  subjected  to  dry  distillation, 
give  ofif  sulphuric  oxide  or  anhydride  (p.  669),  and  if  moisture  is  present,  part  of  this 
compound  is  converted  into  sulphuric  acid.  At  Nordhausen,  in  Saxony,  an  impure 
ferric  sulphate,  obtained  by  exposing  ferrous  sidplu^te  (green  vitriol)  to  a  moderate 
heat  in  contact  with  the  air,  is  distilled  in  earthern  retorts  arranged  in  a  reverberat- 
ory  furnace ;  and  the  distillate,  consisting  chiefly  of  sulphm-ic  aniiydride,  is  received  in 
a  small  quantity  of  water  or,  more  frequently,  in  ordinary  oil  of  vitriol.  The  product 
thus  obtained  is  a  heavy  brown  oily  liquid,  known  as  Nordhausen,  or  Saxon,  or 
fuming  oil  of  vitriol.  It  has  a  specific  gravity  of  1'9,  a  composition  corresponding 
nearly  with  the  formula  H-S-O',  or  H'SO'.SO',  and  is  probably  a  definite  compoimd 
analogous  to  the  metallic  anhydrosulphates  above  mentioned.  It  solidifies  at  0°, 
forming  colourless  transparent  crystals.  When  gently  heated,  it  breaks  up  into  sul- 
phuric oxide,  SO',  which  distils  over,  and  sulphm-ic  acid,  H-SO*,  which  remains. 

According  to  E.  Miiller  (Ann.  Ch.  Pharm.  cxxii.  1  ;  Jaliresb.  1862,  p.  93),  a  crys- 
talline compound  of  this  acid  with  nitric  peroxide,  containing  H-S'^O'.N-O^,  is  produced 
by  the  action  of  nitric  peroxide  in  excess  on  ordinary  concentrated  sulphuric  acid  : 
2II''S0'  +  2N0-  =  H'-S  O'.N-O'  +  H-0.  It  dissolves  in  concentrated  more 
readily  than  in  dilute  sulphuric  acid,  and  separates  unaltered  on  diluting  the  former 
solution  with  water. 

Uses  of  Sidphuric  Acid. — Sulphiuric  acid  is  the  starting-point  of  nearly  all  impor- 
tant chemical  manufactures.  It  is  largely  used  in  the  preparation  of  nitric  acid  from 
the  nitrates  of  potassium  and  sodium,  of  hydrochloric  acid  and  chlorine  from  chloride 
of  sodium,  and  consequently  in  the  preparation  of  various  bleaching  compounds. 
Superphosphate  of  lime  and  artificial  manures  generally,  of  which  many  thousand  tons 
are  annually  consumed  in  this  country,  are  mad«  by  the  action  of  sulphuric  acid  on 
bones,  coprolites,  &c.  But  the  greatest  consumption  of  this  acid  is  in  the  manufacture 
of  sulphates,  especially  of  sulphate  of  sodium  from  the  chloride,  which  is  the  first 
step  in  the  manufacture  of  commercial  soda  or  carbonate  of  sodium.  It  is  also  largely 
used  for  dissolving  silver-alloy.  The  fuming  acid  is  used  chiefly  for  dissolving 
indigo,  the  solution  constituting  the  important  dyestufif  called  Saxony-blue  (iii.  258). 
(Odling's  Manned  of  Chemistry.) 
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Otto's  Table  of  the  Strength  of  Sul^^hMric  Acid  of  different  Densities  at  the  Temperature 

of  15°  C. 


Per  cent,  of 

Specific 
Gravity. 

Per  cent,  of 

Per  cent,  of 

Specific 

Per  cent,  of 

S03. 

H--SO^ 

Gravity. 

S03. 

100 

1-8426 

81-63 

50 

1-398 

40-81 

99 

1-8420 

80-81 

49 

1  3806 

40-00 

98 

1-8406 

80  00 

48 

1-3790 

39-18 

97 

1-8400 

79-18 

47 

1-3700 

38-36 

96 

1-8384 

78-36 

46 

1-3010 

37-55 

95 

1-8376 

77-55 

45 

1-3610 

36-73 

94 

1-8366 

76-73 

44 

1-3420 

35-82 

93 

1-8340 

75-91 

43 

1-3330 

35-10 

92 

1-8310 

75-10 

42 

1-3240 

34-28 

91 

1-8270 

74-28 

41 

1-3150 

33-47 

90 

1-8220 

73-47 

40 

1-3060 

32-65 

89 

1-1860 

72-65 

39 

1-2976 

31-83 

88 

1-8090 

71-83 

38 

1-2890 

31-02 

87 

1-8020 

71-02 

37 

1-2810 

30-20 

80 

1-7940 

70-10 

36 

1-2720 

29-38 

85 

1-7860 

69-38 

35 

1-2G40 

28-57 

84 

1-7770 

68-57 

34 

1-2560 

27-75 

83 

1-7670 

67.75 

33 

1-2476 

26-94 

82 

1-7560 

66-94 

32 

1-2390 

26-12 

81 

1-7460 

66-12 

31 

1-231 

25-30 

80 

1-7340 

65-30 

30 

1-223 

24-49 

79 

1-7220 

64-48 

29 

1-215 

23-67 

78 

1-7100 

63-67 

28 

1-2066 

22-85 

77 

1-6980 

62-85 

27 

1-1980 

22-03 

70 

1-6860 

62-04 

26 

1-1900 

21-22 

75 

1-6750 

61-22 

26 

1-1820 

20-40 

74 

1-6630 

60-40 

24 

1-1740 

19-58 

73 

1-6510 

59-59 

23 

1-1670 

18-77 

72 

1-6390 

68-77 

22 

1-1590 

17-95 

71 

1-6370 

57-95 

21 

1-1516 

17-14 

70 

1-6150 

57-14 

20 

1-1440 

16-32 

09 

1-6040 

56-32 

19 

1-1360 

15-51 

68 

1-5920 

66-59 

18 

1-1290 

14-69 

67 

1-6800 

54-69 

17 

1-1210 

13  87 

66 

1-5780 

63-87 

16 

1-1136 

13-06 

65 

1-6570 

53-05 

15 

1-1060 

12-24 

64 

1-6160 

52-24 

14 

1-0980 

11.42 

63 

1-6340 

51-42 

13 

1-0910 

10-61 

02 

1  -5230 

50-61 

12 

1-0830 

9-79 

61 

1-6]  20 

49-79 

11 

1-0756 

8-98 

60 

1-6(11 

48-98 

10 

1-0680 

8-16 

69 

1-490 

48-16 

9 

10610 

7-34 

58 

1-480 

47-34 

8 

1-0636 

6-53 

57 

1-469 

46-63 

7 

1-0464 

5-71 

56 

1-4686 

46-71 

6 

1-0390 

4-89 

55 

1-448 

44-89 

5 

1-0320 

4-08 

54 

1  438 

44-07 

4 

1-0256 

3-260 

63 

1-428 

43-26 

3 

1-0190 

2-445 

52 

1-418 

42-45 

2 

1-0130 

1-630 

51 

1-408 

41-63 

1 

1-0064 

0-816 

For  other  tables  of  the  strength  of  sulphuric  acid,  see  Eichardson  and  Watts's 
Chemical  Technology,  vol.  i.  pt.  v.  pp.  816-820. 


Derivatives  of  Sulphuric  Acid. 

SuLPHTiRic  Bromide,  SO-Br^  Bromide  of  Sulphur yl.  Bromosulphuric  Acid. 
— Prepared  like  the  con-esponding  chlorine-compound.  It  is  a  -white  crystalline  body, 
which  volntilises  at  ordinary  temperatures,  and  when  heated  in  a  sealed  tube  with 
excess  of  silver-sulphato,  yields  silver-bromide  and  sulphuric  oxide,  SO^Br-  +  Ao-SO* 
=  2AgBr  +  SO^    (Odling  and  Abel,  Chem.  Soc.  Qu.  J. -Fii.  2.) 
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SuLPHrEic  Chlohhydeate,  HCISO'  =  (SOyj^Q.  Chlorhydrosulphurous 

Acid.  (A.  W.  Williamson,  Proc.  Eoy.  Soc.  vii.  11.) — This  compound,  derived 
from  sulphuric  acid,  (SO-)".HO.HO,  by  the  substitution  of  1  at.  CI  for  1  at.  HO,  is 
the  first  product  of  the  action  of  phosphoric  pentachloride  upon  strong  sulphuric  acid : 

(HO)='SO=  +  POP    =    C1(H0)S02  +  HCl  +  POCP. 
It  is  also  produced  by  the  action  of  water  on  sulphuric  chloride  : 
CPSO^  +  ffO    =    C1(H0)S0'  +  HCl; 
by  the  direct  combination  of  hydi-ochloric  acid  gas  and  sulphuric  oxide ;  and  by  the 
action  of  platinum-black  on  an  imperfectly  dried  mixture  of  chlorine  and  sulphurous 
oxide.    It  appears  also  to  be  identical  with  the  compound  which  H.  Kose  obtained  by 
distilling  disulphide  of  chlorine  with  fuming  sulphuric  acid  (p.  535). 

Sulphuric  chlorhydrate  is  a  colourless  liquid,  which  boils  at  145°,  and  is  at  the  same 
time  partially  resolved  into  sulphm-ic  acid  and  sulphuric  chloride  :  2HCIS0'  =  H-'SO* 
+  CPSO^. — By  pentachloride  of  phosphorus  it  is  converted  into  sulphuric  cliloride. — 
When  poured  into  water,  it  sinks  to  the  bottom,  and  gradually  dissolves,  with  forma- 
tion of  sulphuric  and  hydrochloric  acids.  It  has  decidedly  acid  properties,  and  forms 
definite  salts,  in  which  its  hydrogen  is  replaced  by  metals :  thus  it  dissolves  chloride 
of  sodium  at  a  gentle  heat,  with  evolution  of  hydrochloric  acid  and  formation  of  the 
salt  NaClSO'. — With  nitrate  of  sodium,  it  yields  sulphate  of  sodium  and  chloride  of 
nitryl : 

Na(N02)0  -I-  HCISO^    =    NaHSO'  4-  NO'Cl. 

Ethyl-  and  phenyl-compounds  analogous  to  sulphuric  chlorhydrate  are  produced  by 
the  direct  combination  of  ethylic  and  phenylic  chloride  with  sulphuric  oxide. — The 
ethyl-compound,  C-H'^CISO^,  is  a  colourless,  oily,  pungent  liquid,  heavier  than  water, 
at  the  bottom  of  which  it  will  lie  for  weeks  without  thoroughly  decomposing.  Sul- 
phuric and  hydrochloric  acids  may,  however,  be  detected  immediately  after  its  immer- 
sion, and  on  neutralising  the  liquid  with  baryta,  a  soluble  barium-salt  is  formed, 
probably  the  ethylsulphate. — A  similar  compound  is  formed  by  chloride  of  methyl, 
and  apparently  also  by  chloride  of  acetyl.  (E.  Williamson,  Chem.  Soc.  Qu.  J.x.  100.) 

The  phenyl-compound,  C'H^CISO^,  is  a  liquid  which,  when  treated  with  excess  of 
milk  of  lime,  forms  a  soluble  calcium-salt,  C'-H''Ca"Cl-S-'0^,  which  separates  on  evapo- 
ration in  fiat  tabular  crystals.    (Hutch ings,  Chem.  Soc.  Qu.  J.  x.  102.) 

SuLPHtTHic  Chioeide,  SO^CP.  Chloride  of  Si'lphuryl.  Sulphuric  Chloralde- 
hyde.  Chlorosulphiric Acid.  (Eegnault,  Ann.  Ch.  Phys.  [2],lxix.  170;  Ixxi.  445. — 
A.  W.  Williamson,  Proc.  Eoy.  Soc.  vii.  11.) — This  compound,  which  may  be  regarded 
as  sulphuric  acid  in  which  2  at.  HO  are  replaced  by  2  at.  CI,  was  discovered  by  Eeg- 
nault, who  first  obtained  it,  mixed  with  chloride  of  ethylene,  by  passing  dry  chlorine 
into  a  mixture  of  ethylene-gas  and  sulphurous  oxide  ;  afterwards,  in  greater  quantity, 
by  exposing  a  mixture  of  chlorine  and  sulphm-ous  oxide  gases  to  strong  sunshiue  for  a 
considerable  time.  The  resulting  liquid  may  be  freed  from  excess  of  chlorine  by 
agitation  with  mercury  and  subsequent  distilhition.  It  is  also  produced  by  the  action 
of  phosphoric  pentachloride  on  sulphuric  oxide  ;  but  it  is  best  obtained  by  distilling 
strong  sulphuric  acid  with  the  pentachloride,  or  sulphate  of  lead  with  the  oxychloride  of 
phosphorus : 

SO'  +      PCP    =      SO-CP  +  POCP 
H-SO'  +     2PCP    =     SO-CP  +    2P0CP  +  2HC1 
3PbS0'  +  2P0CP    =    SSO'CP  +  PbT-0^ 

Sulphuric  chloride  is  a  colourless  fuming  liquid,  of  specific  gravity  1-66.  It  boils  at 
77°,  and  may  be  distilled  unchanged  over  caustic  lime  or  baryta.  When  poured  into 
water,  it  sinks  in  the  form  of  oily  drops,  which  gradually  disappear,  being  converted 
into  hydrochloric  and  sulphuric  acids : 

SO^CP  +  2H-0    =    2HC1  +  H'SO'. 
With  alcohol  it  behaves  in  a  similar  manner,  thus  : 

SO^CP  +  2(C2H=)HO    =    2C'H=C1  +  H-'SO'. 
In  the  actual  reaction,  however,  the  sulphuric  acid  is  converted  into  ethylsulphuric  acid 
by  the  intervention  of  another  atom  of  alcohol : 

H^SO*  +  (C''H=)HO    =    H'O  +  (C^H=)HSO«. 
With  dry  ammonia-gas,  or  with  commercial  sesquicarbonate  of  ammonia,  it  forms  sul- 
phamide,  according  to  Eegnault : 

SO^CP  +  4NH'    =    2NH'C1  +  N=II^SO^ 
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According  to  II.  Eose,  however,  the  product  thus  obtained  is  a  mixture  of  sal-ammoniae 
and  neutral  sulphaniate  of  ammonium  (p.  476). 

NiTROsosuLPHURic  Acid,  H-SO'(NO)^  Nitrosulpktiric  Acid.  A^otyhtdpkuric 
Acid.  Nitrosidphurous  Acid. — A  dibasic  acid,  known  only  in  its  alkaline  salts,  which 
are  produced  by  the  simultaneous  action  of  sulphurous  and  nitric  oxides  on  caustic 
alkaline  solutions.    (See  Niteososulphates,  iv.  116.) 

Sulphates  ofNitrosyl  or  Azotyl. — These  are  salts  produced  by  the  action 
of  sulphuric  acid  and  sulphuric  anhydride  on  the  oxides  of  nitrogen.    Three  of  them 
are  known,  corresponding  exactly  in  composition  to  the  sulphites  of  sodium,  thus : 
Sodium-salts.  Nitrosyl-saUs, 

HNaSO'    Acid  sulphate  H(NO)SO^ 
Na-SO'     Neutral  sulphate  (NO)»SO' 
Na^S-'O'    Anhydrosulphate  (NOj-S^O'. 
Acid  sulphate  of  7iitrosyl  was  obtained  by  Weltzien  (Ann.  Ch.  Pharm.  cxv.  213  ; 
Jahresb.  1860,  p.  106),  as  a  white  crystalline  mass,  by  passing  nitrous  anhydride  into 
normal  sulphuric  acid : 

2H-S0<  +  (NO)-O    =    IPO  +  2H(N0)S0'. 
It  is  probably  identical  with  the  compound  formed  by  heating  the  anhydrosulphate 
with  sulphuric  acid  containing  a  little  water,  and  crystallising  : 

(NO)'S=0'  +  H^O    =  2H(N0)S0'. 

Neutral  sulphate  of  niirosi/l,  (NO)-SO',  has  been  described  by  Gay-Lussac,  Provo- 
staye,  Mitscherlich,  and  others.  It  is  produced  by  the  action  of  nitric  peroxide  on 
sulphuric  acid,  thus : 

H'SO'  +  4N0'  =  (NO)=SO'  +  2HN0'. 
By  this  process,  Gay-Lussac  obtained  it  crj-stallised  in  four-sided  prisms.  It  is  also 
said  to  be  produced  by  the  action  of  nitric  oxide  on  sulphuric  acid  (Henry  and 
Pli  s  so  n) ;  by  that  of  nitric  peroxide  on  sulphurous  acid  (H.  Da  vy) ;  by  dissolving  the 
anhydrosulphate  in  a  small  quantity  of  hot  oil  of  vitriol  (Provostay  e),  and  in  other 
ways.    (  Gmelin's  Handbook,  ii.  447.) 

'n\e  aiihi/drosulphate  of  nitrosijl,  (NO)'S=0'  =  (NO)\SO^SO',  is  formed  by  the 
action  of  sulphurous  oxide  on  nitric  peroxide  (Provostaye),  also  of  sulphuric  oxide 
on  nitric  oxide  (Br lining);  and  by  heating  the  compound  NO'-.SO^  resulting  from 
thedirect  combination  of  nitric  peroxide  and  sulphuric  oxide  (P.Weber) — (see  p.  670). 
It  is  a  hard,  white,  amorphous  mass,  which  fuses  when  heated,  and  volatilises  without 
decomposition.  It  dissolves  in  concentrated  sulphuric  acid,  apparently  without  change  ; 
but  with  shghtly  diluted  sulphuric  acid,  it  forms  a  bulky  crystalline  substance,  pro- 
bably the  acid  sulphate  of  nitrosyl.  AVhen  heated,  it  gives  off  brown  vapom-s ;  and  as 
the  distillation  is  continued,  the  distillate  approaches  more  and  more  to  the  composi- 
tion N-'0'.3S0',  or  (N0y'S0^2S0'.    (Weber,  Jahresb.  1862,  p.  94.) 

All  the  sulphates  of  nitrosyl  are  deliquescent,  and  are  immediately  decomposed  by 
water  into  sulphuric  acid  and  nitric  oxide  gas. 

Tlie  crystals  which  form  in  the  leaden  chambers  during  the  manufacture  of  oil  of 
vitriol,  when  only  an  insufficient  quantity  of  steam  is  admitted,  are  perhaps  a  mixture 
of  the  different  sulphates  of  nitrosyl  just  noticed.  According  to  Weber,  however  {loc, 
cit.),  they  consist  entirely  of  the  acid  sulphate,  II(NO)SO'. 

Metallic  Sulphates. 

General  formula,  M'SO',  or  a  multiple  thereof.— The  sulphates  form  a  very  abun- 
dant class  of  salts,  which  are  usually  obtained,  as  above  mentioned,  by  the  action  of 
sulphxiric  acid  on  metals,  or  on  their  hydrates,  oxides,  and  salts.  Some  of  them  are 
farmed  by  the  decomposition  of  other  sulphates :  e.tj.,  ferrous  sulphate  by  the  action  of 
metallic  iron  on  cupric  sulphate,  and  the  latter  by  the  action  of  metallic  copper  on  the 
sulphate  of  silver  produced  in  the  process  of  gold-refining  (ii.  925).  Insoluble  sul- 
phates (as  those  of  barium  and  lead)  are  formed  by  precipitation,  and  the  sulphates  of 
potassium  and  sodium  may  be  formed  by  fusing  the  insoluble  sulphates  of  barium, 
strontium,  calcium,  and  lead  with  potassic  or  sodic  carbonate,  or  by  boiling  the  inso- 
luble sulphate  with  a  solution  of  alkaline  carbonate.  Lastly,  sulphates  are  formed  by 
the  oxidation  of  sulphides :  the  sulphates  of  iron,  zinc,  and  copper  are  obtained  in  this 
manner,  by  oxidation  of  the  native  sulphides  of  those  metals. 

The  svdphates  may  be  dividad  into  the  following  groups: — 

1.  Type,  H-SO'  =   ^^i'^  ^0-. — This  group  includes  the  sulphates  of  the  mona- 

tomic  metals  and  the  neutral  sulphates  of  the  diatomic  metals.  With  the  alkali-metals, 
sulphuric  acid  forms  acid  and  neutral  salts:  c.ff.,  KHSO*  and  K'SO^;  also  double  salts, 
A'oL.  V.  P  P 
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such  as  (NH')  NaSO^.  Potassium  and  sodium  also  form  aiihydrosnlpliates,  composed 
of  a  molecule  of  tho  neutral  salt  united  with  sulphiiric  anhydride  :  e.g.,  NaSO^.SO'. 
All  the  sulphates  of  the  alkali-metals  are  soluble  in  water ;  the  neutral  potassium-salt, 
however,  is  much  less  soluble  than  any  of  the  others. 

The  diatomic  metals — that  is  to  say,  all  the  earth-metals  excepting  aluminium,  thori- 
num,  and  zirconium,  and  the  greater  number  of  the  heavy  metals, — form  neutral 
sulphates,  represented  by  the  general  formula  M"SO^.  The  sulphates  of  barium, 
strontium,  calcium,  and  lead  are  found  native.  The  barium-  and  lead-salts  are  inso- 
luble in  water ;  the  strontium-salt  almost  insoluble ;  the  calcium-salt  slightly  soluble  ; 
the  magnesium-salt  and  the  heavy  metal  sulphates  are  freely  soluble,  except  that  of 
mercury,  Hg"SO',  which  is  decomposed  by  water.  The  heavy  metal  sulphates  have 
an  acid  reaction,  and  all  of  them,  except  tho  sulphate  of  lead,  and  perhaps  those  of 
manganese  and  zinc,  are  decomposed  by  ignition. 

2.  Sulphates  forined  on  the  Type  of  a  Double  Molecule  of  Sulphuric  Acid,  H*S-0' 

=     jj(    {O*. — This  group  includes  a  few  simple  sulphates  (e.  g.,  stannic  sulphate, 

Sn''S^O',  and  zirconic  sulphate,  Zri'S^O')  and  a  large  number  of  double  sulphates, 
containing:  (o),  1  atom  of  a  diatomic  and  2  atoms  of  a  monatomic  metal,  such  as 
potassio-cupric  sulphate,  K^Cu'S-O"  ;  (;8),  1  atom  of  monatomic  and  1  atom  of 
triatomic  metal,  such  as  common  alum,  or  potassio-aluminic  sulphite,  KAr"S-0^. 
All  tliese  double  sulphates  are  soluble  salts,  decomposible  into  their  constituent 
salts  by  excess  of  water  or  by  diffusion.  The  sub-group  a  likewise  includes  the 
acid  sulphates  of  barium  and  calcium,  Ba"iI^S^O^  and  Ca"H^S"0^ 

3.  Type,  H=S^0'2  =  ^^''^^  I  0".—  This  group  includes  the  neutral  sulphates  of 

the  triatomic  metals :  e.g.,  Al'S^O",  Fe'S'O'^,  &e.  These  salts  are  often  found 
native :  thoy  are  soluble,  strongly  acid  compounds,  decomposible  by  ignition.  To 
the  same  group  belong  certain  acid  and  double  sulphates  of  the  alkali-metals  :  e.g., 
K'-H^S^O'^  and  K^Li^S^Qi^ 

There  are  also  a  few  sulphates  derived  from  higher  multiples  of  H-SO',  which  wiU 
be  noticed  further  on. 

Nearly  all  sulphates  are  crystallisable.  The  insoluble  or  difficultly  soluble  sulphates 
of  lead,  barium,  strontium,  and  calcium  occur  native,  in  large  well-defined  crystals; 
many  soluble  sulphates  also  in  smaller  crystals,  or  crystalline  masses.  Many  crj-stal- 
line  sulphates  contain  considerable  quantities  of  water  of  crystallisation  :  thus  the 
sulphates  of  iron,  cobalt,  nickel,  manganese,  zinc,  and  magnesium  crystallise  with 
7  at.  water ;  the  double  sulphates  of  the  alkali-metals  and  the  metals  of  the  ferro- 
magnesian  group  with  6  at.  water;  the  alums  with  12  at.  water. 

Among  the  crystalline  sulphates,  there  are  several  isomorphous  groups — viz.,  the 
anhydrous  sulphates  of  potassium  and  sodium  (trimetric) ;  the  anhydrous  sulphates  of 
calcium,  strontium,  barium,  and  lead  (trimetric) ;  the  pentahydrated  sulphates  of 
manganese  and  copper  (triclinic)  ;  the  hexhydrated  sulphates  of  zinc,  nickel,  and 
cobalt  (monoch'nic) ;  the  hexhydrated  double  sulphates  of  the  alkali-metals  with 
magnesium,  zinc,  nickel,  cobalt,  iron,  manganese,  and  copper — e.g.,  K-Mg"S'0*.6H-0 
(monoclinic) ;  and  the  alums,  or  dodecahydrated  double  sulphates  of  the  alkali-metals 
with  the  sulphates  of  triatomic  metals — e.g.,  KAl"'S^0''.12H-0  (monometric,  and 
mostly  octahedral). 

The  simple  sulphates  of  the  ferromagnesian  family,  with  5  or  7  at.  water,  retain 
1  at.  with  very  considerable  force.  Thus  sulphate  of  magnesium,  MgS0^7H'^0, 
loses  6  at.  water  at  a  temperature  not  much  above  100°;  but  it  holds  back  the 
seventh  atom,  even  when  heated  to  upwards  of  200°.  This  last  atom  of  water  retained 
by  the  ferromagnesian  sulphates  was  called,  by  Graham,  constitutional 
water.  The  monohydrated  sulphates  of  the  form  M"SO'.H^O  aro  analogous  to  glacial 
sulphuric  acid,  H^SO^.ffO. 

The  dodecahydrated  double  sulphates  of  the  alkali-metals  and  triatomic  metals  con- 
stitute the  true  alums.  The  sulphates  of  ammonium,  potassium,  and  sodium  aro 
capable  of  forming  alums  with  tho  alumiuie,  ferric,  chromic,  and  manganic  sulphates :  the 
existence  of  sodiuni-iron-alum  and  sodium-manganese-alum  appears,  however,  to 
be  doubtful.  Alums  have  also  been  formed  containing  the  monatomic  metals, 
thallium  and  silver :  e.g.,  silver-ahiminium-alum,  AgAr"S'0M2H^0 ;  and  Wurtz  has 
obtained  an  ethyl-ammonium-alum,  (C'^H"N)  Ar"S-0M2H'-0.  In  addition  to  these, 
there  are  several  piseudo-alums,  derived  in  like  manner  from  2  at.  sulphuric 
acid,  but  having  a  different  number  of  atoms  of  crystallisation-water,  or  a  different 
crj'stalline  form — e.g.,  KCr"'S^0'.6H^0  ;  or  containing  diatomic  metals,  and  derived 
from  4  at.  sulphuric  acid,  such  as  Mu"(Al"')^S^O"'-24H20  ;  Fe"(Fe"7  S'O'"-  2lH«0,  &c. 

The  genuine  alums  arc  all  soluble  in  water,  forming  solutions  which  have  a  styptic 
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taste,  and  marked  acid  reaction.  Tlio  first  effect  of  heat  upon  the  alums  is  to  drive 
off  their  water  of  cryst^allisation  ;  a  furthiT  degree  of  heat  renders  the  dried  residues 
very  difficultly  soluble  in  water,  whilo  a  still  hijiher  temperature  converts  them  into 
basic  salts  by  the  loss  of  sulphuric  anhydride.  The  ammonium-alums,  when  heated, 
leave  a  residue  of  pure  trioxide.  The  fixed  alkali-alums  leave  a  residue  of  trioxide 
mixed  with  sulphate  of  alkali-metal.  It  requires  a  very  powerful  and  prolonged  heat 
to  drive  off  the  last  traces  of  sulphuric  acid  from  the  trioxides  thus  produced. 

Ba^ic  Sulphates. — Most  of  the  alums  yield  more  or  less  defined  basic  salts.  The 
best  known  of  these  is  the  native  crystalline  alum-stone,  having  the  formula  KAlS-0". 
APO'.lH'O.  It  corresponds  in  composition  with  the  basic  ammonium-alum  formed 
by  digesting  polatinous  alumina  in  a  hot  solution  of  the  normal  alum,  and  having  the 
formida  (Nll*)A],S*0».Al=03.4H20. 

The  diatomic  metals  yield  a  largo  number  of  basic  sulphates,  which  may  be  regarded 
as  normal  sulphates,  combined  with  metallic  oxide  replacing  the  water  of  hydrated 
sulphuric  acid  on  its  salts.  Thus  there  is  a  dibasic  sulphate  of  zinc,  Zn"SO^Zn"0, 
corresponding  to  glacial  sulphuric  acid,  II-'SO'.H'^O ;  a  tribasic  sulphate  of  mercury, 
Hg"S0''.2Hg"0,  corresponding  to  the  second  hydrate  of  sulphuric  acid,  H'S0'.2H-0  ; 
and  a  tribjisie  sulphate  of  copper,  Cu"S0'.2Cii"O.3H-O,  corresponding  to  blue  vitriol, 
Cu"S0'..5H'0.  Much  more  highly  basic  sulphates  may  also  be  obtained,  and  will  bo 
described  in  their  places.  Most  of  these  basic  sulpliates  are  insoluble  in  water,  and 
those  few  which  are  soluble  are  decomposed  hy  a  great  excess  of  water  into  metallic 
oxide  or  hydrate  and  normal  metallic  sulphate. 

Eespecting  the  reactions  of  sulphates,  see  p.  536. 

Snlpbates  of  Aluminium. — a.  The  normal  (or  neutral)  sndpkafe,  Al-(SO')'  = 
A1-0^.3S0^,  occurs,  as  a  hydrate  containing  18  at.  water,  in  delicate  fibrous  masses  or 
crusts,  in  various  localities :  as  at  Bilin  in  Bohemia,  on  the  volcanic  island  of  Milo 
in  the  Grecian  Archipelago,  in  tho  crater  of  the  volcano  of  Pasto,  at  Copiapo  in 
Chile,  Adelaide  in  Australia,  &e. ;  it  is  known  mincralogically  as  alunogm,  hair-salt, 
feather  alum,  Aad  halotrichite.  Hardness  =  1-.5  to  2.  Specific  gravity  =  1'6  to  1'8. 
Lustre  vitreous.  Colour  white,  or  tinged  with  yellow  and  red.  Subtranslucent  to  sub 
transparent. 

This  salt  is  prepared  on  the  large  scale  as  concentrated  alum,  for  use  in  dyeing 
instead  of  common  alum,  by  treating  pure  clay  with  strong  sulphuric  acid.  The  clay, 
which  must  be  as  free  as  possible  from  iron,  is  heated  to  redness  to  render  it  porous, 
then  finely  ground,  and  mixed  with  half  its  weight  of  sulphuric  acid  of  specific  gravity 
)'-lo,  in  a  roverberatory  furnace,  the  hearth  of  which  has  the  form  of  a  walled  pan.  The 
mixture  is  heated  till  the  acid  begins  to  volatilise ;  the  mass  is  exposed  to  the  air  for 
several  days,  then  treated  with  water ;  and  tho  resulting  solution  of  aluminic  sulphate 
is  freed  from  iron  by  careful  precipitation  with  ferroeyanide  of  potassium.  The  solu- 
tion thus  purified  is  then  evaporated  to  a  syrup,  and  transferred  to  small  leaden  pans, 
in  which  it  solidifies  to  a  crystalline  mass  (Dumas).  According  to  Hurler  and 
Brunei  (Pharm.  Ccntr.  18-52,  p.  544:),  this  salt  may  also  be  obtained  [anhydrous]  liy 
heating  ammonium-alum  in  iron  cylinders,  the  sidpliite  of  ammonium  thereby 
evolved  being  received  in  water,  and  reconverted  into  sulphate  by  oxidation  in  the  air. 
According  to  Porsoz  (Ann.  Ch.  Phys.  [3],  Ivi.  102),  a  solution  of  alum,  or  of  sulphate, 
nitrate,  or  chloride  of  aluminium,  mixed  with  a  large  excess  of  boiling  concentrated 
sulphuric  arid,  deposits  tho  anhydrous  sulphate  as  a  white  powder. 

Neutral  aluminic  sulphate  crystallises  with  diflSculty  in  thin,  flexible,  nacreou.<; 
laminpe,  having  a  sweetish  taste,  soluble  in  2  pts.  of  water,  insoluble  in  alcohol. 
According  to  Persoz,  the  crystallisation  is  much  facilitated  by  adding  alcohol  to  the 
solution.  The  salt  when  heated  melts  in  its  water  of  crystallisation,  swells  up 
strongly,  and  leaves  a  white  porous  mass,  consisting  of  the  anhydrous  sulphate, 
which  dissolves  very  slowly  in  water,  and  when  heated  to  redness  leaves  pure 
alumina. 

0.  Basic  Salts.— 7)(7»a.?w  aluminic  sulphate,  2A1-013SO'  =  AP(SO')^.APO^  is 
ol)tainod  by  heating  a  solution  of  the  normal  sulphate  with  alumina  or  with  the  fol- 
lowing salt,  filtering  while  hot,  and  evaporating  to  dryness  at  a  gentle  heat.  It  is  a 
gummy  mass,  which  is  decomposed  by  water  into  the  normal  sulphate  and  the  tribasic 
salt.    (Maus,  Pogg.  Ann.  xi.  80.) 

The  trihasic  sulphate,  3APOlSO'.9H=0,  or  Al=(SO')5.2Al-0'.9H-0,  occurs  native  as 
oltiminite,  a  white,  opaque,  earthy  mineral,  of  specific  gravity  1'70  ;  it  is  also  precipitated 
from  the  solution  of  the  normal  sulphate  on  addition  of  a  small  quantity  of  ammonia. 
It  dissolves  in  hydrochloric  acid,  and  at  a  red  heat  gives  off  sulphuric  oxide,  and  leaves 
alumina. 

The  tetrnhasic  salt,  4APO'.3SOl36H-0  or  A1'(S0')13AP0136H'^0.  is  produced  by 
digesting  finely-divided  calcic  carbonate,  for  several  days,  in  a  cold  solution  of  alum  in 
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excess.  It  is  perceptibly  crystalline,  and  very  soluLle  in  dilute  acids,  even  in  warm 
acetic  acid. — The  same  salt  is  obtained  by  the  action  of  zinc  on  a  cold  solution  of 
normal  aluminic  sulphate.  The  action  is  very  slow,  even  when  electrolytically  acce- 
lerated by  placing  the  materials  on  a  platinum-diah  ;  but  after  a  week,  a  transparent 
jelly  is  olstained,  which,  when  separated  by  washing  from  zinc  and  excess  of  alnminic 
sulphate,  and  dried  over  oil  of  vitriol,  solidifies  in  small  transparent  masses  having  a 
vitreous  fracture.    (Debray,  Bull.  Soc.  Chim.  [2],  vii.  1.) 

The  pentabasic  salt,  5Al-'O'.3SO^.20H'O,  is  obtained  by  gently  boiling  a  solution  of 
the  normal  salt  with  zinc  in  a  platinum-dish.  A  granular  precipitate  i.s  thereby 
formed,  easy  to  wash,  and  soluble  in  dilute  acids ;  it  gives  off  its  water  at  100°.  (De- 
bray.) 

y.  Double  Salts  of  Aluminic  Sulphate.  Alums. — The  formula  of  normal 
aluminic  alum  is  A1"'M(S0^)^.12H''0,  M  denoting  a  monatomic,  and  for  the  most  part 
an  alkali-metal.    Their  general  characters  have  been  already  described  (p.  575). 

Ammonio-alumimc  Sulphate,  Al(NH'')S0^.12H-0.  Ammonia-alum. — This  salt  is  pre- 
pared, like  potash-alum,  by  adding  svdphate  or  chloride  of  ammonium  to  a  solution  of 
aluminic  sulphate.  It  is  also  found  native  as  tschirnugitc,  at  Tschermig  in  Bohemia, 
in  octahedrons  and  fibrous  masses:  hardness  =  1  to  2 ;  specific  gravity  =  1-56. 
According  to  Buignet  (Jahresb.  1861,  p.  15),  the  specific  gravity  of  the  artificially  pre- 
pared crystals  is  r6o3.  It  is  more  soluble  in  water  than  potash-alum,  100  pts.  of 
water  dissolving  5'22  pts.  of  it  at  0°,  and  421-9  pts.  at  100°.  In  other  respects  it 
bears  tlie  closest  resemblance  to  potash-alum,  and  is  used  for  the  same  purposes ;  in 
fact,  the  application  of  the  alums  as  mordants,  &c.,  depends  upon  tlie  sulphate  of 
aluminium  which  they  contain,  not  on  the  alkaline  sulphate.  When  heated  to  rednes.s, 
it  leaves  anhydrous  alumina,  and  when  heated  with  alkalis,  it  gives  off  ammonia. — A 
hasic  ammonia-alum,  analogous  to  basic  potash-alum,  is  obtained  by  gradually  adding 
ammonia  to  a  boiling  solution  of  the  normal  alum,  but  not  to  complete  satura- 
tion. 

Argento-aluminic  sulphate,  or  SjVyfr-aZwwi,  AlAg(S0')''.12H-0,  is  obtained 
by  heating  equivalent  quantities  of  argentic  and  aluminic  sulphate  with  a  small  quantity 
of  water,  in  an  oil-bath,  till  the  argentic  sulphate  is  completely  dissolved.  It  crys- 
tallises in  octahedrons,  and  is  resolved  by  water  into  its  component  salts.  (Church, 
Chem.  News,  ix.  155.) 

Ca sio-aluminic  sulphate,  or  Ccssiiim-alum,  AlCs(S0*)^.12H-0,  crystallises 
in  octahedrons,  having  a  glassy  lustre  (Bunsen).  100  pts.  of  water  at  17°  dissolve 
0'619  pt.  of  this  salt;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Eed- 
tenbacher,  J.  pr.  Chem.  xciv.  42.) 

Potassio-alicminic  sulphate,  or  Potash-alum,  A1K(S0^)'.12H'0. — This  is 
the  salt  to  which  the  name  alum  is  most  generally  applied.  It  is  obtained  by  adding 
sulphate  or  chloride  of  potassium  to  a  solution  of  sulphateof  aluminium.  Thesulphate 
of  aluminium  is  sometimes  prepared  for  this  purpose  from  clay  by  the  action  of  sul- 
phuric acid  in  the  manner  already  described,  Init  more  frequently  by  the  calcination  of 
aluminous  schists,  which  are  argillaceous  rocks  containing  considerable  quantities  of 
sulphide  of  iron.  Tho  sulphide  of  iron  is  converted,  by  exposure  to  the  air,  into  ferrous 
sulphate  and  free  sulphuric  acid: 

2FeS2  +  0'  +  IPO    =    Fe"SO'  +  H-SO'; 

and  the  sulphuric  acid,  acting  on  the  alumina  contained  in  the  clay,  forms  sulphate  of 
aluminium.  These  aluminous  schists  are  found  in  t  wo  different  geological  positions  — 
viz.,  in  the  transition  strata  [alum-slate],  in  which  position  they  are  largely  im- 
pregnated with  bitumen  ;  and  in  the  lower  tertiary  strata,  just  above  the  chalk 
[alum-earth].  Tlie  latter  are  much  less  compact  than  the  former;  consequently  their 
oxidation  is  easier,  and  sometimes  takes  place  spontaneously.  The  greater  pait  of  the 
alum  manufactured  in  England,  France,  and  Germany  is  obtained  from  tlie  aluminous 
schists. 

The  most  extensive  alum  manufactory  in  Great  Britain  is  at  Hurlett,  near  Paisley. 
The  next  in  magnitude  is  at  Whitby,  of  whose  state  and  processes  an  instructive 
account  was  published  by  Mr.  Winter  in  the  twenty-fifth  volume  of  "  Nicholson's 
Journal."  The  stratum  of  aluminous  schist  is  about  twenty-nine  miles  in  width,  and  is 
covered  by  strata  of  alluvial  soil,  sandstone,  ironstone,  shell,  and  clay.  The  alum-schist 
is  generally  found  disposed  in  liorizontal  laminae.  Tho  upper  part  of  the  rock  is  the 
most  abundant  in  sulpliur,  so  that  a  cubic  yard  taken  from  the  top  of  the  stratum  is 
five  times  more  valuable  than  the  same  bulk  100  feet  below. 

If  a  quantity  of  the  schist  be  laid  in  a  heap,  and  moistened  with  sea-water,  it  will 
take  fire  spontaneously,  and  continue  to  burn  till  the  whole  inflammable  matter  is  con- 
sumed. Its  colour  is  bluish-grey.  Specific  gravity  =  2'48.  It  imparts  a  bituminous 
principle  to  alcohol. 
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Tho  rock,  broken  into  small  piecef;,  is  laid  on  a  horizont;il  bed  of  fuel,  composed  of 
lirushwood,  &e.  When  about  four  feet  in  height  of  the  rock  is  piled  on,  fire  is  set  to  the 
bottom,  and  fresh  rock  continually  poured  upon  the  pile.  This  is  continued  until  the 
calcined  heap  is  raised  to  the  heiglit  of  90  or  100  feet.  Its  horizontal  area  is  at  the  same 
time  progressively  extended,  till  it  forms  a  groat  bed  nearly  200  feet  square,  having 
about  100,000  yards  of  solid  measurement.  The  rapidity  of  the  combustion  is  allayed 
by  plastering  up  the  crevices  with  small  schist  moistened.  Notwithstanding  this  pre- 
caution, a  great  deal  of  sulphuric  or  sidphurous  acid  is  dissipated.  130  tons  of  calcined 
schist  produce,  on  an  average,  one  ton  of  alum.  This  result  has  been  deduced  from 
an  average  of  150,000  tons. 

Tho  calcined  mineral  is  digested  with  water  in  pits  usually  containing  about  60 
cubic  yards.  The  liquid  is  dra\^^l  olf  into  cisterns,  and  afterwards  pumped  up  again 
upon  fresh  calcined  mine.  This  is  repeated  until  the  specific  gravity  becomes  ri5.  The 
half-exhausted  schist  is  then  covered  with  water  to  take  up  tho  whole  sohdjlo  matter. 
The  strong  liquor  is  drawn  olf  into  settling  cisterns,  whero  the  sulphate  of  lime,  iron, 
and  earth  are  deposited.  At  some  works  the  liquid  is  boiled,  which  aids  its  purifica- 
tion. It  is  then  run  into  leaden  pans  10  feet  long,  4  feet  9  inches  wide,  2  feet 
2  inches  deep  at  the  one  end,  and  2  feet  8  inches  at  the  other.  This  slope  faci- 
litates the  emptying  of  the  pans.  Here  tlie  liquor  is  concentrated  at  the  boiling  heat. 
Every  morning  tho  pans  are  emptied  into  a  settling  cistern,  and  a  solution  of  chloride 
of  potassium  (either  pretty  pure  from  the  manufacturer,  or  crude  and  compound  from 
the  soap-boiler)  is  added.  Tho  quantity  of  chloride  necessary  is  determined  by  a 
previous  experiment  in  a  basin,  and  is  regulated  for  the  workmen  by  the  hydrometer. 
By  this  addition,  the  pan-liquor,  which  had  acquired  a  specific  gravity  of  1'4  or  I'O,  is 
reduced  to  1-35.  After  being  allowed  to  settle  for  two  hours,  it  is  run  oflf  into  the 
coolers  to  be  crystallised.  At  a  greater  specific  gravity  than  r35,  the  liquor,  instead 
of  crystiiUising,  would,  on  cooling,  solidify  in  a  magma  resembling  grease.  Urine  is 
occasionally  added,  to  bring  it  down  to  the  proper  density. 

After  standing  four  days,  the  mother-waters  are  drained  off,  to  be  pumped  into  the 
pans  on  tho  succeeding  day.  Tho  crystals  of  alum  are  washed  in  a  tub  and  drained. 
Tliey  are  then  put  into  a  lead  pan,  with  as  much  water  as  will  make  a  saturated 
solution  at  the  boiling-point.  Whenever  this  is  effected,  the  solution  is  run  off  into 
casks.  At  the  end  of  ten  or  sixteen  days,  the  casks  are  unhooped  and  taken  asunder. 
The  alum  is  found  exteriorly  in  a  solid  cake,  but  in  the  interior  cavity  in  large 
pyramidal  crystals,  consisting  of  octahedrons,  inserted  successively  into  one  another. 
This  liist  process  is  called  "  roehing."  Mr.  Winter  says  that  22  tons  of  chloride  of 
potassium  ^rill  produce  100  tons  of  alum,  to  which  31  tons  of  the  black  ashes  of  tho 
soap-boiler,  or  73  of  kelp,  are  equivalent.  AVhero  much  iron  exists  in  the  alum-ore, 
the  alkaline  chloride,  by  its  decomposition,  gives  rise  to  an  uncrystallisable  chloride  of 
iron.    For  this  reason  it  is  preferable  to  the  sulphate  of  potassium. 

Alum  may  also  be  obtained  from  cryolite,  Al-F'.3NaF,  by  heating  the  mineral  with 
three  timi'S  its  weight  of  strong  sulphuric  acid,  whereby  anhydrous  neutral  sulphate  of 
aluminium  and  acid  sulphate  of  sodium  are  obtained;  treating  the  resulting  mass  with 
a  small  quantity  of  cold  water  to  remove  the  acid  sodium-salt ;  then  digesting  the 
anliydrous  sulphate  of  aluminium  with  warm  water,  to  convert  it  into  tho  hydrated 
salt,  and  adding  the  proper  quantity  of  sulphate  of  potassium.  The  alum  thus  obtained 
is  nearly  if  not  quite  free  from  iron.    (Persoz,  Ann.  Ch.  Phys.  [3]  Ivi.  105.) 

At  Tolfa  near  Rome,  and  in  two  or  three  other  localities,  there  is  found  a  mineral 
called  aluiii/e  or  ahnn-sioiie,  consisting  of  common  alum  together  with  normal  hydrate 
of  aluminium,  A1K(S0')-.2A1H'0^.  Now  when  this  mineral  is  calcined,  at  a  moderate 
heat,  the  hydrate  of  aluminium  is  decomposed  into  water  and  anhydrous  alumina, 
while  the  sulphate  of  aluminium  and  potassium  remains  unaltered,  provided  the  heat 
has  been  prevented  from  rising  too  high  ;  and  on  treating  the  calcined  mass  with 
water,  the  double  sulphate  dissolves,  while  tho  alumina  remains  behind.  The  mineral 
before  calcination  is  quite  insoluble  in  water.  The  solution  when  evaporated  yields 
llie  alum  in  cubic  crystals,  generally  having  a  reddish  tint  produced  by  ferric  oxide. 
This  kind  of  alum,  called  lioman  alum,  is  much  valued  by  dyers,  because  the  iron 
which  it  contains  is  in  an  insoluble  state,  and  therefore  cannot  exert  any  injurious 
effect  on  tho  colours. — Alum  prepared  in  tho  ordinary  way  always  contains  iron  in  the 
soluble  state,  viz.  as  ferric  sulphate,  Fe-(SO')^  which,  being  isomorphous  with  sulphate 
of  aluminium,  is  ditRcult  to  remove  by  successive  crystallisation.  It  may  be  precipi- 
tated by  ferrocyanide  of  potassium,  as  described  in  the  preparation  of  sulphate  of 
aluminium;  but  a  cheaper  way,  recommended  by  Thenard,  is  to  dissolve  the  alum  in 
boiling  water,  and  stir  the  solution  briskly  with  rods  as  it  cools.  The  salt  is  thus 
reduced  to  a  fine  granular  powder,  which,  when  washed  two  or  three  times  with  cold 
water,  yields  alum  containing  only  a  trace  of  iron.  [On  the  manufacture  of  alum,  see 
fmiher  Un's  Diciionarxj  vf  Arts,  &e.  i.  101  —  118.] 


582         SULPHUR :  OXYGEN-ACIDS  AND  SALTS. 


Alum  sometimes  occurs  in  nature  ready-formod.  This  is  the  case  at  Pozzuoli  near 
Naples,  where  it  effloresces  on  the  surface  of  the  soil.  It  is  dissolved  out  hy  water,  and 
crystaUised  by  evaporation. 

Alum  generally  crystallises  in  regular  octahedrons  and  in  cubes.  Its  specific  gravity 
is  1"7.  The  octahedral  crystals  are  the  most  common,  and  are  always  deposited  from 
Loiling  concentrated  solutions.  The  cubic  ei^stals  have  an  especial  tendency  to  form 
iu  solutions  containing  an  excess  of  alumina,  and  at  a  temperature  not  exceeding  50°,  as 
in  the  preparation  of  Eoman  alum.  If  earbonate  of  potassium  bo  added  to  a  solution 
of  octahedral  alum  in  water  at  40°  or  46°,  till  the  precipitate  ceases  to  redissolve  com- 
pletely, and  the  filtered  liquor  be  then  left  to  itself  at  a  gentle  heat,  cubic  alum  will  be 
obtained  quite  free  from  iron.  On  the  other  hand,  when  a  solution  of  cubic  alum  in  cold 
water  is  abandoned  to  spontaneous  evaporation,  the  alum  is  deposited  in  octahedrons. 
The  two  forms  are  identical  in  composition  (Lowel,  Compt.  rend,  xsxvi.  595).  Some- 
times intermediate  forms  occur,  like  Jiffs.  194,  195,  196  (Ceystaixographt,  ii.  129), 
or  combinations  of  the  cube  and  octahedron  with  other  forms  of  the  monometrie 
system,  like /^s.  199,  202,204,  205,  208,  209,  212,  273  (ii.  130-132);  also  aggre- 
gates and  distorted  forms,  likefys.  316,  317,  347,  348,  &c.  (ii.  159,  164). 

According  to  Foggiale,  100  pts.  of  water  dissolve  3'29  pts.  of  crystallised  alum  at 
0°  ;  9-52  pts.  at  lO'' ;  22  pts.  at  30° ;  31  pts.  at  60° ;  90  pts.  at  70°,  and  357  pts.  at 
100°  ( Graham's  Elementi,  2nd  edition,  i.  607).  The  solution  has  a  sweet  and  strongly 
astringent  taste,  an  acid  reaction,  and  dissolves  zinc  and  iron,  with  evolution  of  hydro- 
gen.— When  2  pts.  of  alum  are  dissolved  in  1  pt.  of  boiling  water,  and  the 
solution  is  left  to  cool  in  a  closed  vessel,  no  crystallisation  takes  place  ;  but  as  soon  as 
the  vessel  is  opened,  smaU  octahedral  crystals  begin  to  form  on  the  surface,  and  in  a 
short  time  the  crystallisation  extends  through  the  whole  mass.  This  is  an  instance  of 
supersaturation  similar  to  that  exhibited  by  sulphate  of  sodium.  (Lowel,  Ann.  Ch. 
Phys.  [3],  xiii.  405.) 

Crystallised  alum  effloresces  slightly  on  exposure  to  the  air.  According  to  H  e  r  t  w  i  g 
(Pogg.  Ann.  Iv.  99),  it  gives  off  5  at.  water  at  100°,  and  4i  at.  more  at  120°,  leaving  a 
residue  containing  2A1E(S0')°.  5H-0.  This  residue  evolved  4  at.  water  at  1 80°,  leaving 
2.4JK(SO')MI20  ;  and  at  200°,  half  of  this  remaining  quantity  is  given  off,  leaving 
4A1-K(S0^)2  +  H'O.  According  to  Gerhardt  (J.  Pharm.  [2],  xii.  57)  crystallised 
alum  gives  off  10  at.  water  at  120°,  leaving  a  residue  easily  soluble  in  water;  and 
at  200°,  the  whole  is  expelled,  and  the  remaining  anhydrous  alum,  sometimes  called 
burnt  alum,  is  insoluble.  Alum  heated  to  redness  with  charcoal  in  a  close  vessel 
yields  a,  mi^txxre  called  Homberg's  pi/rophorus,  which  becomes  red-hot  on  exposure  to 
the  air.  It  consists  of  very  finely-divided  charcoal  and  sulphide  of  potassium,  inter- 
mixed with  sulphate  of  aluminium. 

Alum  is  used  in  large  quantities  in  many  manufactures,  especially  in  dyeing  as  a 
mordant.  When  added  to  tallow,  it  renders  that  substance  harder.  Printers'  cushions 
and  the  blocks  used  in  the  calico-manufactory  are  rubbed  with  burntalum,  to  remove  any 
greasiness  that  might  prevent  the  ink  or  colour  from  sticking.  Wood  sufiBciently 
soaked  in  a  solution  of  alum  does  not  easily  take  fire,  and  the  same  is  true  of  paper 
impregnated  with  it,  which  is  moreover  fitter  for  keeping  gunpowder,  as  it  excludes 
moisture.  Paper  impregnated  with  alum  is  also  useful  iu  whitening  silver  and  silvering 
brass  without  heat.  Alum  mixed  with  milk  facilitates  the  separation  of  the  butter. 
Alum  is  also  used  in  tanning.  In  medicine  it  is  employed  as  an  astringent. — On  this 
addition  of  alum  to  bread,  see  i.  658. 
K'O ) 

Basic  Alum,  3^2Q3  [  ^SO'    =    A1K(S0*)^.  Al^O'. — This  compound  occurs  native 

with  different  proportions  of  water,  as  Alunite  and  Lowigiic. 

Alunite  or  Alum-stone,  A1K(SO')'^A1=0^  ZWO  =  A1K(S0')^2A1H»0^*  is  found 
chiefly  in  volcanic  districts,  as  at  Tolfa  near  Civita  Vecchia,  at  the  Solfatara  near  Naples, 
and  at  Puy  de  Garcy  in  Auvergne.  It  occurs  in  rhombohcdral  ciystals,  having  the 
angle  R  :  E  =  89°10';oE:E  =  124'- 40',  and  length  of  principal  axis  = 
1-2523.  Observed  planes  E,  oE,  f  E,  i  E,  -  fE,  and  -  2E  (Breithaupt). 
Cleavage  nearly  perfect  parallel  to  the  base,  indistinct  parallel  to  E.  It  also 
occurs  massive,  with  a  granular  or  impalpable  texture.  Hardness  =  3-5  to  4. 
Specific  gravity  =  2-58  to  2'752.  It  has  a  vitreous  lustre,  white  colour  (sometimes 
greyish  or  reddish),  and  white  streak.  Transparent  to  subtranslucent.  Fracture  flat, 
couchoi'dal,  or  uneven  ;  of  massive  varieties  splintery,  sometimes  earthy.  Brittle.  The 
crystals  of  this  mineral  are  nearly  piu'e ;  the  massive  varieties  contain  silica  sometimes 
to  the  amount  of  60  per  cent.    It  is  used  for  the  preparation  of  Eoman  alum  (p.  581). 

A  salt  identical  in  composition  witli  alunite  is  precipitated  as  a  crystalline  powder 
when  a  solution  of  alum  is  boiled  with  gelatinous  alumina. 

■  The  formula  given  for  this  mineral  at  p.  161,  vol.  i.,  is  incorrect. 
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Lowigitc,  4S0^9H-0  =  2[A1K(SO')%2.\IH'0'].3H'0,  occurs  at  Tolfa  near 

Kome  and  at  Taberze  in  Upper  Silesia,  in  amorphous  nodules  having  a  perfectly  crystalline 
fracture ;  hardness  between  3  and  4 ;  specific  gravity  =  2'58.  At  the  temperature  of 
boiling  sulphur,  it  gives  off  2'18  per  cent.  (=1  at.)  water,  and  at  a  slightly  higher 
temperature  5'67  per  cent,  water  together  with  sulphuric  acid,  leaving  a  residue,  from 
which  water  extracts  sulphate  of  potassium,  but  only  small  quantities  of  alumina. 
(F.  lioraer  and  Lowig,  Jahrosb.  1856,  p.  877. — A.  Mitscherlich,  J.  pr.  Chem. 
Ixxxiii.  474.) 

A  salt  having  the  same  composition  is  produced,  with  evolution  of  hj'drogen,  by  the 
action  of  zinc  on  a  solution  of  common  alum.  The  action  is  slow,  even  in  a  warm 
solution,  unless  assisted  by  placing  the  zinc  in  contact  with  lead  or  platinum.  By 
operating  in  a  platinum  capsiile  at  1U0°,  the  salt  is  readily  obtained  as  a  crystalline 
precipitate.  Like  aliinite  and  Iciwigite,  it  is  nearly  insoluble  in  nitric  and  in  hydro- 
chloric acids,  and  can  only  be  attacked  by  sulphuric  acid  diluted  with  an  equal  bulk  of 
water.    (Debray,  Bull.  Soc.  Chim.  [2],  vii.  9.) 

R  III)  idio-alu  mill  ic  sulphate,  or  R  uhidium-alum,  AlKb(S0')-.12H-0,  forms 
large,  transparent,  non-efflorescent,  octahedral  crystals,  modified  with  faces  of  the 
cube  and  dodecahedron  (Ki  rchhoff  and  Bunsen).  100  pts.  of  water  at  17°  dissolve 
2-27  pts.  of  it;  in  hot  water  it  dissolves  as  easily  as  potash-alum.  (J.  Redten- 
bacher,  Jahresb.  1865,  p.  704.) 

Sodio-aluminic  sulphate,  or  Soda-ahivi,  AlNa(SO')-.12ffO,  is  found  native, 
ill  fibrous  crusts  or  masses,  on  the  island  of  Milo  in  the  Grecian  Archipelago,  at  the 
iSulfatara  near  Naples,  and  near  Mondoza  on  the  east  of  the  Andes.  It  may  be 
]>reiiai-ed  artificially  in  the  same  manner  as  common  potash-alum,  and  obtained  in  large 
h-plciidid  octah('(h-ons,  by  leaving  a  solution  of  the  component  salts  to  evaporate  spon- 
taneuusly  in  a  rallier  deep  glass  vessel,  and  covered  with  a  layer  of  alcohol.  It  is 
much  more  soluble  than  potash-alum,  10  pts.  of  water  at  ordinary  temperatures  dis- 
solving 11  pts.  of  it. 

Thallio-  aluminic  sulphate,  or  Thalliii,m-alum,  A1T1(S0')M2H*0,  crystal- 
lises in  regular  octahedions.  (Lamy.) 

Pseudo-alums  containing  Diatomic  Metals. — Fcrroso-aluminic  sulphate, 
j^^Q  I  4S0^24H*0  =  AJ.=Fe"(SO')*.24H20,  is  produced  (according  to  Kl an  or)  when 

a  solution  of  the  component  salts,  mixed  with  excess  of  sulpihuric  acid,  is  left  to  stand  in 
a  warm  place,  and  crystallises  after  a  few  days  in  tufts  of  silky  fibres. 

The  same  salt  occurs  native,  as  halotrichite  ov  feather-alum  (in  part),  at  Bodenmais 
and  Morsfeld  in  Rhenish  Bavaria,  at  Oroomiah  in  Persia  (where  it  is  used  for  making 
ink),  and  probably  at  Roseville,  Richmond  County,  New  York.  It  forms  fibrous,  silky, 
yellowish-whito  crystals,  which  become  dull  and  pulverulent  on  exposure,  and  taste 
like  common  alum,  but  somewhat  inky  (Berthier,  Rammelsberg,  B.  Silliman, 
Jun..  Dana's  Mincrvlogy,  ii.  383). — The  hvcrsalt  of  Forchhammer,  from  Iceland,  is 
an  allied  alum  having  the  alumina  partly  replaced  by  ferric  oxide,  and  the  ferrous  oxide 
by  magnesia. — The  haloiriclilne  of  Scacchi  is  a  silky  mineral  from  the  Solfatara,  con- 
taining gp^^.Q^lsSO^SflPO. 

Ferroso-potassio-aluminic  sulphate,  \2Vti'0\\'l^O'^.'14S.'0,  remains  in  the  earthy 

2IO0  J 

residue  left  on  distilling  the  sulphurous  soil  of  the  crater  of  the  SoKatara  near  Naples. 
It  crystallises  in  bottle-green  octahedrons,  which  are  permanent  in  the  air,  and 
dissolve  sparingly  in  water.  (Diifr^.nay.) 

Magncsio-aluminic  sidphatc,  or  Magnesia-alum,  APMg(SO')*.24H-0,  crystallises  from 
a  solution  of  the  constituent  salts  containing  a  considerable  excess  of  acid,  in  long 
needle-shaped  crystals.  It  occurs  native  in  similar  crystals,  as  fiather-alnm  or  pickcr- 
ingite.  A  specimen  from  Iquique  in  Peru  was  found  by  Hayes  (Sill.  Am.  J.  xlvi. 
368)  to  contain  12-180  per  cent,  alumina,  4-682  magnesia,  36-322  sulphuric  anhydride, 
and  45-450  water,  besides  0-430  ferrous  and  manganous  oxidi-s,  0-1 26  lime,  and  0-604 
silica  ( =  99-744),  agreeing  nearly  with  the  pireceding  formuhe.  The  magnesium  is 
often  replaced  to  a  considerable  extent  by  manganese,  forming  mangano-magmsian 
alum. 

According  to  Ivlaucr,  a  mixtiu-o  of  magnesic  and  aluminic  sulphates  coutaining  free 
acid  sometimes  yields,  by  slow  evaporation,  warty  groups  of  small  prismatic  crystals, 
containing  APMg^(SO')''.36H20. 

Manganoso-aliiminic  sulphate,  or  3Iangancse-alum.  Al-Mn(S0')'.24H-O.  occurs,  with 
the  manganese  more  or  less  replaced  by  magnesium,  in  snow-white  silk}-  fibres,  at 
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Lagoa  Bay  in  South  Africa  (Apjohn,  Pliil.  Mag.  [3],  xii.  103),  near  the  Bosjeman 
river  in  South  Africa  (Stromeyer,  Pogg.  Ann.  xxxi.  137),  and  near  Lake  Utah  in 
North  America  (Smith,  Sill.  Am.  J.  [2],  xviii.  372) : 

S03.        A1203.     MnO.       MgO.                    H-0.  KCl. 

Lagoa  Bay        33-51      10-65      6-60     0  36      .     .     48-15  .     .  =  99-27 

Bosjeman  river  36-77      11-51      1  95      3-69     .     .     45-74  0  20  =  99-86 

Lake  Utah        38-85      10  40     2  12     3  94     0-20     46-00  .     .  =  100-51 

The  deposit  at  Lagoa  Bay  is  twenty  feet  thick,  and  is  made  up  of  fibrous  crystals  six 
inches  long. 

Sulpbates  of  Ammonium.— ^ciVZ,  {N'n.')B.SO'.— Neutral,  (NH*)'SO'.— Already 
described  under  Ammoniacal  Salts  (i.  193). 

Animonio-sodic  sulphate,  (NII')NaS0'.2H-0,  crystallises  from  a  mixture  of  sodic 
sulphate  and  ammonic  chloride,  or  of  ammonic  sulphate  and  sodic  chloride,  either  by 
slow  evaporation,  or  from  a  solution  concentrated  by  heat  till  a  crystalline  film  forms 
on  the  surface.  It  is  permanent  in  the  air,  gives  oS  its  crystaUisation-water  over  oil 
of  vitriol,  and  slowly  recovers  it  on  exposure  to  the  air  at  15°  or  16°.  Specific  gravity 
of  the  crystallised  salt  =  1-63  at  15°  ;  thatof  a  solution  of  various  strengths  is  as  fol- 
lows: 

Percentage  of  crystallised  salt  31-8  25-44  15-9  12-72  6-3 
Specific  gravity  1-1749      1-1380      1  0849      1  0679  1-0337 

At  a  stronger  heat,  the  dehydrated  salt  gives  off  ammonia,  and  leaves  acid  sulphate  of 
sodium.    (Schiff,  Ann.  Ch.  Pharm.  cxiv.  68.) 

Sulpbates  of  Antimony^ — Neutral  antimonious  sulphate,  Sb^(SO*)^  formed  by 
boiling  antimony  with  strong  sidphuric  acid,  is  a  white  saline  mass,  which  is  resolved 
by  water  into  an  insoluble  basic  and  a  soluble  acid  salt.  According  toBrandes,  the" 
salt  crystallises,  from  solution  in  excess  of  sulphuric  acid,  in  small  needles. 

Several  basic  sulphates  of  antimony  are  known. — A  sesquibasic  salt,  Sb-0^.2S0'  = 
Sb-0'.2Sb'(S0*)^,  is  produced,  according  to  Peligot,  in  small  shining  crystals,  by 
treating  oxychlorido  of  antimony  (algaroth-powdor)  with  fuming  sulphuric  acid. — The 
tribasic  salt,  50^  =  2Sb-0^Sb'(S0')^  is  obtained  by  digesting  the  preceding 

salt  in  the  pidverised  state  with  alcohol,  and  remains  as  a  white  powder  on  filtration 
(Brandes).— The  Acrirts/c  ra/i;,  2Sb^0^S0»  =  6Sb=0^Sb-(S0*)',  is  formed  from  the 
sesquibasic  salt  by  boiling  -with  water. 

An  acid  antimonious  sulphate,  Sb-0'.4S0'  =  Sb'(SO^)'.SO',  is  formed,  with  evolu- 
tion of  hydrochloric  acid,  by  treating  powder  of  algaroth  with  strong  sulphuric  acid. 
It  crystallises  in  needles,  which,  ho-wever,  cannot  be  obtained  in  the  dry  state,  except  by 
keeping  them  for  a  long  time  in  a  vacuum  on  a  plate  of  baked  pipe-clay.  (Peligot.) 

Sulpbates  of  Barium. — The  neutral  sulphate,  Ba"SO\  occurs  very  abundantly  in 
nature  as  Heavy  spar  or  Barytcs,  sometimes  in  crystals  belonging  to  the  trimetric 
system,  sometimes  massive  (see  Heavy  Spae,  iii.  137).  It  may  be  obtained  as  a 
crystalline  powder  by  fusing  12  grms.  of  potassic  sulphate  with  52  grms.  anhycb-ous 
chloride  of  barium  in  a  well-closed  crucible,  and  dissolving  out  the  soluble  salts  with 
water.  The  crystals  thus  obtained  agree  in  form  and  specific  gravity  with  native 
hea-vy  spar.    (Manross,  Ann.  Ch.  Pharm.  Ixxxii.  348  ;  Jahresb.  1852,  p.  9.) 

By  precipitating  the  solution  of  a  barium-salt  ^vith  sulphuric  acid  or  a  soluble 
sulphate,  sulphate  of  barium  is  obtained,  as  a  heavy,  white,  amorphous  powder,  of 
specific  gravity  4-02 — 4-51  (Schroder,  Jahresb.  1859,  p.  12),  insoluble  in  water, 
very  slightly  soluble  in  dilute  acids,  somewhat  more  soluble  in  strong  sulphuric,  nitric, 
and  hydrochloric  acids  (ii.  603).  It  dissolves  also  to  a  perceptible  extent  in  aqueous 
nitrate  of  ammonium,  especially  when  the  boiling  solutions  of  a  sulphate  and  a 
barium-salt,  previously  mixed  with  a  little  nitrate  of  ammonium,  are  poured  alternately 
into  a  boiling  solution  of  the  same  salt  (Mittenzwei,  J.  pr.  Chem.  Ixxv.  214). 
According  to  S ah. e  ever  (ibid.  p.  113),  the  precipitation  of  sulphuric  acid  by  barium-salts 
is  retarded  by  the  presence  of  metaphosphoric  acid,  but  not  of  pyrophosphoric  or  ortho- 
phosphoric  acid. 

Sulphate  of  barium  boiled  -with  a  concentrated  solution  of  a  fixed  alkaline  carbonate 
is  decomposed,  but  never  completely,  into  alkaline  sulphate  and  barium-carbonato ;  a 
somewhat  more  complete  decomposition  is  obtained  by  fusion  with  alkaline  carbonates. 
Sulphate  of  barium  is  reduced  to  sulphide  by  ignition  with  charcoal  or  organic  matter ; 
also,  according  to  Wurtz^  by  ignition  in  a  stream  of  coal-gas ;  or,  according  to  Deville, 
in  a  stream  of  hydrogen  mixed  with  vapom'  of  carbonic  disulphide. 

Native  sulphate  of  barium,  in  the  state  of  powder  and  mixed  with  white  lead,  is  used 
as  a  pigment;  alone  it  has  not  sufficient  body ;  the  amorphous  sulphate  is  prepared 
on  the  large  scale  by  precipitation,  and  forms  the  pigment  called  permanent 
white. 
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The  acid  salt,  Ba"ff(SO')^  is  produced  (according  to  B  erzelius)  by  pouring  strong 
sulpliuric  acid  on  the  ignited  neutral  sulpliate,  and  leaving  it  to  stand  in  a  closed 
vessel  in  a  warm  place.  According  to  Lies-Bodart  and  Jacquemin  (J.  pr.  Chem. 
Ixxv.  31-1),  strong  sulphuric  acid  dissolves  oxide,  chloride,  sulphide,  chlorate,  phos- 
phate, &c.  of  barium,  forming  acid  sulphate  of  barium,  which  crystallises  iu  micro- 
scopic prisms ;  and  if  the  mother-liquor  be  left  in  an  open  vessel,  so  that  it  may  slowly 
absorb  moisture,  it  deposits  silky  needles  containing  Ba"H-(S0')-.2Ii-0.  Both  the 
anhydrous  and  the  hydi-ated  crystals  are  immediately  decomposed  by  water. 

Bario-sodw  sidphatt;  Ba"Na-(SO')-,  is  produced  (according  to  Bert  hi  er)  by  fusing  its 
constituent  salts  together  in  equivalent  quantities,  and  forms  on  cooling  an  opaque  very 
hard  mass,  having  a  jiearly  lustre. 

Sulpbates  of  Bismutb. — When  bismuth  is  heated  with  strong  sulphuric  acid, 
sulphurous  oxide  is  evolved,  and  the  metal  is  converted  into  a  white  insoluble  powder, 

consisting  of  the  normal  sidphate,  Bi-0\3S0'  or  Bi-(SO^)',  which  is  decomposed  by 
water,  yielding  a  very  acid  salt,  which  dissolves  ;  and  a  trihasiv  sidphuti ,  Bi^O'.SO^. 
H'-O,  or  2Bi-O^.Bi'-(SO')^.3H-0,  which  remains. — There  is  also  a  scsquibasic  sidphatc, 
Bi-0^2S0^3H-0,  or  Bi-O''.2Bi-.(S0^)^9H'''O,  which  is  obtained  in  small  dehcate 
needles,  when  an  acid  solution  of  nitrate  of  bismuth  is  mixed  with  sulphuric  acid. 
(Heintz.) 

Bisinutho-potassic  sidpliatc,  Bi'"K^(SO')^,  is  precipitated  on  dropping  an  acid  solu- 
tion of  bismuth-nitrate  into  a  concentrated  solution  of  potassic  sulphate,  the  latter  not 
being  in  excess.  The  white  pulverulent  precipitate  must  be  dried  on  a  porous  tile  in 
the  exsiccator.    It  is  decomposed  by  water.    If  a  dilute  solution  of  potassic  sulphate 

be  used,  the  precipitate  has  the  composition  Bi-K\SO')^.  (Heintz.) 

Sulpbates  of  Cadmium. — The  neutral  salt,  Cd'SO*,  forms  (according  to  Stro- 
ma y  er)  etllorescent  crystals  containing  4  at.  water.  According  to  Kiihn  and  v.  Hauer 
(J.  pr.  Chem.  Ixiv.  477  ;  Chem.  Soc.  Qu.  J.  viii.  250),  an  acid  solution  of  the  salt,  concen- 
trated at  the  boiling  heat,  deposits  nodular  ci'ystals,  which  contain  Cd'  SOMl-O,  and  give 
ofFtheir  water  at  100° ;  their  specific  gravity  is  2-93'J  (Buignet,  Jahresb.  1861,  p.  15). 
The  crystals  formed  at  ordinary  temperatures  contain  3Cd"SO*.8H-0,  give  off  nearly 
3  at.  water  at  100^,  and  the  rest  at  a  low  red  heat  (v.  Hauer) ;  their  specific  gravity  is 
3'05  (G-ieseke,  Jahresb.  1860,  p.  17).  According  to  Rammelsberg  (Pogg.  Ann. 
cxv.  679),  they  are  isomorphous  with  the  sulphates  of  didymium  and  yttrium  containing 
corresponding  quantities  of  water.  W.  l)elf  f  s(Pharm.  Centr.  1854,  p.  380)  recommends 
sulphate  of  cadmium  as  a  distinguishing  test  between  several  organic  acids,  inasmuch 
as  it  forms  precipitates  with  oxalates,  mellitates,  citrates,  cuminatcs,  and  cinnamates 
at  ordinary  temperatures, — with  tartrates,  raceraates,  fumarates,  and  suberates  only 
when  heated, — and  does  not  precipitate  the  aconitates,  malates,  succinates,  beuzoates, 
or  salicylates  under  any  circumstances. 

Ammoniacal  cadmic  sulphate,  Cd"S0'.6NH',  or  Sulphate  of  tttrammonio-cadmio- 
diammonium,  N-'[IP(NH')'Cd"]SO^,  is  fonncd,  as  a  white  powder,  when  anhydrous 
cadmic  sulphate  is  allowed  to  absorb  ammonia-gas  till  it  is  saturated.    (H.  Rose.) 

Ammonui-cadniic  sulphate,  Cd"(NH*)-\S0')*.6H-0,  separates  in  monoclinic  crystals, 
from  a  solution  containing  equivalent  quantities  of  the  component  salts. — The  cor- 
responding potassium-salt,  which  is  isomorphous  with  it,  is  not  so  easily  formed,  inas- 
much as  the  solution  is  apt  to  deposit  sulphate  of  potassium ;  it  is  efflorescent. — The 
niaynesium-salt,  Cd"Mg"(S0')-.6H-0,  crystallises  from  dilute  sulphuric  acid,  half 
saturated  with  cadmic,  and  half  with  magnesic  carbonate,  in  easily  soluble  four-sided 
prisms. — The  sodium-salt,  Cd"Na^(S0*)-.6H-0,  separates  from  concentrated  solution  in 
small  nodules,    (v.  Uauer.) 

Sulpbate  of  Caesium.    See  CiESiuii  (i.  1115). 

Sulpbates  of  Calcium. — The  neutral  sidpltatc,  Ca"SO*,  occurs  native,  both  in 
the  anhydrous  state  as  anhydrite  (i.  296),  and  as  a  hydrate,  Ca"S0'.2H-0,  forming 
gypsum  and  its  several  varieties  (ii.  962).  The  anhydi-ous  sulphate  may  be  obtained 
in  cr^'stals  having  the  form  and  specific  gravity  (2'9)  of  anhydrite,  by  fusing  potassic 
sulphate  with  excess  of  calcic  chloride  (Manross,  Jahresb.  1852,  p.  9;  see  also 
Simmler,  ibid.  1859,  p.  132).  The  hydrated  salt  is  formed  by  precipitating  a 
solution  of  calcic  chloride  with  a  soluble  sulphate  or  dilute  sulphuric  acid.  It  is  very 
slightly  soluble  iu  water,  the  anhj-drous  salt  nearly  insoluble.  According  to  Lassaigne, 
1  pt.  of  the  hydrate  dissolves  in  332  pts.  of  water  at  any  temperature;  but  according 
to  Poggial  e,  tlie  sohibility  is  greatest  at  36^,  1  pt.  of  the  salt  dissolving  at  that  tem- 
perature in  393  pts.  water,  at  0'^  in  488  pts.,  and  at  100'^  in  460  pts.  Water  containing 
hydrochloric  or  nitric  acid  dissolves  it  in  larger  quantity,  in  consequence  of  partial 
decomposition  ;  the  solubility  is  likewise  increased  by  the  presence  of  conimou  salt ; 
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hence  the  occurrence  of  gypsum  in  salt-springs.  Calcic  sulphate  dissolves  also  in  excess 
of  a  saturated  solution  of  sodic  hyposulphite,  with  moderate  facility  at  ordinary  tem- 
peratures, more  quickly  on  warming,  being  at  the  same  time  converted  into  calcic 
hyposulphite,  which  unites  with  the  excess  of  sodic  hyposulphite,  forming  a  soluble 
double  salt ;  and  on  adding  alcohol  to  the  solution,  this  double  salt  is  precipitated 
as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  crj'stals.  The  solubility  of 
calcic  sulphate  in  sodic  hyposulphite  affords  a  means  of  separating  it  from  baric 
sulphate.    (Diehl,  J.  pr.  Chem.  Lxxix.  430.) 

Gypsum  heated  to  100°  or  120°  gives  off  three-fourths  of  its  water  somewhat 
quickly,  but  the  last  fourth  is  not  expelled  below  200° — 250°.  The  hydrated  calcic 
sulphate  deposited  in  steam-boilers  has  the  same  composition  as  gypsum  dried  at  100°, 
viz.  2CaS0'.H'0,  and  a  specific  gravity  of  2-7.  Dehydrated  gypsum  melts  at  a  red 
heat  without  decomposition,  and  on  cooling  assumes  the  crystalline  structure  of 
anhydrite.  When  gypsum  dehydrated  at  a  moderately  high  temperatui'e,  and 
pulverised,  is  agitated  with  water,  it  takes  up  2  at.  water,  and  solidifies  to  a  very 
hard  mass,  the  solidification  being  quicker  in  proportion  as  the  gypsum  has  been 
dehydrated  at  a  lower  temperature ;  if  this  temperature  exceeds  a  certain  limit,  the 
gj'psum  bakes  together,  and  is  then  incapable  of  taking  water.  The  hydrated 
gypsum  expands  in  solidifying,  so  that  it  easily  fills  the  caWties  of  any  mould  in 
which  it  is  cast :  hence  the  use  of  gypsum  or  plaster  of  Paris  in  taking  casts  (ii.  962). 
Calcic  sulphate  ignited  with  charcoal  or  organic  matter  is  reduced  to  sulphide. 

Acid  sulphate  of  calcium,  or  Calcio-hydric  sulphate,  Ca"H-(SO')^,  is  produced, 
(according  to  Berzelius)  by  digesting  the  anhydrous  neutral  salt  with  sulphui-ic  acid 
at  80° — 100°.  It  forms  a  granular  mass,  the  particles  of  which  appear  under  the 
microscope  as  short,  colourless,  transparent  prisms.  It  absorbs  moisture  from  the 
air,  and  is  then  quickly  decomposed  into  sulphuric  acid  and  the  neutral  sulphate. 

Calcio-sodic sulphate,  Ca"Na'^(SO')-,  occurs  native  asglauberiteorbrongniartin 
(ii.  845),  in  transparent  rhombic  prisms.  According  to  Berthier,  it  may  be  obtained 
in  the  same  form  by  fusing  a  mixture  of  calcic  and  sodic  sulphates.  When  60  pts.  of 
sodic  sulphate  are  heated  with  25  pts.  water  in  which  1  pt.  of  gypsum  has  been  stirred 
up,  the  liquid  deposits  at  80°  a  pulp  of  crystalline  needles,  consisting  of  the  salt 
Ca"Na'(S0*)^.2Il-O.  At  a  higher  temperature,  these  needles  are  converted  into 
microscopic,  rhombohedral,  anhydrous  crystals  of  glauberite,  Ca"Na'(SO*)*.  The 
latter  is  also  formed  immediately,  if  twice  the  above  quantity  of  water  is  used  at  the 
beginning  of  the  process,  and  the  liquid  heated  to  boiling.  These  artificial  crystals 
of  glauberite  are  transparent,  like  the  native  crystals  from  ViUarubia,  but  become 
opaque  and  much  more  friable  by  ignition. 

Sulphate  of  calcium  likewise  unites  by  fusion  with  the  fluorides  of  barium,  strontium, 
and  calcium,  forming  clear  fluid  masses,  which  become  milk-white  on  solidifying. 

Sulpbates  of  Cerium. — a.  Ceric  Salts.  Neutral  or  normal  Ceric  sulphate, 
Ce-(SO*)'  <=  Ce-0'.3S0^,  obtained  by  dissolving  ceric  oxide  in  sulphuric  acid  and 
evaporating,  forms  efiloreseent  crystals  belonging  to  the  hexagonal  system,  which  dis- 
solve in  a  small  quantity  of  water,  but  are  decomposed  by  a  larger  quantity,  with 
precipitation  of  a  basic  salt  requiring  2,500  pts.  of  water  to  dissolve  it  (Mosander). 
On  dissolving  this  basic  salt  in  sulphuric  acid,  the  neutral  salt  cr'ystallises  out  again 
with  9  at.  water  (Hermann,  J.  pr.  Chem.  xxx.  184). — The  hasicsalt  contains,  according 
to  Hermann,  3Ce-0^4SO'.9H=0,  or  4Ce-(SO')^5Ce-0^27H'0.  Marignac  regards  it  as 
a  ceroso-ceric  salt.  A  basic  ceric  sulphate,  the  composition  of  which  is  not  given,  is 
prepared,  according  to  Holzmann  (J.  pr.  Chem.  Ixxv.  321;  Jahresb.  1858,  p.  132), 
by  dissolving  tlie  brown  powder  obtained  by  roasting  a  mixture  of  cerous  oxalate  and 
magnesia  alha  (i.  832)  in  boiling  nitric  acid,  heating  the  solution  till  nearly  all  the  free 
nitric  acid  is  expelled,  triturating  100  grms.  of  the  crystalline  mass  whicli  forms  on 
cooling  with  100  cub.  cent,  of  water,  and  adding  the  quickly  filtered  solution  to  2  litres 
of  boiling  water  previously  mixed  with  12  cub.  cent,  of  sulphuric  acid.  The  basic 
ceric  sulphate  which  then  separates  is  to  be  washed  by  decautatiou  with  water  con- 
taining the  same  quantity  of  sulphuric  acid. 

Fotassio-cerio  sulphate,   C'e^K''(SO')^  =  |  obtained,  by  immersing 

ciystallised  potassic  sulphate  in  a  solution  of  ceric  sulphate,  as  a  lemon-yellow  powder, 
which  dissolves  in  water  and  crystallises  therefrom,  but  is  insoluble  in  a  saturated 
solution  of  potassic- sulphate.  When  ignited  it  turns  white,  gives  off  sulphuric  oxide 
and  oxygen,  and  leaves  ceroso-potassic  sulphate  (Hermann). — Ammonio-ccrous  sul- 
phate forms  monoclinio  crystals. 

/8.  Cerous  Salts. — Neutral  cerous  sulphate,  Ce"S0*.3H-0,  is  obtained  by  dissolving 
cerous  carbonate  insulphurie  acid,  or  (according  to  Marignac)  by  dissolving  ceroso- 
ceric  sulphate  in  water  acidulated  with  sulphuric  or  uitric  acid,  diluting  the  yellowish- 
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red  solution  with  water,  and  boiling  the  insoluble  salt,  which  separates  after  washing, 
with  sulphuric  or  hydrochloric  acid,  till  it  dissolves,  and  forms  a  perfectly  colourless 
solution.  This  solution,  when  evaporated,  yields  cerous  sulphate  in  colourless  rhom- 
bic octahedrons  (sometimes  reddish  from  the  presence  of  didymium).  According  to 
Otto,  they  contain  3  at.  water,  wiiieh  is  expelled  by  heat.  They  dissolve  with  moderate 
facility  in  cold  watsr,  and  the  solution,  when  heated,  deposits  reddisli  prisms  of  a  much 
less  soluble  salt,  containing  2CoSO'.3H-'0  ;  they  mu!<t  be  taken  out  of  the  hot  liquid  and 
pressed,  as  if  the  mother-liquor  is  left  to  cool  upon  them,  they  redissolve  (Otto). 
According  to  Hermann  (J.  pr.  Chem.  xcii.  113  ;  Jahresb.  1864,  p.  19-f),  four  other 
hydrates— containing  respectively  3CeS0^5H■'0,  CeS0'.2H'^0,  3CeSO'.8H-0,  and 
CeS0*.3H-0,  separate  from  moderately  warm  solutions  of  cerous  sidphate,  under 
apparently  similar  circumstances,  and  cannot  be  obtained  at  pleasure.  They  all  crys- 
tallise in  rhombic  forms,  and  appear  to  be  homceomorphous.  The  |-hydrate  is  the 
most  frequent,  separating  both  on  warming  and  by  slow  evaporation,  in  short  prisms, 
which  retain  their  lustre  on  exposure  to  the  air. 

Aiiiinonio-ccrous  sulphate  separates,  on  boiling  a  solution  of  its  component  salts,  as  a 
crystalline  powder,  which,  by  solution  and  recrystallisation,  may  be  obtained  in  obtuse 
rhonibohedrons. 

Futassio-ccruus  sulphate,  Ce"K°(SO')-,  separates  as  a  white  powder,  on  immersing 
solid  potassic  sulphate  in  a  solution  of  cerous  sulphate  which  may  contain  free  acid.  It 
is  insoluble  in  a  saturated  solution  of  potassic  sulphate,  but  dissolves  slightly  in  pure 
water,  and  crystallises  on  cooling  fi-om  solution  in  boiling  water.  The  formation  of 
this  salt  affords  a  means  of  separating  cerium  from  most  other  metals  (i.  833).  It 
melts  without  decomposition  when  heated  (Berzelius). — Another  potassio-ccrous 

sulphate,  Ce^K-(SO')',  separates  (according  to  Hermann)  as  a  white  powder,  on 
mixing  the  concentrated  solutions  of  equal  weights  of  potassic  and  cerous  sulphates. 

Sodio-ceroits  sulphate,  Ce-Na-(SO'')',  analogous  to  the  potassium-salt  last-mentioned, 
separates  as  a  white  granular  precipitate,  on  heating  a  mixed  solution  of  the  component 
salts  to  the  boiling-point.  (Beriuger.) 

y.  Ccroso-ccric  Salts.— salt  3Ce0.2Ce^O'.4SO^H=0  is  formed,  according  to 
Marignac,  as  a  yellow  mass,  by  treating  ignited  eerie  oxide  with  "sulphuric  acid.  It 
dissolves  easily  in  water  strongly  acidulated  with  sulphm-ic  or  nitric  acid,  and  is 
reduced  to  cerous  sulphate  by  b(jiliug  with  nitric  or  hydrochloric  acid.  According  to 
E  ammelsberg  (Pogg.  Ann.  cviii.  40  ;  Jahresb.  1859,  p.  136),  the  yellowish-red  solu- 
tion of  coroso-ceric  oxide  in  sulphuric  acid  yields,  by  slow  evapoi'ation,  first  brown-red 

hexagonal  crystals  of  a  salt.  A,  containing  CB-CeXS0<)''.18H-0  =  3Ce"S0^.Ce-'(S0^)^, 
18H'0,  which  are  decomposed  by  water,  with  separation  of  a  sulphur-yellow  basic  salt ; 

afterwards  a  yellow  indistinctly  crystalline  salt,  B,  containing  Ce"Ce"(S0^)'.8H-0,  or 

Ce".Ce'(S0^)''.8H-0,  which  is  decomposed  by  water  in  the  same  manner  as  the 
former.  The  light-yellow  precipitate,  separated  from  eitlier  of  these  salts  by  water, 
contains  2Ce^O'.330^.6II-(),  and,  as  well  as  the  salts  A  and  B  themselves,  leaves,  when 
strongly  ignited,  a  residue  of  pure  ceroso-ceric  oxide  (R  am  mel  sb  e  rg).  According  to 
Hermann   (Jahresb.  1864,  p.  194),  Rammelsberg's  yellow-red  salt  A  contains 

2Ce".SO'.Ce-(SO')V27H=0,  and  his  yellow  salt  i?  consists  of  Ce"S0'.C'e-(SO*)^8H-O. 
Hermann  supposes  also  that  there  are  several  other  yellow  ceroso-ceric  sulphates.  Tho 
composition  of  basic  ceroso-ceric  sulphate  likewise  varies,  according  to  Hermann,  with 
its  mode  of  preparation. 

A  solution  of  the  salt  A  yields,  on  addition  of  potassic  sulphate,  a  yellow  crystalline 
precipitate,  varying  in  composition  according  to  the  proportions  in  which  tho  two  salts 
are  mixed,  and  the  temperature  and  concentration  of  the  solutions,  but  generally  con- 
sisting of  a  mixture  of  at  least  two  compounds— viz.,  3K2S0^3Ce"SO^Ce-(SO')^6H^O 

and  CK-'SO'.3Ce"SO'.C'e-(SO')'.6H^O.  Eammelsberg  is,  however,  of  opinion  that  the 
composition  of  these  salts  may  be  more  correctly  expressed  by  regarding  the  cerous  oxide 
and  potash  as  bases  which  replace  one  another  isomorphously.  Marignac  (Ann.  Min. 
[S]  XV.  275)  obtained,  by  spontaneous  evaporation  of  a  solution  containing  potassic 
and  ceroso-ceric  sulpihates,  small  yellow  crystals  having  the  composition  Ce'0^4S0^  + 

4(K=0.S0')  +  4H-0  or  4K=SO^Ce"SO\Ce'-(SO')^4H-0,  and  consisting  of  monoclinic 
combinations  +  P.  — P  .  oP  .  ooPoo  .  [  coPco  ]  .  [jPas  ]  .  +iPoo,&c.;  sometimes 
pyramidal,  from  predominance  of  +P  and  — P  ;  sometimes  tabular,  by  predominance  of 
oP.  Angle  -fP  :  +P  (cliuod.)  =  83°  7';  -P  :  -P  (clinod.)  =  92°  23';  oP  :  ccPk) 
=  100°  40';  oP:  +P  =  104°  20' ;  oP  :  -P  =  116°  20';  oP  :  [^Poo  ]  =  134°  10'. 
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— Ammonio-ccroso-ceric  sulphates  are  obtained  in  the  same  manner  as  the  potassic  salts 

Bcsidesa  crystallo-granular  precipitate  containing  4(NH')-SO<.2Ce"SO^C'e''(SO')^4ffO, 
large,  orange-red,  monoclinic  crystals  are  formed,  containing  9(NH^)-S0'.Ce"S0*. 

2Ce-(SO*)M2H'0,  easily  soluble  in  -water,  and  leaving  pure  eeroso-ceric  oxide  when 
ignited  (Rammelsberg).  Marignac  obtained  an  ammonio-ceroso-ceric  salt,  analo- 
gous in  form  and  composition  to  his  potassio-ceroso-ceric  salt. 

Sulpbates  of  Cbromium.  (Schrotter,  Pogg.  Ann.  liii.  513. — Traube,  Ann. 
Ch.  Pliarm.  Lxvi.  87,  168. — Moberg,  ibid.  Ixvi.  92.— Leykauf,  J.pr.  Cliem.  six.  225. 
— Lowel,  Ann.  Cli.  Phy.s.  [3]  xl.  42;  xliv.  313;  Jahresb.  1855,  p.  376.)— a.  Chro- 
mic Salts. — The  normal  or  neutral  salt,  Cr-(SO*)'  or  C'r'0l3S0',  exhibits  a  violet 
and  a  green  modification.  The  violet  sulphate  is  obtained  by  leaving  8  pts.  of  chi-omic 
hydrate  dried  at  100°,  and  8  or  10  pts.  of  strong  sulphuric  acid,  in  a  loosely-stoppered 
bottle  for  several  weeks.  The  solution,  which  is  green  at  first,  gradually  becomes 
blue,  and  deposits  a  greenish-blue  crystalline  mass.  On  dissolving  this  substance  in 
water,  and  adding  alcohol,  a  violet-blue  crystalline  precipitate  is  formed ;  and  by  dis- 
solving this  precipitate  in  very  weak  alcohol,  and  leaving  the  solution  to  itself  for 
some  time,  small  regular  octahedrons  are  deposited,  containing  Cr''(S0^)'.15H^O. 
Another  mode  of  preparing  it  is  to  dissolve  5  pts.  of  chromic  hydrate  in  122-  pts.  strong 
nitric  acid ;  dilute  the  solution  with  12^  pts.  of  water ;  and  after  boiling  for  a  quarter  of 
an  hour,  and  leaving  the  liquid  to  cool  (whereupon  it  turns  red),  add  7^  pts.  strong 
sulphuric  acid  previously  diluted  with  15  pts.  of  water,  and  cooled.  On  shaking  up 
this  solution  with  120  pts.  of  alcohol,  the  salt  separates  in  small  crj-stals,  which  must 
be  washed  with  alcohol  and  dried  between  filter-paper.  (Lowel,  Ann.  Ch.  Phys.  [3] 
xl.  42.) 

The  green  sulphate,  Cr^(S0')^.5H-0,  is  prepared  by  dissolving  chromic  oxide  in  strong 
sulphuric  acid  at  a  temperature  between  50'-'  and  60°  ;  also  by  boiling  a  solution  of  the 
violet  sulphate;  or  by  lieating  the  crystals  of  the  violet  salt  to  100°,  whereupon  they 
give  up  10  at.  water,  and  melt  to  a  green  liquid  wliich  solidifies  to  a  green  amorphous 
mass.  The  liquid,  when  quickly  evaporated,  yields  a  green  non-crystalline  salt  having 
the  same  composition  as  the  violet  sulphate.  The  green  sulphate  dissolves  readily  in 
alcohol,  forming  a  blue  solution  ;  but  the  violet  salt  is  insoluble  in  alcohol.  The  solu- 
tion of  the  green  sulpliate  is  not  completely  decomposed  by  soluble  barium-salts  at 
ordinary  temperatures,  a  boiling  heat  being  required  to  complete  it ;  the  violet  sulphate, 
on  the  contrary,  is  deprived  of  all  its  sulphuric  acid  by  barium-salts  at  ordinary  tempe- 
ratures. When  either  the  green  or  the  violet  sulphate  is  heated  to  190°,  with  excess  of 
.sulphuric  acid,  a  light-yellow  mass  is  obtained,  which,  when  further  heated,  leaves  a 
residue  of  anliydroue  chromic  sulphate,  having  a  red  colour.  This  anhydrous  salt  is 
completely  insohible  in  water,  and  dissolves  with  difficulty  even  in  acid  liquids. 

Basic  Salts.— The  sesquibasic  sulphate,  Cr-0\2S0',  or  Cr20^2Cr'(SO*)',  is  formed 
(according  to  Schrotter)  when  recently  precipitated  and  still  moist  chromic  hydrate  is 
dissolved  to  complete  saturation  in  moderately  dilute  sulphuric  acid.  The  green 
solution  thus  formed  leaves,  on  evaporation,  a  green  residue,  which  appears  dark  ruby- 
red  by  transmitted  light,  is  perfectly  amorphous,  and  when  heated  to  redness  is 
converted,  without  change  of  colour,  into  chromic  oxide.  It  dissolves  readily  in  a  small 
quantity  of  water;  the  solution  exhibits  a  dark  ruby  colour  by  transmitted  light, 
and  on  dilution  with  water,  especially  if  heated,  deposits  a  light-green  powder. — The 
%-basic  salt,  3Cr'0'.2SOM2H-'0  =  7Cr20l2Cr-(SO')'.36H-'0,  is  the  liglit-green  powder 
■which  separates  on  heating  the  dilute  solution  of  the  preceding  salt  (Schrotter). — The 
dibasic  salt,  2Cr^0^.3S0'  =  Cr-O'.Cr'(SO^)^,  is  produced  (according  to  Kriiger)  when 
a  solution  of  chromic  sulphate  is  heated  till  the  original  greeu  colour  changes  to  rose-red. 
It  is  insoluble  in  water. — The  precipitates  formed  by  alkalis  in  solutions  of  chromic 
sulphate  are  like\vise  basic  salts,  which  however  vary  greatly  in  composition,  according 
to  the  concentration  of  the  liquid  and  the  quantity  of  alkali  added. 

Double  Salts  of  Chromic  Sulphate.  Chrome-alums.- — Amnionia-chrome- 
alum,  Cr"'(NH^)(S0')^.12H^0,  is  prepiared,  like  the  corresponding  potassium-salt,  with 
sulphate  of  ammonium  and  chromic  sulphate  (Schrotter^  or  acid  chromate  of 
ammonium  (Traute).  It  is  less  soluble  than  the  potassium-salt,  and  crystallises 
more  readily  in  splendid  ruby-coloured  octahedrons,  which  yield  a  lavender-blue 
powder.  Specific  gi'avity  =  1'738.  From  a  concentrated  solution  of  violet  chromic 
sulphate,  it  is  precipitated,  on  addition  of  ammonium-sulphate,  as  a  violet-blue 
crystalline  powder.  It  is  not  precipitated  from  its  aqueous  solution  by  alcohol.  The 
crystals  effloresce  slowly  in  contact  with  the  air,  and  melt  at  100°,  witli  loss  of  9  at. 
water,  the  residue  slowly  solidifying  to  a  green  gummy  mass  containing  3  at.  water, 
which  is  the  double  salt  corresponding  to  the  green  modification  of  chi-omic  sulphate. 
At  200°,  the  other  3  at.  water  are  given  oft',  the  green  anhydrous  salt  then  remaining. 
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Tho  violet  solution,  prepared  in  the  cold,  passes  at  75°  into  the  green  modification,  and 
is  then  no  longer  crystallisablo  ;  if,  however,  it  be  left  to  itself  for  ten  or  twelve  days 
after  cooling,  the  violet  colour  is  restored,  and  with  it  tho  capability  of  crystallisation. 

Potassio-chro'mic  Sulphate,  or  Po/assic  Chrome-alum,  Cr"'K(SO")-.  1 2H-0.  —  This  salt  is 
produced  :  1.  By  mixing  the  solutions  of  potassic  chromate  and  violet  chromic  sulphate, 
adding  a  small  quantity  of  sulphuric  acid,  and  leaving  the  solution  to  evaporate. — • 
2.  By  heating  potassic  dichromate  with  strong  sulphuric  acid : 

K^CrO^.CrO^  +  4H=S0<  =  2Cr"K(S0^)^  +  4H'0  +  0^ 
The  reduction  of  tho  chromic  acid  is,  however,  greatly  facilitated  by  adding  alcohol  or 
other  organic  substance.  Chrome-alum  is,  in  fact,  often  obtained  as  a  secondary 
product  in  the  oxidation  of  organic  bodies  with  sulphuric  acid  and  potassic  chromate, 
as  in  the  preparation  of  valerianic  acid  from  amylic  alcohol.  A  very  convenient  mode 
of  reductiim  also  is  to  pass  sulphuric  oxide  gas  through  the  liquid.  In  this  case  only 
1  at.  sulphuric  acid  need  be  added,  the  reaction  being  represented  by  the  equation  : 
K-CrO'.CrO'  +  IPSO'  +  3S02    =    2Cr-K(S0')'  +  H-0. 

Chrome-alum  crystallises,  by  slow  evaporation,  in  splendid  octahedrons,  sometimes 
very  large  and  of  a  dark  purple  almost  black  colour :  the  smaller  crystals  exhibit,  by 
transmitted  light,  a  very  fine  ruby-red  colour.  Tlie  salt  dissolves  at  ordinary  tempe- 
rature in  7  pts.  of  water.  The  solution  has  a  dingy-blue  colour,  with  a  tinge  of  red,  and 
when  mixed  with  alcohol  deposits  the  chrome-alum  unaltered.  When  heated  to  70"^ 
or  80°,  it  becomes  green,  perhaps  from  formation  of  green  chromic  sulphate  or  the  cor- 
responding modification  of  chz'ome-alum,  which,  like  green  chromic  sulphate  itself,  is  un- 
crystallisable.  The  green  solution,  if  left  at  rest  for  some  weeks,  gradually  recovers  its 
violet  colour,  and  then  again  yields  crystals.  The  change  of  the  purple  into  the  green 
salt  has  sometimes  been  supposed  to  be  attended  with  separation  of  the  potassic  and 
chromic  sulphates ;  but,  according  to  Schr otter  andLuwel,  it  arises  merely  from 
loss  of  crystallisation-water.  A  solution  of  ehrome-alum  which  has  become  green  and 
uncrystalJisable  by  heating,  does  not  deposit  any  sulphate  of  potassium,  even  when 
concentrated ;  neither  does  that  salt  separate  when  the  crj'stals  are  melted  in  a  sealed 
tube  ;  but  the  green  liquid  obtained  by  either  of  these  processes  yields,  when  heated  in 
a  di-y  atmosphere,  a  dark-green  mass  containing  CrK(SO')'-',  with  scarcely  3  at.  water. 
The  violet  crystals  containing  12H'0,  when  left  for  several  days  in  dry  air,  at  a  tem- 
perature between  25°  and  30°,  give  off  6  at.  water,  and  assume  a  lilac  colour.  At 
100°  another  quantity  of  water  goes  off,  and  tho  crystals  become  gi-een  ;  and,  by 
gradually  raising  the  temperature  to  about  350°,  the  whole  of  the  water  m-Aj  be  expelled 
without  causing  the  salt  to  melt.  The  anhydrous  crystals  are  green,  and  dissolve 
without  residue  in  boiling  water,  but  at  a  temperature  somewhat  above  350°,  they  sud- 
denly become  greenish-yellow,  without  perceptible  loss  of  weight,  and  are  afterwards 
pcrfei'tly  insoluble  in  water.  (Lowel;  see  also  Siewert,  Ann.  Ch.  Pharm.  cxxvi. 
8G;  Jahresb.  18G3,  p.  223.) 

Kriiger,  by  precipitating  a  concentrated  green  solution  of  chrome-alum  prepared  at 
a  high  temperature,  obtained  a  green  viscid  mass  containing  Cr'0'.2S0^  +  K-'O.SO'  or 

Cr'K''(SO')'.Cr'0'.  According  to  Otto,  the  aqueous  solution  of  this  salt,  when  left  at  rest 
for  a  very  long  time,  is  completely  converted  into  violet  crystals.  Leykauf  has  proposed 
the  use  of  the  green  mass  for  colouring  oil-varnishes,  caoutchouc,  &e.,  and  its  solution 
as  a  green  ink. 

Sodio-chromic  Sulphate,  or  Sndic  Chrome-alum,  Cr"'Na(S0')'.12H°0. — Prepared  by 
cautiously  adding  alcohol  to  a  mixture  of  1  at.  acid  chromate  of  sodium  and  4  at.  sul- 
phuric acid.  It  is  much  more  soluble  than  the  corresponding  ammonium-  and  potassium- 
salts,  and  cannot  therefore  be  obtained  in  well-developed  ciystals.  Under  the  exsic- 
cator it  separates  as  a  violet  warty  mass.  At  100°  it  gives  off  8  at.  water,  leaving  a 
green  modification  with  4  at.  water.  (Sclirotter.) 

PotaKgio-alundmo-chromie  sulphate,  Cr'"Ar"K*(SO')''.24H-0,  and  the  corresponding 
ftTOtoon^m-irt/f",  are  prepared  by  mixing  tho  solutions  of  equivalent  quantities  of  the 
alumina-  and  chrome-alums,  and  leaving  the  liquid  to  evaporate.  They  crystallise  in 
large  octahedrons  having  a  dark-amethyst  colour.  The  solutions  are  decomposed  by 
boiling,  and  on  cooling  yield  crystals  of  the  alumina-alum.  (Vohl.) 

0.  Chro7nous  Sulphates. — "Wlien  tlie  metallic  powder  olitiiined  by  the  action  of 
potassium  on  chromic  chloride  is  treated  with  dilute  sulphuric  acid,  hydrogen  is 
evolved,  and  a  solution  obtained,  which  exhibits  the  characters  of  a  chronious  salt 
(Piligot).  The  solution,  mixed  with  ammonia  and  sal-ammoniac,  absorbs  oxygen, 
nitric  oxide,  acetylene,  and  allylene,  but  not  carbonic  oxide,  ethylene,  or  tritylene. 
(Bert  he  lot,  Bidl.  Soc.  Chim.  [2],  vii.  194.) 

Potassio-chromous  sulphate,  Cr"K-'(S0^)-6H"0,  is  obtained  by  dissolving  potassic 
sulphate  in  a  cold  satiirated  solution  of  chromous  chloride  (i.  941),  and  adding  alcohol 
till  a  precipitate  begins  to  form.  If  the  solution  bo  then  left  for  some  weeks  in  a  closed 
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vessel,  potassio-chromoTos  sulphate  crystallises  from  it  in  fine  blue  rhombic  prisms, 
■which  turn  greon  on  exposure  to  the  air.  (Peligot.) 

Sulphates  of  Cobalt. — The  neutral  cohaltous  salt,  Co"SO''. 711^0,  occurs  native 
as  cobalt-vitriol  or  bieberit  e,  sometimes  in  monoelinie  crystals,  but  usually  in 
stalactites  and  crusts,  in  the  rubbish  of  old  mines  at  Bieber,  near  Hanau,  and  at  Leogang 
in  Salzburg.  It  is  prepared  artificially  by  heating  metallic  cobalt  \vith  strong  sidphurie 
acid,  or  by  treating  cobaltous  oxide  or  carbonate  with  the  dilute  acid.  The  red  solu- 
tion, left  to  evaporate  at  ordinary  temperatures,  yields  red  crystals  having  the  form  of 
ferrous  sulphate,  and,  like  the  latter,  containing  7  at.  water.  At  20° — 30°,  on  the  other 
hand,  it  separates  in  crystals  with  6  at.  water,  isomorphous  with  hexhydrated  sidphate 
of  magnesium  (p.  601)  (Mitscherlich).  It  dissolves  in  2-i  pts.  of  cold  water,  and 
is  insoluble  in  alcohol.  It  eiHoresces  in  the  air,  gives  oif  its  water  of  crystallisation 
when  heated,  and  is  thereby  converted  into  the  rose-red  anhydrous  salt,  which  bears  a 
moderately  strong  red  heat  without  decomposition,  but  is  decomposed  by  continued 
strong  ignition. — A  flesh-coloured  basic  sulphate,  insoluble  in  water,  is  formed  by 
treating  the  solution  of  the  neutral  salt  with  a  quantity  of  alkali  not  sufficient  for  com- 
plete precipitation. 

Ammoniacal  cohaltous  sidphate,  Co"SO-'.6NH',  or  Sulphate  of  tetrammonio-cobaltoso- 
diammomum,'Si\Co''(S'S}yjS^^']SO*,  is  a  white  powder,  produced  (according  to  H.  Rose) 
by  the  action  of  dry  ammonia-gas  on  anhydrous  cobaltous  sulphate ;  also  (according  to 
Fremy)  by  the  action  of  aqueous  ammonia  on  cobaltous  sulphate. 

Eespecting  the  ammoniated  cobalt-salts  obtained  by  the  action  of  ammonia  on 
cobaltous  salt  in  contact  with  the  air,  see  CoBAiT-BASES,  Ammoniacai,  (i.  10.51).  On 
the  pentammoniated  cobaltic  salts,  see  also  C.  D.  Braun  (Ann.  Ch.  Pharm.  cxxxviii. 
109  ;  Bull.  Soc.  Chim.  1866,  ii.  316). 

Double  Salts  of  Cobaltous  Sulphate. — Ammonio-cobaltous  sulphate, 
Co"(NH0-(SO^)-.6H-O,  and  Potassio-cobaUous  sulphate,  Co"K-(SO*)-.6H-0,  are  red 
double  salts,  isomoi-phous  with  the  corresponding  salts  of  iron,  magnesium,  and  man- 
ganese. 

Potassio-ferroso-cobaltovs  sulphate,  Co"Fe"K''(SO'')''.12II-0,  and  the  corresponding 
ammonium-salt  are  produced  by  spontaneous  evaporation  of  a  mixed  solution  of  the 
component  salts.  They  both  crystallise  in  reddish,  oblique,  rhombic  prisms,  which  oxi- 
dise and  crumble  to  a  yellowish-brown  powder  on  exposure  to  the  air.  On  dissolving 
this  powder  in  water,  the  original  double  salt  is  reproduced.  (Vohl,  Ann.  Ch.  Pharm. 
xciv.  57  ;  Jahresb.  18.55,  p.  312.) 

Magncsio-cohaltous  sulj^hatc,  Co"Mg"(SO^)''.2SII-0,  is  found  native  (according  to 
Winkelblech)  at  Bieber  in  Hesse,  as  a  red  stalactitic  mass, .also  called  cobalt-vitriol. 

Potassio-magncsio-cohaltous  sulphate,  Co"Mg"K*(S0  ')*.12H-O,  and  the  corresponding 
ammonium-salt  are  formed  on  mixing  the  solutions  of  the  component  salts,  and  crys- 
tallise very  easily  in  large  rose-coloured,  oblique,  rhombic  prisms,  which  give  oflT  all 
their  water  between  160°  and  180°,  assuming  a  fine  light-blue  coloxrr.  (Vohl.) 

Potassio-manganoso-cohalto7is  sulphate,  Co"Mn"K''(SO'')'.12H-0,  and  the  correspond- 
ing ammonium- salt,  prepared  like  the  preceding,  crystallise  in  fine  red  prisms  and 
tables,  the  ammonium-salt  being,  however,  more  inclined  to  the  tabular,  the  potassium- 
salt  to  the  prismatic  form.  (Vohl.) 

Potassio-niccolo-cohaltous  sulphate,  Co"Ni"K''(SO')''.12H^O,  and  the  corresponding 
ammonium-salt,  prepared  in  like  manner,  crystallise  in  large  tables  and  prisms  having 
a  dingy  greenish-grey  colour.  (Vohl.) 

Potassio-zinco-cobaltous  sulphate,  Co"Zn"K''(S0')''.12H'0,  and  the  corresponding 
ammonium-salt  crystallise  in  rose-red  prisms  and  tables.  When  heated  to  180°,  they 
give  off  all  their  water,  assuming  a  blue  colour,  which  partially  disappears  on  cooling. 
The  ammonium-salt  leaves,  after  prolonged  ignition,  a  fine  green-coloured  mass,  from 
which  water  extracts  only  a  portion  of  the  cobaltous  sulphate.  (Vohl.) 

Sulpbates  of  Copper. — a.  Cupric  Salt  s.  Normal  (or  neutral)  cupric  sulphate, 
Cu"SO  '.5H-0,  also  called  Blue  vitriol  and  Copper  vitriol. — This  salt  occurs  very  fre- 
quently as  a  secondary  product,  in  mines  where  sulphuretted  copper-ores  undergo 
disintegration,  and  is  found  either  crystallised  in  clefts  and  cavities,  or  dissolved  in  the 
waters  of  the  mine,  or  in  the  water  used  for  washing  the  ore. — It  is  produced  artificially 
by  boiling  cupric  oxide  (scale-oxide  of  copper)  with  dilute  sulphuric  acid,  and  crystal- 
lises out  on  cooling;  or  by  heating  metallic  copper  with  strong  sulphuric  acid,  where- 
upon sulphurous  oxide  is  evolved,  and  anhydrous  cupric  sulphate  is  precipitated  as  a 
white  powder,  mixed  with  a  brown  mass  of  cuprous  and  cupric  sulphides  (p.  340).  On 
digesting  this  mass  with  hot  water,  the  cupric  sulphate  dissolves  out,  and  may  be  crys- 
tallised from  the  solution. 

Cupric  sulphate  is  extensively  tised  in  the  arts,  and  is  prepared  on  the  large  scale, 
either  from  artificially  prepared  sulphide  of  copper,  or  by  roasting  and  lixiviation  of 
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STilphurotted  copper-ores,  or  from  tlio  coarse  copper  (Kupfirstcin,  ii.  27,  34)  produced 
in  tlie  smelting  of  copper,  and  consisting  mainly  of  the  sulphides  of  copper  and  iron. 
The  most  usual  mode  of  preparation  is  from  artificial  sulphide  of  copper.  For  this  pur- 
pose, plates  of  copper  (c.ff.,  old  sheathings  of  ships'  bottoms)  are  heated  to  strong 
redness  on  the  hearth  of  a  revorberatory  furnace  ;  a  certain  quantity  of  sulphur  is  then 
thrown  in,  and  all  the  doors  closed.  The  copper  is  thereby  converted  into  sulphide, 
and  as  soon  as  the  combination  is  complete,  the  draught  of  air  is  re-established,  and 
the  mass  is  heated  to  redness,  whereby  the  sulphide  of  copper  is  oxidised  to  cupric 
sulphate  and  cupric  oxide : 

Cu'S  +  0=  =  Cu"SO'  +  CuO. 
The  roasted  mass  is  thrown,  while  still  hot,  into  water  containing  sulphuric  acid,  and  the 
resulting  solution  is  evaporated  to  the  crystallising-point.    The  crystals  of  cupric  sul- 
phate thus  obtained  are  nearly  pure. 

The  preparation  of  cupric  sulpliate  by  roasting  copper-glance,  purple  copper,  &c.,  or 
coarse  copper,  is  precisely  similar,  and  the  solution  obtained  by  lixiviating  the  roasted 
products  also  yields  nearly  pure  cupric  suljihate  in  the  first  and  second  crystallisations; 
but  the  mother-liquors  contain  a  large  proportion  of  ferrous  sulphate,  and  frequently 
also  salts  of  manganese,  cobalt,  &c.,  so  that  when  evaporated  to  dryness  they  yield  a 
very  impure  cuprie  sulphate :  on  this  account  it  is  better  to  precipitate  the  copper 
from  these  liquors  by  metallic  iron,  and  then  treat  it  with  sulphuric  acid. 

Very  pure  cupric  sulphate  is  obtained  as  a  secondary  product  in  the  treatment  of 
auriferous  silver  with  sulphuric  acid.  From  the  solution  of  argentic  sulphate  thus 
produced,  the  silver  is  precipitated  by  metallic  copper,  and  a  solution  of  cupric  sulphate 
is  formed  (ii.  925). 

The  blue  vitriol  of  commerce  is  generally  pure,  with  the  exception  of  a  small  quan- 
tity of  ferrous  sulphate.  From  this  it  cannot  bo  freed  by  mere  recrj'stallisation,  as 
the  two  salts  are  very  apt  to  crystallise  together  isomorphously  (p.  592) ;  liut  if  the 
solution  be  first  heated  with  a  little  nitric  acid,  to  convert  tlie  ferrous  into  ferric  sul- 
phate, it  will  then  yield  pure  crystals  of  the  cuprie  salt.  The  solution,  after  treatment 
with  nitric  acid,  may  also  be  digested  with  cupric  oxide,  which  will  precipitate  the  iron 
as  ferric  oxide.  Another  mode  of  removing  the  iron  is  to  boil  the  solution  with  per- 
oxide of  lead,  and  precipitate  the  ferric  oxide  thereby  produced  with  a  small  quantity 
of  carbonate  of  barium.  (AVurtz.) 

Cupric  sulphate  crystallises  with  5  at.  water  in  large,  azure-blue,  trielinic  prisms, 
having  the  form  and  modifications  shown  in  figs.  313,  31-i,  and315  (Crystallography, 
ii.  158).    Angle  ooPco  :  ooT=154°3';    aPoo  :  ooF,  =  119°  7' ;    ccPoo  :  coP' 

=    110°  10';    oofoo  :  co'p'  (beliliid)    =    126°  40' ;    iPos   :    ooPqo    =    79°  19''; 

ooF  :    ooT  =   123°  10';  F  :  ccPoo   =  103°  27';    F:  coP',  =  127°  40';  F: 

copoo  =  120°  50'.  The  face  coPoo  is  striated  parallel  to  the  principal  axis. 
The  salt  has  a  nauseous  metallic  taste  and  acid  reaction.  Specific  gravity  = 
2-274  (Kopp);  2-302  (Buignet,  Jahresb.  1861,  p.  15).  The  crystals  efBoresce 
superficially  on  exposure  to  the  air,  give  off  4  at.  water  at  100°,  and  the  remaining 

1  at.  at  200°,  leaving  the  anhydrous  salt  as  a  white  saline  mass,  whieli  is  decomposed 
at  a  bright  red  heat,  giving  off  sulphurous  oxide  and  oxygen,  and  leaving  cupric  oxide. 
Tlie  anhydrous  salt  has  a  very  powerful  attraction  for  water,  which  it  absorbs  rapidly 
from  the  air,  becoming  hot  and  assuming  a  blue  colour :  on  this  account  it  is  used  for 
dehydrating  alcohol. 

Hydrated  cupric  sulphate  dissolves  in  3  J  pts.  of  cold  and  in  a  much  smaller  quantity 
of  boiling  water.  According  to  Poggiale,  100  pts.  of  water  dissolve  the  following 
ijuantities  at  various  temperatures  : — 

Quantities  of  salt  dissolved. 

Temperature.  ,  *  , 

Crystallised.  Anhydrous. 

10°   36-9  20-9 

20°   42-3  23-5 

40°   66-9  30-3 

80°   118  0  53-1 

100°   203-3  75-3 

Cupric  sulphate  is  insoluble  in  absolute  alcohol,  and  less  soluljle  in  hydrated  alcohol  as 
the  proportion  of  alcohol  is  greater.  According  to  Sehiff  (Ann.  Ch.  Pliarm.  exviii. 
302;  Jahrosb.  1861,  p.  87),  100  pts.  of  spirit  of  various  strengths,  saturated  with 
cupric  sulphate  (CuS0'.5H-0)  at  15°,  contain  the  following  quantities  of  the  pentahy- 
drated  salt : 

Percentage  of  alcohol  by  weight      ...       0  10  20  40 

Quantity  of  salt  in  100  pts   27-2*      13-3  3-1  0-25 

*  This  number,  which  gives  the  quantity  of  the  hydrated  salt  dissolved  in  pure  water  at  15°,  does 
not  agree  with  Poggiale's  determinations. 
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Hj'drocliloric  acid  dissolves  cnpric  sulphate,  with  considerable  reduction  of  tempera- 
ture, forming  a  green  liquid,  ■nhich,  when  evaporated,  yields  crj'stals  of  cupric  chloride. 
According  to  Kane,  both  the  aulij-drous  salt  and  the  pulverised  hydrate  rapidly  absorb 
2  at.  hydrochloric  acid  gas. 

When  a  strong  solution  of  sugar  is  added  to  a  strong  solution  of  cupric  sulphate,  a 
white  easily  soluble  precipitate  is  gradually  formed,  consisting  of  a  compound  of  1  at. 
cupric  sulphate  ■with  1  at.  sugar  (C'^H'^O")  and  4  at.  water.  (Barres  wil,  J.  pr. 
Chera.  XXXV.  253.) 

When  a  solution  of  cupric  sulphate  is  mixed  with  ferrous  sulphate,  or  with  sulphate 
of  zinc,  magnesium,  or  nickel  in  excess,  the  cupric  sulphate  crystallises  isomorphously 
with  tliese  salts  in  the  most  varying  proportions,  the  crystals  having  the  form  of  ferrous 
sulphate  and  containing  7  at.  water.  If,  on  the  other  hand,  the  cupric  sulphate  is  in 
excess,  the  crystals  have  the  form  of  blue  vitriol,  and  contain  5  at.  water  (Mitscher- 
lich).  According  to  Eammelsberg,  a  solution  containing  1  at.  ferrous  to  4  at.  cupric 
sulphate  yields  crystals  having  the  form  of  the  latter. 

Cupric  sulphate  is  used  for  the  preparation  of  many  blue  and  green  pigments  (such 
as  Bremer  blue,  Schweinfurt  green,  &c.),  and  very  largely  in  the  electrotype  process. 
It  is  also  tised  in  medicine.  Its  purity  may  generally  be  recognised  by  the  form  and 
colour  of  the  crystals.  A  tinge  of  green  indicates  the  presence  of  a  ferrous  salt ;  blue 
vitriol  thus  contaminated  does  not  dissolve  completely  in  ammonia.  The  presence  of 
zinc  is  easily  recognised  in  the  liquid  which  remains  after  precipitating  the  copper  by 
sulphydrie  acid. 

Basic  Salts. — There  are  several  basic  cupric  sulphates,  forming  greenish  powders, 
and  obtained  for  the  most  part  by  digesting  a  solution  of  the  normal  salt  with  cupric 
hydrate  or  carbonate,  or  by  imperfect  precipitation  with  potash.  Some  of  them  also 
occur  native. 

A  dicupric  salt,  2Cu"O.SOMI20  or  Cu"S0<.Cu"H'!02,  is  produced,  according  to 
Thompsou,  by  digesting  the  normal  salt  with  cupric  oxide  in  equivalent  quantities  ; 
and  the  anhydrous  salt,  2CuO.SO^  or  CuSO^.CuO,  according  to  Boucher  (J.  Pharm. 
[3]  xxxvii.  249;  Jahresb.  1861,  p.  193),  as  an  orange-yellow  pulverulent  mass,  by 
the  normal  salt  to  dullredness  for  several  hours. 

The  tricupric  salt,  SCuCSC  =  CuSO*.2CuO,  is  produced  by  the  action  of  water  on 
the  anhydrous  dicupric  salt,  which,  when  exposed  to  moist  air,  is  converted  into  a  green 
mixture  of  the  normal  salt  and  the  salt  3CuO.SO''.2^H'0  ;  and  when  immersed  in  hot 
water,  yields  a  solution  of  the  normal  salt,  and  a  residue  consisting  of  3CuO.S0^.3H-0. 

The  tctracupric  salt,  4CuO.SO».3H^O  =  CuSO''.3CuH'02,  occurs  native  as  hrochan- 
titc  (i.  66-t),  in  emerald-green  rhombic  prisms,  at  Ekaterinenberg  in  Siberia,  at  Eetz- 
hanya  in  Htmgary,  and  at  Krisuvig  in  Iceland  {krisuvigite).  It  is  produced  artificially : — • 
1.  By  precipitating  a  solution  of  blue  vitriol  with  a  quantity  of  potash  just  sufficient 
to  render  the  liquid  alkaline ;  it  then  falls  as  a  light-blue  precipitate  containing  3  at. 
water  if  separated  from  concentrated,  and  6  at.  water  if  from  dilute  solutions 
(.1.  Denham  Smith).  Kuhn  found  this  precipitate  to  contain  4  at.water,and  observes 
that  the  complete  precipitation  of  the  copper  from  1  at.  normal  cupvic  sulpliate  (CuSO') 
requires  exactly  8  at.  potash(KHO).  According  to  Field  (Phil.  Mag.  [4]  xxiv.  123), 
the  tetrahydrated  salt,  4CuO.S0^4H-0  or  CuS0'.3CuH-0^.H=0,  is  precipitated  as  a 
shining  green  powder,  when  a  small  quantity  of  potash  is  added  to  a  large  excess  of 
blue  vitriol,  the  liquid  boiled,  and  the  precipitate  thoroughly  washed.  The  same  com- 
position is  exhibited  by  brochantito  from  Acandallo  in  Chile:  specific  gravity  =  3'81. 
— 2.  The  same  hydrate  is  obtained,  accordingto  Vogel  and  Reischauer  (Jahresb. 
1859,  p.  215),  by  precipitating  blue  vitriol  with  an  insufficient  quantity  of  ammonia. 
If  the  ammonia  is  added  in  excess,  the  tetrabasic  salt  is  likewise  formed,  but  mixed  with 
cupric  hydrate,  from  which  however  it  quickly  separates  in  microscopic  crystals,  while 
the  cupric  hydrate  is  converted  into  oxide. — 3.  The  tetrabasic  salt  is  also  formed, 
mixed  however  with  cupric  hydrate,  when  metallic  copper  is  left  in  a  solution  of 
ammonium-sulphate  exposed  to  the  air.  (Vogel  and  Eeischa uer.) — 4.  The  tetra- 
cupric  salt  with  3^  at.  water  =  2(CuS0^3CuO).7H-0  =  2(CuSO'.3CuH=02).H-'^0, 
is  formed  on  mixing  a  dilute  solution  of  blue  vitriol  with  the  acetate  of  an  alkali-metal, 
magnesium,  manganese,  cobalt,  nickel,  zinc,  cadmium,  or  copper ;  thus  with  sodic 
acetate : 

4CuS0'  +  eC'H^NaO^  +  3H-0    =    CuSO'.3CuO  +  3Na=S0^  +  6C=H-'0'. 

The  precipitate,  which  forms  slowly  in  the  cold  (or  with  the  acetates  of  zinc,  nickel, 
and  cobalt,  not  at  all),  but  immediately  on  boiling,  is  floceulent  at  first,  but.soon  becomes 
granular  ;  it  has  a  fine  green  colour,  nearly  equal  to  that  of  Schweinfurt  green,  and  is 
so  nearly  insoluble  in  boiling  water  that  it  is  perceptibly  formed  in  liquids  containing 
only  r.oTioo  pt.  of  sodic  acetate ;  in  dihite  acids,  on  the  contrary  (even  in  acetic  acid),  it 
is  easily  soluble,  and  somewhat  soluble  in  cupric  sulphate.     By  repeated  evaporation 
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with  sodic  acetate  it  is  gradually  decomposed,  with  deposition  of  black  cupric  Oxide, 
and  formation  of  a  blue  sodio-cupric  acetate.  Tetracupric  sulphate  is  also  formed  on 
mixing  boiling  solutions  of  normal  cupric  sulphate  and  formate,  propionate,  or  valerate 
of  sodium,  but  not  with  glycollate  or  lactate  of  sodium,  or  with  lactate  of  zinc  ;  further 
by  mixing  a  solution  of  cupric  acetate  (or  formate,  propionate,  valerate,  or  lactate) 
lieated  to  95°,  with  a  boiling-hot  solution  of  a  sulphate,  or  by  boiling  it  with  dilute 
sulphuric  acid.    With  sodic  sulphate  the  reaction  is  : 

Na-SO'  +  4C*H»Cu"0'  +  3H^0  =  CuSO'.SCuO  +  2C-H3NaO=  +  eC^H^O^; 
with  cupric  sulphate  it  is  represented  by  the  equation : 

CuSO'  +  SC'irCuO'  +  3IP0    =    CuSO\3CuO  +  eC-H'O^ 

In  either  case  the  mixture  must  Ijc  repeateilly  evaporated  to  dryness  to  expel  the 
acetic  acid.    (Casselmann,  Zeitschr.  Anal.  Chcm.  iv.  2t  ;  .Jaliresb.  1865,  p.  272.) 

Apcntacupric  suit,  5CuO.SO'*.H/'0  =  CuSO<.4CuO.H-0  [?],  is  obtained,  according 
to  Denham  Smith,  as  a  light-blue  precipitate,  by  treating  blue  vitriol  with  a  slight 
excess  of  potash,  and  washing,  pressing,  and  drying  it  as  quickly  as  possible. 

An  octocupric  salt,  8CuO.SO\12H''0,  is  obtained,  according  to  Kane,  by  adding 
caustic  potash  to  a  solution  of  blue  vitriol  till  the  copper  is  completely  precipitated. 
It  is  described  as  a  grass-green  powder,  which  gives  off  6  at.  water  at  1 50°,  and  the 
remainder  at  260°.  Neither  Smith  nor  Kiihu  was  able  to  prepare  the  octobasic  salt  by 
this  process:  the  latter  always  obtained  the  tetracupric  salt. 

A  still  more  highly  basic  sulphate  (containing  only  5  to  7  per  cent.  SO')  is  produced, 
according  to  Vogel  andReischauer,  by  diluting  a  solution  of  ammoniacal  cupric  sul- 
))iiate  with  a  large  quantity  of  water  ;  but  it  is  perhaps  only  a  mixture.  Indeed,  it  is 
doubtful  whether  any  cupric  sulphate  more  basic  than  the  tetracupric  salt  has  been 
obtained  as  a  definite  compound. 

Ammoniacal  Cupric  Sulphates. — ^A  solution  of  cupric  sulphate  mixed  with 
excess  of  ammonia,  forms  a  deep  blue  liquid,  which,  on  addition  of  alcohol,  yields 
crystals  of  the  compound  Cu"S0'.4NH'.H-0  ;  and  this,  when  heated  to  149°,  yields  the 
salt  CuS0'.2NH',  or  N-H"Cu"SO^  as  an  apple-green  powder.  Anhydrous  cupric 
sulphate  rapidly  absorbs  dry  ammonia-gas,  and  forms  a  blue  powder  consisting  of 
CuSOMONH^    (See  Coppeb-bases,  AM.MONi.icAi,  ii.  80.) 

Double  Salts. — Ammonio-cupric  sulphate,  Cu"(NH')-'(S0'')-.6ir-0,  crystallises  by 
evaporation  of  the  mixed  solutions  of  its  component  salts,  in  blue  easily  soluble  crys- 
tals (Mitscherlich). — The  corresponding  potassium-salt,  Cu"K'(S0')-.6Il'^0,  crystal- 
lises by  spontaneous  evaporation,  in  large,  regular,  light-blue,  monoclinic  crystals 
(Mitsch  erlieh).  By  heating  the  crystals,  the  anhydrous  salt  is  obtained  as  a  green 
friable  mass,  which  melts  at  a  red  heat,  giving  olf  part  of  its  acid  (Vogel).  When 
cooled  after  fusion,  it  solidifies  in  a  blue  crystalline  mass,  which  soon  decrepitates 
and  falls  to  powder  (Graham,  Phil.  Mag.  [3]  iv.  418).  It  dissolves  easily  in 
water,  and  the  solution,  when  heated  to  60°,  deposits  a  light-green  crystalline  powder, 

consisting  of  a  basic  double  salt,  Cu^K-(S0')^Cu"0.4H'-0  (Brunner,  Fogg.  Ann. 
1.  43),  from  which  water  extracts  sulphate  of  potassium,  leaving  tetracupric  sulphate. 

By  mixing  the  solutions  of  the  ammonio-  and  potassio-cupric  salts  just  described 
with  the  corresponding  double  suli)Iiatps  of  cobalt,  iron,  magnesium,  manganese,  nickel, 
and  zinc,  complex  salts  are  obtained,  having  a  composition  which  may  be  illustrated 
by  that  of  the  magnesium-salts,  viz.  : 

Cu"Mg"(NH')\S0')'.12H-0  and  Cu"Mg"K'(S0^)'.^2IP0. 
All  these  salts  crystallise  in  monoclinic  prisms  and  tables,  isomorphous  with  the 
magnesium  double  salts  (p.  602).  Further,  by  mixing  the  solutions  of  three  or  four 
of  these  double  salts,  other  salts  of  still  more  complex  constitution  may  be  formed, 
Init  still  isomorphous  with  the  preceding:  e.g.,  Cu"Mn"Mg"K\S0*)'^.18H'0, 
Cu"Zn"Mg"(  NH'/(S0^)''.18H'-0,  and  the  corresponding  potassium-salt;  also 
C^l■'Co"Zu■'Mg'■K"^SO')^24H■-0.  (Vohl,  Ann.  Ch.  Pharm'.  xciv.  57;  Jahresb.  1855, 
p.  311.) 

Cohalloso-ciipric  sulphate,  Cu"Co"-(SO'')'.36H^O,  obtained  by  evaporating  a  mixed 
solution  of  the  component  salts,  crystallises  like  sulphate  of  cobalt.  (Liebig.) 

Fcrroso-cupric  Sulphate,  also  called  Sahhurg  Vitriol,  AdUrvitriol,  Cuprum  suljjkur- 
icum  medium. — It  has  already  been  mentioned  that  ferrous  and  cupric  sulijhates, 
though  they  crystallise  separately  in  different  forms,  and  with  different  quantities  of 
crystallisation-water,  are  nevertheless  capable  of  crystallising  together  in  the  form  of 
ferrous  sulphate — the  cupric,  like  the  ferrous  salt,  then  taking  up  7  at.  water.  Such 
composite  salts  (not  true  double  salts)  are  olitaincd  in  bluish-green  crystals  in  the 
preparation  of  cupric  sulphate  from  ferruginous  materials.  The  proportion  between 
the  copper  and  iron  is  very  variable.  A  common  proportion  is  that  i-epresented  by 
the  formula  CuFe'(S0')-.2iH'0.    The  so-called  Salzburg  vitriol,  prejiarcd  at  Buxweiler 
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in  Alsace,  is  (according  to  Lefort)  CuFe'(SO')*.28H^O.  lu  Admont  vitriol  the 
quantity  of  iron  is  to  that  of  copper  as  5  :  1  ;  in  double  Admont  vitriol,  as  4  :  1 ;  in 
Bayreuth  vitriol,  as  7  :  1. 

Magnesio-cupric  sulphate,  CuMg(S0')M4H-0,crystallisesby  spontaneous  evaporation, 
in  beautiful  sky-blue  tables  and  prisms.  (Vohl.) 

Sodio-cupric  sulphate,  Cu"Na-(S0*)^.2H-0(?) — A  solution  of  blue  vitriol  and 
Glauber's  salt  deposits  each  of  the  salts  separately  ;  a  solution  of  blue  vitriol  and  acid 
Bodic  sulphate  also  yields  blue  vitriol  and  Glauber's  salt  separately  at  first,  but 
afterwards  small  crystals  of  the  double  salt,  united  into  a  crust,  and  apparently 
containing  2  at.  water.  The  double  salt  is  easily  dehydrated,  melts  at  a  commencing 
red  heat  without  losing  acid,  and  on  cooling  solidifies  to  a  blue  mass,  which  does  not 
decrepitate  like  the  potassic  double  salt.  The  sodio-cupric  salt  deliquesces  slowly 
in  the  air,  and  is  resolved  by  water  into  the  two  simple  salts.  (Graham,  Phil.  JVIag. 
[3],  li.  352.) 

Zinco-ctipric  sulphate,  Cu"Zn"^(S0^)^28H"O,  improperly  called  Cyprian  vitriol,  is 
prepared  at  Chessy  near  Lyons,  from  zinciferous  copper-ores,  and  crystallises  in  blue 
rhombic  prisms.    (Lefort,  Compt.  rend.  xxvi.  185.) 

/3.  Cuprous  sulphate,  Cu-SO''  =  Cu^O.SO',  is  (according  to  Berzelius)  the 
black  powder  which  i-emains  un  lissolved  when  copper  is  heated  with  strong  sulphuric 
acid  ;  it  dissolves  in  nitric  acid,  with  evolution  of  nitric  oxide.  According  to  Mfene, 
on  the  other  hand,  this  iujjoluble  residue  is  a  mixture  of  cuprous  and  cupric  sulphide 
with  cuprie  oxide. 

Sulpbate  of  ISidymium,  Di"SOS  is  obtained  by  dissolving  the  oxide  or  car- 
bonate in  dilute  sulphuric  acid.  (For  the  methods  of  separating  it  from  sulphate  of 
lanthanum,  see  Lanthanum,  iii.  468.)  The  solution  is  rose-colom'ed,  and  yields,  by 
spontaneous  evaporation,  dark  rose-coloured  shining  crystals  having  the  form  of 
oblique  rhomboidal  prisms  (Mosander),  and  cleaving  readily  and  distinctly  in  a 
direction  parallel  to  the  base.  They  contain  3DiSO'.8H'-0  (Marignac),  and  are 
isomorphous  with  the  similarly  constituted  hydrated  sulphates  of  cadmium  and 
yttrium  (Eammelsberg,  Pogg.  Ann.  cxv.  679).  At  200°,  they  give  off  the  whole 
of  their  water,  leaving  an  anhydrous  powder,  which  may  be  heated  to  redness  without 
further  alteration.  Sulphate  of  didymium  is  more  soluble  in  cold  than  in  hot  water. 
Its  solution  when  heated,  especially  to  the  boiling-point,  deposits  a  crystalline  precipi- 
tate, containing  DiS0^2H-0.  The  auhydi'ous  sulphate  dissolves  in  water  more  readily 
than  either  of  the  hydrates.  The  following  table  exhibits  the  quantities  of  anhydrous 
sulphate  in  100  pts.  of  water,  in  solutions  formed  by  dissolving  the  anhydrous  sulphate 
and  the  two  hydrates  in  water  at  diflferent  temperatures  (Marignac): 


Quantity  of  anliydrtiiis  .salt  to  100  pts.  water 
in  solution  of 

Temperature.  antiyiirnns  salt.         DiSOi.2H20.  SDiSOi.SH^O. 

12°  C.  431 
14  39-3 

18  25-8  16-4 

19   11-7 

25  20-6 

38  130 

40  8-8 

50  110  6-5 

100   1-7 


The  anhydrous  sulphate  exposed  to  the  heat  of  an  intense  charcoal-fire,  gives  off  two- 
thirds  of  its  acid,  and  leaves  a  trihasic  sulphate,  3DiO.SO',  or  DiSO''.2DiO.  (Marignac). 
The  same  salt  is  obtained  as  a  light-bluish  rose-coloured  hydrate,  3DiO.SO'.8H-0,  by 
precipitating  a  solution  of  the  neutral  sulphate  with  excess  of  ammonia.  (Hermann, 
Jahvesb.  1861,  p.  197.) 

Sulphate  of  didymium  forms  double  salts  with  the  sulphates  of  the  alkali-metals- — The 

rt/^^??^ow,i•^m-.5rtl'^^)iXNH')XS0')■'.8H•'O,  dissolves  in  18  times  its  weight  of  water.— The 

potafsium-salt,  lji^'K''(S0*y.2W0,  dissolves  in  63  pts.  of  cold  water. — The  sodium-salt, 

Di"^Na-(SO'')^  is  anhydrous,  requires  200  pts.  of  water  to  dissolve  it,  and  is  still  less 
soluble  in  solution  of  sodio  sulphate.  (Marignac.) 

Sulpbate  of  Erbium  has,  according  to  Marignac  (Jahresb.  1864,  p.  198),  the 
composition  3Eb"SO'.81PO,  and  is  isomorphous  with  sulphate  of  didymium. 

Sulpbates  of  Glucinum  The  neutral  salt.  G'  SOWH'O,  or  Be-(S0')\1 2H=0 

(ii.  849),  is  obtained  by  dissolving  glucina  or  its  carbonate  in  a  slight  excess  of 
cold  sulphuric  acid,  and  crystallises,  by  spontaneous  evaporation,  in  large  quadratic 
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octahedrons.  Alcohol  precipitates  it  from  solution  as  a  crystalline  powder.  It  is  very 
soluble  in  pure  water,  somewhat  less  soluble  in  acidulated  water,  insoluble  in  absolute 
alcohol.  According  to  Debray,  water  at  15°  takes  up  nearly  its  own  weight  of  the 
ci-ystals.  The  crystals  effloresce  in  warm  air,  melt  with  strong  intumescence  when 
heated,  and  leave  a  residue  of  pure  glucina.  At  35°  they  give  off  4  at.  water  and 
crumble  to  powder;  between  100'^  and  110°,  they  retain  only  1  at.  water,  which  is 
regardeil  by  Wceren  as  constitutional  water.  Tlie  solubility  of  the  salt  is  not  much 
diminished  by  dehydration  ;  it  does  not  give  off  any  acid  at  150^ — 200°  (Weeren). — 
A  trihasic  siilphafe,  3G"0.S0^  =  G"S0'.'2a"0,  or  Be'^'OlSO'*,  is  obtained,  as  a  gummy 
opaque  mass,  by  boiling  the  solution  of  the  neutral  salt  with  glucinic  carbonate,  as 
long  as  cai'bonie  dioxide  is  given  off,  and  leaving  the  solution  to  evaporate  without 
previous  dilution.  If,  on  the  other  hand,  the  solution  be  diluted  before  evnporation,  it 
deposits  a  hexbasic  salt,  GG0.S013H'0,  or  2Be^O^.S0^3H'0,  in  the  form  of  a  white 
powder;  and  the  liquid  filtered  thenfrom  yields  on  evaporation  a  gummy  mass, 
consisting  of  the  dibasic  salt,  2G"0.S0^  or  aBe'^'O^SSO^ 

Sulphates  of  Xri&iyiva.— Iridic  sulphate,  Ir"O^SO'  =  Ir"(S0^)2.Ir''0=,  is  obtained 
by  dissolving  sulphide  of  iridium  in  nitric  acid,  and  driving  off  the  excess  of  acid  by  heat, 
as  a  thick  yellow  syrup,  exhibiting  no  signs  of  crystallisation.  It  dissolves  easily  in  water 
and  in  alcohol,  forming  orange-yellow  solutions,  which  are  not  precipitated  by  alkalis. 
On  drying  the  salt,  half  the  acid  is  expelled,  and  a  more  highly  basic  salt,  2IrO^.SO'', 
remains. — Iridious  sulphate,  Ir"SO^  is  produced  by  dissolving  iridious  hydi-ate  in  sul- 
phuric acid,  and  separates,  on  evaporation  at  a  gentle  heat,  as  a  brownish-green, 
shining,  amorphous  mass,  which  dissolves  in  water  with  dark  yellow-green  colour. 

Sulphates  of  Iron. — a. Ferric  Salts. — The  normal  {or  neutral)  salt,  F6^(S0*)'  = 
Fe-0*.3.S0 ',  occurs  as  a  hydrate  containing  9  at.  water,  at  Coquimbo  in  Chile,  in  six-sided 
pyramids,  and  as  a  fine-gi'ained  mass,  forming  a  layer  several  feet  thick  (see  CoQui.v- 
liiTE,  ii.  83).  It  is  produced  artificially  by  heating  brown  h;ematite  for  some  time 
with  strong  sulphuric  acid,  and  then  expelling  the  excess  of  acid  by  a  gentle  heat ; — 
or,  more  generally,  by  a<lding  1  at.  sulphuric  acid  to  a  solution  of  2  at.  ferrous  sul- 
phate, and  then  adding  nitric  acid  by  small  portions  as  long  as  nitrous  vapours  are 
evolved : 

2Fe"S0*  +  H-'SO>  +  0    =    F'e''(SO')'  +  H-'O. 

According  to  Levol,  this  salt  (and  not  ferrous  sulphate)  is  formed  when  metallic  iron  is 
heated  with  strong  sidphuric  acid. — According  to  Bussy  and  Lecanu,  the  white  deposit, 
formed  during  the  concentration  of  the  acid  in  sulphuric  acid  works,  consists  almost 
wholly  of  ferric  sulphate,  formed  most  probably  by  the  accidental  dropping  of  ferrugi- 
nous substances  into  the  acid. — The  anhydrous  salt,  Fe'(SO')',  is  formed,  according  to 
P.  Hart,  on  introducing  ferrous  sulphate  into  boiling  concentrated  sulphuric  acid,  and 
separates  on  cooling  in  very  small  cryst.allino  scales.  The  same  salt  is  described  by 
Ulrich  (Jahresb.  1859,  p.  211)  as  occurring  in  the  platinum-vessel  used  for  concen- 
trating sulphuric  acid,  at  the  vitriol-works  of  Oker  in  the  Harz,  in  small,  shining, 
peaohblossom-coloured  spangles,  apj^earing  under  the  microscope  as  rhombic  octahe- 
drons with  truncated  summits. 

The  red  solution  of  ferric  sulphate,  obtained  as  above,  leaves  on  evaporation  a  light- 
yellow  deliquescent  mass,  consisting  of  the  hydrated  salt,  still  retaining  a  slight  excess 
of  acid.  In  this  state  it  redissolves  easily  in  water,  but  if  it  be  gently  heated  till  tlie 
water  and  excess  of  acid  are  expelled,  the  remaining  anhydrous  salt  dissolves  but  very 
slowly  in  W'ater,  forming  a  reddish-yellow  solution.  The  anhydrous  salt  is  also 
nearly  insoluble  in  hydrochloric  acid,  and  quite  insoluble  in  strong  sulphuric  acid, 
which  indeed  precipitates  it  from  its  solution. — The  anhydrous  salt  is  decomposed  at 
a  red  heat,  and  is  I'ecommended  by  Berzelius  for  the  prepia ration  of  sulphm'ic  anhydride 
by  dry  distillation. 

■  BasicFerric  Sulphates.— The  sesquihasicsa.lt,  Fe20^2SO^  =  2Fe=(S0')'.Fe-0', 
is  obtained  (according  to  Maus)  by  digesting  a  concentrated  solution  of  the  normal  salt 
with  ferric  hydrate,  as  a  dark-red  solution,  which  on  lioiling,  or  on  dilution  with  water, 
is  resolved  into  the  soluble  normal  salt  and  an  insoluble  basic  salt.  The  same  salt  is 
formed  (according  to  AVittstein,  Eep.  Pharni.  [3],  i.  18.5),  by  the  action  of  the  air  on 
ferrous  sulphate,  and  constitutes  the  yellow  crust,  Fe-0'..-SO^.H^O,  with  which  the 
crystals  of  this  s.alt  become  covered  after  .a,  while.  It  is  resolved  by  water  into  the 
neutral  and  the  fZiVw^jc  2Fe=0''.3SO'.8H-0  =  Fe\S0')^.Fe-0'.8H-"0.  According 
to  H.  Rose,  this  dibasic  salt  occurs,  together  with  coquimbite,  in  yellowish-green, 
silky,  fibrous  masses — Another  basic  salt,  containing  2Fe'0\5.SO^.  18H-0,  likewise 
occurs  encrusting  coqiiimbite.    (H.  Rose.) 

The  tribasic  salt,  Fe-C.SO^  =  Fe-(SO')'.2Fe'0\  is  produced,  as  a  reddish-yellow 

Q  Q  2 
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powder,  containing  about  3  at.  water,  by  dissolving  the  basic  double  salt  of  potassie 
sulphate  and  sesquibasic  ferric  sulphate  (p.  597)  in  water,  and  heating  the  solution. 
(Soubeiran.) 

The  hexhasic  salt,  2Fe'0lS0'  =  Fe=(S0^)».5Fe-0',  is,  (according  to  Berzelius)  the 
yellow  precipitate  which  gradually  forms  in  a  solution  of  ferrous  sulphate  exposed  to 
the  air,  according  to  the  equation  : 

10(FeO.SO-')  +  0^    =    2Fe=0^S0'  +  3(Fe=0\3SO') ; 

but  the  composition  of  the  precipitate  most  probably  varies  witli  the  concentration  of 
the  solution. 

The  nonobasic  salt,  2(3Fe^O^SO^).9H-0  =  2[Fe\SO')^8Fp=0^].27H-'0,  separates 
(according  to  Scheerer)  as  a  brownish-yellow  deposit,  on  evaporating  an  oxidised  solu- 
tion of  ferrous  sulphate,  or  when  a  neutral  solution  of  ferric  sulphate  is  diluted  with  a 
large  quantity  of  water  and  boiled  ;  also  (according  toBerzelius,)  when  a  solution  of 
ferrous  sulphate  is  mixed  with  chlorate  of  potassium. 

A  dodecabasic  salt,  i:¥&'0^.&0^  =  ^e\S0*)MlFe20^  is  formed  (according  to 
Anthon)  in  preparing  ferric  acetate  by  decomposing  acetate  of  barium  with  soluble 
basic  ferric  sulphate,  being  precipitated  as  a  bullty  brown  powder,  together  witli  the  last 
portions  of  baric  sulphate,  from  which  it  may  be  separated  by  levigatiou. — Another 
isasic  salt,  containing  2( 7Fe''0'.SO^).2 1 H-0,  is  found  (accord! ng  to  S  c h  e  e r  e r)  as  a  dark- 
brown  amorphous  mass,  in  the  alum-slate  of  Modum  in  Norway. 

Double  Salts. — Aluminio-ferric  sulphate  occurs  native  in  the  quicksilver  mines  of 
Idria,  in  yellowish-white  crystalline  masses,  containing  37'0  per  cent.  SO'',  8'4  Fe'^O^, 
11'5  Al'-O^,  43-0  water,  and  I'O  insoluble  residue;  which,  if  the  two  bases  are  regarded 
as  isomorphous,  may  be  represented  by  the  formula  (Al''O^;Fe^O^).3S0'.15H-O. 
(Fehling.) 

Ammonio-ferric  sulphate,  or  Ammonia-iron-alum,  Fe"'(NH')(S0*)^.12H-0,  or 
(NH'')'-0  SO^  \  .SlH-O,  is  produced  by  mixing  the  solutions  of  ammonic  and  ferric  sul- 
phates, adding  a  little  free  sulphuric  acid,  and  leaving  the  solution  to  evaporate.  It 
is  more  stable  than  the  corresponding  potassium-salt,  and  crystallises  more  readily 
than  the  latter,  in  large,  colourless,  regular  octahedrons.  It  is  prepared  on  the  large 
scale,  for  use  in  dyeing,  being  always  employed  whsn  a  perfectly  neutral  ferric  salt  is 
required. 

Fe^0^2S0') 

A  basic  ammonia -ferric  sulphate,  9|-(-]sf  j{-i)2o"sO']  \  •''■'-^"'-*>  prepared  (according  to 
Maus)  in  the  same  manner  as  the  corresponding  potassium-salt,  which  it  resembles 
very  closely  in  form  and  other  properties.  JMarignae,  however,  found  for  the  salt  thus 
prepared  the  composition  3Fe-0'.5(NH')'-0.12SO'.18H-0.  Berzelius  mentions  another 
basic  ammonio-ferric  sulphate  (composition  not  specified),  which  he  obtained  as  an 
ochry  precijjitate  on  dissolving  iron  in  dilute  sulphuric  acid  njixed  with  a  little  nitric 
acid,  the  ammonia  being  produced  by  the  mutual  action  of  the  nitric  acid  and  the 
water. 

Cit/prico-ferric  sulphate,  Fe'Cu''(S0')''.2  lH''0,  separates  from  a  mixture  of  the  com- 
ponent salts  in  equivalent  proportions,  containing  a  slight  excess  of  sulphuric  acid,  on 
evaporating  till  a  crystalline  film  begins  to  form,  in  bluish-green,  microscopic,  warty 
crystallisations  (Basti  ck).— The  corresponding  macjmsium-salt  forms  a  warty  mass  ; 
the  corresponding  zinc-salt  crystallises  in  colourless  prisms.    (B  as  tick.) 

Potassio-firric  sulphate,  or  Putask-iron-aluin,  Fe"'K(S0')-.12H-0,  or     x-o  'so^l' 

24H*0,  sepai'ateB  from  a  slightly  acid  mixture  of  the  component  salts,  by  spontaneous 
evaporation,  in  octahedral  crystals,  which  in  form  and  taste  are  undistinguishable  from 
common  alum.  They  are  sometimes  colourless,  but  often  have  an  amethyst  tint, 
arising  (according  to  Heintz)  from  a  trace  of  ferric  acid.  The  salt  does  not,  however, 
crystallise  so  readily  as  ammoni.a-iron-alum.  To  obtain  large  crystals,  Heintz  (Ann. 
Ch.  Pharm.  xliv.  271)  triturates  10  pts.  of  crystallised  ferrous  sulphate  with  4  pts.  of 
saltpetre,  then  gradually  adds  4  pts.  of  strong  sulphuric  acid,  and  heats  gently  as  long 
as  nitrous  vapours  continue  to  escape.  The  residue  is  thus  dissolved  in  3  or  4  pts.  of 
water  at  80°,  and  the  filtered  solution  is  left  to  crystallise  at  a  temperature  which  is 
veiy  slowly  lowered  to  0°. 

Potash-iron-alum  is  not  very  stable,  soon  becoming  covered  with  a  yellow  powder 
when  exposed  to  the  air  at  temperatures  above  0°.    Bet  ween  80°  and  100"'  it  is  resolved 
into  a  basic  potassio-ferric  sulphate,  neutral  ferric  sulphate,  and  free  .sulphuric  acid : 
2[(FeW3SO^).(K20.SO').24H'0]    =  [(Fe=Ol2SO»).2(K-O.SO'] 

+  (Fe=0^3S0^)  +  n-O.SO^  +  47H-0, 
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The  aquoous  solution  likewise  decomposes  in  the  same  manner  when  heated  to  80° ; 
but  after  keeping  for  some  time,  especially  on  addition  of  free  sulphuric  acid,  it  again 
yields,  by  spontaneous  evaporation,  crystals  of  the  normal  double  salt.  A  solution  of 
iron-alum,  mixed  with  a  large  quantity  of  free  sulphuric  acid,  does  not  decomjiose 
when  evaporated  over  the  water-bath,  but  deposits  crystalline  crusts  containing 
2Fe"'K(SO*)^.3H-'0,  and,  on  furthor  concentration,  a  white  powder,  composed  of 
2Fe"'K(S0<)=.H-0.    (H  e  i  n  tz.) 

If  potash  be  added  to  a  concentrated  solution  of  ferric  sulphate  or  iron-alum  till  the 
precipitate  no  longer  redissolves,  the  filtered  solution  yields,  by  spontaneous  evapo- 
ration, olive-green  or  yellow  six-sided  tables  of  the  basic  salt  (Fe'''0'''.2.S0''). 
2(K^O.SO-0.6H2O(Maus).— Anotlierif^s/c(7o«W(;.9«^(;,3(Fe=0^.2SO-').2(.K-O.SO^')-22H'0, 
is  produced  (according  to  Soub  eiran)  on  dropping  carbonate  of  potassium  into  a  solu- 
tion of  ferric  oxide  till  the  precipitate  begins  to  become  permanent,  and  mixing  the  clear 
solution  with  alcohol.— A  third  basic  double  salt,  4(Fe^O-'.SO^).(K-O.SO').9H-0, 
occurs  (according  to  Rammelsberg)  as  an  ochi-e-yellow  insoluble  mass,  in  the  lignite 
of  Kaloforuk  in  Bohemia.    (Handw.  d.  Chem.  vii.  528.) 

A  bask  sodio-ferric  sulphate,  4(Fe=0''.SO»).(Na-O.SO'').9H-0,  analogous  to  the  last- 
mentioned  potassium-salt,  occurs,  as  a  light-yellow  stalactitic  mass,  in  the  alum-slate 
of  Modum  in  Norway. 

/3.  Ferrous  S  iit  p  Ii  at  e,  Fe"S0'.7H-0.  Green  Vitriol.  Copp(Tas.  Covperose. 
Eisen  vitriol. — This  salt  occurs  native,  sometimes  in  crystals,  but  more  frequently 
massive  and  pulverulent,  at  Goslar  in  the  Harz,  at  Hurlet  near  Paisley,  in  several  of 
the  Saxon  and  Hungarian  mines,  and  at  various  localities  in  the  United  States,  being 
formed  by  the  oxidation  of  iron-pyrites.  It  may  be  obtained  piu-e  by  dissohang  1  pt. 
iron  or  \\  pt.  ferrous  sulphide  in  \\  pt.  sulphuric  acid  diluted  with  4  pts.  water. 
The  solution,  if  quickly  filtered,  deposits  the  salt  in  beautiful,  transparent,  bluish- 
green,  crystals,  containing  7  at.  water.  The  large  quantities  of  ferrous  sulphate 
consumed  in  the  arts  arc  however  prepared,  simultaneously  with  alum,  by  the  decompo- 
sition of  aluminous  schists  containing  iron-pyrites  (p.  5801. 

Ferrous  sulphate  forms  well-defined  monoelinic  crystals,  of  prismatic  or  tabular 
character  (/(/.■;.  285,  287,  289,  294,  298,  299,  308,  309,  and  310:  Cutstailography,  ii. 
152—156).  Axes,  a:b:c  =  0-8476:  1:  1-267.  Angle  6 :  c  =  75=40';  :  coP(orthod.) 
=  97'=  39';  [Poo  ]:  [Poo]  (chnod.)  =  69°  15';  -l- P «  :  c  =  43°32';  -Poo  :  c  =  32°  36'; 
-iPoo  :  c  =  55°  20';  oP  :  ooP  =  80°  37'.  Cleavage  perfect  parallel  to  oP  ;  less 
distinct  pai-allel  to  ccP.  It  is  isomorphous  with  the  heptahydrated  sidphates  of 
magnesium,  zinc,  cobalt,  nickel,  copper,  &c.  (p.  578). 

Tlie  crystals  of  ferrous  sulphate  effloresce  slightly  in  dry  air,  and  if  at  all  moist, 
absorb  oxygen,  and  become  covered  with  a  reddish-yellow  crust  of  basic  fen-ic  sulphate 
(p.  696);  but  if  crushed,  and  deprived  of  hygrometric  moisture  by  strong  pressure 
between  folds  of  cotton-cloth  or  filter-paper,  they  may  be  preserved  in  a  bottle  without 
change  from  oxidation  (Graha  m).  Ferrous  sulphate,  precipitated  from  its  aqueous 
solution  by  alcohol,  forms  a  liluish-white  powder,  which  does  not  absorb  oxygen  unless 
exposed  to  very  moist  air.  Another  method  of  preserving  it  is  to  mix  the  pulverised 
crystals  with  an  equal  weight  of  gum-arabic,  dissolve  the  whole  in  distilled  water, 
evaporate  over  the  water-bath  to  the  consistence  of  an  extract,  pour  the  still  hot  mass 
upon  porcelain  plates,  complete  the  desiccation  in  an  oven  at  30°,  and  preserve  the 
dried  salt  in  closely-stoppered  bottles.    (Parvesi,  J.  Pharm.  [4]  iii.  40.) 

Crystallised  ferrous  sulphate  gives  off  6  at.  water  at  114°,  but  retains  the  last  atom 
even  at  280°  ;  by  vet-y  careful  heating,  however,  it  may  be  rendered  perfectly  anhy- 
drous without  appreciable  loss  of  acid.  The  anhydrous  salt  is  also  obtained,  in  very 
small  crystalline  scales,  by  immersing  the  hydrated  crystals  in  strong  boiling  sulphuric 
acid,  and  leaving  the  liquid  to  cool.  At  a  red  heat  it  decomposes,  giving  off  sulphu- 
rous oxide,  and  leaving  a  basic  ferric  sulphate,  which,  when  more  strongly  heated, 
idtimately  leaves  pure  ferric  oxide,  known  as  Colcnthar  vitrioli  or  Caput  mortunm. 

The  salt  was  observed  by  Mitscherlieh  to  crystallise  at  80°fi-om  a  solution  saturated 
at  the  boiling  heat,  with  4  at.  water,  in  monoelinic  prisms,  isomorphous  with  the 
corresponding  sulphate  of  manganese.  When  its  solution,  containing  an  excess  of  acid, 
is  evaporated  by  heat,  a  saline  crust  is  deposited,  which  (according  to  Kiihn)  contains 
3H-0.  Lastly,  a  dihydrate,  Fe"S0'.2H-0,  having  the  crystalline  form  and  sparing 
solubility  of  g_>-psum,  is  obtained  (according  to  Mitscherlieh),  by  dissolving  the 
ordinary  crystals  in  strong  sulphuric  acid.  A  solution  of  the  salt  mixed  with  excess 
of  sulphuric  acid,  and  left  to  evaporate  in  a  vacuum,  first  deposits  the  ordinai-y  hepta- 
hydrated crystals,  thi-n  greenish-blue  crystals  of  a  pentah3-drate,  Fe"S0'.6H-'0,  be- 
longing to  the  triclinic  system,  and  lastly  crystals  of  the  tetrahydrated  salt.  (Mari- 
gnac.) 

Ferrous  sulphate  dissolves  easily  in  water,  but  is  insoluble  in  alcohol.  According  to 
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Brandes  and  Firnhaber,  1  pt.  of  the  heptahydrated  salt  dissolves  in  the  follo-wing 
quantities  of  water  at  the  particular  tempei-atures  indicated  above  each  quantity  : — 

10°  14°         25°       32-6°         46°         60°         84°         90°      100°  C. 

1-64         1-43        0-87         0-66        0  44         0-38         0-37        0-27  0-30 

The  solution  has  a  slight  bluish-green  tint,  or  is  colourless  if  very  dilute.  When 
exposed  for  some  time  to  the  air,  it  deposits  a  yellowish  sediment  of  basic  ferric  sul- 
phate, which  is  used  in  porcelain-painting.  As  soon,  however,  as  a  certain  quantity 
of  this  salt  is  deposited,  the  oxidation  ceases,  and  the  solution  remains  almost  unaltered. 
The  partially  oxidised  solution  may  be  reconverted  into  pure  ferrous  sulphate  by  boiling 
with  metallic  iron. 

The  solution  of  ferrous  sulphate  absorbs  nitric  oxide  gas,  assuming  a  dark-brown 
colour,  which  affords  a  very  characteristic  test  for  nitric  acid  (iv.  83  ).  The  brown 
solution  has  a  powerful  attraction  for  oxygen  :  if  heated  in  close  vessels,  it  gives  off 
the  gas  for  the  most  part  unchanged  ;  but  when  it  is  heated  in  contact  with  air,  nitric 
acid  is  formed  in  the  liquid,  and  converts  the  ferrous  into  a  ferric  salt. 

Ferrous  sulphate  is  largely  used  in  dyeing  and  in  tanning,  and  for  the  manufacture 
of  ink  and  Prussian-blue.  It  is  also  very  useful  as  a  reducing  agent  in  chlorimetry 
and  other  operations  of  analytical  chemistry. 

Ferrous  sulphate  forms,  witli  the  sidphates  of  potassium  and  ammonium,  double  salts 
containing  6  at.  water  isomorphous  with  the  corresponding  salts  formed  by  the  sul- 
phates of  zine,  copper,  manganese,  &c.  The  formula  of  the  potassium-salt  is 
Fe"K-(S0^)^.6H^0.  The  solution  of  this  salt  evaporated  at  50°,  yields  a  crystalline 
crust  containing  Fe"K-(S0*)=.2H''^0.  (Marignae.) 

Ferrico-ferrous  (or  Ferroso-ferric)  sidphate,  fe-V'e'{BO*)\  or  (Fe"0.S0').(Fe'0^3S0'), 
is  produced  when  a  solution  of  ferrous  sulphate  is  exposed  to  the  air,  till  no  more  basic 
ferric  sulphate  is  deposited.  The  solution,  which  is  yellowish-red,  does  not  crystallise, 
but  yields  black  oxide  of  iron  when  precipitated  by  an  alkali  (Berzelius).  Abich 
obtained  a  crystalline  ferroso-ferric  sulphate,  containing  (3FeO.SO^).2(Fe-0^3SO')4H^O, 

or  FeTe''(S0^)'.4H^0,  by  heating  a  moderately  strong  solution  of  16  pts.  pure  crystal- 
lised ferrous  sulphate  to  the  boiling-point  with  an  equal  weight  of  strong  sulphuric 
acid,  then  adding  1  pt.  of  strong  nitric  acid,  and  a  concentrated  solution  of  5  or  6  pts. 
alum.  This  solution,  evaporated  at  a  temperature  below  70°,  deposits  a  dark-brown 
crystalline  powder,  the  solution  of  which,  in  water  acidulated  with  sulphuric  acid, 
yields  the  salt  on  evaporation,  in  nearly  black  shining  crystals,  which  are  combinations 
of  the  cube  and  regular  octahedron.  According  to  Barreswil,  a  salt  having  the  same 
composition  as  Abich's,  but  of  a  dark-blue  colour,  is  formed  by  mixing  the  solutions  of 
3  at.  ferrous  and  2  at.  ferric  sulphate,  and  slowly  dropping  sulphuric  acid  into  the 
liquid  as  long  as  any  blue  precipitate  is  produced  (Handw.  d.  Chem.  vii.  532). — A  basic 
ferroso-ferric  sulphate,  containing  (3FeO.2S0^).3(Fe'^0^2S0'-').36H'O,  is  found  in  the 
copper-mines  of  Fahlun,  in  large  red  stalactites  composed  of  small  transparent  crj-s- 
tals.  (Berzelius.) 

Magnesia  ferrous  sulphate,  F^e"Mg"(S0^)'^14H-0,  crystallises  from  a  solution  of 
the  component  salts, by  spontaneous  evaporation,  in  large  sea-green  crystals.  (Vohl.) 

Sodioferrotis  sulphate,  Fe"Na'(S0*)'.4H'-0,  obtained  by  evaporation  at  55°,  is  per- 
manent in  the  air,  and  does  not  decompose  at  100°;  but  on  redissolving  it,  and 
leaving  the  solution  to  evaporate,  the  sodic  and  ferrous  salts  crystallise  out  separately. 

Thallio  ferrous  sulphate,  Fe"Tl^(S0')''.6H^0,  has  a  pale-green  colour,  and  is  isomor- 
phous with  the  corresponding  potassium-salt.  (Werther.) 

Zinco-ammonio-ferrous  sulphate,  Fe"Zn"(NH')'(S0')*.12H'0,  and  the  corresponding 
potassium-salt,  crystallise  readily  in  large,  greenish,  oblique  rhombic  prisms  and  tables, 
which  turn  yellow  in  the  air,  from  absoi-ption  of  oxygen. 

Sulpbate  of  JLantbanum,  La"SO^,  is  prepared  as  described  under  Lanthanum 
(iii.  468),  and  separates  by  spontaneous  evaporation  in  small  prismatic  crystals  con- 
taining La"S0^3H''0.  It  gives  off  its  water  at  a  low  red  heat,  and  half  its  acid  at  a 
full  red  heat.    It  is  much  less  soluble  in  hot  than  in  cold  water. — Aimnonio-latifhanic 

sulphate,  La'(NH')^(S0')''.8H-'0,  is  obtained,  by  spontaneous  evaporation  of  a  dilute 
Solution  of  lanthanum-sulphate  mixed  with  a  slight  excess  of  ammonium-sulphate,  in 
colourless,  sparingly  soluble,  monoelinic  crystals.  (Marignae.) 

Potassio-lanthauic  sulphate,  La"K-(SO'')-,  is  formed  as  a  white  precipitate  on  mixing 
the  solution  of  a  lanthanum-salt  with  sulphate  of  potassium.  (Hermann,  Jahresb. 
1861,  p.  194.) 

Sulpbate  of  Iiead,  Pb"SO'  =  Pb"O.SO'. — This  compound  occurs  native  as 
Anglesife,  in  large  and  beautiful  crystals,  at  Pary's  mine  in  Auglesea,  Leadhills  in 
Scotland,  Wanlockhead  in  Derbyshire,  and  at  Clausthal,  Zellorfielil,  and  Giepenbach  in 
the  Harz;  also  in  Prussia,  in  the  Black  Forest,  at  Badenweiler  in  the  Breisgau,  in  the 
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Island  of  Sardinia,  and  in  the  United  States;  also  massive  in  Siberia,  in  Andalusia, 
and  on  Alston  Moor  in  Cumberland.  In  Algeria  it  occurs  (according  to  Marcel  de 
Serres,  Compt.  rend.  liv.  743),  in  kidney-shaped  lumps  enclosing  a  nucleus  of  galena, 
by  the  oxidation  of  which  it  has  been  fox-med. 

The  crystals  of  anglesite  are  trimetric  and  isomorphous  with  those  of  heavy 
spar  (iii.  137),  exhibiting  generally  the  same  faces,  but  withoD  P2  mostly  predomi- 
nant. Axes,  a:  h:  c\  =  0  6089  :  1  :  0-7"'36.  Angle  ocP  ;  ooP  (macr.)_  =  62°  40'  ; 
oof  2  :<»f2  (maer.)  =  101°  13';  f  oo  :  f  co  (basaj)  =  76"  36';  Poo  :  Poo  (basal)  = 
103°  43'.  Cleavage  imperfect  parallel  to  oof  00  and  P  CO.  Hardness  =  2'76  to  3.  Speci- 
fic gravity  =  6-296  to  6  298.  Lustre  highly  adamantine  in  some  specimens,  in  others 
inclining  to  vitreous  and  resinous.  Colour  white,  tinged  with  yellow,  groy,  green,  and 
sometimes  blue.  Streak  uncoloured.  Transparent  to  opaque.  Fracture  concho'idal. 
Very  brittle. 

Sulphate  of  lead  also  occurs,  combined  with  carbonate  of  lead,  as  LanarJate  (iii.  467), 
and  as  Lcadhilliie  (iii.  560) ;  also,  with  carbonate  of  lead  and  carbonate  of  copper,  as 
Calcdonite  (i.  372). 

Sulphate  of  lead  may  be  artificially  crystallised  by  fusing  chloride  of  lead  with 
Bidphate  of  potassium,  and  boiling  out  the  soluble  salts  with  water;  it  then  i-emains 
as  a  heavy  white  crystalline  powder,  which,  even  under  a  low  magnifying  power,  is  seen 
to  consist  of  tabular  crystals  having  the  form  of  the  native  sulphate  (Manross). 
It  is  usually  obtained,  as  a  heavy  white  crystalline  powder,  by  precipitating  a  soluble 
lead-salt  with  sulphuric  acid  or  a  soluble  sulphate  ;  and  on  the  large  scale,  as  a 
secondary  product,  in  the  preparation  of  aluminic  acetate  by  precipitating  alum  with 
acetate  of  lead.    It  is  also  produced  by  oxidising  sulphide  of  lead  wilh  strong  nitric  acid. 

Sulphate  of  lead  is  nearly  insoluble  in  pure  water;  according  to  Rod  well  (Chem. 
News,  xi.  50),  1  pt.  of  it  dissolves  in  31,062  pts.  water  at  16°  ;  also  in  dilute  sulphuric 
acid,  somewhat  more  easily  in  strong  sulphuric  acid  ;  also  in  nitric  and  hydrochloric 
acids.  According  to  Rod  well  (Chem.  Soe.  Qu.  J.  xv.  59),  1  pt.  of  lead-sulphate  dissolves 
in  the  following  quantities  of  hydrochloric  and  nitric  acidsof  various  strengths: — - 


Hydroililoric 

Specific 

IICI 

Nitric 

Specific 

ariil. 

gravitv. 

per  cent. 

a  cut 

gravity. 

per  ( ent. 

681-89 

1-0519 

10-602 

303-10 

1-079 

11-55 

281-73 

1-0800 

16-310 

173-75 

1-123 

17-50 

105-66 

1-1070 

22-010 

127-48 

1-260 

34-00 

47-30 

1-1369 

27-625 

10282-78 

1-420 

60-00 

35  03 

1-1670 

31-602 

On  dilution,  all  the  hydrochloric  acid  solutions,  except  the  first,  deposit  needles  of 
plumliic  chloride.  The  nitric  acid  solutions  yield  by  evaporation  octahedrons  of 
plumbic  nitrate.  The  sulphate,  digested  for  three  or  four  days  with  nitric  acid  con- 
taining 60  per  cent.  lSI-0^  is  almost  wholly  converted  into  octahedrons  of  the  nitrate. 

It  is  dissolved  in  larger  quantity  by  some  ammoniaccd  salts — e.g.,  by  the  sulphate, 
nitrate,  acetate,  and  tartrate,  and  easily  by  caustic  potash  or  soda.  When  boiled  with 
a  strong  solution  of  jiotassic  or  sodic  carlionate  (best  with  the  acid  carbonates),  it  is 
decomposed  like  sulphate  of  barium,  yieldinga  solution  of  alkaline  sulphate  and  a  deposit 
of  carbonate  of  lead.  According  to  L6  w  e  (Jahresb.  1869,  p.  686),  sulphate  of  lead 
dissolves  in  aqueous  hyj)OsidphUe  of  sodium,  in  conseqiience  of  the  formation  of  sodio- 
plumbic  hyposulphite.  Tliis  reaction  may  be  rendered  available  forseparating  sulphate 
of  lead  from  sulphate  of  barium.  According  to  Fi  eld  (Chem.  Soc.  Qu.  J.  xvi.  28),  nitrate 
of  lead  produces  no  precipitate  in  a  mixture  of  sodic  sulphate  and  hyposulphite. 
According  to  St  ad  el  (Jahresb.  1863,  p.  246),  1  pt.  lead-sulphate  dissolves  in  12-2  pts. 
of  calcic  acetate  (in  very  dilute  solution).  It  is  slightly  soluble  also  in  trijjlumbic 
acetate,  insoluble  in  diphnid>ic  acetate. 

Sulphate  of  lead  melts  at  a  red  beat,  without  decomposition,  unless  in  contact  with 
silica  or  clay.  On  charcoal  before  the  blowpipe,  it  is  reduced  to  metallic  lead,  -nith 
evolution  of  sulphurous  oxide.  The  products  obtained  by  heating  it  with  charcoal 
vary,  however,  according  to  the  proportions  used  :  thus — 

2PbS0'  +  C  =  2PbO  +  CO-  +  2S02 
PbSO^  +  C  =    Pb     +  CO-  +  80= 
PbSO^  +  C<  =  PbS    +  4C0. 

Wlien  heated  with  snJpkidc  of  lead,  as  in  the  process  of  lead-smelting  (iii.  482),  it 
yields  metallic  lead,  or  a  mixture  of  the  metal  and  the  protoxide,  with  evolution  of 
sulphiu'ous  oxide: 

PbSO<  +  PbS  =  2S0'  +  Pb' 
2PbS0<  +  PbS  =  3SO'^  +  2PbO  +  Pb. 
Heated  to  redness  in  a  stream  oi  hydrogen,  it  is  reduced  to  metallic  lead,  according  to 
the  equation, 

2PbS0<    ■   7IP  =  Pb-  +  S0=^  +  H'S  -1-  6H=0. 
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The  reduction  of  the  sulphate  by  carbonic  oxide  is  much  more  difficult,  and  requires  a 
much  higher  temperature  ;  in  consequence  of  which  a  portion  of  the  sulphide  of  lead 
formed  at  first,  as  represented  by  the  equation 

2PbS0*  +  6C0  =  Pb  +  PbS  +  SO'  +  6C0^ 
acts  upon  the  undecomposed  sulphate  as  above,  and  thus  complicates  the  reaction. 
(Kodwell,  Chem.  Soc.  Qu.  J.  xvi.  42.) 

Iron  and  zinc,  in  contact  with  water,  reduce  sulphate  of  lead  to  a  spongy  mass 
of  metallic  lead.  "WTien  triturated  with  a  solution  of  potassic  chromate,  it  yields 
chrome-yellow.    Like  all  other  lead-salts,  it  is  blackened  by  guljjht/dric  acid. 

Sulphate  of  lead,  as  commonly  prepared,  is  not  adapted  for  painting,  on  account  of 
its  crystalline  character  and  transparency'  ;  but  by  mixing  litharge  to  a  paste,  with 
water  containing  a  small  quantity  of  acetate  of  lead,  and  gradually  adding  sulphuric 
acid,  the  sulphate  may  be  obtained  in  the  amorphous  state,  and  mixed  with  a  large 
excess  of  oxide  of  lead.  In  this  state  it  has  considerable  body,  and  may  be  used 
instead  of  ordinary  white  lead.  (Eichardson.) 

A  basic  sulphate  of  lead,  2PbO.SO''  =  PbSO'.PbO,  is  obtained  (according  to  Kiihn) 
by  digesting  the  recently  precipitated  normal  sulphate  with  aqueous  ammonia. 

Am.monio-phcmbic  sulphate,  Pb"(NH^)'(SO*)-,  is  produced  by  precipitating  a  mode- 
rately concentrated  solution  of  plumbic  acetate  with  excess  of  sulphuric  acid,  neutralis- 
ing the  liquid  with  ammonia,  and  heating  it  to  the  boiling-point.  If  a  sufficient 
quantity  of  ammoniacal  salt  is  present,  the  precipitate  dissolves  completely,  and  the 
solution  on  cooling  deposits  the  double  salt,  in  slender,  shining,  transparent  crystals. 
If  no  crystals  separate,  the  liquid  must  be  again  heated  till  a  precipitate  begins  to 
form  ;  the  liquid  will  then  deposit  crystals  on  cooling.  Water  decomposes  the  double 
salts,  extracting  39'4:  per  cent,  ammonium-sulphate,  and  leaving  60-6  per  cent,  plumbic 
sulphate.  The  crystals  when  heated  yield  a  stiblimate  of  ammonium-sulphite. 
(Wohler.) 

A  compound  of  svIpJiate  and  chloride  of  lead  was  obtained  by  Becquerel  (Ann. 
Ch.  Pharm.  Ixxxiv.  199),  in  needle-shaped  crystals,  together  with  other  products,  by 
the  action  of  galena  on  a  solution  of  cuprio  sulphate  and  sodic  chloride,  continued  for 
seven  years. 

Sulphate  of  Iiitbium,  Li-SO'.H-O. — This  salt  may  be  prepared  by  decomposing 
the  carbonate  or  chloride  with  sulphuric  acid, — or,  better  (according  to  Fuohs),  from 
triphyllin.  8  pts.  of  this  mineral,  finely  pounded,  are  stirred  up  with  6  pts.  of  water; 
3^  pts.  of  nitric  acid  (of  specific  gravity  1'20)  and  Ij  pts.  of  strong  sulphuric  acid  are 
then  added  ;  the  whole  is  evaporated  to  dryness  ;  the  diy  mass  exliausted  with  water; 
the  solution  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  then  with 
oxalate  of  ammonium ;  the  filtrate  evaporated  to  dryness ;  and  the  residue  ignited. 
The  aqueous  solution  of  the  residue  yields  the  salt  in  crystals.  Sulphate  of  lithium 
crystallises  in  flat  prisms  or  tables  containing  1  at.  water.  It  melts  easily',  and  dis- 
solves in  water  and  in  alcohol.  Respecting  the  expansion  of  the  aqueous  solution  by 
heat,  see  Kremers  (Jahresb.  xiv.  61). 

Potassio-litkic  sulphate,  Li-K\SO^)',  forms  crj-stals  belonging  to  the  hexagonal 
system  (Schabus). — Sodio-lithic  sulphate  crystallises,  (according  to  Mitscherlich) 
in  acute  rhombohedrons. 

Sulphate  of  Magnesium,  Mg"S0'.7H'0.  Bitter  Salt.  Epsom,  Scidliiz,  or  Said- 
scMitz  Salt.  Epsom  ite.  Sal  amarum,  s.  anglicmn  ,s.  catharticvm. — This  salt  is  very  widely 
diffused  in  nature,  occurring  sometimes  in  the  solid  state,  btit  much  more  abundantly 
in  solution  in  sea-water  and  saline  sprmgs.  It  occurs  as  Epsomite,  or  Hair-salt,  in 
silky  fibres  and  fibrous  crusts,  at  Idria  in  Carniola,  at  the  gypsum  quarries  of  Mont- 
martre  near  Paris,  in  Fitou,  Dept.  of  the  Aude  (France),  in  Arragon  and  Catalonia,  in 
the  Cordillera  of  St.  Juan  in  Chile,  and  in  a  grotto  in  South  Africa,  where  it  forms  a 
layer  H  inch  thick.  The  floors  of  the  limestone  caves  in  Kentucky,  Tennessee,  and 
Indiana  are  in  many  instances  covered  with  minitte  crystals  of  epsomite  mingled  with 
the  earth.  In  the  Mammoth  Cave.  Kentucky,  it  adheres  to  the  roof  in  loose  masses, 
like  snowballs.  It  is  said  to  occiu-  also  in  California  and  at  Marmora  in  Canada  West. 
(Dana.) 

A  monohydrated  sulphate  of  magnesium,  called  Kicsrrite,  occurs,  mixed  with  the 
anhydrous  sulphite,  in  the  salt-beds  of  Stassfurth,  forming  granular  lumps. 

Sulphate  of  magnesium  constitutes  the  purgative  principle  of  bitter-waters,  as  those 
of  Epsom  in  Surrey,  and  of  Seidlitz,  Saidschiitz,  and  Piillna  in  Bohemia.  It  is  often 
produced  by  the  mutual  action  of  magnesic  carbonate  and  gypsum,  as  when  a  solution 
of  gypsum  remains  for  a  long  time  in  contact  with  a  magnesian  limestone.  At  Said- 
schiitz, Seidlitz,  and  Piillna  it  is  obtained  by  digging  pits  in  the  marl ;  in  these  the 
bitter-water  gradually  collects,  in  consequence  of  the  reaction  just  mentioned,  and  on 
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subsequently  leaving  the  water  to  evaporate  in  shallow  pans,  the  sulphate  of  magne- 
sium crystallises  out. 

Sulpliate  of  magnesium  is  prepared  in  considerable  quantities  from  sea-water  and 
saline  springs,  either  by  precipitating  the  magnesia  with  lime,  and  then  dissolving  it 
in  sulphuric  acid ;  or  by  first  crystallising  out  the  greater  part  of  the  common  salt, 
and  then  treating  the  mother-liquor,  which  contains  chloride  of  magnesium,  either 
with  sulphuric  acid  or  with  ferrous  sulphate,  whereby  sulphate  of  magnesium  and 
ferrous  chloride  are  obtained,  the  latter  remaining  in  solution  when  the  liquor  is 
further  evaporated,  while  the  sulphate  of  magnesium  crystallises  out.  Eespecting 
Balard's  improved  process  for  obtaining  sulphate  of  magnesium  and  eliloride  of  potas- 
sium from  the  mother-liquors  of  sea-vvator,  see  Potassiu.ai-salts  (iv.  717);  also 
Kiehardson  and  Watts's  Chemical  Technology  (vol.  i.  pt.  iii.  pp.  lo7,  538). 

.Sulphate  of  magnesium  is  also  produced  in  considerable  quantities  by  treating 
native  carbonate  of  magnesium  or  dolomite  with  sulphuric  acid;  the  gj'jisum 
formed  in  the  latter  case,  being  much  less  soluble  than  the  magnesian  sulphate, 
is  easily  separated  from  it.  Sometimes  tho  dolomite  is  burnt,  the  lime  dissolved 
out  by  pyroligneous  acid,  and  the  residual  magnesia  treated  with  sulphuric  acid 
(Henry).  Serpentine,  which  is  composed  of  hydrate  and  silicate  of  magnesium,  may 
also  be  used  as  a  source  of  magnesie  sulphate.  In  the  neighbourhood  of  Genoa,  the 
.serpentine  of  the  locality,  which  is  intersected  with  veins  of  iron  and  copper  pyrites,  is 
roasted,  then  exposed  to  the  air  for  a  long  time,  and  lixiviated.  From  the  liquor  thus 
obtained,  the  copper  is  precipitated  by  iron  ;  the  ferrous  oxide  is  peroxidised  by 
chlorine  ;  the  resulting  ferric  oxide  is  precipitated  by  burnt  lime  or  dolomite ;  and  the 
clarified  solution,  which  contains  sulphate  of  magnesium,  is  evaporated  to  the  crys- 
tallising-point. 

Sulphate  of  magnesium  crystallises  on  cooling,  from  a  hot  moderately  concentrated 
solution,  in  large,  four-sided,  right  rhombic  prisms,  containing  7  at.  water,  and  isomor- 
phous  with  the  lieptahydrated  sulphates  of  zinc  and  nickel,  also  with  chromato  of 
magnesium.  The  most  common  form  is  the  corr>bination  ooP  .  ? — that  is  to  say,  a 
vertical  prism  terminated  by  dome-shaped  summits  placed  in  opposite  directions  above 
and  below  {fig.  281,  ii.  150).  Axes  a:h:c^=  0-989  :  1  :  0-5703.  Angle  ooP  :  coP 
=  89°  2'2'.  Cleavablo  parallel  to  ccPco .  The  commercial  salt  is  usually 
crystallised  in  small  needles,  obtained  by  rapid  ci\ystalIisation  from  a  very  sti-ong 
solution.  The  crystals  are  not  efflorescent,  but  the  commercial  salt  sometimes  becomes 
moist  in  contact  with  the  air,  from  adhering  chloride  of  magnesium. 

A  boiling  concentrated  solution,  if  transferx'ed  while  still  hot  to  a  well-closed  vessel, 
often  remains  liquid  and  in  a  state  of  supersaturation,  for  a  long  time  after  cooling ; 
but  if  exposed  to  a  low  temperature,  it  solidifies  entirely  to  a  crystalline  mass.  Somo- 
times,  however,  such  a  solution,  after  keeping  for  weeks  or  months,  deposits  milk- 
white  prisms  containing  6  at.  water,  and  sometimes  crystals  containing  7  at.  water, 
but  ditFering  in  form  from  the  ordinary  crystals  (Lowel,  Ann.  Ch.  Pliys.  [3],  xliii. 
405  ;  Jahrcsb.  1855,  p.  316).  These  heptahydrated  crystals  were  formerly  supposed, 
according  to  Marignac's  determinations  (Jahresb.  1857,  p.  150),  to  be  rhombohe- 
dral  (oR  .  -h  E  .  +  R  .  —  2R) ;  but  Kopp  has  shown  i^Ann.  Ch.  Pharm.  cxxv.  369  ; 
Jahresb.  1863,  p.  192)  that  they  are  monoclinic  prisms  ooP  .  oP.  +  Pco  ,  rendered 
tabular  by  predominance  of  +  Poo  .  The  heptahydrated  salt  appears,  therefore,  to  be 
dimorphous,  a  property  which  is  further  illustrated  by  tlie  existence  of  the  monoclinic 
double  salt,  Fe"Mg"(SO')^.UH-0,  or  Fe"SO*.7ffO -h  Mg"S0<.7H-0,  and  others  of 
similar  composition  (pp.  694,  598). 

A  solution  of  magnesie  sulphate,  concentrated  till  a  crystalline  film  begins  to  form 
upon  it,  and  then  left  to  crystallise  at  30°,  deposits  the  hexhydrated  salt, 
Mg"S0\6H^0,  in  small  monoclinic  crystals,  isomorphous  with  the  corresponding 
hydratcd  sulphates  of  zinc  and  nickel.  Axes,  a  :  b  :  c  =  0-7123  :  1  :  1  1841.  Angle 
i  :  c  =  81°  26';  coP  :  ooP  (orthod.)  =  108°  28';  oP  :  ooP  =  85°  0'.  Ordinary  cum- 
bination,  oP  .  coP,  with  —  P,  -I-  jP  and  +  2P,  &c.  subordinate. — A  solution,  crystal- 
lised at  a  temperature  several  degrees  below  0°,  deposits  (according  to  Fritzsche) 
large  crystals  containing-  12  at.  water,  of  which,  however,  5  at.  are  given  off  as  soon 
as  the  temperature  rises  to  0°. 

The  ordinary  heptahydi-ated  crystals  melt  in  tlieir  water  of  crystallisation  when 
heated,  and  give  off  6  at.  water  at  160°,  but  retain  the  seventh  atom  even  at  200°.  This 
last  atom  of  water,  designated  by  Graham  as  "constitutional  water,"  may  be  replaced 
by  various  salts,  giving  rise  to  double  salts.  The  anhydrous  salt  is  a  white  mass,  which 
melts  at  a  red  heat,  but  is  only  partially  decomposed  at  very  high  temperatures. 

Sulphate  of  magnesium  is  very  soluble  in  water.  100  pts.  of  water  dissolve  25-76 
pts.  of  the  anliydrous  salt  at  0°,  and  0-47816  pts.  for  every  degree  beyond  (Gay- 
Lussac).    One  pt.  of  the  heptahydrated  salt  dissolves  in  0-790  pts.  water  at  18-75. 
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forming  a  liquid  of  specific  gravity  1-2932  (Authon).  The  following  table  exhibits 
the  quantities  of  magnesic  sulphate  contained  in  solutions  of  different  specific  gravities, 
as  determined  by  Schiff  (Ann.  Ch.  Pharm.  eviii.  336) : 


Specific  prsvity 
at  21°. 

Per  cent,  of 
MgSO-i.Vaq. 

Per  cent,  of 
MgSO<. 

Specific  gravity 
at  23°. 

Per  cent,  of 
MgSOi.Taq. 

Per  cpnt.  of 
MgSO<. 

1-0048 

1 

0-488 

1-1426 

28 

13-660 

1-0096 

2 

0-975 

1-1481 

29 

14-148 

1-0144 

3 

1-463 

1-1536 

30 

14-634 

1-0193 

4 

1-951 

1-1692 

31 

15-122 

1-0242 

5 

2-439 

1-1648 

32 

15-610 

1-0290 

6 

2-928 

1-1704 

33 

16-098 

1-0339 

7 

3-416 

1-1760 

34 

16586 

1-0387 

8 

3-904 

1-1817 

35 

17-074 

1-0437 

9 

4-392 

1-1875 

36 

17-562 

1-0487 

10 

4-878 

1-1933 

37 

18-050 

1-0537 

11 

5-366 

1-1991 

38 

18-538 

1-0587 

12 

5-854 

1-2049 

39 

19026 

1-0637 

13 

6-342 

1-2108 

40 

19-612 

1-0688 

14 

6-830 

1-2168 

41 

20-000 

1-0739 

15 

7-318 

1-2228 

42 

20-488 

1-0790 

16 

7-806 

1-2288 

43 

20-976 

1-0842 

17 

8-294 

1-2349 

44 

21-464 

1-0894 

18 

8-782 

1-2410 

45 

21  -952 

1-0945 

19 

9-270 

1-2472 

46 

22-440 

1-0997 

20 

9-756 

1-2534 

47 

22-928 

1-1050 

21 

10-244 

1-2596 

48 

23-416 

1-1103 

22 

10-732 

1-2659 

49 

23-904 

1-1156 

23 

11-220 

1-2722 

50 

24-390 

1-1209 

24 

11-708 

1-2786 

51 

24-878 

1-1262 

25 

12-196 

1-2850 

62 

25-366 

1-1316 

26 

12-684 

1-2915 

63 

25-854 

1-1371 

27 

13-172 

1-2980 

64 

26-341 

Sulphate  of  magnesium  is  insoluble  in  absolute  alcohol,  moderately  soluble  in 
hydrated  alcohol.    According  to  Schiff  (Ann.  Ch.  Pharm,  cxviii.  365) : 

A  solution  (saturated  at  15°) 

in  alcohol  of  :  Contains  per  cent,  of 

Specific  Gravity                       Per  cent,  by  weight.  MgSO^aq. 

1-000        ....  0  .        .        .  .  50-8 

0-986       ....  10  ...  .  39-3 

0-972       ....  20  ...  .  21-3 

0-939       .       .       .       .  40  .       .       ,  .  1-62 

(See,  further,  Storer's  Dictionary  of  Soluhilities,  vol.  iii.  pp.  609 — 612.) 

Sulphate  of  magnesium  may  be  used,  in  localities  -where  it  occurs  native,  as  a  substi- 
tute for  sulphuric  acid  in  the  decomposition  of  common  salt.  When  2  pts.  of  the 
ordinary  crystallised  sulphate  are  heated  -with  1  pt.  of  common  salt,  hydrochloric  acid 
is  evolved,  and  a  residue  is  obtained,  consisting  chiefly  of  sulphate  of  magnesium  and 
sulphate  of  sodium  (Ramon  de  Luna).  Respecting  Clemm's  process  for  preparing 
sulphuric  acid  from  kieserite,  (MgSO^.H'^0),  or  from  common  sulphate  of  magnesium, 
and  for  decomposing  common  salt  and  chloride  of  potassium  with  kieserite,  see  Richard- 
son and  Watts's  Chemical  Technology,  vol.  i.  pt.  v.  p.  266.  A  mixture  of  common  salt, 
peroxide  of  magnesia,  and  sulphate  of  magnesium  may  be  used  for  the  preparation  of 
chlorine.  (DeLuna.) 

An  acid  sulphate  of  magnesmni,  Mg"H-(SO*)^,  is  produced  by  dissolving  the  anhy- 
drous neutral  sulphate  in  hot  concentrated  sulphuric  acid.  The  perfectly  saturated 
syrupy  solution  deposits  the  acid  salt  on  standing,  in  shining  six-sided  tables,  which, 
however,  rapidly  absorb  water  and  ate  thereby  decomposed.  (Schiff,  Ann.  Ch.  Pharm. 
cvi.  115.) 

Double  Salts. — Sulphate  of  magnesium  unites  with  the  sulphates  of  ammonium, 
potassium,  and  thallium,  forming  double  salts,  which  contain  6  at.  water,  and,  as 
already  observed,  may  lie  regarded  as  formed  from  the  heptahydrated  sulphate  by  the 
substitution  of  1  at.  K^SO',  &c.  for  1  at.  H-'O.  They  crystallise  in  monoelinie  prisms, 
isomorphous  with  the  corresponding  ferrous  salts,  &c.  (pp.  593,  598).  The  several  salts 
of  this  isomorphous  group  do  not  exhibit  exactly  the  same  angles,  but  the  differences 
are  but  small.    As  an  average,  the  ratio  of  the  axes,  n  :  6  :  c  =  1-4  :  1  :  0-67.  Angle 
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J  :  c  =  74°  30'.  The  crystals  generally  exhibit  the  faces  c»P  .  oP  .  +  P  .  +  2Poo  . 
Poo;  often  also  [  ooP2]  and  coPoo  ,  but  mostly  subordinate;  also  —  P,  &c.  They  are 
usually  prismatic  in  the  direction  of  the  principal  axis,  or  tabular  from  predominance 
ot  oP  ;  rarely  pyramidal  or  rliombohedral. 

Potassw-viagnesic  sulfhatc  Mg"K''(  S0')-.6H'-0,  is  obtained,  as  a  secondary  product, 
in  the  preparation  of  common  salt  from  sea-water  and  brine-springs  (iv.  717), 
separating  from  the  mother-liquors  when  concentrated  to  34°  Baume  in  large  hard 
ci'ystals,  which  may  be  purified  Ijy  reerystallisation.  It  also  separates  from  a  solution 
of  its  component  salts,  by  cooling  or  evaporation.  It  is  nearly  as  soluble  as  sulphate 
of  magnesium. 

Sulphate  of  magnesium  also  unites  directly  with  other  heptahydrated  sulphates  of 
diatomic  metals,  forming  salts  containing  HH'-O,  which,  as  they  are  formed  without 
replacement  of  any  portion  of  the  water  by  another  salt,  may  for  distinction  be  called 
coupled  or  composite  %^\\^  {gepaarte  Salzv :  Vohl) — e.g.,  Magnesio-ferrous  sul- 
phate, Mg"Fe"(S0*)-.14H^0.  (p.  698) ;  and  these  composite  sabs  are  further  capable  of 
uniting  with.  all<aline  sulphates,  forming  double  salts  in  which  2  at.  water  out  of  the 
14  are  replaced  by  2  at.  of  an  alkaline  sulphate — e.g.,  Mg"Cu"K\S0»)M2H'-'0. 

Poiassio-ferrosn-magnesic  sulphate,  Mg"i''e"K'(S0')M2H^0,  and  the  corresponding 
ammonmm-salt  crystallise  in  large,  greenish,  oblique,  rhombic  prisms  and  tables,  which 
turn  yellow  on  exposure  to  the  air.  (Vohl.) 

Polassio-calcio-magnesic  sulphate,  Mg"Ca^K-(S0')''.2H'0,  occurs  in  the  salt-beds  of 
Stassfurth,  and  other  localities,  forming  the  mineral  called  polyhalite  (iv.  687, 
718). 

tjiKlio-yiiagnesic  sulphate,  Mg"Na-(S0^)-.6ir-0,  separates  in  rhomboliedral  crystals, 
from  the  liquors  obtained  in  the  preparation  of  Epsom-salt.  It  dissolves  in  3  pts.  of 
cold  water,  is  permanent  in  the  air,  decrepitates  when  heated,  and  gives  off  its  water 
without  melting.  A  sodio-magnesic  sulphate  with  8  at.  water,  is  found  (according  to 
M  u  n  o  z  y  L  u  n  a)  in  the  form  of  efflorescences,  on  the  bottoms  of  numerous  lakes  which 
dry  up  in  summer,  in  the  province  of  Toledo,  between  Madrid  and  the  Mediterranean. 
It  forms  large,  transparent,  regular,  prismatic  crystals. 

Sulpbates  of  Manganese. — o.  Manganic  Sulphate,  Mn'(SO'')'  =  Mn'O'. 
3yO'. — This  salt  does  not  crystallise,  and  was  formerly  known  only  in  solution  ;  but, 
according  to  Carius,  it  may  be  oljtaiued  in  the  solid  state  by  triturating  very  finely- 
divided  manganic  peroxide  (prepared  by  passing  chlorine  into  a  solution  of  sodic  car- 
bonate in  which  manganous  carbonate  is  suspended)  to  a  thin  paste  with  strong  sul- 
phuric acid,  heating  the  mass  very  gradually  to  about  138°  (at  which  temperature  it 
exhibits  a  deep  green  colom-),  then  placing  it  on  a  warm  plate  of  pumice  to  absorb  tlie 
excess  of  sulpihurie  acid,  triturating  it  in  a  wanii  porcelain  mortar  with  strong  nitric 
acid,  afterwards  absorbing  this  acid  by  pumice,  and  repeating  this  treatment  six  or  eight 
times — finally  heating  the  mass  in  a  porcelain  dish  to  130°,  till  all  the  nitric  acid  is 
driven  off,  and  quickly  transferring  the  product  to  cby  glass  vessels. 

Manganic  sulphate  thus  prepared  is  a  deep  green  perfi'Ctly  amorphous  powder.  It 
may  be  heated  with  sulphuric  acid  to  the  boiling-point  of  the  latter  without  decompo- 
sition ;  but  on  continued  boiling,  it  gives  off  ox3'gen,  and  gi-adually  dissolves  as  man- 
ganoiw  sulphate.  It  is  insoluble  in  nitric  acid;  but  strong  h3'drocbloric  acid  dissolves 
it,  forming  a  brown  solution,  which  gives  off  chlorine  when  heated.  It  absorbs  moisture 
rapidly  from  the  air,  and  small  quantities  of  it  deliquesce  instantly  to  a  clear  violet 
viscid  solution,  which,  however,  soon  becomes  turbid  from  separation  of  manganic 
hvdrate.  It  is  quickly  decomposed  by  water,  and  by  dilute  acids.  AVith  organic 
bodies  it  reacts  like  a  mixture  of  manganic  peroxide  and  sulphuric  acid,  but  much 
more  quickly.  When  heated  with  a  large  quantity  of  sulphuric  acid,  and  a  small 
quantity  of  water,  it  is  converted  into  a  red-brown  basic  manganic  sulphate. 
(Carius,  Ann.  Ch.  Pharm.  xcviii.  54.) 

Manganic  sulphate  unites  directly  with  the  sulphates  of  potassium  and  ammoniinn, 
forming  alums. — The  potassium-salt,  Mn"'K(S0')-.12H-'O,  olitained  by  mixing  the 
concentrated  red  solution  of  manganic  sulphate  with  a  saturated  solution  of  potassic 
sulphate,  and  evaporating  to  a  syrup  at  a  gentle  heat,  crystallises  on  cooling  in  dark- 
violet  octahedrons.  It  is  resolved  by  water  into  its  component  salts. — The  ammonium- 
salt  resembles  it  exactly  in  external  appearance. 

0.  Manqanous  sillphate,  Mn"80',  is  occasionally  found  native  together  with 
ferrous  sulphate  and  zinc-sulphate.  It  is  prepared  by  dissolving  manganous  carbonate 
in  dilute  sulphuric  acid,  or  by  heating  any  of  the  higher  oxides  of  manganese  (generally 
the  native  peroxide)  with  strong  sulphuric  acid,  till  the  evolution  of  oxygen  ceases,  and 
the  mass  has  become  dry.  This  residue,  after  lieing  then  strongly  ignited  to  decompose 
the  iron-salt  present,  yields,  by  lixiviation  with  water,  a  solution  of  manganous  sul- 
pliate  free  from  iron.  '  A  process,  much  used  ou  the  large  scale,  consists  in  igniting 
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manganic  peroxide  in  a  gas  retort  with  about  one-tenth  of  its  weight  of  pounded  coal, 
and  dissolving  the  mangauous  oxide  thus  obtained  in  sulphuric  acid,  adding  a  little 
hydrochloric  acid  at  the  last,  to  reduce  any  remaining  portion  of  the  higher  oxides  of 
manganese. 

Manganous  sulphate  crystallises,  though  with  some  difficulty,  from  a  solution 
evaporated  and  left  to  itself,  the  proportion  of  water  contained  in  the  crystals  varying 
with  the  temperature  at  which  they  are  deposited.  Below  i-  6°,  crystals  are  formed 
containing  7  at.  water,  and  isomorphous  with  ordinary  ferrous  sulphate  ;  but  those 
deposited  between  7°  and  20°  contain  5  at.  water,  and  are  isomorphous  with  cupric 
sulphate.  The  heptahydrated  salt  melts  at  18°,  and  the  liquid,  if  further  evaporated, 
deposits  a  salt  containing  2H^0.  The  heptahydrate  effloresces  in  dry  air  at  10^  to  12°, 
and  is  converted  into  the  hexhydrate  MnS0^.6H-0,  which  at  18°  gives  off  2  at.  more 
of  water,  leaving  the  tetrahydrate.  The  heptahydrated  salt  covered  with  absolute 
alcohol,  and  exposed  for  some  days  to  a  temperature  of  10"^,  is  converted  into  a  powder 
containing  5  at.  water,  but  at  20°  into  a  powder  containing  only  4  at.  water 
(Brandes).  Between  20°  and  30°  a  solution  of  manganous  sulphate  yields  the  tetra- 
hydrate MuS0"'.4H'-'0,  in  monoclinic  prisms,  isomorphous  with  tet  rally  drat  ed  ferrous 
sulphate,  and  exhibiting  the  combination,  coP  .  ooP2  .  [  coPoo  ],  with  oP  and  [Poo  ]  at 
the  ends.  Axes,  a:  b:  c:  =  M57:  1  :  0-6783.  Angle  6  :  c  +  89°  7';  <»P  :  ooP 
(orthod.)  =  81°  40';  odP2  :  ooP2  (orthod.)  =  46°  44';  [Poo]  :  [Poo]  (basal)  = 
119°  10';  oP  :  ooP  =  89°  20'.— These  crystals  give  off  3  at.  water  at  115°,  but  retain 
the  last  at  200°.  According  to  Kiihn,  a  strongly  acid  and  concentrated  solution  of 
manganous  sulphate  yields,  by  evaporation,  a  granular  salt  containing  1  at.  water.  Of 
all  these  hydrates,  that  containing  4  at.  water  is  of  most  frequent  occurrence.  The 
crystals  of  manganous  sulphate  are  colourless,  or  have  a  faint  amethyst-red  tint,  due 
probably  to  a  trace  of  manganic  salt.  The  anhydrous  salt  dissolves,  according  to 
Brandes,  in  2  pts.  water  at  15°,  and  in  1  pt.  at  50°  ;  at  higher  temperatures  it  is  more 
soluble. 

It  is  insoluble  in  absolute  alcohol,  moderately  soluble  in  weak  spirit. 

Aminonio-manganous  sulphate,  Mn"(NH')''(S0'')^.6H-0,  prepared  by  mixing  the 
solutions  of  the  component  salts,  and  evaporating,  forms  deliquescent  monoclinic 
crystals,  isomorphous  with  the  corresponding  magnesium-salt.  (Mitscherlich.) 

Potassio-nianganous  sulphate,  Mn"li^(S0')^.6H-'0,  is  obtained  (according  to  Mit- 
scherlich,) in  like  manner,  and  crystallises  in  similar  form.  Marignae,  on  the  other 
hand  (Ann.  Min.  [5]  ix.  1  ;  Jahresb.  1856,  p.  381),  by  mixing  equivalent  quantities 
of  manganous  sulphate  and  potassic  sulphate,  and  evaporating  the  solution  in  a 
vacuum  at  10°  to  12°,  or  by  cooling  a  solution  saturated  at  ordinary  temperatures  to 
0°,  never  obtained  the  hexliydrated  salt,  but  always  the  tetrahydrate,  Mn"K-(S0')-.4H-0, 
in  monoclinic  crystals, — a  result  confirmed  by  v.  Hauer  (J.  pr  Chem.  Ixxiv.  431; 
Jahresb.  1858,  p.  170).  The  tetrahydrated  salt  was  also  previously  obtained  by 
Pierre  (Ann.  Ch.  Phys.  [3],  xvi.  239).  The  same  solution,  left  for  some  time  at 
40°  to  50°,  yields  pale-red  triolinic  crystals  of  the  dihydi'ate  IVIn  K"(S0*)'-.2H-0. 
(Marignae.) 

Sodio-manganoiis  sulphate,  Mn"Na-SO^,  crystallises  by  spontaneoxis  evaporation  in 
monochnic  crystals,  containing  4H-0  ;  and  at  40°  to  60°,  in  tricliuic  crj-stals  with 
2  at.  water.  (Marignae,  loc.  cit.)  The  dihydrated  salt  was  previously  obtained  in  a 
similar  manner  by  Arrott  (Ann.  Ch.  Pharm.  lii.  243).  It  is  not  efflorescent,  and 
bears  a  temperature  of  100°  without  decomposition. 

Ammonio-fcrroso-manganoiis  sulphate,  Mn'Te"^NH')*(S0')*.12B['0,  and  the  corre- 
sponding potassium-salt,  also  the  corresponding  zinco-manganous  salts,  crystallise  in 
monoclinic  prisms  and  tables ;  the  zinc-salts  are  colourless  ;  the  ferrous  salts  have  a 
tinge  of  green,  and  oxidise  on  exposure  to  the  air.  (Vohl.) 

Sulpbates  of  Mercury. — a.  Mercuric  Salts. — The  neutral  salt,  Hg"SO*  or 
Hg"O.SO',  is  prepared  by  boiling  4  pts.  of  mercury  with  5  pts.  of  strong  sulphuric 
acid,  till  sulphurous  oxide  is  no  longer  evolved,  and  the  whole  is  converted  into  a 
dry  saline  mass;  or  by  dissolving  2  pts.  of  finely  pulverised  mercuric  oxide  in  1  pt. 
sulphuric  acid  diluted  with  4  to  6  pts.  water,  and  evaporating  with  constant  stirring. 
Eissfeldt  obtained  it,  in  crystals  containing  1  at.  water,  by  heating  mercury  with 
sulphuric  acid,  as  above,  till  the  mass  no  longer  became  moist  on  exposure  to  the  air ; 
then  spreading  it  out  in  a  thin  layer,  and  just  covering  it  with  water  ;  the  hydrated 
salt  then  separated,  in  the  course  of  an  hour,  in  colourless  quadratic  prisms,  several 
lines  long.  '  The  1  at.  water  is  given  off  at  100°. 

Mercuric  sulphate  has  a  sharp,  saline,  disgusting  metallic  taste.  It  bears  an 
incipient  red  heat  without  alteration,  but  melts  at  a  higher  temperature  to  a  brown 
liquid,  and  volatilises  completely  to  a  white  crystalline  sublimate — a  small  portion, 
however,  suffering  decomposition.    When  heated  in  hydrochloric  acid  gas,  it  is  con- 
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verted  into  mercuric  chloride,  and  is  dfcomposod  in  liko  manner  by  dry  hydriodic 
and  hydi'ocyanic  acids.  In  the  wet  way  it  is  decomposed  liy  all  liydracids.  By  water 
it  is  resolved  into  a  soluble  acid  salt,  and  an  insoluble  basic  salt. — The  acid  salt, 
Hg"0.3S0'  =  ]Bg''S0^2S0',  is  obtained,  liy  evaporating  the  filtered  solution,  in  white 
needle-shaped  crystals  which  absorb  moisture  from  the  air. — 'ilhc.  basic  salt.  ZH.g'0. 
SO^  =  Hg"S0'.2Hg"0,  formerly  called  mineral  turpcthiim,  or  turliith  mineral,  is 
prepared  by  boiling  the  neutral  salt  with  water,  or  by  precipitating  a  hot  dilute 
solution  of  mercuric  nitrate  with  sulphate  of  sodium.  It  forms  a  lemon-yellow  powder, 
which  turns  grey  on  exposure  to  the  air,  is  very  slightly  soluble  in  cold,  somewhat 
more  in  liot  water.   AVheu  heated,  it  is  resolved  into  mercuric  oxide  and  the  neutral  salt. 

Both  the  neutral  and  the  basic  sulphate  are  converted  by  aqueous  ammonia  into 
sulphate  of  t  e  tram  er  curamm  onium,  or  ammoniacal  turpethum, 
(N^Hg*)  ,S0\2H=0  (iii.  928). 

Animonio-mcrcuric  su/pliatr,  3Hg"(NH')^(SO'')^.2H-0  [?],  obtained  by  mixing  the 
solution  of  the  component  salts,  is  slightly  soluble  in  water,  more  soluble  in  excess  of 
ammonia,  and  crystallises  in  large,  oblique,  rhombic  prisms,  which  blacken  on  exposui-e 
to  light.  It  appears  to  be  analogous  in  composition  to  the  potassium-salt,  but  its 
analysis  could  not  be  made  with  accuracy,  as  the  crystals  were  covered  with  a  fine 
powder  of  ammoniacal  turpethum.  (Hirzel,  Zeitschr.  f.  Pharm.  1850,  p.  17; 
Jahresb.  1850,  p.  332.) 

Potassin-mercttric  sulphate,  3IIg"K-(,SO')^.2H-0,  is  produced  by  dissolving  1  pt.  of 
dry  mercuric  sulphate  in  warm  sulphuric  acid,  adding  a  sohition  of  1  pt.  potassic 
sulphate,  digesting  till  the  whole  is  dissolved,  and  gradually  adding  boiling  water  till 
a  permanent  cloud  just  begins  to  form.  By  slow  cooling,  it  crystallises  in  large,  colour- 
less, monoelinic  prisms.  (Hirzel.) 

Mercuric  sulphato-iodide,  Hg"SO^.Hg"I-,  is  produced  by  dissolving  mercuric  iodide, 
with  aid  of  heat,  in  concentrated  sulphuric  acid,  and  separates  from  the  solution 
in  white  confused  crystals,  which  may  lie  washed  with  alcohol,  but  are  decomposed  by 
water.    (Souville,  J.  Pharm.  xxvi.  174.) 

Mercuric  sidphato-phnsphidc,  2(3Hg"O.SO^).ITg'P,  is  obtained,  by  passing  plios- 
phoretted  hydrogen-gas  into  a  solution  of  mercuric  sulphate  containing  free  sulphuric 
acid,  as  a  heavy  white  powder,  which,  after  drying  in  a  vacuum,  contains  4  at.  water, 
but  becomes  anhydrous  and  yellow  when  gently  heated.  It  dissolves  easily  in  nitro- 
muriatic  acid.    (H.  Kose,  Pogg.  Ann.  xl.  75.) 

Mercuric  sulphato-sulphide,  2Hg"S0'.Hg"S,  discovered  by  Rose,  is  produced,  by 
imperfect  p)recipitation  of  mercuric  sulphate  with  sulphydric  acid,  as  a  white  flocculent 
precipitate,  acquiring  a  yellowish  tinge  when  dried  at  100°.  (Jacobs en,  Pogg.  Ann. 
Ixviii.  411.) 

0.  Mereurons  Sulphate,  IIg"SO*  =  Hg^O. SO',  is  obtained  by  heating  1  pt.  of 
mercury  with  ]^  pt.  strong  sulphuric  acid,  till  the  whole  is  converted  into  a  white 
powder,  but  no  longer;  care  must  also  betaken  that  the  heat  does  not  rise  to  the  boiling- 
point  of  the  acid,  as  in  that  case  mercuric  sulphate  will  also  be  formed.  The  mass  is 
to  be  washed  with  cold  water,  as  long  as  the  water  acquires  a  sour  taste.  According 
to  Mohr,  it  may  be  obtained  as  a  sublimate,  by  heating  mercuric  sulphate  to  redness 
in  a  retort.  It  is  also  precipitated  as  a  white  crystalline  powder,  on  mixing  a  solution 
of  mercurous  nitrate  with  sulphuric  acid  or  sulphate  of  sodium. 

Mercurous  sulphate  is  sparingly  soluble  in  water,  requiring  500  pts.  of  cold  and  300 
pts.  of  warm  water  to  dissolve  it.  It  separates  from  the  solution  in  rhombic  prisms, 
also  fruui  solution  in  boiling  dilute  sulphuric  acid.  Caustic  alkahs,  added  in  small 
quantity  to  a  boiling  solution  of  this  salt,  throw  down  a  basic  mercurous  sulpihate  ; 
when  added  in  excess,  they  precipitate  pure  mercurous  oxide. 

A  vicrruroso-mercuric  sulphate,  Hg-'S0''.2Hg"S0'',  is  produced,  according  to  Brooke, 
by  heating  mercuroso-mercuric  nitrate  with  sulphate  of  sodium.  It  is  insoluble  in 
cold  water. 

Sulptaates  of  molybdenum. — Moh/hdous  sulphate,  Mo"SO-'  =  MoO.SO',  pre- 
pared by  dissolving  luolybdous  hydrate  in  sulphuric  acid,  forms  a  nearly  black  solu- 
ticju.  By  triturating  the  dry  hydrate  with  strong  sulphuric  acid,  a  pitch-black  viscid 
compound  is  obtained,  which  is  neutral  if  a  sufficient  quantity  of  the  hydrate  has  been 
used.  AVater  decomposes  it  into  a  soluble  acid  salt  and  au  insoluble  basic  salt. 
(B  er  zeli  us.) 

Mcti/hdic  sulphate,  Mo"(SO')',  =  Mo0^2S0'  is  produced  by  dissolving  molybdic 
hydrate  in  sulphuric  acid,  or  by  decomposing  molybdic  chloride  with  that  acid.  It  is  red 
■solution,  black  in  the  dry  state,  or  blue  if  dried  ata  higher  temperature.  (Berzelius). 

Perinobjhdic  sulphate,  Mo'-'(SO')'.2ir-0  =  Mo>iO'.3SO'.2ir-0,  forms  (according  to 
Berzelius)  a  yellow  solution,  which  dries  np  to  a  lemon-yellow  mass.  Accord- 
ing to  Anderson,  it  may  be  obtained  in  cr^stals,  by  drcomposiug  molybdate  of 
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barium  with  excess  of  sulphuric  acid,  aud  evaporating  the  filtered  solution  in  the  exsic- 
cator. It  deliquesces  on  exposure  to  the  air.  On  lioiling  the  solution  with  excess  of 
molybdic  trioxide,  the  liquid  becomes  tui'bid,  gelatinises  on  cooling,  and  deposits  a 
light-yellow  flocculent  body,  probably  a  basic  salt,  somewhat  soluble  in  water,  but 
insoluble  in  alcohol. 

Sulpbate  of  Nickel,  Ni"SO*  =  Ni"O.SO',  is  obtained  by  dissol^^■ng  metallic 
nickel  in  dilute  sulphuric  acid  mixed  with  a  little  nitric  acid,  or  by  dissolving  the 
hydrate  or  carbonate  of  nickel  in  dilute  sulphuric  acid.  The  .solution,  concentrated  by 
evaporation,  yields  crystals  containing  6  or  7  at.  water,  according  to  the  temperature 
at  which  they  separate.  Below  15°,  the  salt  NiSO^TH'O  separates  in  emerald-green 
crystals,  isomorphous  with  sulphate  of  magnesium;  but  between  15°  and  20°,  emerald- 
green,  quadratic  octahedral  ciystals  are  deposited,  containing  Ni"S0'.6H-0,  exhibiting 
the  combinations  P  .  oP  {fig.  228,  ii.  136) ;  P  .  |P  .  oP  {fig.  229) ;  P  .  iP  .  oP  .  Poo  {fiq. 
230) ;  P  .  ^P  .  ^P  .  oP  ;  also  P  .  |P  .  ^P  .  oP  .  Poo  .  aPoo  (fig.  231),  and  ooPoo  .  Pi 
.  oP  .  P  .  ^P.  Length  of  principal  axis  =  1-888.  Angle  P  :  P  in  the  terminal  edges 
=  97°  4';  in  the  lateral  edges  =  138°  56';  |P  :  ^P  (terminal)  =  111°  4'  (lateral)  = 
106°  20'.  Cleavage  very  distinct  parallel  to  oP,  less  distinct  parallel  to  osPco  .  The 
former  crystals,  when  exposed  for  some  days  to  a  gentle  heat,  are  converted  into 
aggregates  of  the  latter,  losing  their  transparency  at  the  same  time  ;  sometimes  also, 
when  broken,  they  exhibit  in  their  interior  aggregates  of  the  quadratic  crystals  (Blit- 
scherlich).  The  hexhydrated  salt  is  moreover  dimorphous,  a  solution  kept  at  a 
temperature  of  60°  to  70°,  depositing  monoclinic  crystals  with  6  at.  water,  and  isomor- 
phous with  the  6-hydrated  crystals  of  magnesic  sidphate  (p.  601),  cobaltous  sulphate, 
and  zinc-sulphate.  These  crystals  gradually  become  opaque  and  bluish  at  ordinary 
temperatures.  (Marignae.) 

Sulphate  of  nickel  dissolves  in  3  pts.  of  water  at  10°,  but  is  insoluble  in  alcohol 
and  in  ether.  The  crystals  effloresce  in  dry  air,  and  crumble  to  a  white  powder.  When 
heated,  they  give  off  their  water,  the  last  atom  being,  however,  retained  more  strongly 
than  the  vest.  The  anhydrous  salt  is  yellow,  and  gives  off  part  of  its  acid  at  a  red 
heat. 

A  basic  niclael-sulphate  is  obtained,  as  a  light-green  insoluble  powder,  by  imperfect 
precipitation  of  the  neutral  salt  with  potash;  also  (according  to  Tupputi)  by  gently 
heating  the  neutral  salt. 

Ammoniacal  Sulphates  of  Nickel. — Anhydrous  sulphate  of  nickel  absorbs  ammonia- 
gas  with  rise  of  temperature,  forming  the  pale-violet  compound,  NiS0^6NH'  (H.  Eose). 
A  warm  saturated  sohition  of  nickel-sulphate  in  aqueous  ammonia,  left  to  cool  aud 
evaporate  in  avacuum,  deposits  (according  to  E  rdnia  n  n,)  light-blue  prismatic  crystals 
belonging  to  the  trimetric  system,  and  containing  NiSO'.4NH^.2H-0.  This  compound 
ie  very  soluble  in  water,  and  is  precipitated  from  the  solution  by  alcohol.  The  solu- 
tion is  decomposed  by  boiling. 

Sulphate  of  Nickel  and  Potassium,  Ni"K-(S0*)'.6H-0,  is  a  light-green  salt  forming 
crystals,  isomorphous  with  the  corresponding  ferrous  aud  magnesic  salts,  and  exhibiting 
the  combination  o=P  .  [  <xP2]  .  [  ooPoo  ].  oP .  [Poo]  .  +P.  +  2P«  {fig.  296,  ii.  154), 
also  without  [  ccP2]  and  [  ooPoo  ]  {fig.  297).  It  dissolves  in  9  pts.  of  water.  The  cor- 
responding ammonium-salt,  Ni"(NH')"(S0^)-.6H'-0,  dissolves  in  1^  pt.  water. 

Sulphate  of  Nickel  and  Zinc,  Ni"Zu"(S0^)-.6H-'0,  is  formed  (according  to  Mi  tscher- 
lich)  by  digesting  sulphate  of  nickel  with  metallic  zinc,  and  separates  on  evaporation  ; 
in  iiglit-green  efflorescent  crystals,  having  the  form  of  the  O-hydrated  sulphate  of  nickel 
(which  form  ?). 

The  salt  Ni"Fe"K^(S0^)M2H'0,  and  the  corresponding  salts  containing  magnesium, 
manganese,  or  zinc  in  place  of  iron,  and  ammonium  in  place  of  potassium,  crystallise 
in  emerald-green  prisms  and  tables,  isomorphous  with  the  salts  of  like  composition 
already  described.  (Vohl.) 

Sulphates  of  Osmium. — Osmic  sulphate,  Os'''(SO*)-  =  OsO-.2SO^  is  produced 
by  dissolving  sulphide  of  osmium  in  excess  of  nitric  acid,  and  remains  after  the 
excess  of  nitric  acid  and  the  osmic  tetroxide  simultaneously  formed  have  been  removed 
by  distillation,  as  a  dark  yellowish-brown  syrup,  showing  no  tendency  to  crystallise. 
The  yellow  aqueous  solution  has  an  astringent  taste,  reddens  litmus  strongly,  and 
is  not  precipitated  by  alkalis. —  Osmiom  sulphate,  Os"SO^  obtained  by  treating  sulphide 
of  osmium  with  an  iusufRcient  quantity  of  nitric  acid,  or  by  dissolving  osmious  hydrate 
in  dilute  sulphuric  acid,  is  a  yellowish-brown  amorphous  mass. 

Sulphates  of  Palladium. — The  neutral  sulphate,  Pd"SO-',  is  obtained,  according 
to  Kane,  by  dissolving  palladium  in  sulphuric  acid  mixed  with  a  little  nitric  acid.  The 
solution,  evaporated  to  a  syrup,  deposits  the  salt  on  cooling,  in  brown  irregular  crystals 
contauiing  2  at.  water.  It  has  a  sour  and  metallic  taste,  deliquesces  in  moist  air,  and 
is  decomposed  by  a  large  quantity  of  water. — A  basic  salt,  Pd"SO'.7Pd"0.6H'-0,  is 
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formed  when  a  solution  of  the  neutral  salt  in  a  small  quantity  of  wator  is  diluted  witli 
a  large  quantity,  and  separates  as  a  brown  powder,  which,  when  exposed  to  the  air  in 
the  dry  state,  gradually  takes  up  4  at.  water.  (Kane.) 

Sulphate  of  PaUdclamiiionium,  N'-'H"Pd".SO'.    See  Palladium-bases  (iv.  329). 

Sulpbates  of  Platinum. — P/atinic  sulphate,  Pt'''(80')-,  is  prepared  by  dis- 
solving recently  precipitated  sulphide  of  platinum  in  fuming  nitric  acid,  and  evaporating 
at  a  gentle  heat  (E.  I)avy) ;  or  by  mixing  a  concenti-ated  aqueous  solution  of  platinic 
chloride  with  sulphuric  acid,  and  evaporating  to  dryness  (Berzelius).  The  dry  salt 
is  nearly  black,  the  solution  durk-brown.  It  is  decomposed  by  sal-ammoniac  when 
evaporated  to  dryness  therewith.  (E.  Davy,  Pliil.  Trans.  1820  ;  Sehw.  J.  xxxi. 
340.) 

Bario-phitinic  sulphcdc  is  formed,  as  a  precipitate  insoluble  in  water,  on  mixing  a 
solution  of  jjlatinic  sulphate  with  chloride  of  barium.  It  dissolves  in  boiling  hydro- 
chloric acid,  and  is  not  decomposed  by  alkalis.    (E.  Davy,  loc.  cit.) 

Potassio-pJatinic  aulpjhatc  is  formed,  by  boiling  a  solution  of  platinic  sulphate  with 
potash,  as  a  dark-brown  precipitate,  wliich  is  insoluble  in  water,  dissolves  in  hydrochloric 
acid  at  the  boiling  heat,  turns  black  on  drying,  and  decomposes  at  a  red  heat.  (E. 
Davy.) 

Sodio-platinic  sulphate'xH,  a  similar  double  salt,  containing  7"  11  per  cent,  sodic  sulphate, 
84-16  platinum,  and  8-73  water.    (E.  Davy.) 

Platinous  sulphate,  Pt^SO-*,  is  obtained  by  saturating  as  olution  of  platinous  oxide 
in  potash  with  sulphuric  acid,  decanting  the  liquid,  and  dissolving  the  precipitated  oxide 
in  dilute  sidphuric  acid  (Berzelius);  also  by  digesting  platinous  chloride  with  strong 
sulphuric  acid,  as  long  as  hydrochloric  acid  is  thereby  eliminated  (Vauquelin).  The 
solution  is  dark- brown,  turns  red  on  dilution,  and  leaves  a  black  syrup  when  evapo- 
rated. 

Respecting  the  ammoniacal  sulphates  of  2^laiiimm,  see  Platinum-bases  (iv.  67o- 
677). 

Sulphates  of  Potassium. — a.  Normal  or  Neutral  Sulphate,  K-SO'  = 
K'-'O.SU'.  'Tartarus  vitriulatus.  Arcanum  duplwatimi.  Sal  polyehrestum  Glascri.  Sal 
de  duobus.  Spicificum  purgans  Paracelsi.  Panacea  holsatica.  Panacea  duplicata. 
Nitrum  vitriolatum.  Spiritus  vitrioli  coagulabilis. — This  salt  occurs  native,  in  delicate 
needle-shaped  crystals,  or  as  a  crust,  on  many  of  the  Vesuvian  lavas,  and  is  desig- 
nated mineralogically  as  Glaserite,  Arcanite,  Aphthitedite,  Aphthalosc,  or  Vesuman  suit. 
It  exists  more  abundantly,  however,  in  solution  in  sea-water  and  spring-water,  and  in 
the  Ifodics  of  plants  and  animals.  It  is  obtained  as  a  bye-product  in  several  manufac- 
turing processes,  as  in  the  preparation  of  nitric  acid  from  nitrate  of  potassium,  the 
acid  sulphate  usually  obtained  as  a  residue  of  this  operation  being  converted  into  neu- 
tral sulphate  by  addition  of  potassic  carbonate.  The  quantity  thus  produced  is, 
however,  not  so  great  at  present  as  formerly,  in  consequence  of  the  substitution  of 
sodic  for  potassic  nitrate  as  a  source  of  nitric  acid.  Sulphate  of  potassium  is  also 
obtained  when  the  residue  left  on  treating  crude  potash  with  cold  water  (iv.  710) 
is  dissolvrd  in  a  small  quantity  of  boiling  water.  It  likewise  crystallises  out  from 
the  mother-liquors  of  sea-water  and  salt-springs,  and  of  the  liquors  obtained  by 
lixiviating  kelp  and  varee,  when  these  mothor-liquors  are  left  to  cool  at  a  certain  stage 
of  the  concentration  (iv.  713-719).  According  to  Payen,  300,000  kilogrammes  of 
this  salt  are  annually  obtained  in  France  from  varee.  Fiu-ther,  it  may  lie  formed 
directly  by  heating  a  solution  of  chloride  of  potassium  with  kieserite,  MgSO'.H^O, 
or  ordinary  sulphate  of  magnesium,  imder  a  pressiu-e  of  10  atmospheres  (Olemni, 
lahresb.  1864,  p.  764)  ;  and  from  felspar  by  calcining  that  mineral  with  lime  and 
sulphate  of  calcium  or  barium.    (Tilghmann,  iv.  719.) 

Sulphate  of  potassium  crystallises  in  four-sided  prisms,  or  double  six-sided  pyramids, 
belonging  to  the  trimetric  system  (/(/s.  269-276,  Ckvstallogkaphy,  ii.  148,  149);  also 
in  twins  like  ffj.  331  (ii.  162).  Cleavage  parallel  to  oo  too  and  ooPco  .  Axes  a  :  b  :  c 
=  0-7464:  1  -.6  5727.  Angle  P:  P(brach.)  =  131°  8';  «  P  :  ooP  (macr.)  =  73°  28'; 
00 ¥"2  :  af2  =  112°  22';  tcorfoo  (basal)  =  59=36'.  The  salt  was  formerly  siip- 
posed.  under  certain  circumstances,  to  form  crystals  belonging  to  the  hexagonal  system  ; 
but  these  crystals  are  now  known  to  consist  of  sodio-potassic  sulphate  (p.  609).  The 
crystals  of  potassic  sulphate  are  colourless,  very  hard,  anhydrous,  and  unalterable  in 
the  air;  they  decrepitate  when  heated,  and  melt  at  a  bright  red  heat.  Specitic  gravity 
=  2-062  (Kopp);  2-572.  (Buignet.) 

Sulphate  of  potassium  has  a  saline  bitter  taste,  and  is  one  of  the  least  soluble  of 
potassium-salts.  According  to  Kopp  (Aim.  Ch.  Pliarm.  xxxiv.  361  \  100  pts.  of  water 
dissolve  8-36  pts.  of  it  at  0°,  and  0-1741  pt.  for  every  degree  above  0°.  According  to 
Kremers  (Pogg.  Ann.  xcv.  120),  the  specifie  gravity  of  the  solution  varies  with  its 
strength,  as  follows : 
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Specific  gravity  of  aqueous  solution         Quantity  of  K^SQi  Quantity  of  K^SO* 

at  19  5°  (specific  gravity  of  water  in  100  pts.  of  iolu-  in  100  pts.  of  water, 

at  19'o°  =  1 ).  tion. 

1-0193  2-401  2-46 

1-0385  4-744  4-98 

1-0.568  6-968  7-49 

1-0763  9-264  10-21 

1  0909  10-945  12-29 

A  saturated  solution  boils  at  103°.  (Kremers.) 

Sulphate  of  potassium  is  insoluble  in  potash-ley  of  specific  gravity  1-35  (Liebig), 
but  more  soluble  in  the  aqueous  solutions  of  other  salts  (as  the  sulphates  of  sodium, 
magnesium,  and  copper)  than  in  pure  water  (Pfaff,  Ann.  Ch.  Pharm.  xcix.  227).  It 
is  insoluble  in  absolute  alcohol,  but  soluble  in  dilute  spirit.  According  to  Schiff 
(Ann.  Ch.  Pharm.  cxviii.  366): 

A  solution  (saturated  at  15°)  in  Contains  per  cent, 

spirit  of:  of  K2S01. 
Specific  gravity.     Per  cent,  by  weight. 

1-000                     0  10-4 

0-986                  10  3-9 

0-972                 20  1-46 

0-9o8                 30  0-65 

•  0-939                 40  0-21 

Most  of  the  stronger  acids  abstract  half  the  potash  from  neutral  sulphate  of  potas- 
sium, and  convert  it  into  the  acid  sulphate. 

With  nitric  and  with  phosphoric  acid,  however,  it  forms  definite  compounds.  A 
solution  of  the  salt  in  nitric  acid,  first  deposits  crystals  of  acid  sulphate  and  nitrate  of 
potassium,  and  afterwards  the  compound  K^SO'.HNO^,  in  oblique  four-sided  prisms, 
whicli  have  a  specific  gravity  of  2-381,  melt  at  150°,  and  are  decomposed  by  water  and 
by  alcoiiol.  The  compound  K^SOMI^PO'  crystallises,  on  cooling,  from  a  solution  of 
neutral  potassic  sulphate  in  ordinary  yliosjyhoric  acid,  in  six-sided  prisms,  which  have 
a  specific  gravity  of  2-296,  and  melt  at  240°.  Both  compounds  are  decomposed  by 
water  and  by  alcohol.   (Jacquelain,  Ann.  Ch.  Phys.  [2],  Ixx.  311.) 

/3.  Acid  Sulphates. — Hydro-monopotassic  sulphate,  KHSO^  or  K-SO'.H'SO^  com- 
monly called  Bisidphate  of  potash,  occurs  native  as  Misenite,  in  wliite  silky  fibres,  in 
the  hot  tufa  cavern  of  Miseno  near  Naples.  It  may  be  produced  by  melting  13  pts.  of 
the  neutral  siilphate  with  8  pts.  of  strong  sulphuric  acid,  and  is  obtained  as  residue  in 
the  preparation  of  nitric  acid  by  distilling  1  at.  nitrate  of  potassium  vrith  1  at.  sul- 
phuric acid  (iv.  78).  It  dissolves  in  about  half  its  weight  of  boiling  water,  and  crystal- 
lises from  a  concentrated  solution  on  cooling,  in  rhombic  octahedrons  and  combinations 
thereof,  often  very  mucli  like  those  of  native  sulphur.  Axes  a  :  b  :  e  =  0-8611  :  1  : 
1-9347.  Angle  P  :  P  (brach.)  =  103°  36' ;  P  :  P  (macr.)  =  88°  12';  P  :  P  (basal) 
=  142°  44';  Poo  :  Poo  (basal)  =  132-0;  |Poo  :  ^Poo  =  96°  38'.  The  crystals 
often  exhibt  the  simple  form  P  (like  Jig.  260,  ii.  144) ;  often  also  oP  .  P,  tabular  from 
predominance  of  oP,  and  witli  the  above-mentioned  brachydiagonal  domes  subordinate. 
They  have  a  specific  gravity  of  2-163,  melt  at  197°  ;  and  the  fused  salt  solidifies  on 
cooling  in  large  monoclinic  crystals,  very  much  like  those  of  felspar.  The  salt  is 
therefore  dimorphous.  At  higher  temperatures  it  gives  ofif  water  and  afterwards 
sulphuric  anhydride,  leaving  the  neutral  salt.  It  is  decomposed  by  alcohol  and  by  a 
large  quantity  of  water  into  sulphuric  acid  and  neutral  potassic  sulphate.  It  is 
often  used  in  mineral  analysis,  especially  for  the  decomposition  by  fusion  of  aluminous 
minerals,  and  of  niobic  and  tantahc  compounds. 

Hydro-dipotassic  sulphate,  K'H'(SO')^  =  2K=S0MI=S0' (sesquisiilphate  of  potash), 
crystallises  from  a  solution  of  the  neutral  sulphate  in  dilute  sulphuric  acid,  together  with 
the  preceding  salt,  in  asbestos-like  threads  (Pliillips,  Phil.  Mag.  i.  429).  Jacquelain 
succeeded  only  once  in  preparing  this  salt. 

Hydro-tripotassic  sulphate,  K■^H(SO■')^  or  SK^SO'.H'-SO',  is  produced,  according  to 
Marignac  (Jaliresb.  1856,  p.  320),  by  dissolving  hydromonopotassic  sulphate  in 
excess  of  water,  concentrating  the  solution  hy  heat,  till  it  yields  a  small  quantity  of 
crystals  on  cooling,  then  concentrating  the  mother-liquor  again,  and  leaving  it  to 
crystallise,  and  so  on.  The  solution  then  deposits,  first'the  neutral  sulphate,  afterwards 
the  liydrotripotassic,  and  finally  the  hydromonopotassic  salt.  The  hydrotripotassic 
salt  forms  six-sided  tables  or  acute  rhombohedrons,  both  belonging  to  the  monoclinic 
system. 

7.  Anhydrosulphate,  K'S^O'  =  K-SO'.SO»  =  K=0.2S0'  (anhydrous  bisulphate 
of  potash),  is  formed,  according  to  Jacquelain  (Ann.  Ch.  Pliys.  [2]  Ixx.  311)  by 
dissolving  1  at.  of  the  neutral  salt  and  H  at.  sulphuric  acid  in  water,  and  leaving  the 
solution  to  ev;iporate  ;  also  when  the  neutral  salt  is  heated  in  a  platinum-crucible  with 
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half  its  weight  of  sulphuric  acid,  till  that  acid  is  no  longer  given  off  at  a  commencing 
red  heat.  It  crystallises  in  prismatic  needles,  of  specific  gravity  2'277,  which  melt  at 
210°.  These  crystals,  when  left  immor.sed  in  water  for  several  days,  gradually 
disappear,  and  the  solution  yields  large  crystals  of  hydi'omonopotassic  sulphate.  The 
anhydrosulphate  dissolves  very  easily  in  hot  water,  and  crystallises  unaltered  on 
cooling,  but  is  decomposed  by  a  quantity  of  water  larger  than  that  required  to  dissolve 
it. 

5.  Double  Salts. —  Sodio-tripotaisic  sulphate,  K'Na(iSO')">  technically  called  yj/rtfo- 
sulphafe  of  potash,  and  formerly  regarded  as  neutral  sulphate  of  potassium,  is 
deposited,  on  cooling,  from  tlie  aqueous  extract  of  kelp,  when  this  liquid  is  concen- 
trated to  commencing  crystallisation,  and  is  obtained  in  cakes  of  greater  thickness, 
by  repeatedly  pouring  fresh  quantities  of  warm  saturated  liquor  on  the  separated 
salt.  Its  crystallisation,  especially  when  the  temperature  of  the  liquid  has  sunk 
to  38°,  is  accompanied  by  vivid  Hashes  of  light,  which  may  be  increased  by  triturating 
the  separated  s;ilt  under  the  liquid,  or  by  breaking  the  saline  crusts  formed  on  the 
surface,  touching  the  warm  saturated  liquid  with  a  crystalline  mass  already  cooled,  &c. 
On  reerystallisiug it,  however,  no  light  is  emitted  (Penny,  Phil.  Mag.  x.  401  ;  Jaliresb. 
1855,  p.  332).  A  solution  of  1  at.  Na-SQ-"  and  3  at.  K'SO^  first  deposits  crystals  of 
pure  potassic  sulphate,  and  afterwards  crystals  of  the  double  salt  (v.  Hauer,  Jahresb. 
18G0,  p.  117).  The  crystals  of  this  salt  belong  to  the  hexagonal  system,  exhibiting 
the  tabular  combination  oR  .  R,  or  prismatic  ooR  .  oR  .  +R  .  — R  (Wkejig.  240,  ii. 
139).  For  R,  the  length  of  the  principal  axis  is  1-284.  Angle  R  :  R  (terminal)  = 
88°  13';  for  the  pyramid  composed  of  +R  and  -R,  angle  R  :  R  (terminal)  =  131°  2' ; 
(basal)  =  113°  0'.  (Mitscherlich,  Pogc  Ann.  Iviii.  468;  v.  Hauer,  J.  pr. 
Chem.  Ixsxiii.  356  ;  Jahresb.  1801,  p.  170.— Kopp's  Krystallographie,  2teAufl.  1862, 
p.  218.) 

Sodio-pcntapotassic  sulphate,  lONa(SO')',  is  produced,  according  to  Gladstone, 
(Chem.  Soc.  Qu.  J.  vi.  106),  by  fusing  the  neutral  or  acid  sulphate  of  potassium  with 
common  salt,  or  the  neutral  sulphate  with  sulphate  of  sodium.  It  crystallises  from 
the  hot  solution  in  six-sided  prisms  w'ith  pyramidal  summits. 

iStroiitio-potassic sulphate,  Sr"K-(fiO*)'',  separates,  according  toll.  Rose,  in  microscopic 
prisms,  from  a  solution  of  the  strontium-salt  mixed  with  excess  of  neutral  potassic 
sulphate. 

Sulphate  of  Rhodlam,  Rh=(SO^)'  =  Rh-0'.3S0^  is  prepared  by  dissolving  pre- 
cipitated rliodium-sulphido  in  fuming  nitric  acid.  It  is  a  brown  powder,  soluble  with 
red  colour  in  water.  (Berzelius.) 

Potassio-rhodia  sulphate  is  formed,  according  to  Berzelius,  wheu  finely-divided 
rhodium  is  heated  to  low  redness  with  acid  sulphate  of  potassium.  The  cooled  mass 
is  yellow,  or  rarely  rose-coloured,  and  dissolves  in  water,  forming  a  yellow  solution, 
from  which  alkalis  and  sulphydric  acid  throw  down  only  part  of  the  rhodium. — 
Another  potassio-rhodic  sulphate,  probably  Rh"'K(SO')^  is  obtained  by  treating  potas- 
sio-rhodic  chloride  with  sulphurous  acid,  and  separates  from  the  solution  as  a  white 
powder,  nearly  insoluble  in  water,  and  only  slightly  soluble  in  sulphuric  acid. 

Sulphates  of  Kuhldlum  The  anh?/drosulphate,  Rb^S-O'  =  Rb=SO'.SO^  melts, 

like  the  corresponding  potassium-salt,  at  commencing  redness,  and  when  more  strongly 
lieated,  gives  off  sulphuric  anhydride,  and  is  converted  into  the  neutral  salt  Rb^SO^ 
The  latter  separates  from  aqueous  solution  in  large,  hard,  vitreous  crystals,  isomor- 
phous  with  sulphate  of  potassium,  and  exhibiting  the  combination  P  .  2Pqo  .  Axes, 
a  -.b:  c  =  0-5723  :  1  :  0-7522.  Angle  P  :  P  (brach.)  =  131°  6' ;  P  :  P  (macr.)  = 
87°  8' ;  P  :  P  (basal)  =  113°  6'  ;  ooP  :  wP  (macr.)  =  73°  54' ;  ccP2  :  ooP2  (macr.)  = 
112°  46' ;  Poo  :  Poo  (basal)  =  69°  34'.  The  crystals  are  anhydrous,  permanent  in  the 
air,  decrepitate  and  become  opaque  when  heated. 

Sulphate  of  rubidiunr  forms,  with  sulphate  of  aliiminimii,  an  alum  containing 
Ar"Rb(S0')-.12H  0;  and  with  the  sulphates  of  nicl'el,  cobalt,  yuctf/nesium.,  &c.,  hex- 
hydrated  double  s;dts,  isomorphous  with  the  corresponding  potassium-compounds. 
(Kirchhoff  and  Bunseu.  Pogg.  Ann.  exv.  584;  Jahresb.  1861, p.  177.) 

Sulphate  of  Ruthenium,  Ru''(SO')=  =  RuO'.2SO-,  is  obtained  by  the  action  of 
nitric  acid  on  the  sulphide  of  ruthenium  precipitated  from  the  trichloride  by  sulphydric 
acid.  It  forms  an  orange-yellow  solution,  which,  when  evaporated  to  dryness,  leaves 
a  yellow-brown,  amorphous,  deliquescent  mass,  having  a  sour  astringent  taste.  The 
finely-divided  dry  piowder  resembles  mosaic  gold.  The  aqueous  solution  yields  a 
yellow-brown  precipitate  with  alkalis  only  on  heating,  and  is  coloured  blue  by  sulphy- 
dric acid.  (Glaus.) 

Sulphate  of  Silver,  Ag-SO'  =«=  Ag-O.SO^  Silver-vitriol.— This  salt  is  produced 
Vol.  V.  R  R 
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either  by  dissolving  silver  in  boiling  sulphuric  acid,  or  by  precipitating  a  solution  of 
the  nitrate  with  sulphate  of  sodium.  It  is  a  white  inodorous  powder,  having  a 
disagi'eeable  metallic  taste,  melts  at  a  rather  low  temperature,  and  decomposf  s  at  a 
higher  temperature,  leaving  metallic  silver.  When  exposed  to  light,  it  gradually  turns 
green.  It  dissolves  in  200  pts.  of  cold  and  88  pts.  of  boiling  water,  and  crystallises  on 
cooling  in  anhydrous  shining  needles.  According  to  Mitscherlich,  the  best  crystals  are 
obtained  by  slow  evaporation  of  a  solution  of  the  salt  in  nitric  acid.  They  are  trime- 
tric  and  isomorphous  with  anhydrous  sulphate  of  sodium,  exhibiting  the  combina- 
tion P  .  oofoo  .  ooP .  i  P.  Axes,  a:b:c=  0-4614  :  1  :  0-8078.  Ande  P  :  P  (brach.) 
=  136°  20'  ;  P  :  P  (macr.)  =  72°  32' ;  P  :  P  (basal)  =  12.5°  11'.  Cleavage  parallel 
to  P  and  ooPoo  . 

A  sulphato-sulpMde  of  silver  is  formed  by  digesting  the  sulphide  with  nitric  acid, 
as  a  brown-yellow  powder,  which  when  boiled  with  excess  of  nitric  acid,  is  completely 
converted  into  sulphate.  Boiling  water  dissolves  out  the  sulphate  of  silver  and  leaves 
the  sulphide.  (Berzelius.) 

Sulphate  of  Argentammonium,  (NH'Ag)^SO^  is  formed  by  satiirating  the  dry  sul- 
phate with  ammonia-gas  (H.  Eose).  Mitscherlich  obtained  the  compound  Ag-S0*.4f{H' 
-  [N-H*(NH^f  Ag'^]"(SO*),  by  dissolving  recently  precipitated  argentic  sulphate  in 
warm  strong  ammonia:  it  separated  on  cooling  in  colourless  crystals,  tolerably  perma- 
nent in  the  air. 

Silver-cdMm,  Ar"Ag(S0*)'.12H-0,  has  already  been  described. — A  ha.s\c  arffento-ferric 
sulphate,  18(2Ag-O.SO').(2Fe'0'.SO'),  is  obtained,  according  to  Lavini,  by  leaving  a  solu- 
tion of  argentic  and  ferric  sulphates  for  some  time  in  a  closed  vessel,  and  separates  in 
rust-brown  crystalline  crusts,  soluble  in  100  pts.  of  water. 

Sulpbates  of  Sodium. — a.  The  Nor  mal  Neutral  Salt,  Na-SO'  -  Na^'O.SO'. 
Glauhrs  Salt.  Sal  inirabile  Glaiiheri.  Natrum  sidphuricum  crystallisatwrn. — This 
salt  was  discovered  and  described  in  1658  by  Glauber,  who  prepared  it  from  the  residue 
obtained  in  the  preparation  of  hydrochloric  acid  from  common  salt  and  sulphuric  acid. 
It  occurs  rather  abundantly  in  nature,  either  anhydrous,  as  Thenardite,  crystallised  in  right 
rhombic  prisms,  or  with  10  at.  water,  as  Glauber's  salt,  in  monoclinic  prisms.  Thenardite 
is  found  at  Tarapaca  in  Peru,  and  at  Espartinas  near  Madrid.  Glauber's  salt  occurs  in 
crystals,  or  more  frequently  in  efflorescent  crusts,  at  Isehl  and  Hallstadt  in  Austria  ; 
also  in  Hungary,  Switzerland,  Italy,  &c. ;  it  is  abundantly  deposited  at  the  hot  springs 
of  Karlsbad;  in  large  quantity  also  in  a  cavern  in  Hawaii,  being  formed  by  the  action 
of  volcanic  heat  and  gases  on  salt-water;  and  effloresces  -with other  salts  in  the  lime- 
stone below  the  Genesee  Falls,  Eochester,  New  York;  also  near  the  Sweetwater  river, 
Eocky  Mountains.  It  occurs  more  abundantly  in  combination  with  calcic  sulphate, 
as  glaiiberite  or  brongniartin  (ii.  845).  Sulphate  of  sodium  is  also  a  constituent  of  sea- 
water  and  of  most  brine  springs,  and  exists  in  large  quantity  in  many  salt  lakes  of 
Eussia,  and  in  many  mineral  waters,  as  those  of  Karlsbad  and  PiiUna. 


Sulphate  of  sodium  is  prepared  in  enormous  quantities  by  the  action,  of  sulphuric 
acid  on  common  salt  as  a  preliminary  step  in  the  manufacture  of  carbonate  of  sodium, 
Tlie  operation  is  performed  in  a  reverberatory  furnace  connected  with  an  apparatus  for 
condensing  tile  hydrochloric  acid.  One  of  the  best  forms  of  furnace  is  represented  in 
fig.  795,  the  arrangement  of  the  flues  being,  however,  somewhat  different. 

A,  the  ^mailer  of  the  two  compartments  which  compose  the  furnace,  is  of  cast  iron  ; 
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In  this  (the  decomposer)  from  5  to  0  cwt.  of  common  .salt  is  introduced,  and  an  equal 
weight  of  sulphuric  acid  (of  specific  gravity  1'6)  is  gradually  mixed  with  it,  a  gentle  heat; 
being  applied  to  the  outside ;  enormous  volumes  of  hydrochloric  acid  are  disengaged, 
and  pass  oiFby  the  flue  d,  to  the  condensing  towers  E  and  F.  These  towers  are  filled 
with  fragments  of  coke  or  stone,  over  which  a  continuous  stream  of  water  is  caused  to 
trickle  slowly  from  h  h.  A  steady  current  of  air  is  drawn  through  the  furnace  and 
condensing  towers,  by  connecting  tlio  first  tower  with  the  second,  as  shown  at  g, 
and  the  second  tower  with  the  main  chimney  (E)  of  the  works.  In  the  first  bed  of  the 
furnace,  about  half  the  chlorine  is  expelled  as  hydrochloric  acid  from  the  common  salt, 
and  the  pasty  muss  thence  resulting  is  pushed  through  a  door  into  the  roaster,  or 
second  division  (B)  of  the  fimiace.  In  this  state  it  consists  of  a  mixture  of  acid  sodic 
sulphate  and  undecomposed  sodic  chloride : 

2NaCl  +  H'SO'    =    NaCI  +  NaHSO'  +  HCl. 

In  the  second  stage,  a  higher  temperature  is  required,  the  acid  sulphate  then  reacting 
on  tlie  unchanged  chloride,  in  such  a  manner  as  to  convert  the  whole  of  the  sodium  into 
normal  sulphate : 

NaCl  +  NallSO'    =    HCl  +  Na'SO«. 

The  fused  sulphate  of  sodium  thus  obtained  is  called  salt-cake.  The  hydrochloric 
acid  gas,  as  it  is  liberated  from  B,  passes  through  the  flue  d,  and  is  carried  on  to  the 
condensing  towers.  Heat  is  applied  to  the  outside  of  the  roaster  B ;  the  smoke  and 
products  of  combustion  circulate  in  separate  flues  round  the  chamber,  in  the  direction 
indicated  by  the  arrow.s,  but  never  come  into  contact  -with  the  salt-cake  in  B.  (Miller's 
Elements  of  Chemistry,  3rd  edition,  part  ii.  p.  420.) 

For  further  details,  see  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  part.  iii. 
pp.  201—215,  and  part  v.  pp.  235—244. 

Sulphate  of  sodium  is  likewise  obtained  as  a  residue  in  many  chemical  operations 
as:  (fl)  in  the  preparation  of  nitric  acid  with  sulphuric  acid  and  Chile  saltpetre;  {h)o^, 
sal-ammoniac  from  sulphate  of  ammonium  and  chloride  of  sodium  ;  (c)  of  magnesia 
alba  from  sulphate  of  magnesium  and  carbonate  of  sodium. — (d)  Considerable  quantities 
are  also  obtained  from  the  panstone  and  mother-liquors  in  the  preparation  of  common 
salt  from  sea-water  and  salt-springs  (p.  333).  The  panstone,  wdiich  often  consists 
mainly  of  a  mixture  of  common  salt  and  anhydrous  calcio-sodic  sulphate,  is  lixiviated 
with  water,  which  dissolves  out  the  sulphate  of  sodium ;  the  non-saturated  solutions 
are  poured  upon  fresh  panstone,  and  the  saturated  solutions  into  large  receivers,  in 
which  the  sulphate  of  sodium  crystallises  out  in  winter.  From  the  mother-liquor  of 
brine-springs  and  of  sea-water,  sulphate  of  sodium  is  separated  by  fractional  crystal- 
lisation, the  liquor  being  expwsed  during  winter  to  a  freezing  temperature.  The  sulphate 
of  sodium  partly  exists  in  these  mother-liquors  ready-formed,  and  is  jsartly  produced  by 
the  mutual  action  of  the  magnesie  sulphate  and  sodic  chloride  contained  in  them,  so  that 
the  mother-liquor  left  afterthe  sepiaration  of  the  sodic  sulphate  contains  chiefly  chloride 
of  magnesivim.  The  crude  salt  is  dissolved  in  water  at  33°,  and  separates  from  the  solu- 
tion on  cooling  in  large  tolerably  pure  crystals  (Richardson  and  Watts's  Chemical 
Technology,  vol.  i.  part  iii.  pp.  167,  545). — c.  By  the  decomposition  of  ferrous  sulphate 
^vith  chloride  of  sodium,  a  mixture  of  these  two  salts  depositing  sulphate  of  sodium 
when  exposed  to  a  winter  temperature.  It  may  also  be  formed  by  heating  iron-pyrites 
or  green  vitriol  with  common  salt  in  a  reverberatory  furnace,  hydrochloric  acid  then 
going  off,  and  the  iron  being  partly  volatilised  as  chloride,  partly  remaining  in  the  form 
of  ferric  oxide.  At  Fahlun,  in  Sweden,  Glauber's  salt  is  obtained  from  the  mine- 
water,  and  from  the  mother-liquor  of  green  vitriol,  by  mixing  these  liquids  with  the 
requisite  quantity  of  common  salt,  evaporating  to  dryness,  igniting,  and  dissolving  the 
residue  in  hot  water. 

Sulphate  of  sodium  is  obtained,  as  an  anhydrous  mass,  by  leaving  ordinary  Glauber's 
salt  (the  decahydrate)  to  effloresce,  or  by  heating  it  to  redness,  and  in  anhydrous 
crj'stals  by  heating  a  solution  saturated  at  33°  to  40°  some  degrees  higher;  according 
to  Mitscherlich,  it  separates  even  at  40°.  These  crystals,  which  h.ave  the  same  form  as 
thenardite,  are  rhombic  octahedrons  ismorphous  with  sulphate  of  silver,  and  with  the  sele- 
nates  of  sodium  and  silver,  and  exhibit  the  combination  P  .  i  P  .  orP  .  oofoo  .  Axes 
n:h:c  =  0-4734  :  1  :  0-8005.  Angle  P  :  P  (brach.)  ='  135°  41';  P  :  P  (macr.) 
=  74°  18' ;  P  :  P  (basal)  =  123-43°.  Cleavage  parallel  to  P.  and  ccf'oo  .  The  salt 
melts  at  a  strong  red  heat  to  a  thin  liquid,  and  solidifies  on  cooling  to  a  transparent 
crystalline  mass.  Specific  gravity  of  the  crystals  =  2-73  (Cordier) ;  2-645  (Thom- 
son); of  the  solid  fused  salt  =  2-693  (Karsten  ;  Schroder).  By  ignition  -with 
charcoal,  it  is  converted  into  monosulphide  of  sodium. 

Sulphate  of  sodium  crystallises  from  solution  at  ordinary  temperatures,  in  large, 
colourless,  striated,  mouoclinic  prisms,  containing  Xa'SO'.lOH'O.  and  isoniorphous  with 
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diromate  and  selenate  of  sodium  containing  corresponding  quantities  of  water.  Axes 
a:  b:  c  =  0-8962  :  1  :  1-109.  Angle  b  :  c  =  72°  15':  aP  :  ooP  (orthod.)  = 
93°  29';  [P«]:  [Poo  ]  (clinod.)  =  80°  38' ;  [2Po5  ]  :  [2Poo  ]  (clinod.)  =  45°  58'; 
+  Poo  :  c  =  49°  50';  +iPoo  :  c  =  75°  19';  -  ^P  :  e  =  47°  56';  oP  :  ooP  = 
77°  56'.  The  ordinary  combination  is  ooP  .  ooPoo"  oP  .  [Poo].  +P.  +Poo.  The 
crystals  are  almost  always  prismatically  elongated  in  the  direction  of  the  orthodiagonal, 
and  cleave  very  distinctly  parallel  to  ocPoo  .  They  effloresce  readily  on  exposure  to 
the  air,  melt  in  their  water  of  crystallisation  at  33°,  and  give  off  the  whole  of  it 
below  100°. 

The  salt  has  a  bitter  and  cooling  taste,  and  is  used  as  a  purgative.  100  pts.  of 
water  dissolve  12  pts.  of  it  at  0°  ;  48  pts.  at  18°  ;  100  pts.  at  25°;  322-6  pts.  at  33° ; 
263  pts.  at  50°  (Gay-Lussac),  and  244  pts.  at  100°  (Brandes  and  Firuhaber). 
Hence  it  appears  that  there  is  a  maximum  of  solubility  at  about  34°. 

When  a  solution  saturated  at  the  point  of  greatest  solubility  is  left  to  cool  in  a  closed 
vessel  and  at  perfect  rest,  it  remains  supersaturated  at  ordinary  temperatures,  and  does 
not  crystallise ;  but  on  agitating  it  in  contact  with  the  air,  or  dropping  a  crystal  of  the 
salt  into  it,  the  whole  solidifies,  -with  rise  of  temperature,  to  a  mass  of  crystals  of  ordi- 
nary Glauber's  salt.  If,  however,  the  supersaturated  solution  be  cooled  below  12°, 
without  agitation,  crystals  are  sometimes  formed  containing  7  at.  water  and  much 
h-arder  than  the  decahydrated  crystals.  If  now  the  temperature  be  again  raised  above 
15°,  or  the  crystals  touched,  they  become  milk-white,  and  are  converted,  with  consider- 
able rise  of  temperature,  into  a  mixture  of  the  anhydrous  and  the  decahydrated  salt. 
(Ziz;  Faraday;  Lowel.) 

The  heptahydrated  salt,  Na-S0^7H-0,  crystallises  in  rhombic  prisms,  ooP  .  odP3  . 
oof  00,  terminated  by  the  faces,  too  .  ^-f  oo.  Axes  a  :  h  :  c  =  0-955  :  1  :  0  966. 
ooP:  ooP  (macr.)  =  87°  20' :  ooP3  :  ooP3  =  35°  18';  P  oo  :  f  oo  (basal)  =  88°0' ; 
J-P  a.  :  -iP  00  (basal)  =  35°  40'. 

According  to  Lowel  (Ann.  Ch.  Phys.  [3],  xlix.  32;  Jahresb.  1856,  p.  321),  sul- 
phate of  sodium  may  exist  in  solution  in  three  different  states — viz.,  as  anhydrous  salt, 
or  as  the  ordinary  decahydrate,  or  as  the  heptahydrate.  When  the  ordinary  decahy- 
drated crystals  are  melted  in  their  water  of  crystallisation,  then  heated  till  the  liquid 
boils,  and  the  vessel  immediately  closed,  a  crystalline  powder  of  the  anhydrous  salt  is 
deposited.  If  the  liquid  be  frequently  agitated  as  it  cools,  the  anhydrous  salt  dissolves 
more  and  more,  till  the  temperature  has  fallen  to  18°.  On  further  cooling,  crystals  of 
the  salt  Na^S0^7H'^0  are  deposited  on  the  still  imdissolved  residue,  and  below  18°, 
the  anhydi'ous  salt  is  gradually  but  completely  converted  into  the  heptahydrate.  The 
solutions  of  the  anhydrous  sulphate  remain  as  such  at  ordinary  temperatures  only  in 
closed  vessels  ;  in  contact  with  the  air,  or  a  crystal  of  Glauber's  salt,  they  immediately 
deposit  crystals  of  the  decahydrated  salt.  The  solubility  of  the  anhydrous  salt 
diminishes  as  the  temperature  rises  ;  but  that  of  the  ordinary  decahydrate  increases 
up  to  about  34°,  at  which  temperature  it  is  converted  into  the  anhydrous  salt.  At 
34°,  the  decahydrated  crystals  gradually  melt  in  their  water  of  crystallisation.  As 
long  as  the  saturated  liquid  remains  in  contact  with  a  large  excess  of  the  unaltered 
crystals,  it  retains  an  amount  of  salt  corresponding  to  that  in  a  solution  of  the  deca 
hydrated  saltsaturatedat  34° — that  is  to  say,  55  pts.  of  anhydrous  salt  to  100  pts.  water. 
If,  however,  the  fusion  be  continued  further,  the  anhydrous  salt  begins  to  separate; 
and  when  all  the  crystals  are  fused,  the  solution  ultimately  contains  49-53  pts.  of 
anhydi'ous  salt  to  100  pts.  water,  an  amount  corresponding  to  that  of  a  solution  of  the 
anhydrous  salt  saturated  at  34°.  Hence  the  apparent  maximum  in  the  solubility  of 
sodic  sulphate  at  34°,  arises  from  the  fact  that  the  salt,  under  ordinary  circumstances, 
dissolves  in  water  up  to  the  temperature  of  34°,  as  Na-SO^.lOH-0,  the  solubility  of 
which  increases  with  the  temperature ;  hut  above  34°,  it  dissolves  as  anhydrous  salt, 
the  solubility  of  which  diminishes  ,as  the  temperature  rises  up  to  103-7°,  the  boiling- 
point  of  the  saturated  solution.  (Lowel.) 

Saturated  solutions  of  the  salt  Na'^S0'.7H-0  are  obtained,  for  higher  temperatures, 
by  removing,  at  a  lower  temperature,  a  portion  of  the  mother-liquor  which  covers  the 
crystals,  and  then  warming  the  crystals  with  the  rest  of  the  liquid.  When  a  liquid 
containing  an  excess  of  the  crystals  of  this  heptahydrate  is  heated  to  27°,  these  crystals 
behave  just  like  those  of  the  decahydrate  at  34° — that  is  to  say,  they  melt,  and  the 
liquid  deposits  the  anhydrous  salt.  (Lowel.) 

The  following  table  exhibits  the  variations  of  solubility  of  anhydrous  sodic  sulphate, 
and  of  the  two  hydrates  ;  in  the  two  latter  cases,  also,  the  quantity  of  anhydrous  salt 
equi-yalent  to  the  hydrated  salt  dissol,ved  at  each  temperature  is  given ;— 
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Quantities  of  Sodic  Sulphate  dissolved  in  \0Q  pts.  of  Watir  in  the  state  of  Saturated 

Solution. 


Temperature. 

Na-'SO", 
Anhydrous. 

Na'SO-i  +  lOH^O. 

Na2S0< 

+  7H-0. 

Anhydrous. 

Hydrate. 

Anhydrous. 

Hydrate. 

o°c. 

6-02 

12-16 

19-62 

44-84 

10 

9-00 

23-04 

30-49 

78-90 

15 

13-20 

35-96 

37-43 

105-79 

18 

52-25 

16-80 

48-41 

41-63 

124-59 

20 

62-76 

19-40 

68-35 

44-73 

140-01 

25 

51-53 

28-00 

98-48 

52-94 

188-46 

26 

51-31 

30-00 

109-81 

54-07 

202-61 

30 

50-37 

40-00 

184-09 

33 

49-71 

60-76 

323-13 

34 

49-53 

55-00 

412-22 

40-15 

48-78 

50-40 

46-82 

59-79 

45-42 

70-Gl 

44-35 

84-42 

42-96 

103-17 

42-65 

Sulphate  of  sodium  is  insoluble  in  alcohol,  but  some-what  soluble  in  dilute  spirit ; 
strong  alcohol  heated  -with  the  ordinary  crystals,  abstracts  part  of  their  water  of 
crystallisation.     According  to  Schiff  (Ann.  Ch.  Pharm.  cxviii.  365) : 

A  solution  (saturated  at        in  alcohol  of: 

,  *  '  ^  Contains  per  cent,  of 

Specific  gravitj'.  Per  cent,  hy  weight.  Na^SO^.lOH-O. 

1-000  ...        0    25-6 

0-976       ....       10    14-35 

0-972       ....       20    5-6 

0-939       ....       40       ....       .  1-3 
Alcohol  precipitates  it  from  the  cold  aqueous  solution. — [On  the  soluliilitj'  of  sodic 
sulphate  in  various  liquids,  see  further,  Storer's  Dictionari/  of  Solubilities,  iii.  623  — 
628.] 

Strong  hydrochloric  acid  poured  upon  crystallised  Glauber's  salt,  produces  consider- 
able depression  of  temperature. 

B.  Acid  Sulphates  of  Sodium. — Hydro-mo7iosodic  sulphate,  NaHSO'  or  Na^SO'. 
li-SO',  commonly  called  hydrated,  bisidphato  of  soda,  is  obtained,  in  large  transparent 
triclinic  crystals,  by  dissolving  equivalent  quantities  of  the  neutral  sulphate  and 
sulphuric  acid  in  -water,  and  evaporating  by  heat.  From  a  solution  saturated  at  the 
boiling  heat,  it  separates  on  cooling  in  oblique  rhombic  prisms  containing  2  at.  -water, 
according  to  Mitscherlich,  3  at.  according  to  AVittstein.  The  crystals,  when  exposed 
to  the  air,  graduallly,  absorb  water  without  deliquescing,  and  are  resolved  into  the 
neutral  salt  and  free  sulphuric  acid.  The  same  decomposition  takes  places  on  dissolving 
them  in  4  pts.  of  hot  water  or  pouring  alcohol  upon  them. 

Hi/dro-trisodic  sulphate,  Na'H(SO*')■^  is  obtained,  according  to  Mitscherlich,  when 
the  neutral  sulphate  is  treated  with  half  the  quantity  of  sulphuric  acid  required  to 
convert  it  into  the  preceding  salts  ;  it  crystallises  by  evaporation  in  beautiful  oblique 
rhombic  prisms.  H.  Rose  always  obtained  it  from  a  soKition  of  hydromonosodic 
sulphate,  and  in  one  preparation  it  was  deposited  in  small  crystals  with  a  somewhat 
different  amount  of  water.  Its  aqueous  solution  always  yields  crystals  of  neutral  sodic 
sulphate  with  2h  at.  water  (H.  Eose).  Mitscherlich  sometimes  "also  obtained  crystals 
containing  Na'n(SO')-. 

The  anhydrosulphate,  Na'S'O'  =  Na^SO'.SO'  =  Na20.2SO',  or  dfthydrous  hisul- 
phate  of  soda,  is  obtained  by  covering  1  at.  of  the  dry  neutral  sulphate  with  1  at. 
sulphui-ic  acid,  and  heating  till  the  mass  fuses  tranquilly  at  a  low  red  heat.  AVhen 
heated  to  full  redness,  it  gives  oft'  sulphuric  anhydride  (p.  569). 

Sulpbate  of  Strontium,  Sr"SO'.  =  SrCSC,  occurs  native  as  coelestin, 
sometimes  in  large  trimetrie  crystals,  sometimes  sparry  or  fibrous  (i.  1069.)  Manross, 
by  fusing  sulphate  of  potassium  with  excess  of  chloride  of  strontium,  obtained  sulphat'3 
of  strontium  in  crystals  having  the  form  and  specific  gravity  of  coelestin.  By  precipi- 
tating a  soluble  strontium-salt  with  sulp'nuric  acid,  it  is  obtained  as  a  white  powder 
which,  according  to  Freseuius,  is  soluble  in  6,895  pts.  of  cold  and  9,638  pts.  of  boiling 
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water,  but  much  less  soluble  in  water  containing  hydrochloric  or  sidphuric  acid,  of 
•which  it  requires  11,800  parts.  The  aqueous  solution  is  used  as  a  reagent  for  distin- 
guishing barium  from  strontium  (p.  436).  According  to  H.  Kose,  sulphate  of  strontium 
dissolves  very  perceptibly  in  hydrochloric  acid  at  ordinary  temperatiires.  Water 
containing  common  salt  dissolves  it  slowly  but  completely.  Virek  (Chem.  Ceutr. 
1862,  p.  402)  has  determined  the  solubility  of  sulpliate  of  strontium  in  certain  saline 
solutions  with  the  following  results  ; — ■ 


Quantity  of  salt  in 
solution. 

Quantity  of  SrSO' 
dissolved. 

Quantity  of  salt  in 
solution. 

Quantity  of  SrSO' 
dissolved. 

NaCl  22-17 

0-1811 

MgCP  13-63 

0-2419 

„  10-54 

0-2186 

4-03 

0-2057 

8-44 

0-1653 

1-59 

0-1986 

KCl  18-08 

0-2513 

CaCl^  33-70 

0-1706 

„  12-54 

0-1933 

16-51 

0-1853 

8-22 

0-1925 

8-67 

0-1756 

Sulphate  of  strontium  melts  to  a  vitreous  mass  at  a  strong  red  heat,  and  is  reduced 
on  charcoal  before  the  blowpipe  to  sulphide  of  strontium.  With  an  equivalent 
quantity  of  sodic  carbonate,  it  forms  an  easily  fusible  mass,  which,  on  cooling,  becomes 
opaque,  and  like  mother-of-pearl. 

Sulpbate  of  Tellurium,  Te''(SO<)'  =  TeO'^.2S05  ?— AVlien  pulverised  tellurium 
is  triturated  to  a  thin  paste  with  strong  suli^huric  acid,  and  the  mass  gently  heated,  it 
assumes  a  fine  purple-red  colour,  arising,  according  to  Magnus,  from  the  solution  of  the 
tellurium  as  such,  and  not  in  the  oxidised  state.  The  piu-ple  colour  remains  as  long  as 
there  is  any  liquid  left,  whilst  the  undissolved  portion  of  the  tellurium  becomes  oxi- 
dised at  the  expense  of  the  sulphuric  acid,  and  disappears  as  soon  as  all  the  acid  is 
decomposed,  the  whole  being  then  converted  into  a  white  mass.  If  this  mass  be  gently 
heated  till  the  excess  of  acid  is  j\ist  driven  off.  there  remains  a  white,  earthy,  amorphous 
substance,  which  produces  a  sense  of  dryness  on  the  tongue,  and  after  a  while  a  metallic 
taste.  Wlien  heated  it  melts,  gives  oif  sulphuric  anliydride,  and  leaves  a  yellow  liquid, 
which  solidifies  on  cooling  to  a  transparent  vitreous  mass,  consisting  of  a  basic  salt, 
which,  when  heated  in  an  open  crucible,  gives  oS  its  sulphuric  acid,  and  leaves  opaque 
tellurous  oxide.  Sulphate  of  tellurium  dissolves  in  warm  hydrochloric  or  nitric  acid, 
and  crystallises  therefrom  in  granules  on  coohng.  Water  decomposes  it,  dissolving 
out  sulphuric  acid  with  a  small  quantity  of  tellurium,  and  separating  tellurous  oxide 
(Magnus,  Pogg.  Ann.  x.  491).    See  further  Gmelin's  Handbook,  iv.  406. 

Sulpbate  of  Terbium,  3Tb"SO'.8H-0,  is  isomorphous  with  sulphate  of  didymium 
(Delafontaine,  Jahrosb.  1864,  p.  198;  1865,  p.  179).  According  to  Mosander,  it 
elfloresces  at  50° ;  Delafontaine,  however,  only  once  observed  an  imperfectly  crystallised 
specimen  to  effloresce  completely  at  ordinary  temperatures.    (See  Terbium.) 

Sulpbates  of  TbalUum.— o.  TkaUious  sulphate,  T1-S0<  =  Tl^O.SO^  is  obtained 
by  evaporating  a  solution  of  the  chloride  or  nitrate  with  sulphuric  acid  (Lamy),  or 
by  heating  metallic  thallium  with  sulphuric  acid  (Crookes).  It  is  soluble  in  21-1  pts. 
of  water  at  15°  and  in  5-4  pts.  at  100°  (Crookes),  and  crystallises  from  the  solution 
in  anhydrous  rhombic  prisnis,  isomorphous  with  sulphate  of  potassium,  and  exhiVuting 
the  combination  ootoo  .  001*2  .  ;  the  crystals  are  prismatically 

elongated  in  the  direction  of  the  principal  axis,  and  the  faces  oof  oo  greatly  pretlomiuata 
(v.  Lang,Phil.  Mag.  [4]  xxv.  348).  In  presence  of  sulphate  of  ammonium,  it  separates 
in  long  striated  crystals  resembling  sulphocyanate  of  potassium.  (Crookes,  Chem. 
News,  viii.  243.) 

Thallious  sulphate  forms,  -srith  sulphate  of  aluminium,  the  salt,  TlAr"(S0<)'.12H'0, 
isomorphous  with  common  alum  (L  amy) ;  and  with  the  sulphates  of  magnesium,  nickel, 
&c.,  double  salts  containing  6  at.  water,  and  isomorphous  with  potassio-magnesic 
sulphate,  &c.  (G.  Werther,  Bull.  Soc.  Chim.  [2]  ii.  272  ;  Jahresb.  1864,  p.  248).— 
The  nickcl-salt,  Tl-Ni"(S0'')-.6H-0,  separates  from  a  solution  containing  a  slight  excess 
of  nickel-sulphate,  in  green  prisms,  which  are  permanent  in  the  air,  give  otF  their  water 
at  120°,  and  decompose  at  ared  heat. — The/e?-ro7(s  Tr-Fe"(S0')-.6H-'0,  obtained  in 
like  manner,  is  pale-green  ;  the  zinc-salt,  Tl-Zn"(S0^)-.6II'^0,  is  colourless,  and  has  a 
glassy  lustre ;  the  magnesium-salt,  TPMg''(S0^)^.6lI^0,  resembles  it,  but  is  more 
soluble.  , , 

(8.  ThalHcsulpliate,  TP(SO<)'.7H=0  =  Tl-0'.3SO'.7H'0,  separates  by  evaporation 
from  a  solution  of  thallic  oxide  in  dilute  sulphuric  acid,  in  thin  colourless  lamina?,  which 
are  decomposed  by  water,  even  in  the  cold,  with  separation  of  brown  thallic  oxide.  It 
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gives  off  6  at.  water  at  220°,  and  is  rpiliieed  at  a  stronger  licat  to  tliallious  sulphate. 
(Streeker,  Ann.  Cii.  Pharm.  cxxxv.  207.) 

According  to  Wi  11m  (Ann.  Cli.  Phys.  [1]  ix.  5  ;  Jahresb.  1865,  p.  253),  a  solution  of 
tliallic  oxide  in  moderately  concentrated  sulphuric  acid,  prepared  with  aid  of  heat,  first 
deposits  slender  needles  of  the  basic  salt,  Tl-0'.2S0^.5H-0  ;  afterwards  a  thalloso- 
thallic  sidpliate,  in  transparent  prismatic  crystals,  together  with  an  amorphous  pulveru- 
lent .salt  containing  T1^0^.2SO'.3II-0.  A  solution  of  thallious  sulphate  heated  with 
baric  or  plumbic  peroxide  and  sulphuric  acid,  then  filtered  and  concentrated  by  evapo- 
ration, deposits  cry.stals  of  anhydrous  thallic  sulphate,  T1-0^.3S0^.  (Willm.) 

Potassio-thallic  sulphate,  fPKVSO')^  =  Tr'(S0')l2K'S0<,  separates,  on  mixing  a 
solution  of  the  preceding  salt  with  a  strong  solution  of  potassic  sulphate,  as  a  hard, 
colourless,  crystalline  crust,  which  is  coloured  brown  on  the  surface  by  water,  and  is 
but  sliglitly  soluljle  in  dilute  sulphuric  acid. —  Sodio-thalUc  sulphate,  Tl  Na(SO^)^,  is 
formed  in  like  manner,  and  separates  in  colourless  needles.  (Streeker.) 

Sulpbate  of  Thorinum,  Th'"(SO')^  =  ThO=.2SOl*— Obtained  as  a  white  pow- 
der by  dissolving  thoriiia  in  strong  sulphui-ic  acid  and  expelling  the  excess  of  acid  by 
evaporation  (Berzelius).  Delafontaine  (N.  Arch.  Ph.  Nat.  xviii.  343;  .Taliresb. 
1863,  p.  197)  prepares  it  by  mixing  finely  pulverised  tliorite  or  orangite  with  strong 
sulphuric  acid  to  a  semi-fluid  paste  (the  mass  becoming  strongly  heated,  and  part 
of  the  excess  of  acid  volatilising),  and  heating  the  residue  to  40U° — 500°,  as  long  as 
acid  fumes  are  evolved  ;  then  gradually  introducing  the  dry  and  cooled  mass  into  cold 
water,  with  constant  sttrring,  and  heating  the  filtered  solution  to  100^.  The  sulphate 
of  thorinum  then  separates,  and  may  be  purified  by  repeated  solution  in  cold  water 
and  precipitation  by  heat. 

Sulphate  of  thorinum  thus  obtained  is  a  heavy  white  curdy  precipitate,  made  up  of 
interlaced  needles,  and  cousi.sting,  according  to  Delafontaine,  of  2Th''(SO')''.9H''0.  By 
slow  evaporation  of  an  aqueous  solution  at  ordinary  temperatures  (10° — 15°),  a  salt 
separates  containing  double  this  amount  of  water,  viz.,  Th''(S0')-.9H^0  (Delafon- 
taine. Chydenius,  Pogg.  Ann.  cxix.  48;  Jalu-esl).  1863,  p.  196).  Berzelius,  by 
spontaneous  evaporation  of  a  solution  containing  a  little  free  sulphuric  acid,  obtained  a 
hydrate  containing  10  at.  water,  6  at.  of  which  were  given  off  at  a  somewhat  higher  tem- 
perature, leaving  the  salt  Th''(S0*)-.4H-'0,  which  also  separated  from  the  solution  on 
evaporation  at  higher  temperatures.  These  two  hydrates  were  probably  the  same  as 
those  above  mentioned,  containing  9  and  4j-  at.  water. 

Tlie  hydrate,  Th(S0')".9H-0,  ci'ystallises,  according  to  Chydenius,  in  translucent, 
efflorescent,  monoclinic  prisms,  exhibiting  the  combination  ooP  .  [Pec  ]  .  ooPoo  .  [  ooPoo  ]. 
oP.  Axes,  a:h:c=  1  :  0  5981  :  0-6584.  Angle  A  :  c  =  81°  50';  o=P  .  ooP  (clinod.) 
=  118°  60'  ;  [Poo  ]  :  [Poo  ]  (over  the  pole)  =  149°  25'.  Delafontaine,  by  leaving  the 
salt  precipitated  from  a  hot  solution,  in  contact  with  a  quantity  of  water  not  sulficient 
to  dissolve  it,  obtained  six  or  eight-sided,  pointed,  monoclinic  crystals,  the  composition  of 
which  is  not  stated,  but  which,  according  to  Marignac's  determinations,  exhibit  the 
same  faces  as  those  just  described,  with  addition  of  [SPoo  ]  and  [  ccPoo  ]  and  nearly 
the  same  value  of  the  angle  ooP  :  ooP,  viz.  119°  0';  also  oP  :  ooPoo  =  98°  20'  ;  ooP': 
oP  =  97°  6' ;  [Poo  ]  :  oP  =  124°  28'  ;  [6Poo  ]  :  oP  =  96°  27";  [  ooPoo  ]  :  oP  =  94°  51'. 
Hence  they  were  probably  also  Th(S0^)=.9H'^0. 

A  slightly  acidulated  aqueous  solution  of  sulphate  of  thorinum  yields,  when  boiled, 
a  flocculent  precipitate  which  redissolves  on  cooling,  and  contains  Th(S0^)^.3H-0,  or 
from  somewhat. dilute  solutions,  Th(SO')-.H-0.  The  solution,  evaporated  at  25°,  yields 
without  formation  of  crystals,  a  white  saline  mass  consisting  of  Th(S0^)-.2H'^0.  The 
9-hydrated  salt  gives  up  half  its  water  at  100°,  and  the  rest  at  a  stronger  heat  (at  400° 
to  450°,  according  to  Delafontaine).  The  anhydrous  salt  hi.sses  when  dissolved  in 
water  (Chydenius).  The  salt  is  insoluble  in  alcohol,  and  gives  off  all  its  acid  at  a 
red  heat  (Berzelius). — A  basic  salt  is  obtained  on  adding  ammonia  to  the  solution  of 
the  neutral  salt  as  long  as  anv  precipitate  is  formed. 

Potassio-thorinic  sulphate,  th"K\S0')'.2H-0  =Th"(SO*)^2K'SO'.2H'0,  separates, 
according  to  Berzelius,  as  a  crystalline  powder,  when  a  crust  of  potassic  sulphate  is 
suspended  in  a  solution  of  tliorinic  sulphate.  It  is  easily  soluble  in  water,  insoluble  in 
alcohol  and  in  sulphate  of  potassium.  Prom  a  boiling  aqueous  solution,  it  crystallises 
on  cooling  in  rectangular  prisms,  which  give  off  their  water  at  a  gentle  heat,  but  with- 
out disintegrating(Berzelius).  According  to  Chydenius,  the  salt,  Th''K'(S0')''.2H-0, 
si-parates  in  slender  crystals  when  solid  sulphate  of  potassium  is  immersed  in  a  solu- 
tion of  thorinic  sulphate  at  60°— 70°. 

Sulphates  of  Tin. — Stannic  sulphate,  ^n'^^Oy  =  Sni'0'.2S0',  is  formed  by 
dissolving  stannic  hydrate  in  sulphuric  acid,  or  by  heating  tin  with  excess  of  the  acid. 
It  forms  an  acid  uncrystallisable  syrup. 

»  Th  =  -'31 -.5. 
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Stannous  suIpJiate,  Sn"SO*  =  Sn"O.SO',  is  obtained,  by  heating  an  excess  of  tin 
■with  concentrated  or  slightly  diluted  sulphuric  acid,  as  a  saline  mass,  which  dissolves 
with  brown  colour  in  boiling  water,  and  separates  in  needle-shaped  crystals  on  cool- 
ing ;  also  in  nacreous  laminar  crystals,  by  dissolving  stannous  hydrate  in  warm  dilute 
sulphuric  acid  ;  and  as  a  crystalline  precipitate,  by  adding  sulphuric  acid  to  a  concen- 
trated solution  of  stannous  chloride.  The  anhydrous  salt  is  obtained  by  distilling 
stannous  sulphide  with  mercuric  oxide.  It  bears  a  red  heat  without  decomposition, 
whereas  the  hydrated  salt  when  ignited  leaves  a  residue  of  stannic  oxide.  Stannous 
sulphate  dissolves  very  easily  in  water,  but  the  solution,  after  some  time,  deposits  a 
white  basic  salt. 

Potassio-stannous  sulphate  separates,  on  mixing  a  solution  of  stannous  sulphate  with 

sulphate  of  potassium  in  fine  silky  needles,  containing  Sn^K-(SO*)',  or  Sn"K-(SO')^ 
(Marignac).  A  mixture  of  hot  concentrated  solutions  of  stannous  chloride  and 
sulphate  of  potassium,  deposits  the  compound  4Sn"K-(S0-')-.Sn"Cl^,  in  small, 
shining,  hexagonal  crystals,  which  may  be  recrystallised  without  decomposition. 
(Marignac.) 

Sulptaates  of  Titanium.— rtozc  sulphate,  Ti''(SO')=  =  Ti'^O^SSO',  is  pre- 
pared by  digesting  finely  pulverised  titanic  oxide  with  sulphuric  acid  diluted  with  half 
its  weight  of  water  till  all  the  water  is  driven  off.  On  expelling  the  excess  of  acid  by 
a  stronger  heat,  titanic  sulphate  remains  as  a  saline  mass,  which  dissolves  completely 
in  lukewarm  water;  the  diluted  solution,  however,  deposits  titanic  oxide  when  boiled 
(H.  Rose).  From  a  solution  of  acid  potassic  titanate  in  hydrochloric  acid,  sulphui-ic 
acid  throws  down  a  compound  consisting  of  9TiO^.S0^.9H^O  (H.  Rose). — Poinssio- 
tifmic  sulphate,  Ti'''K\SO*y,  \s  ohtained,  according  to  Warren  (Jahresb.  1857,  p. 
175),  in  small  sparingly  soluble  crystals,  by  fusing  titanic  oxide  with  acid  sulphate 
of  potassium,  digesting  the  resulting  vitreous  mass  with  strong  sulphuric  acid,  expelling 
the  greater  part  of  the  latter  by  a  gentle  heat,  and  dissolving  out  the  excess  of  acid 
potassic  sulphate  with  water. 

Titanous  sulphate,  Ti'O^SSO',  according  to  Ebelmen,  is  formed  by  dissolving  tri- 
chloride of  titanium  in  sulphuric  acid,  and  separates  on  evaporating  the  solution  in  a 
vacuum  over  lime,  in  violet,  deliquescent,  crystalline  masses.  Its  solution,  when  boiled, 
deposits  titanic  oxide. 

Sulpbate  of  Tungsten  separates,  on  dropping  a  solution  of  alkaline  tungstate 
into  dilute  sulphuric  acid,  as  a  heavy  white  precipitate,  soluble  in  pure  water. 

Sulpbates  of  ITranium. —  Uranic  sulphate,  U-O^.SO^,  or  Sulphate  of  TJranyl, 
(U-0-')"SO'',  is  obtained  by  dissolving  uranoso-uranie  oxide  in  strong  sulphuric  acid, 
diluting  the  solution  with  water,  and  oxidising  with  nitric  acid  ;  also  by  decomposing 
a  solution  of  uranic  nitrate  with  sulphuric  acid,  expelling  the  excess  of  acid  by  heat, 
dissolving  the  residue  in  water,  evaporating  the  solution  to  a  syrup,  and  leaving  it  to 
crystallise.  It  forms  small  lemon-yellow  prisms  containing  3  at.  water  (Berzelius  ; 
P61igot);  %\  at.  (Ebelmen).  According  to  Berzelius,  the  salts  and 
IP0'.3S0',  are  obtained  by  dissolving  the  monosulphate  in  sulphui-ic  acid  ;  but  Peligot 
denies  their  existence  (see  Ueantum). — Uranic  sulphates  of  various  composition, 
called  ttraiuum-ochre  and  uranium-vitriol,  are  found  in  small  flattened  monoclinic 
crystals,  of  a  bright  emerald-green  colour,  near  Joachinistlial  in  Bohemia,  also  at 
Johanngeorgenstadt.    (Rammelsberg's  Mincralchemir,  p.  279.) 

Potassio-uranic  sulphate,  (U-0-)"K-(S0')^.2H-'0,  forms  lemon-yellow  crystalline 
crusts,  very  soluble  in  water,  and  becoming  anhydrous  at  100°. — AtKmonio-uranic 
sulphate,  of  similar  composition,  forms  sparingly  soluble,  lemon-yellow  prisms.  There 
is  also  a  crystalline  sodio-uranic  sulphate. — 'Basic  cupro-uranic  sulphates,  caXleAuranium- 
green,  are  found  at  Joachimsthal.    (Rammelsberg's  Mineralchemie.  p.  295.) 

Uranous  sulphate,  U"SO'  =  U"O.SO',  may  be  prepared  by  dissolving  uranoso- 
uranie  oxide  in  hot  oil  of  vitriol,  diluting  with  water,  and  evaporating  in  a  vacuum  ;  or 
by  dissolving  hydrated  uranous  oxide  in  dilute  sulphuric  acid  ;  or  by  decomposing  a 
concentrated  solution  of  uranous  chloride  with  sulphm-icacid.  It  crystallises  with  2  and 
with  4  at.  water. — A  dihasicttranons  sulphate, 'U''SO*.'U''O.Sli''0,{sohUu\]ed  by  treating 
the  normal  salt  with  a  large  quantity  of  water;  by  exposing  the  aleolioHc  solution  of 
that  salt  to  the  sun's  rays ;  by  carefid  addition  of  ammonia  to  its  aqueous  solution  ; 
and  by  boiling  that  solution  with  green  uranoso-uranie  oxide.  It  forms  a  light-green 
powder  having  a  silky  lustre. 

Ammonio-uranous  sulphate,  U"(N'H'')'(SO'')^,  forms  easily  soluble,  dark-green,  warty 
groups  of  crystals  :  its  solution,  when  heated,  deposits  a  basic  sulphate. 

Potassio-uranic  sidjthate,  U'K^(SO*)MI-0,  forms  green,  slightly  soluble  saline 
crusts. 
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Uranoso-iiranic  sulphate,  U"(U^O^)"(.SO^)^  obtained  by  dissolving  uranoso-uranic 
oxide  in  warm  oil  of  vitriol,  and  evaporating  the  excess  of  acid  by  heat,  forms  a  light- 
green,  soluble  mass,  which  at  a  red  heat  gives  off  sulphurous  anhydride,  and  is  con- 
verted into  uranic  sulphite  (Ebelmen,  (Ann.  Ch.  Phys.  v.  189).  On  the  sulphates  of 
uranium,  see  further  Gmelin's  HandhoDlc,  iv.  174.) 

Sulphates  of  Vanadium.— fa«afi'/c  sulphate,  yi!c^(^Q^Y  =  VdO'.3SO',  is  pro- 
duced by  dissolving  vanadic  oxide  in  hot  sulphuric  acid  diluted  with  half  its  weight  of 
water,  and  evapoi'atiug  the  excess  of  acid  at  as  low  a  temperature  as  possible.  It 
forms  small  red-brown  crystalline  scales,  quickly  deliquescing  to  a  rusty-brown  syrup, 
which  is  not  rendered  turbid  either  by  water  or  by  alcohol.  Tlie  aqueous  solution 
becomes  turbid  ou  boiling,  and  the  liquid  separated  from  the  precipitate  contains  an 
acid  salt,  which  dries  up  to  a  red  syrup.  A  basic  salt,  Vd0^.2S0*,  formed  by  dissolv- 
ing neutral  vanadious  sulphate  iu  nitric  acid,  forms  a  red.  deliquescent,  soluble,  saline 
mass  (Berzelius).    Pc>!l«ssw-yrt«(7f/ic  Vd''K'-(_SO'')',  separates  from  a  solu- 

tion of  potassic  vanadate  mixed  with  a  little  sulphuric  acid,  and  left  to  evaporate,  in 
yellow  grains,  composed  of  microscopic  crystals.  It  is  slightly  soluble  in  water,  inso- 
luble in  alcohol.  (Berzelius.) 

Vanadwis  sulphate,  'Vd'''(SO^)^  =  VdO''.2SO',  is  prepared  by  dissoh-ing  the  di-  or 
tri-oxide  of  vanadium,  obtained  by  igniting  vanadate  of  ammonium,  in  sulphuric  acid, 
and  passing  sulphurous  acid  gas  through  the  solution,  or  heating  it  with  oxalic  acid,  to 
complete  tlie  reduction  of  the  vanadie  tri-oxide.  The  solution,  when  evaporated, 
yields  sky-blue  crystals,  probably  consisting  of  an  acid  vanadious  sulphate,  which, 
when  purified  by  washing  with  absolute  alcohol,  gradually  swells  \ip,  and  is  converted 
into  a  loose  sky-blue  powder,  consisting  of  the  neutral  salt.  This  salt,  after  being 
washed  with  alcohol,  and  dried  over  oil  of  vitriol,  may  be  obtained  in  the  crystalline 
form  by  allowing  it  to  deliquesce,  and  then  leaving  it  for  some  time  in  a  dry  atmo- 
sphere. It  usually  crystallises  in  groups  of  prisms,  but  sometimes  iu  separate,  short, 
rhombic  prisms,  having  a  fine  blue  colour,  and  consisting  of  Vd''(SO^)-.-iir-0.  It  dis- 
solves Tery  slowly  in  cold  water,  and  when  ignited,  leaves  vanadie  tri-oxide  (Berze- 
lius). A  basic  salt  is  produced,  according  to  Berzelius,  by  digesting  a  strong  solution 
of  the  neutral  sulphate  with  vanadious  hydrate.  It  dries  up  to  a  blue  transparent 
mass,  which  gives  off  water  and  turns  brown  at  100°.  Potassio-vanadious  sulphate, 
Vd"K-(SO')',  is  a  light  blue  gummy  mass. 

Sulphates  of  Yttrium.  The  neutral  sulphate,  y"SO',  crystallises  vei-y  easily 
in  snuiU  four-  or  six-sided,  colourless,  or  faintly  rose-coloured  prisms,  which  do  not 
effloresce,  but  remain  transparent,  even  at  80°,  but  at  higher  temperatures  give  off 
water  and  become  milk-white;  they  dissolve  very  slowly  in  water  (Berzelius).  A 
solution  of  yttria  in  sulphuric  acid  saturated  in  the  cold,  becomes  turbid  at  30'^ — 40°, 
from  separation  of  the  sulphate,  and  at  the  boiling  heat  the  whole  is  precipitated  as  a 
crystalline  powder,  containing  2Y"SO'.5H''0  ;  it  has  a  faint  reddish-colour,  which  it 
loses  at  180"^,  together  witii  its  water  of  crystallisation.  The  anhydrous  salt  dissolves; 
easily  in  cold  water  (Popp,  Ann.  Ch.  Pharm.  cxxxi.  179;  Jahresb.  18G4,  p.  203). 
By  evaporation  over  oil  of  vitriol  at  6° — 10°,  crystalline  crusts  are  obtained,  consisting 
of  3Y"S0^.8II-0,  isomorplious  with  the  corresponding  hydrated  sulphates  of  cadmium 
and  didymium  (Popp;  Delafontaine,  Jahresb.  1864,  p.  198.)  The  anhydrous  salt 
gives  otF  ^  of  its  sulphuric  anhydride  at  a  red  heat,  leaving  the  tribasic  salt  SYO.SO^  = 
Y"S0'.2Y0  ;  and  by  very  strong  and  prolonged  ignition,  the  whole  of  the  sulphuric 
anhydi'ide  may  be  expelled,  leaving  pure  yttria.  The  basic  salt  is  likewise  obtained 
by  precipitating  the  neutral  salt  with  ammonia.  (Berzelius.) 

Putassio-ytlric  sulphate,  Y'"'K-(SO'')-,  is  obtained,  by  evaporation  of  the  solution  of 
its  component  salts,  as  white  crystalline  crust  (Berzelius) ;  or  by  covering  the  solution 
with  a  layer  of  alcohol,  in  crystals,  which,  on  exposure  to  the  air,  give  off  about  6  per 
cent,  of  water  (Popp).  The  salt  dissolves  in  16  pts.  of  cold  water,  and  in  10  pts.  of  a 
solution  of  potassic  sulphate  (Berzelius).  The  aqueous  solution  saturated  in  the 
cold,  deposits  sulphate  of  yttrium  when  heated.  (Popp.) 

Sulphate  of  yttrium  may  be  combined  by  fusion  with  sulphate  of  sodium,  but  does 
not  unite  with  sulphate  of  magncsiuiu.  (Popp.) 

Sulphates  of  Zinc. — The  normal  or  neutral  sulphate,  7m"S0\  also  called  white 
vitriol  or  -iiic-eitriot,  is  produced  by  dissolving  oxide  or  carbonate  of  zinc  in  dilute 
sulphuric  acid  ;  and  on  the  large  scale,  by  roasting  the  native  sulphide,  lixiviating  with 
water,  and  concentrating  the  solution  by  addition  of  fresh  roasted  ore.  It  separates 
from  solution  at  ordinary  temperatures,  in  right  rhombic  prisms,  containing  Zn"SO'. 
7H-'0,  isomorplious  with  sulphate  of_^  magnesium,  and  exhibiting  the  combinations 
ocP  .  P.  (fig.  264,  ii.  147),  and  P  .  Pc»  .  (xP  .  oofoo  ;  also  the  hemihedral  form 

+  ?  .  _       .  ooP  .  ccfoo.  (fig.  282,  ii.  148).    The  crystals  have  a  rough  metallic 
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taste,  and  effloresce  slightlj'  in  dry  air.  Like  the  other  heptahydrated  magnesian  sul- 
phates, they  give  off  6  at.  water  at  about  100°,  hwt  the  seventh  only  at  a  higher  tem- 
perature (about  260°) ;  indeed  it  is  difficult  to  obtain  the  salt  perfectly  anhydrous 
■without  loss  of  acid.  At  a  bright  red  heat,  the  anhydrous  salt  is  completely  decom- 
posed, leaving  pure  oxide  of  zinc. 

The  heptahydrated  crystals  dissolve  in  about  21  pts.  of  cold,  and  in  somewhat  less 
than  their  own  weight  of  boiling  water  ;  the  solution  has  an  acid  reaction.  According 
to  Poggiale,  100  pts.  of  water  dissolve  at  different  temperatures  the  following  quantities 
of  zinc-sulphate  ; — ■ 

Temperature.  Crvstallised  Anlivdrous 

C.  ZnSO'.7H20.  ZnSO'. 

10°       .       .       .       138-21      .       .       .  48-36 
20°       .       .       .       161-50     .       .       .  53-10 
30°       .       .       .       191-00     .       .       .  58-50 
60°       .       .       .       263-80     .       .       .  68-75 
100°       .       .       .       663-60     .       .       .  95-60 
The  salt  is  insoluble  in  absolute  alcohol.    According  to  Schroder  (Ann.  Ch.  Pharm. 
fix.  45),  a  supersatui-ated  solution  of  zinc- vitriol  contained  in  a  glass  tube,  closed  by  a 
plug  of  cotton-wool,  deposits  a  moditication  of  the  heptahydrated  salt  more  soluble 
than  the  ordinary  salt.    The  supernatant  liquid  still  remains  supersaturated,  aad,  in 
contact  with  the  air,  yields  crystals  of  the  ordinary  saltj  together  with  crystals  of  the 
more  soluble  modification. 

A  solution  of  zinc-sulphate  left  to  crystallise  at  30°,  yields  monoclinic  hexhydrated 
crystals,  Zn"S0'.6H'0,  isomorplious  with  the  corresponding  magnesium-  and  nickel- 
salts.  The  same  hydrate  is  obtained  by  heating  the  ordinary  crystals  to  52°.  A 
pentahydrafed  salt,  Zn"S0-'.6H^0,  is  obtained,  according  to  Kiihn,  bj'  boiling  the  pul- 
verised heptahydrated  salt  with  alcohol  of  specific  gravity  0-866.  It  also  crystallises, 
according  to  Pierre  and  Schindler,  from  solution  between  35°  and  60°.  A  granular 
dihydrate,  Zn"S0'.2H'0,  is  obtained  by  boiling  the  finely  pulverised  heptahydrate  with 
absolute  alcohol ;  it  also  separates  on  adding  strong  sulphuric  acid  to  a  concentrated 
solution  of  zinc-sulphate  (Kiihn).  The  monohydrate,  Zn"SO''.H''0,  remains  when 
the  heptahydrated  salt  is  dried  in  the  air  at  100°,  or  in  a  vacuum  over  oil  of  vitriol 
at  20°  (Schindler,  Graham);  it  also  separates  in  crystalline  grains  during  tlio 
cooling  of  a  boiling  saturated  solution  of  zinc-sulphate  (Graham).  It  retains  its 
water  at  205°,  but  gives  it  up  at  238°.  (Graham.) 

Sulphate  of  zinc  is  chiefly  used  in  calico-printing.  It  also  serves  as  an  addition  to 
oils  in  the  manufacture  of  varnishes ;  for  the  preparation  of  many  other  zinc-compounds, 
as  of  zinc-white  ;  and  in  medicine  for  the  composition  of  eye-washes,  &c. 

Basic  Ziuc-sulphates. — The  dibasic  salt,  27a\0.S0^  =  Zn"SO*.Zn''0,  is  pro- 
duced by  digesting  a  strong  solution  of  zinc-vitriol  with  oxide  or  hydrate  of  zinc  as 
long  as  anything  is  dissolved:  it  does  not  crystallise  (Schindler). — The  tctrahasic 
salt,  4Zn"0.S0'  =  Zn"S0"'.3Zn"0,  crystallises  from  a  solution  of  the  preceding  by 
spontaneous  evaporation  in  long  flexible  needles,  containing  lOat.  water  (Schindler). 
The  same  salt  is  precipitated  on  adding  a  small  quantity  of  potash  to  the  solution  of 
the  neutral  sulphate,  as  a  white  bulky  powder  insoluble  in  cold  water,  and  separates 
from  a  boiling  aqueous  solution  on  cooling,  in  small  unctuous  crystals,  which,  according 
to  Kane,  contain  2  at.  water.  It  is  also  formed  by  heating  the  neutral  sulphate  till  it 
is  partially  decomposed,  and  boiling  the  residue  with  water,  or  by  boiling  a  solution 
of  the  neutral  sulphate  with  zinc-oxide  or  metallic  zinc ;  in  that  case  also  the  solu- 
tion, on  cooling,  deposits  the  dihydrated  compound  Zn''SO'.3Zn"0.2iI'^G.  (Kiihn, 
Schindler.) 

The  hcxbasicsalt,  6Zn"O.SO'.10H'O  =  Zn"SO'.5Zn"O.10lI=O,  is  obtained,  according 
to  Kane,  as  a  white  powder,  by  treating  sulphate  of  zinc-ammonium  with  water. — The 
oc/obasic  salt,  8Zn"O.S0^2H'^0  =  Zn"S0^.7Zn"0.2H20,  is  precipitated  in  white  bulky 
flocks  ou  diluting  a  solution  of  the  dibasic  salt  with  a  large  quantity  of  water.  The 
precipitates  formed  by  caustic  potash  in  a  solution  of  zinc-vitriol,  are  basic  salts, 
varying  in  composition  according  to  the  quantity  of  alkali  used. 

All  these  basic  zinc-sulphates,  when  heated  nearly  to  redness,  give  off  their  chemi- 
cally combined  water,  without  change  of  appearance  ;  but  at  a  bright  red  heat,  they  are 
decomposed  in  such  a  manner  that  water  afterwards  extracts  from  them  the  neutral 
salt,  leaving  zinc-oxide. 

Aramoniacal  Sulphates  of  Zinc. — There  are  several  of  these  compounds, 
varying  in  composition  according  to  the  quantity  of  ammonia  added  to  the  sulphate  of 
zinc.  Wlien  ammonia-gas  is  passed  into  a  hot  saturated  solution  of  neutral  zinc-sulphate 
till  the  precipitate  at  first  formed  is  redissolved,  svlphafe  of  zinc-ammoniuvi, 
Zn"SO<.2NHMI20  =  (N-H'iZn)"SO<.H=0,  separates  on  cooling  in  fine  semi-crystalline 
starch-like  granules.    The  water  may  be  expelled  by  prolonged  fuBiou.    If  the  ammo- 


SULPHATES  OF  ZIRCONIUM. 


619 


niacal  solution  just  mentioned  be  left  to  evaporate  at  ordinary  temperatures,  it  yields 
crystals  of  the  compound  Zn"SO'.4NH'.4lT'0  or  [N2,H'(NH')-'Zn]"SO'.4:H-0,  which 
give  off  2  at.  water  in  di-ying,  and  quickly  effloresce.  Above  21^  they  give  off  another 
atom  of  v/ater,  leaving  the  compoimd  Zn"S0'.4NH^.H^0  ;  and  this  when  carefully  melted 
yields  a  gummy  mass  of  zineammonium-sulphate,  Zn"S0'.2NH''.H^0,  and  ultimately 
the  same  compound  in  the  anliydrous  state  (Kane).  The  compound,  Zn"SO'.oNH^,  is 
produced  by  the  action  of  dry  ammonia-gas  on  zinc  sulpliate,  and  forms  a  white  pow- 
der wliich  is  dissolved  by  water  with  partial  separation  of  zinc-oxido  (H.  Eose). — ■ 
Wlien  zinc-sulphate  supersaturated  wliile  hut  with  ammonia,  is  boiled  till  the  odour 
of  free  ammonia  is  no  longer  perceptible,  a  precipitate  is  formed,  consisting  of 
(4ZnO.SO^).4NH''.4H^O.  (Schiudler.) 

Double  Salts. — Ammonio-zincic  sulphate,  Zd(NH^)^(S0'')^.6H-0,  and  the  corre^- 
S'ponding  potassiii7n-sa/t,  are  isomorphous  with  the  corresponding  magnesium-salta. 

Sodio-:incic  sulphate,  Zn"Na''(S0^)^.4H-0,  is  produced,  according  to  Graham,  by 
mixing  the  concentrated  solutions  of  zinc-sulphate  and  acid  sodic  sulphate,  and  evapora- 
ting to  the  crystallising  point.    It  is  very  deliquescent. 

Magncsio-zincic  sulphate,  Zn"Mg"(S0')-.14H^0,  crystallises,  according  to  Pierre,  at 
ordinary  temperatiu'cs,  in  tine  rhombic  prisms ;  it  retains  2  at.  water  at  200°.  The 
salt  crystallised  above  35°  contains  only  10  at.  water. 

Zinco-aluminic  sulphate  oy:  zinc-alum  is  analogous  in  composition  to  common  alum. 
(Kane.) 

Sulphates  of  Zirconium. — The  neutral  or  normal  sulphate,  Zr''(SO')'  = 
Zr'''U-.2.sO',  is  obtained  by  dis.solving  oxide  or  hydrate  of  zirconium,  free  from  potash, 
in  an  excess  of  sulpliuric  acid  ;  evaporating  the  solution  to  dryness  ;  and  heating  the 
residue  for  a  quarter  of  an  hour  to  a  temperature  just  below  redness.  The  salt  loses 
the  wliole  of  its  acid  at  a  full  red  heat.  A  neutral  solution  of  the  salt  yields  on  evapo- 
ration, a  gummy  mass,  which,  when  further  dried,  becomes  white  and  full  of  fissures. 
It',  however,  tlie  solution  contains  free  acid,  hydrated  crystals  are  obtained,  which  may 
be  freed  from  adhering  acid  by  means  of  alcohol.  The  crystals  fuse  when  heated, 
giving  off  tlieir  water,  and  swelling  up  like  alum. 

The  anhydrous  salt  dissolves  very  slowly  but  completely  in  cold,  and  rapidly  in  hot 
water.  Ammonia  added  in  excess  to  the  solution,  precipitates  pure  zirconia  free  from 
sulphuric  acid.  Alcohol  throws  down  a  mixture  of  the  normal  and  tribasic  sulphates, 
V  hich,  after  being  washed  for  a  considerable  time  with  alcohol,  is  entirely  converted 
into  the  tribasic  sulphate.  (Berzelius.) 

The  dibasic  sidphate,  Zr'^'O-jSO'  =  Zi-'''(SO')'.Zn''0-,  is  formed  by,  saturating  a 
concentrated  solution  of  the  normal  salt  with  hydrate  of  zii-couium.  On  evaporating 
the  liquid,  a  mass  of  salt  is  obtained  which  is  gummy  and  fissured  at  first,  Init  when 
furtlier  dried  becomes  white  and  opaque.  The  salt,  when  heated,  swells  up  like  alum, 
and  parts  with  its  water,  but  a  white  heat  is  required  to  expel  the  acid.  It  dis- 
solves in  a  very  small  quantity  of  water.  By  a  larger  addition  of  water,  the  solution 
is  resolved  into  the  tribasic  salt,  which  is  precipitated,  and  the  normal  salt,  which 
remains  in  sobition.  (Berzelius.) 

The  tribasic  sulphate,  3ZrO'-.2SO^  =  Zr(SO■')'.2ZrO^  is  obtained  by  precipitating 
the  normal  salt  with  alcohol,  and  washing  the  precipitate  first  with  alcohol  and  then 
with  water;  or  by  diluting  a  solution  of  the  dibasic  salt  with  a  large  quantity  of  water. 
It  forms  white  flakes,  insoluble  in  water,  but  soluble  in  hydrochloric  acid.  (Berze- 
lius.) 

A  hcxbasie  salt,  3ZrO-.SO'  =  Zn(SO')".5ZnO',  is  produced  by  saturating  a  solution 
of  a  zirconium-salt  at  the  boiling  heat  with  sulphate  of  potassium,  or  by  mixing  the 
zirconium-solution  with  a  hot  saturated  solution  of  sulphate  of  potassium.  It  separates 
as  a  white  precipitate,  and  by  saturating  the  supernatant  liquid  with  carbonate  of 
pota-ssium,  the  whole  of  the  zirconium  may  be  brought  into  the  precipitate  (Berze- 
lius, Hermann).  According  to  Berzelius,  the  precipitate  always  contains  small 
quantities  of  potash,  probably  chemically  combined,  inasmuch  as  it  is  produced  only  by 
sulphate  of  potassium,  and  not  by  sulphate  of  sodium.  It  is  insoluble  in  a  solution  of 
potassic  sulphate,  but  dissolves  partially  in  pure  water,  and  the  water  with  which  it  is 
washed  becomes  turbid  (Berzelius).  Sulphate  of  ammonium  reacts  with  zirconium- 
salts  in  the  same  manner  as  sulphate  of  potassium.  (Berzelius.) 

Zirconia  fused  with  acid  sulphate  of  potassium  forms  a  double  salt,  which,  in  the 
fused  state,  is  perfectly  transparent.  AVater  dissolves  only  the  potassium-salt,  leaving 
the  sparingly  soluble  zirconium-salt  just  mentioned  (Berzelius).  Warren  (Fogg. 
Ann.  cii.  449;  Jahresb.  1807,  p.  158),  by  precipitating  a  solution  of  neutral  zirconie 
sulphate  with  neutral  and  acid  sulphate  of  potassium,  has  obtained  some  double  salts 
of  complicated  and  very  doubtful  composition. 
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ALCOHotic  Sulphates.    Sulphitric  Ethers. 

Alcohols  treated  with,  strong  sulphuric  acid,  yield  acid  sulphuric  ethers  represented 
R 

by  the  general  formula,  jjSO^ : 

+    ^\&0*   =   WO   +  g[so'. 

Alcohol.    Sulphuiic  acid.  Acid  ether. 

There  are  also  a  few  neutral  sulphirric  ethers  represented  by  the  formula     j  SO' ; 

they  are  formed,  not  by  the  action  of  sulphuric  acid  upon  alcohols,  but  of  sulphuric 
anhydride  upon  neutral  ethers  (alcoholic  oxides). 

Allyl-sulphuric  Acid,  C»H«SO'  =  '^^''|S0'  =  C^ff  |0'.  (Cahours  and 

Hofmann,  Chem.  Soc.  Qu.  J.  x.  316). — When  allylic  alcohol  is  added  by  drops  to 
about  an  equal  volume  of  strong  sulphuric  acid,  the  mixture  becomes  heated  without 
blackenuig :  and  in  adding  seven  or  eight  times  the  volume  of  water,  and  neutralising 
with  carbonate  of  bariiun,  the  liquid  j-ields,  by  evaporation,  white  shining  crystals  of 
baric  alhi-sulphate  (C^H0-Ba"(SO')--'. 

Amylsulpburic  acid,  (C^H")HSO'.  Sulphamylic  acid.  (Cahours,  Ann.  Ch. 
Phys.  [2],  Ixx.  86. — Kekule,  Ann.  Ch.  Pharm.  Ixxv.  275.) — A  mixture  of  equal  parts 
of  amylic  alcohol  and  oil  of  vitriol,  after  standing  for  some  time,  till  water  no  longer 
separates  amylic  alcohol  from  it,  is  diluted  with  water;  the  resulting  crude  amyl- 
sulphuric  acid  is  saturated  with  carbonate  of  barium  ;  the  solution  filtered  from  the 
sulphate  of  barium  is  evaporated  ;  and  the  crystals  of  amylsulphate  of  barium  obtained 
after  cooling  are  freed  from  the  mother-liquor  upon  filter-paper  ;  and  purified  by 
shaking  up  their  aqueous  solution  with  animal  charcoal,  and  twice  crj-stallising  by  spon- 
taneous evaporation.  The  solution  of  these  crystals,  precipitated  by  the  proper  quantity 
of  sulphuric  acid,  then  filtered  and  evaporated,  yields  the  piu-e  acid.  (Cahours). 
Kekull  prefers  preparing  the  lead-salt  and  decomposing  it  with  sulphuretted  hydrogen, 
after  which  he  carefully  evaporates  the  colourless  filtrate  to  a  thin  syrup. 

Arayl-sulphuric  acid  is  a  colourless,  thin  syrup  which  sometimes  deposits  slender 
needles  by  spontaneous  evaporation.  (Kekul^  did  not  obtain  any  crystals.)  It  tastes 
acid  and  bitter  (sharply  acid,  according  to  Kekule),  and  reddens  litmus  strongly. 
(Cahours.)    It  dissolves  readily  in  water  and  in  alcohol. 

The  concentrated  aqueous  acid  decomposes  spontaneously  into  amyl-alcohol  and  sul- 
phuric acid,  slowly  in  the  cold  and  in  a  vacuum  or  when  exposed  to  the  air ;  quickly  on 
boiling;  the  more  quickly  as  it  is  more  concentrated.  It  is  decomposed  by  chlorine  in 
the  cold,  and  by  nitric  acid  when  heated. 

The  amylsulphates  or  sulphamylates  (C*H")MSO«,  and  (C5H")W(S0n-, 
are  generally  crystallisable,  have  a  bitter  taste  and  are  soapy  to  the  touch.  The 
crystals  generally  contain  water,  and  in  that  case  are  often  efflorescent.  When  their 
aqueous  solution  is  boiled,  they  are  resolved  into  sulphate,  free  sulphuric  acid  and 
amylic  alcohol.  This  decomposition  takes  place  slowly  at  ordinary  temperatures,  even 
in  the  crystallised  salts  ;  nevertheless,  these  crystallised  salts  may  generally  be 
dehydrated  at  100°  before  decomposition  begins.  All  amylsulphates  dissolve  in 
water  and  in  alcohol,  very  sparingly  in  ether.  Most  of  them  in  the  crystalline  state 
or  in  aqueous  solution  are  decomposed  by  prolonged  contact  with  the  air,  giving 
off  amylic  alcohol  and  leaving  a  metallic  sulphate ;  the  decomposition  is  accelerated 
by  heat.  By  dry  distillation  they  leave  metallic  sulphate  mixed  with  charcoal,  and 
give  off  a  combustible  gas  together  with  carbonic  and  sulphurous  anhydrides,  and  an 
oil  containing  amylene,  other  hydrocarbons  polymeric  therewith,  amylic  ether 
(C'H")'0,  and  probably  also  amylic  sulphate  (C'II")"SO*;  at  all  events,  the  distiUed 
product  contains  sulphur. 

Amylsulpliate  of  Alvmhiiumforms  a  gelatinous  mass,  soluble  iu  water,  alcohol,  and 
ether,  very  deliquescent,  and  easily  deconiposible. 

Amylsulphate  of  Ammoniimi. — The  filtrate  obtained  by  precipitating  the  calcium- 
salt  with  cai'bonate  of  ammonia,  yields  by  spontaneous  evaporation,  colourless,  bitter 
crystalline  scales,  and  by  evaporation  over  the  water-bath  a  nodular  crystalline  mass. 
The  crystals  give  off  nothing  at  100°,  begin  to  decompose  at  ItC^,  and  burn  away, 
leaving  a  residue  of  charcoal.  They  deliquesce  sUghtlyin  damp  air,  and  dissolve  very 
readily  in  water,  on  which  they  move  briskly  about;  they  are  less  soluble  in 
alcohol,  and  insoluble  in  ether. 

The  Jrtr/?«;!-4-(r^<  (C^H")-Ba"(S0')^.2H-0,  prepared  as  above,  crystallises  by  spon- 
taneous evaporation,  in  large  very  flexible  rhombic  tables.  The  crystals  effloresce  in 
dry  air  and  give  oif  6  66  per  cent,  (1  at.)  water  in  vacuo.  They  begin  to  decompose 
at  95°,  melting  at  the  same  time,  if  they  have  not  been  previously  dried.    They  give 
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off  an  oil  somewhat  above  200°  and  leave  sulphate  of  barium  mixed  with  charcoal. 
Their  aqueous  solution  is  resolved  by  longer  boiling,  into  amylic  alcohol,  sulphuric 
acid,  and  sulphate  of  barium.  They  dissolve  very  readily  in  water,  more  readily  in 
warm  than  in  cold  alcohol,  but  are  insoluble  in  ether. 

The  calcium-salt,  (C^H")2Ca"(SO^)^2H'0,  obtained  by  saturating  amyl-sulphuric 
acid  with  chalk,  forms  mammellated  crystals,  soft  to  the  touch,  very  soluble  in  water, 
especially  in  hot  water,  soluble  iu  alcohol,  insoluble  in  ether.  It  has  a  bitter  and 
pungent  taste.  An  aqueous  solution,  saturated  and  limpid  at  ordinary  temperatures, 
becomes  turliid  at  the  boiling  heat.  The  crystals  effloresce  in  dry  air,  give  off  the 
■whole  of  their  water  (8-56  per  cent.)  in  a  vacuum,  and  are  gradually  decomposed  by 
contact  with  the  air.  The  salt,  heated  to  250°  in  a  sealed  tube  with  alcoholic 
ammonia,  yields  sulphate  of  calcium  and  sulphate  ofamylamine.  (Berthelot,  Compt. 
rend,  xxxvi.  1098.) 

The  cobalt-salt  is  obtained,  by  precipitating  the  barium-salt  with  sulphate  of  cobalt, 
and  evaporating  the  filtrate,  iu  rose-coloured  laminae,  very  soluble  in  water. 

Cnpric  salt,  (C^H")-Cu'\S0')%2H-0. — The  blue  solution  of  carbonate  of  copper  in 
the  acid  yields,  when  left  over  oil  of  vitriol,  large  elongated  tables  wliich  are  permanent 
in  the  air,  dissolve  readily  in  water  and  weak  alcohol,  less  readily  in  absolute  alcohol, 
and  are  insoluble  in  ether. 

The  firric  salt,  obtained  by  dissolving  ferric  hydrate  in  the  aqueous  acid,  forms 
small,  yellow,  easily  decomposible,  deliquescent,  ci'ystalline  granules. — The  ferruus  salt 
is  produced  by  dissolving  metallic  iron  in  the  aqueous  acid.  The  pale  green,  sweetish- 
bitter  solution  reddens  litmus,  and  when  evaporated,  deposits  brown  flakes  of  ferric 
oxide,  together  with  pale  green  crystalline  grains  of  the  ferrous  salt.  These  crystals 
quickly  turn  yellow  on  exposure  to  the  air,  dissolve  in  water  and  alcohol,  and  with 
green  colour  in  ether. 

The  lead-salt,  (C^W)-Fh"{SO^f.W-0,  obtained  by  saturating  the  acid  with  carbonate 
of  lead,  forms  mammellated  gi-oups  of  small  lamin;e,  very  solulile  in  water,  acid  to  test- 
paper,  soluble  in  alcohol,  insoluble  in  ether,  and  having  a  bitter-sweet  taste.  The 
solution  decomposes  slowly  in  contact  with  the  air,  rapidly  at  the  boiling  heat. 

1\v  magncsium-salt,  (C^H")-Mg"(S0^)-.4ir-0,  is  obtained  by  spontaneous  evapora- 
tion in  elongated  rhomboidal  lamina;,  which,  have  a  fine  nacreous  lustre,  and  aro 
•with  difficulty  deprived  of  the  whole  of  their  water  of  crystallisation. 

The  manganrsc-salt,  (C^H")-Mn"(,S0*)'-.4H-0,  forms  nearly  colourless  crystals,  per- 
manent in  the  air;  the  solution,  however,  gradually  decomposes. 

Mercuric  salt. — The  yellow  solution  of  mercuric  oxide  in  amylsulphnric  acid  yields, 
by  evaporation  in  a  vacuum,  dark  yellow  crystalline  nodules,  soapy  and  glutinous  to 
the  touch,  having  an  extremely  sharp  and  bitter  taste;  they  contain  2  at.  water, 
decompose  after  keeping  for  some  time,  and  deliquesce  in  damp  air. 

The  nickel-salt,  (C^H")-Ni"(S0'')^.2H-0,  crystallises  by  evajjoration  in  a  vacuum,  in 
nodules  of  green,  elongated  laminfe,  which  deliquesce  iu  moist  air. 

The  2}ofassii<m-salt,  (C^H")KSO^,  separates  from  its  solution  by  spontaneous  evapo- 
ration in  colourless  tufts  of  needles,  having  a  very  bitter  taste,  or  in  nodules  composed 
of  needles  having  a  silky  lustre.  These  crystals  effloresce  on  exposure  to  the  air,  and 
turn  slightly  brown,  giving  off  amylic  alcohol  and  sulphuric  acid.  In  a  vacuum  or  at 
100°,  they  give  off  3'99  per  cent.  (1  at.)  of  water,  without  further  decomposition,  swell 
np  strongly  at  170°,  then  melt,  and  leave  a  black  scum.  The  salt  dissolves  readily  in 
water  and  in  weak  alcohol,  less  readily  in  strong  alcohol,  from  the  hot  soluticu  in 
which  it  crystallises  in  slender  needles,  and  is  insoluble  in  ether. 

Silver-salt,  (C^H")AgSO'. — The  solution  of  carbonate  of  silver  in  the  slightly  heated 
acid  yields,  by  evaporation,  colourless  lamina>,  which  dissolve  very  easily  in  water, 
blacken  on  exposure  to  the  air,  and  dissolve  in  alcohol  but  not  in  ether. 

The  sodivm-salt,  (C^H")NaSO',  is  obtained  by  precipitating  the  calcium-salt  with 
carbonate  of  sodium,  and  spontaneous  evaporation  of  the  filtrate,  in  nodules  set  with 
small  crystals.  These  swell  up  at  35°  [135  ?]  softening,  and  giviug  off  water,  and 
begin  to  undergo  further  decomposition  at  145°.  They  dissolve  abundantly  in  cold 
water,  and  in  all  proportions  in  hot  water ;  from  hot  alcohol  they  crystallise  in  long 
radiated  laminre  ;  they  do  not  dissolve  in  ether. 

The  stroniiHm-mlt,  (C'H")-Sr"(S0*)-.2H-0,  forms  white  crystallised  nodules,  which 
turn  brown  in  the  air,  leave  39'82  per  cent,  sulphate  of  strontium  when  ignited, 
dissolve  readily  in  water  and  weak  alcohol,  with  difficulty  in  absolute  alcohol,  and  not 
at  all  in  ether. 

The  cinc-sa't,  (C^H")2Zn"(SO')-.2H-0,  forms  nacreous  scales  grouped  in  nodules, 
sobible  in  water  and  in  alcohol,  and  decomposing  at  110°. 

Butyl-sulpburic  acid.    See  Tetryl-sulphuric  acid. 

Capryl-sulpliuric  acid.    See  Octyl-sui.phurtc  acid. 

Cetyl-sulphurlc  acid  {C'"lV^)\\^0\—SitlpJtocilic  acid:  (Dumas  andPeligot, 
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Ann.  Ch.  Phys.  [2]  Ixii.  4— Kohler,  Jaliresb.  1856,  p.  579.— Heintz,  Pogg.  Ann 
cii.  257;  Jahr^sb.  1857,  p.  445.) — The  pot:issium-salt  of  this  acid  is  produced  by 
mixing  ethal  with  strong  sulphuric  acid,  at  the  temperature  of  the  water-bath  ;  dissolving 
the  mass  in  alcohol ;  saturating  with  alcoholic  potash  ;  separating  the  liquid  from  the 
deposited  sulphate  of  potassium ;  concentrating  it ;  digesting  the  cetyl-sulphate  of 
potassium,  which  separates  with  alcohol,  to  free  it  from  excess  of  ethal;  and  pm-ifying 
it  by  repeated  crystallisation  from  boiling  alcohol. 

Cetyl-sulphate  of  potassium,  (C"^H^')KSO',  crystallises  in  soft  nacreous  laminae, 
composed  of  interlaced  needles  ;  it  is  moderately  soluble  in  hot  alcohol,  less  soluble 
in  boiling  water,  insoluble  in  ether,  not  fusible.  Heated  with  cj'anide  of  potassium, 
it  yields  cyanide  of  cetyl  (i.  840). 

Etbyl-sulpburic  acid.  (C^H^)HSO'.  Siilphcthi/lic  acid.  Sidphovinic  acid. 
(Dabit,  Ann.  Chem.  xxxiv.  300;  xliii.  101. — Sertiirner,  Gilb.  Ann.  Ix.  53;  Ixiv. 
6,  7.— A.  Vogel,  ihid.  Ixiii.  81. — Gay-Lussac,  Ann.  Ch.  Phys.  [2],  xiii.  76.— 
Hennell,  Phil.  Trans.  1826,  p.  240;  1828,  p.  365.— Dumas  and  Boullay,  Ann. 
Ch.  Phys.  xxxvi.  300. — Serullas,  ibid,  xxxix.  153. — Liebig  and  Wohler,  Ann. 
Ch.  Pharm.  i.  37. — Liebig,  ibid.  xiii.  27. — Magnus,  iWc?.  vi.  52. — Marchand, 
Pogg.  Ann.  xxviii.  454;  xxxii.  345;  xli.  595. — Milller,  Ann.  Ch.  Phys.  [3],  xix. 
22.— Berthelot,  Compt.  rend,  xxxvi.  1098.— Gm.  viii.  415;  s.  611).— This  acid, 
produced  by  the  action  of  strong  sulphuric  acid  upon  alcohol,  ether,  or  ethylene,  was 
first  noticed  by  Dabit  (in  1800),  in  the  residues  of  the  preparation  of  ether  by  heating 
alcohol  with  sulphuric  acid;  afterwards  (1819)  by  Sertiirner.  Hennel,  in  1826,  an- 
nounced that  he  had  produced  it  by  the  direct  combination  of  ethylene  (olefiant  gas) 
with  sulphuric  acid ;  but  this  result  was  for  a  long  time  doubted,  the  formation  of  the 
ethyl-sulphuric  acid  being  attributed  to  the  presence  of  alcohol  or  ether  vapour  in  the 
olefiant  gas.  The  more  i-ecent  experiments  of  Berthelot,  however,  have  confirmed 
Hennel's  statement,  and  shown  tliat  ethyl-sulphuric  acid  may  be  formed  by  briskly 
agitating  strong  sulphuric  acid  with  perfectly  pure  ethylene  gas,  obtained  either  from 
alcohol,  or  from  coal-gas  (by  absorbing  it  with  iodine,  and  decomposing  the  ethylenic 
iodide  with  potash),  or  produced  by  the  direct  combination  of  hydrogen  with  acetylene, 
(i.  112),  or  in  various  other  ways  from  inoi-ganic  materials  (ii.  565.) — On  the  formation 
of  ethyl-sulphuric  acid  from  alcohol,  see  Alcohol  (i.  76). 

Preparation. — A  mixture  of  equal  parts  of  strong  sulphuric  acid  and  strong  alcohol 
is  heated  to  about  100°,  and  after  standing  in  a  warm  place  for  24  hours,  diluted  with 
water,  and  saturated  with  carbonate  of  barium  or  carbonate  of  lead ;  the  solution  is 
then  filtered  from  the  precipitated  sulphate  of  barium  or  lead ;  and  the  filtrate  care- 
fully evaporated  to  the  crystallising  point.  The  crystals  of  baric  or  plumbic  ethylsul- 
phate  are  then  redissolved  in  water;  the  solution  is  decomposed  with  an  exactly 
equivalent  quantity  of  sulphuric  acid — or  better,  in  the  case  of  the  lead-salt,  with 
sulphydric  acid ; — and  the  filtrate  is  concentrated  in  a  vacuum  over  oil  of  vitriol  or 
chloride  of  calcium. 

P?-o;;e)Y«fts.— Ethyl-sulphuric  acid,  concentrated  to  the  highest  degree  that  it  will 
bear  without  decomposition,  is  a  limpid,  oily,  very  sour  liquid,  of  specific  gravity  1-315 
to  1-317  at  16°.  It  dissolves  in  aU  proportions  in  water  and  in  alcohol,  but  is 
insoluble  in  ether. 

The  dilute  acid  decomposes  gradually  at  ordinary  temperatures,  quickly  on  boiling, 
into  alcohol  and  sulphm-ic  acid.  The  concentrated  acid  is  resolved  at  a  moderate  degree 
of  heat  into  ether  and  sulphuric  acid,  but  at  a  higher  temperature  it  suifers  more 
complete  decomposition,  giving  off  ethylene  gas  and  sulphurous  oxide,  and  leaving  a 
carbonaceous  residue.  Heated  with  alcohol  to  130° — 140°,  it  yields  ether  and  sul- 
phuric acid,  (i.  76) : 

(C^H^)HSO*  +  (C=H^)HO    =    (C=H^)=0  +  H'SO'. 

Heated  with  manga  nic  peroxide  or  potassi  c  cliromate,  it  yields  aldehyde.  (Jacquemin 
and  Lies-Bodard,  Jahresb.  1857,  p.  345.) 

Ethyl-sulphates  or  sulphovinates,  (C=H*)MSO<  and  (C=ff)''M"(SO*)'. 
Ethylsulphuric  acid  is  a  strong  acid,  which  decomposes  carbonates  and  sulphites,  and 
neutralises  bases  completely.  Some  of  the  ethyl-sulphates  are  anhydrous ;  others 
contain  water  of  crystallisation,  which  for  the  most  part  they  give  off  in  a  vacuum 
over  oil  of  vitriol.  They  are  likewise  dehydrated  by  heating  to  100°,  or  in  some 
cases  to  higher  temperatures,  with  partial  decomposition.  They  all  dissolve  easily  in 
water,  some  also  in  alcohol,  and  a  few,  the  ammonium- salt,  for  example,  in  ether. 
Most  ethylsulphates  are  permanent  in  the  air,  but  the  ammonium-,  lithium-,  sodium-, 
and  zinc-salts  are  very  deliquescent.  When  dissolved  in  a  small  quantity  of  water, 
they  produce  a  perceptible  degree  of  cold. 

The  ethyl-sulphates  may  be  prepared  by  saturating  the  acid  with  oxides  or  carbo- 
nates, or  by  decomposing  the  barium-  or  lead-salt  with  the  corresponding  sulphates  ; 
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the  ethyl-sulphates  of  the  alkali-metals,  also  by  decomposing  the  barium-  or  lead-salt 
with  an  alkaline  carbonate. 

The  ethyl-sulph;ites  in  aqueous  solution  are  decomposed  by  ebullition,  but  the 
decomposition  is  completely  prevented  by  adding  a  few  drops  of  caustic  potash.  Some 
of  them,  especially  the  strontic,  baric,  pliimbio,  ferric,  mangauous,  argentic,  aluniinie, 
and  uranic  salts,  undergo  spontaneous  decomposition,  while  others  may  be  kept  for 
years  without  alteration.  They  are  decomposed  by  dry  distillation,  first  giving  off 
ether  and  alcohol,  together  with  their  water  of  crystallisation,  afterwards  heavy  oil  of 
wine  (probably  a  mixture  of  neutral  ethylicsidphate  and  oily  hydrocarbons),  together 
with  carbonic  and  sulphurous  anhydrides,  and  olefiant  gas,  and  leaving  metallic 
sulphate  mixed  with  charcoal.  Heated  in  contact  with  the  air,  they  burn  with  a  faint 
bluish  tlame.  Heated  with  strong  stitphurlc  acid,  they  give  off  ether,  and,  with  the 
dilute  acid,  alcohol.  Heated  with  hydrate  of  potassium,  they  yield  alcohol,  and  with 
quicklime  they  give  off,  first  alcohol,  afterwards  heavy  oil  of  wine  and  olefiant  gas. — • 
Heated  with  mcmgaric  peroxide  or  potassic  chromatc,  they  yield  aldehyde,  together 
with  wine-oil  and  other  products  of  decomposition.  (Jacquemin  and  Li  es-Bodard.) 

The  ethyl-sulphates  distilled  with  other  salts  yield  compound  ethers  ;  for  example : 

C-H^KO'  +  C^H^KSO'    =    K-SO'  +  C-H^(C-H')0^ 

I'otassic  Potassic  Klhylic 

acetate.         Ethyl-sulphale.  acetate. 

Compound  ethers  are  often  prepared  by  this  method.  According  to  Nadler  (Ann.  Ch. 
Pharm.  cxvi.  173;  Jahresb.  1860,  p.  403),  ethyl-sulphute  of  potassium  distilled  with 
nitrate  of  potassium,  yields,  not  ethylic  nitrate,  but  a  heavy  oily  liquid  consisting  of 
aceto-ethyl-nitrate,  CH'^'N^O',  a  compound  of  2  at.  ethylic-nitrate  and  1  at. 
aldehyde  (2C-H''N0^  +  C^H^O),  the  latter  being  produced  from  ethylic  nitrate  by 
elimination  of  NO-H. 

When  a  cold  concentrated  aqueous  solution  of  an  ethyl-sulphate  is  electrolysed  with 
platinum-plates  for  electrodes,  the  inorganic  base  is  separated  at  the  negative  pole, 
with  evolution  of  hydrogen,  whilst  free  sulphuric  acid  is  eliminated  at  the  positive 
pole,  together  with  oxygen  and  carbonic  dioxide,  an  odour  of  aldehyde  being  also 
perceptible.  If  the  positive  pole  is  formed  of  amalgamated  zinc,  it  becomes  coated 
with  a  film  of  ethyl-sulphate  of  zinc,  but  neither  aldehyde  nor  sulphuric  acid  makes  its 
appearance.    (Guthrie,  Ann.  Ch.  Pharm.  xcix.  64.) 

Ethyl-sulphate  of  Aluminium  is  gummy  and  deliquescent. 

The  ammonium-salt,  (C^H*)(NH^)SO'',  foi'ms  anhydrous  crystals  which  melt  at 
62°,  are  very  deliquescent,  and  very  soluble  in  water,  alcohol,  and  ether. 

The  hariu  m-salt,  (C-H^)^Ba"(S0*)''.2H-'0,  crystallises  in  monoclinic  prisms,  iso- 
morphous  with  the  methyl-sulphate,  and  exhibiting  the  combination  ooP  .  ccPoo  .  oP  . 
-Poo  .  +P.  Axes,  a:b:c  =  0  8229  :  0  9790  :  1.  Angle  i  :  c  =  84°  39';  aP  : 
coP(orthod.)  =  80°  20';  +P  :  +P  =  96°  44';  oP  :  ooP  =  93°  26';  ooPoo  :  -Poo 
=  121°  18'.  Cleavage  perfect,  parallel  to  ccFco  {Scha.hus,  Bcstimmuag  dcr  Krystall- 
f/fsialteit,  £$■(?.).  The  crystals  contain  8'48  per  cent;  water  of  crystallisation,  which  they 
give  off  in  a  vacuum.  The  anhydrous  salt  does  not  alter  at  lOO'-*,  but  the  hydrated  salt 
undergoes  slight  decomposition  at  that  temperature.  The  hydrated  salt  dissolves  in 
0''J2  pts.  water  at  17"';  it  is  soluble  also  in  alcohol  of  ordinary  strength.  Its 
aqueous  solution,  when  boiled,  becomes  turbid  and  acid,  and  deposits  sulphate  of  barium, 
and  the  filtered  liquid,  saturated  with  cai'bonate  of  barium,  yields  parathionate  of 
barium,  isomeric  with  the  ethyl-sulphate  (iv.  354). 

The  ca  d  m.  ium-salt,  (C^H^)-Cd"(SO'  )^.2H^O,'forms  long  limpid  prisms,  very  soluble 
in  water  and  in  alcohol,  insoluble  in  ether,  and  gi^'^ng  off  their  water  of  crystallisation 
in  a  vacuum. 

The  crt/fMJWi-sa^i  (C-H*)'Ca"(iS0*)^.2H-0,  forms  monoclinic  crystals,  apparently 
isomorphous  with  the  barium-salt.  Dominant  faces  ooP,  ooPoo .  Angle  ocP  :  ocP 
(orthod.)  =  80°  8' (Schabus).  The  crystals  are  permanent  in  the  air,  and  contain 
11-7  per  cent,  water,  which  they  give  off  in  a  vacuum,  or  when  heated  to  80°.  One 
part  of  the  salt  dissolves  in  1  pt.  water  at  8°,  in  0  8  pt.  at  17°,  in  0-63  pt.  at  30°,  and 
in  all  proportions  in  boiling  water.  The  salt  is  less  soluble  in  alcohol,  insoluble  in 
ether.    The  anlydrous  salt  begins  to  decompose  at  about  ]2l)°. 

'Th&.cobalt-salt,  (C-H»)-Co"(SO*)^.2H-0,  forms  dark -red  crystals,  permanent  in  the 
air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  cupric  salt,  (C-H'^)-Cu"(S0')-.4H-0,  crystallises  in  right  rectangular  prisms, 
or  laminfe  of  a  fine  blue  colour,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  ferric  salt,  obtained  by  dissolving  ferric  hydrate  in  ethylsulphuric  acid,  cry- 
stallises with  difficulty  in  yellow  deliquescent  tables,  soluble  in  water  and  in  alcohol, 
insoluble  in  ether. 

The  ferrous  salt,  obtained  by  dissolving  metallic  iron  in  the  acid,  crystallises  in 
greenish  prisms,  which  alter  very  quickly. 
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Lead-salts.-T:\it7iormal  snft,  (C2H=')Pb"(SO')'.2lPO,  crystallises  in  colourless 
transparent  tables,  very  soluble  in  water  and  in  alcohol,  and  baring  an  acid  reaction. 
They  contain  7'28  per  cent,  water  of  crystallisation,  which  they  give  oflfin  a  vacuum,  or 
when  heated.  They  undergo  gradual  decomposition.  The  solution  of  this  salt,  digested 
with  recently  precipitated  oxide  of  lead,  yields  an  uncrj'stallisable  basic  salt, 
(C-H^)-Pb"S-0'.Pb"0,  soluble  in  water  and  in  alcohol.  By  supersaturating  the  solu- 
tion of  the  neutral  salt  with  ammonia,  evaporating,  redissolving  the  residue  in  water, 
and  again  evaporating,  scales  are  obtained  containing  lead  and  ammonia. 

The  lithium-salt,  C-H'LiSOMi'^0,  forms  deliquescent  crystals. 

The  magnesium-salt,  (C^H*)^Mg"(S0*)-.4H-0,  forms  crystals  very  soluble  in  water, 
insoluble  in  alcohol  and  in  ether,  and  containing  20'8  per  cent,  water  of  crystallisation, 
half  of  which  goes  off  at  80°,  tl;e  rest  at  90°. 

The  m  anga'iiesc-salt,  (C^H')-Mn"(S0')-.4H^0,  forms  roseate  tables,  permanent  iu 
the  air,  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

The  mercuric  salt  is  very  unstable  and  dehquescent. 

The  nickel-salt,  (C-H*)-Ni"(S0')^.2H^0,  forms  green,  very  soluble,  granular  crys- 
tals. 

T}i&  potassi^lm-salt,  C^H^KSQS  crystallises  easily  iu  large,  colourless,  anhydrous 
tables  or  laminae  belonging  to  the  monoclinic  system,  and  exhibiting  the  combination 
ooP  .  oP  .  [Poo  ].  Axes  a  :  6  :  c  =  0-5730  :  0-6149  :  1.  Angle  h  :  c  =  80°  27  . 
ooP:  ooP  (othod.)  =  86°  53';  [Poo  ]  :  [P«  ]  =  60°  30' ;  oP  :  ooP  =  96°  33'.  Cleavage 
perfect  parallel  to  oP  (Schabus).  It  has  a  sweetish  saline  taste,  dissolves  in  0-8  pts. 
water  at  17°,  deliquesces  in  moist  air,  is  insoluble  in  absolute  alcohol  and  in  ether. 

The  silver-salt,  C-H^AgSO'.H'O,  forms  shining  scales,  which  dissolve  in  water 
and  in  alcohol,  and  do  not  give  off  their  water  of  crystallisation  till  raised  to  a  tempe- 
rature at  which  they  decompose. 

The  sodium- salt,  C^H'NaSO'.H^O,  crystallises  in  hexagonal  plates,  which  contain 
10-78  per  cent,  water  of  crystallisation,  effloresce  in  warm  air,  and  melt  to  a  colourless 
liquid  at  86°.  The  anhydrous  salt  does  not  melt  or  decompose  till  heated  above  100°. 
It  dissolves  in  0-61  pts.  water  at  17°,  and  is  even  more  deliquescent  than  the  potas- 
sium-salt. 

1h<d  strontium-salt,  (C^H'*)'Sr"(SO')',  forms  anhydrous  crystals  very  soluble  in 
■water. 

The  iiranic  salt  is  yellow,  and  decomposes  between  60°  and  70°. — The  uranous  salt 
crystallises  with  difficulty  and  is  deliquescent. 

The  zinc-salt,  (C-H^j'Zn"(S0'')'^.2n=0,  forms  large  colourless  tables,  very  soluble 
in  water  and  in  alcohol,  insoluble  in  ether. 

DiBTHYLic  or  Neutral  Ethylic  Sulphate,  or  Ethtlic  Ethtisul- 
PHATE,  (C^H=)^SO*  =  (C'H*)=O.SO».  Sulphuric  ether.  (Wetherill,  Ann.  Ch. 
Pharm.  Ix-vi.  117.) — This  compound  is  produced  by  direct  combination  of  ethylic 
oxide  with  sulphuric  anhydride  ;  also  by  the  action  of  sulphuric  anhydride  on  abso- 
lute alcohol,  the  alcoliol  being  first  dehydrated,  and  the  ether  thus  produced  uniting  with 
another  portion  of  sulphuric  anliydride. 

Preparation. — Vapour  of  sulphuric  anhydride  is  passed  into  a  flask  containing  ether 
and  surroimded  by  a  freezing  mixture.  The  vapour,  by  its  great  density,  sinks  to  the 
bottom  of  the  flask  and  comes  in  contact  with  the  ether,  and  the  liquid  after  a  while 
acquires  a  syrupy  cousistency,  so  that  it  requires  to  be  shaken  up  with  an  equal  bulk 
of  ether  and  four  times  its  bulk  of  water.  It  then  separates  into  two  layers,  the 
upper  of  which,  containing  the  ethylic  sulphate,  must  be  separated  from  the  lower, 
which  is  strongly  acid,  and  contains  sulphuric,  sulphurous,  ethionic,  and  etliyl-sulphuric 
acids  (p.  625),  mixed,  if  the  temperature  has  not  been  kept  low  enough,  with  black 
carbonaceous  particles,  and  also  with  isethionic  and  methionic  acids,  residting  from 
tlie  decomposition  of  the  ethionic  acid.  The  ethereal  liquid  is  then  shaken  up  with 
milk  of  lime  to  remove  the  sulphurous  acid — whereby  part  of  the  colouring  matter  is 
at  the  same  time  removed — then  washed  with  water,  filtered,  and  the  ether  distilled 
off.  In  the  retort  there  remains  an  oily  liquid,  containing  a  trace  of  ether,  and  having 
a  slightly  acid  reaction,  arising  from  the  decomposition  of  part  of  the  ethylic  sulphate, 
which  takes  place,  when  the  liquid  is  heated,  by  the  action  of  the  water  taken  up  by 
the  ether.  The  oil  is  then  transferred  from  the  retort  into  a  basin,  and  waslied  with  a 
small  quantity  of  water,  the  last  portions  of  which  are  carefully  removed  by  strips  of 
bibulous  paper,  after  which  the  liquid  is  dried  in  a  vacuum  over  sulphuric  acid. 

Properties. — Ethylic  sulphate  is  an  oily  liquid,  colourless  when  pure,  but  generally 
exhibiting  a  yellow  tint.  It  has  a  sharp  taste,  and  smells  like  oil  of  peppermint. 
Specific  gravity  1-120.  It  makes  greasy  spots  on  paper,  which  however  disappear 
after  a  while. 

1.  Decompositions. — This  compound  is  very  easily  decomposed  when  heated  in 
contact  with  the  air,  so  that  it  can  only  be  distiUcd  in  an  atmospliere  of  carbonic 
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aiihych'ido.  At  100'',  vapours  begin  to  rise,  which  condense  in  small  oily  drops  ; 
bet\ve(!n  llO""  and  120°,  the  oil  passes  over  uuclianf^ed ;  but  botweon  130-"  and  140^, 
the  liquid  blackens,  gives  off  sulphurous  anhydride  and  alcohol,  aud  at  a  higher 
temperature,  the  same  products  mixed  with  olefiant  gas. — 2.  Ethylic  sulphate  heated 
with  water,  forms,  without  separation  of  wine-oil,  a  very  acid  liquid,  which  gives  ort 
alcohol  when  boiled  ;  and  when  treated  with  carbonate  of  barium,  yields  three  soluble 
barium-salts — viz.,  methionate,  othylsulphate,  and  isethionate  of  barium.  The  first  of 
these  salts  is,  however,  so  small  in  quantity,  that  it  can  only  be  regarded  as  a  secondary 
product.  The  formation  of  the  other  products  may  be  represented  by  the  following 
equation : 

3(C-ff)-S0'  +  3H-0    =    2(C-H^)HS0'  +  (C^H')IPSO'  +  3(C'H=.H.O) 

Ethylic  Ethylsulphuric  Isethionic  Alcohol, 

sulphate.  acid.  acid. 

3.  Ethylic  sulphate  is  decomposed  by  an  excess  of  sulphuric  anhydride,  yielding 
ethylsulphuric  acid,  ethionic  acid,  and  ethionic  anhydride  ;  hence  the  formation  of 
these  products  in  the  preparation  of  the  compound  : 

2C'H"'S0»  -I-  oSO^    =    Cni'^SO^  +  C^H'^S'^O'    +  2C-H^S'0«. 

Ethylic  Etiiylsul-  Ethionic  Etbionic 

sulphate.  phuric  acid.  acid.  anhydride. 

4.  Sulpkydric  acid&oea  not  act  on  ethylic  sulphate  at  oidinary  temperatures,  hntsul- 
fhydrate  of  potassium  decomposes  it,  forming  mercaptan  and  sulphate  of  potassium  : 

(C-H5)=S0'  -I-  2KHS    =    2(C-'H^)HS  +  K=SO'. 

5.  Chlorine  does  not  decompose  ethylic  sulphate  at  ordinary  temperatures,  but 
combines  with  it,  forming  a  green  liquid,  which,  on  addition  of  water,  yields  the  com- 
pound in  its  original  state. — 6.  Potassium  does  not  act  on  sulphuric  ether  at  ordinary 
temperatures,  but  on  the  application  of  heat,  decomposes  it,  with  evolution  of  light 
and  heat,  forming  mercaptan,  together  with  other  products. — 7.  Sulphuric  ether 
dissolves  in  fuming  nitric  acid,  and  is  precipitated  from  the  solution  by  water.  On 
adding  caustic  potash  till  the  liquid  is  nearly  neutral,  and  applying  heat,  nitrous  other, 
C-ffNO-,  is  evolved. 

SuLPHETHAMic  A c I n,  C^H-^NS-O^  =  2C'H"'S0^NH'  =  (C^H*)7^,.  (Strocker, 

Ann.  Ch.  Pharm.  Ixxv.  46.) — Ethylic  sulphate  absorbs  ammonia-gas  with  rise  of 
temperature;  the  product  dissolves  easily  in  water  or  in  alcohol,  and  the  solution 
yields,  by  evaporation,  groups  of  crj'stalline  laminae,  consisting  of  s ul p  h e t  hamat  e 
of  ammonium.  This  salt,  treated  with  oxide  of  lead,  yields  the  sulphethamate  of 
that  base,  which,  wheu  decomposed  by  sulphuretted  hydrogen,  yields  the  free  acid. 
The  solution  of  sulphcthamic  acid  may  be  concentrated  by  evaporation ;  but  at  the 
boiling  heat  it  decomposes,  yielding  ft-ee  sulphuric  acid. 

Sulphcthaiiiafc  of  Ammonium,  C^H^-'(NH^)NS*0',  deliquesces  in  moist  air,  melts 
below  100°,  and  burns  at  a  stronger  heat,  with  a  faintly  luminous  flame,  emitting  an 
odoui-  like  that  of  ethylic  sulphide.  It  dissolves  easily  in  water  and  in  alcohol,  not  in 
ether.  The  solution  is  neutral,  and  does  not  precipitate  metallic  salts.  It  is  decom- 
posed by  alkalis  in  the  cold,  with  evolution  of  ammonia.  When  mixed  with  chloi'ide 
of  barium  and  nitric  acid,  it  does  not  yield  an  immediate  precipitate  of  sulphate  of 
barium,  but  the  mixture  becomes  cloudy  after  long  boiling. 

When  moist  sulphethamate  of  ammonium  is  heated  to  100°,  or  a  little  above,  it 
quickly  becomes  acid,  and  its  solution  is  then  precipitated  by  barium-salts.  If  the  am- 
monia be  precipitated  from  a  solution  of  the  salt  by  platinic  chloride  and  hydrochloric 
acid,  and  the  liquid  containing  the  excess  of  platinic  chloride  evaporated  over  the  water- 
bath,  crystals  of  cliloroplatinate  of  ethylamine  are  obtained.  It  appears  then  thr.t 
sulphethamic  acid  is  decomposed  by  heat,  under  the  influence  of  acids,  into  ethylamine 
and  sulphuric  acid,  other  products  not  yet  examined  being  likewise  produced.  Pos- 
sibly alcohol  and  isethionic  acid  are  formed  at  the  same  time,  according  to  the  equation : 
C'H-'NS-O^  -f  2H-0    =    C'^H'N  +  C=^H«SO*  +  2C-H«0  +  H-SO'. 

A  solution  of  the  ammonium-salt  evaporated  over  the  water-bath  with  baryta,  leaves 
nothing  but  sulphate  of  barium.  On  boiling  it  with  carbonate  of  barium  or  oxide 
of  lead,  till  all  the  ammonia  is  expelled,  and  then  distilling  with  potash,  ethylamine 
is  obtained. 

Sulphethamate  of  Barium  \s  obtained  by  boiling  the  aqueous  ammonium-salt  for  a 
short  time  with  carbonate  of  barium,  and  remains  on  evaporation  as  a  very  soluble 
mass,  crystallising  with  difficulty. — The  lead-salt,  prepared  in  like  manner  with  oxide 
of  lead,  the  excess  of  lead  being  removed  by  carbonic  acid,  crystallises  in  needles,  very 
soluble  in  water  and  alcohol  of  ordinary  strength,  slightly  soluble  in  absolute  aloohol. 
(S  t  re  ek  p  r.) 
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Mettaylsulpburio  Add,  (CH^)HSO'.  Sulpltomethylic  Acid.  (Dumas  and 
Peligot,  Ann.  Oh.  Phys.  Iviii.  64;  Ixi.  199.— Kane,  Phil.  Mag.  vii.  397.)— Produced 
in  large  quantity  by  mixing  1  pt.  of  wood-spirit  with  2  pts.  of'  strong  sulphuric  acid, 
the  mass  becoming  hot,  and  sometimes  crystallising  by  spontaneous  evaporation.  It  is 
obtained  pure  by  completely  decomposing  a  solution  of  its  barium-salt  with  sulphuric 
acid  ;  also  (according  to  Liebig)  by  dissolving  neutral  methylic  sulphate  in  boiling 
water,  and  leaving  the  solution  to  evaporate.  It  forms  colourless  needles,  soluble  in 
water  and  in  alcohol,  and  very  unstable. 

The  methylsulphates,  CH'MSO^,  are  all  very  soluble  in  water.  Those  of  the 
alkali-metals  yield,  by  distillation,  a  large  quantity  of  methylic  sulphate,  with  a  residue 
of  alkaline  sulphate : 

2CH=KS0'    =    (CH')=SO^  -i-  K'SO*. 
When  distilled  with  other  salts,  they  yield  methylic  ethers  by  double  decomposition, 
just  like  the  ethylsulphates. 

The  barium-salt,  (CH3)W(S0'f .2H=0,  obtained  by  saturatinga  mixture  of  sul- 
phuric acid  and  wood-spirit  with  carbonate  of  barium,  is  deposited,  hy  evaporation  in 
a  vacuum,  in  beautiful  nacreous  tables  or  laminae,  very  soluble  in  water.  The  crystals 
are  monoclinic,  exhibiting  the  combination  ooP  .  ooPoo  .  [  ooPco  ]  .  oP  .  [Poo  ].  Axes, 
a:  h:c  =^  0-824  :  1  907  :  1.  Angle  6  :  c  =  83°  30'  ;  ooP  :  aP  (clinod.)  =  47°  0'  ; 
[Poo  ]  :  [Pco  ]  =  79°  20' ;  oP  :  QoP  =  92°  35'.  Cleavage  perfect  pai-allel  to  ooPcc  . 
(Schabus).  By  dry  distillation,  the  salt  yields  sulphurous  oxide,  inflammable  gas, 
water,  and  neutral  methylic  sulphate,  leaving  sulphate  of  barium  slightly  coloured 
with  charcoal. — An  isomer  of  this  salt  is  obtained  in  very  thin  prisms,  when  wood- 
spirit  which  has  absorbed  the  vapour  of  sulphuric  anhydride  is  diluted  with  water 
and  saturated  with  baryta- water. 

The  calcium-salt,  (CH')-Ca"(SO')^  forms  anhydrous,  very  deliquescent  octalio- 
drons. 

The  lead-salt,  (CH')^Pb"(SO'')^  crystallises  in  long  prisms  containing  1  at.  water, 
or  sometimes  in  tables  containing  2  at.  water.  The  crystals  are  rery  soluble  and 
deliquescent. 

The  potassium-salt,  CIPKSO'.H^O,  forms  rhombic,  very  deliquescent,  monoclinic 
tables,  exhibiting  the  faces  oP  .  — P  .  ooP  .  [Poo  ].  Axes,  a  :  6  :  c  =  0-742  :  0-779  : 1. 
Angle  6  :  c  =  86°  51';  coP  :  ooP  (clinod)  =  87°  16';  _P  :  -P  =  99°  15'; 
[Poo]  :  [Poo]  =  40°  50'.  (Schabus.) 

The  uranic  salt,  (CH')'(U=0'')"(S0'')2.H-0,  obtained  by  precipitating  the  barium- 
salt  with  uranic  sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  is  deposited  after 
some  time  in  -very  deliquescent  crystals. 

DiMETHTLic  or  NEtJTKAL  Methtlic  Sulphate,  (CII')*SO'.  Methl/lalll- 
phwic  Ether.  (Dumas  and  Peligot,  Ann.  Ch.  Phys.  [2]  Iviii.  32.) — Produced  bytho 
direct  combination  of  sulphuric  anhydride  and  methylic  oxide:  (CH')*0  -i-  SO'  = 
(CH')*SO  ' ;  also  in  the  dry  distillation  of  methylsulphates. 

It  is  most  readily  prepared  by  distilling  1  pt.  of  wood-spirit  with  8  or  10  pts.  of 
strong  sulphuric  acid,  the  mixture  being  kept  in  a  state  of  gentle  ebidlition;  washing 
the  oily  liquid  which  condenses  in  the  receiver,  with  water;  agitating  it  with  chloride 
of  calcium ;  and  rectifying  it  several  times  over  finely-pounded  caustic  baryta. 

Methylic  sulphate  is  a  coloiu:less  oil,  having  an  alliaceous  odour  and  a  density  of 
1-324  at  22°  (Dumas  and  Peligot);  1-385  at  ordinary  temperatures  (Bod eke r, 
Jahresb.  1860,  p.  17).    It  boils  at  188°,  under  a  pressure  of  761  millimetres. 

It  is  slowly  decomposed  by  cold,  rapidly  by  boiling  ivatcr,  into  methylic  alcohol  and 
methylsulphuric  acid. — When  boiled  with  alkalis,  it  yields  methylic  alcohol  and  an 
alkaline  sulphate.— By  distillation  with  fused  chloride  of  sodium,  it  yields  methylic 
chloride  and  sulphate  of  sodium ;  with  benzoate  of  potassium,  metliyhc  benzoate  and 
sulphate  of  potassium  ;  with  formate  of  sodiu7n,  in  like  mannner,  it  yields  methylic 
formate ;  and  in  contact  with  sulphides  of  alkali-metal,  it  is  converted  into  methylic  sul- 
phide, (CH')^S. 

Amtnonia  converts  it  into  methylic  sulphamate  (sulphamethylane)  and  methylic 
alcohol : 

{CWfSO'  +  NH'    =    CffNSO'  +  (CH')HO. 
This  reaction  is  totally  diflferent  from  that  of  ethylic  sulphate  with  ammonia  (p.  625). 

Octylsulpburlc  Acid,  (C'H")IISO'.  Capri/lsulphuric  or  Sulphocaprylic  Acid. 
(Bouis,  Compt.  rend.xxxiii.  144;  xxxviii.  935.)— Produced  by  gradually  mixing  2  pts. 
of  octylic  alcohol  with  1  pt.  of  strong  sulphuric  acid,  keeping  the  mixture  cool  at  first, 
but  afterwards  assisting  the  action  by  a  gentle  heat.  It  then  separates  into  two  layers, 
the  upper  of  which,  consisting  chiefly  of  octylsulpliurie  acid,  may  be  diluted  with  water, 
and  neutralised  with  carbonate  of  barium,  calcium,  or  lead. 

The  pure  acid,  obtained  by  decomposing  the  lead-salt  with  sulphydric  acid,  or  the 
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hanum-salt  with  sulphuric  aeiJ,  and  evaporating  in  a  vacmim  over  oil  of  vitriol,  is  a 
limpid,  colourless,  syrupy,  strongly  acid  liquid,  which  dissolves  very  readily  in  water 
and  alcohol,  and  dissolves  zinc  andiron  with  evolution  of  hydrogen.  It  blackens  when 
lieated,  and  its  aqueous  solution,  when  boiled,  is  resolved  into  octylic  alcohol  and  sul- 
phuric acid. 

Octylsulphate  of  Barium,  (CTI")'Ba"(SO^)^,  is  obta,ined  in  fine,  flexible,  nacreous 
crystals  containing  2  at.  water,  by  coohng  its  solution,  or  leaving  it  over  oil  of  vitriol ; 
the  crysta,ls,  merely  freed  from  mother-liquor  by  pressure  between  filter-paper,  contain 
3  at.  water.  It  is  very  soluble  in  water,  has  an  extremely  bitter  taste,  and  leaves  a 
strongly  saccharine  aftertaste.  The  solution  is  decomposed  by  boiling,  and  the  dry 
.salt  by  heating  to  100^,  or  by  prolongfd  keeping  in  a  vacuum. 

The  calcium-salt  crystallises  in  colourless  tables,  bitter  and  soapy  to  the  touch. 

The  neutral  lead-salt  crystallises  readily  :  its  solution  is  acid  to  test-paper.  By 
digestion  with  massicot,  it  yields  a  colourless  alkaline  solution,  containing  a  basic  lead- 
salt,  which,  on  exposure  to  the  air,  becomes  covered  with  pellicles  of  lead-carbonate,  and 
is  reconverted  into  the  neutral  salt. 

The  potassium-salt,  C''H"KiSO'.H-0,  is  white,  nacreous,  permanent  in  the  air,  very 
soluble  in  water  and  in  alcohol.  When  heated,  it  begins  to  fuse,  and  burns  with  a 
bright  flame  without  carbonisation.    It  decomposes  at  temperatures  above  100°. 

Ptaenylsulpburic  Acid,  C'H'SO'  =  (C''H*)HSO'.  Sulphophenic  or  Sidi^ho- 
2>heni/lic  Acid.  (Laurent,  Ann.  Ch.  Phys.  [3],  iii.  203. — Fround,  Ann.  Ch.  Pharm. 
cxx.76;  Jahresb.  1861,p.617.) — Prepared  by  treating  phenol  with  excess  of  strong  sul- 
phuric acid  ;  diluting  with  water  after  about  twenty-four  hours  ;  saturating  the  solution 
with  carbonate  of  barium  ;  filtering,  evaporating,  and  purifying  the  crystallised  barium- 
salt  thus  obtained  by  reerystallisation  from  alcohol ;  and  decomposing  it  with  an  equi- 
valent quantity  of  sulphuric  acid  (Laurent). — Or  the  barium-salt  may  be  converted 
into  a  cupric  salt  by  double  decomposition  with  cupric  sulphate,  and  the  cupric  salt 
decomposed  by  sulphydric  acid.  (Freund.) 

I'henylsulphuric  acid  may  be  obtained,  by  evaporation  in  a  vacuum  over  oil  of 
vitriol,  in  slender  needle-shaped  crystals  (Lauren  t  obtained  it  only  as  asyrup).  The 
recently  prepared  solution  yields,  by  distillation,  first  water  containing  phenol,  then 
pure  phenol,  together  with  sulphurous  anhydride ;  and  leaves  a  carbonaceous  residue,  tho 
acid  being  first  resolved  into  phenol  and  sulphuric  acid,  (CH^SO*  +  =  C"H''0 

-I-  IPSO^),  which  is  subsequently  reduced  to  sulphurous  acid  by  the  organic  matter 
present.  (Freund.) 

Phenylsulphatcs,  CH^MSO^  and  (C'=H'*)2M"(S0')-.— The  ammo7uwn-saU, 
2O'll\mi')ii0\W0,  crystallises  in  scales.— The  barium-salt,  {C<'W)ma.\m')-.m''0, 
crystallises  in  spherical  groups  of  microscopic  needles,  which  give  off  their  water  of 
crystallisation  at  100°,  and  yield  phenol  by  dry  distillation.  (Laurent.) 

The  cupric  salt,  C"H"'Cu"S-0',  separates  from  a  concentrated  aqueous  solution  on 
cooling,  or  by  spontaneous  evaporation,  in  greenish-blue  permanent  crystals  containing 
6  at.  water;  and  the  dark-green  mother-liquor  yields,  by  further  concentration,  crystals 
containing  4  at.  water.  The  mother-liquor  remaining  after  the  hexhydrated  crystals 
Inid  separated  by  spontaneous  evaporation,  once  yielded,  after  some  time,  probably  in 
consequence  of  depression  of  temperature,  well-defined  efflorescent  crystals  having 
the  colour  of  blue  vitriol,  and  containing  10  at.  water.  (Freund.) 

The  cohalt-sali,  C'-II'»Co"S-'0».8H-0,  forms  beautiful  crystals,  having  tho  colour  of 
neutral  cobalt-sulphate,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol, 
and  giving  up  part  of  their  water  (19  per  cent.)  at  180^. — The  nickel-salt, 
C"'H'"Ni"S-0''.8lI-0,  forms  emerald-green  crystals,  which  are  permanent  in  the  air, 
dissolve  in  water  and  in  alcohol,  and  acquire  a  canary-yellow  colour  when  dehydrated. 
(Freund.) 

The  magnesium-salt  forms  white  needle-slniped  crystals,  soluble  in  water  and  in 
alcohol. 

The  potassium-salt,  CIPKSO'.IPO,  forms  small  silky  crystals,  soluble  in  water  and 
in  alcohol. 

The  silver-salt,  dried  over  oil  of  vitriol,  is  anhydrous,  very  soluble  in  water  and  in 
alcohol,  and  crystallises  indistinctly.  (Freund.) 

Paraphcnylsulphuric  Acid,  CH'^SO',  called  Oxyphcnylsulphuric  Acid  by  R. 
Schmitt(Ann.  Ch.  Pharm.  cxx.  129;  Jahresb.  1861,  p.  623.)— This  acid  is  producer] : 

1.  By  passing  a  rapid  stream  of  nitrous  acid  vapour  into  a  hot  saturated  solution  of 
phenylsulphamic  (sulphanilic)  acid  (p.  477) : 

C^H'NSO^  +  HNO'    =    C«H«SO'  +  H'O  -^  N'^. 

2.  By  heating  diazophenylsulphurous  acid  to  80°: 

C«H^N=SO'      H-0    =    CH^SO*  + 
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If  this  decomposition  bo  allowed  to  take  place  in  a  vessel  from  whieh  air  is  excluded, 
and  the  resulting  liquid  be  concentrated  over  the  water-bath,  in  a  flask  into  which  a 
stream  of  carbonic  acid  gas  is  continually  passed,  the  acid  is  obtained  as  a  light-brown 
uncrystallisable  syrup.  (Schmitt.) 

Paraphenylsulphurie  acid  decomposes  carbonates,  and  forms  salts  which  are  very 
soluble  in  water,  and  can  be  obtained  in  the  crystalline  state  only  by  evaporating 
their  solutions  to  dryness. — The  barium-salt,  C'-H"'Ba"S'0^.a'H-0,  requires  a  strong 
heat  to  decompose  it.  AVhen  heated  with  solid  potash,  it  forms  sulphate  of  potassium, 
and  gives  off  phenol. — The  sUvcr-salt,  CH^AgSO*,  bears  in  the  dry  state  a  tolerably 
high  temperature  without  decomposition.  Both  these  salts  have  a  yellowish  or  brownish 
colour.  (Schmitt.) 

Bihromophe7i'ylsulphuric  Acid,  C'H'Br'SO'',  is  produced  by  boiling  diazodibro- 
mophenylsulphurous  acid  {infra)  with  water.  By  saturating  its  aqueous  solution  with 
carbonate  of  ammonium,  adding  chloride  of  barium,  and  recrystallising  the  resulting 
precipitate,  the  barium-salt  is  obtained  in  needle-shaped  crystals.  (Schmitt.) 

Appendix  to  Phenplsulpkuric  Acid. 

Phenylstjlphueous  Acid,  (C^H*)HS0'. — To  the  description  of  this  acid 
already  given  (p.  564),  we  have  to  add  the  following  results  obtained  byFreund 
(Ann.  Ch.  Pharm.  cxx.  76): — Pure  benzene  (prepared  by  distilhng  calcic  benzoate),  left 
in  contact  with  frequently-renewed  quantities  of  pure  strong  sulphuric  acid  at  ordinary 
temperatures,  and  repicatedly  shaken,  dissolves  completely,  without  evolution  of  sul- 
phurous oxide ;  and  the  product  diluted  with  water  also  dissolves  perfectly,  forming  a 
clear  liquid  ;  and  by  neutralising  this  liquid  with  carbonate  of  barium,  filtering,  evapo- 
rating to  dryness,  redissolving  in  water,  and  again  concentrating,  pure  plienylsvlphite 
of  barium  is  obtained,  in  transparent  nacreous  laminae  or  tables,  contaiiu'ng 
C'^H'"Ba"S-0''.2H^0.  This  salt  is  slightly  soluble  in  alcohol,  and  effloresces  over  oil 
of  vitriol,  but  not  on  mere  exposm-e  to  the  air. —  Cupric  phenyhulphitc,  C'-H'°Cu"S^O''. 
6H^0,  prepared  by  decomposing  the  barium-salt  with  cupric  sulphate,  evaporating  the 
filtrate  to  dryness,  and  redissolving  in  alcohol,  crystallises  from  a  hot  concentrated 
alcoholic  or  aqueous  solution,  on  cooling,  in  large,  thin,  tabular,  light-blue  crystals, 
permanent  in  the  air ;  by  spontaneous  evaporation  of  the  aqueous  solution,  also  in 
well-defined  crystals. — The  silver-salt,  CH^AgSO^.SH-O,  produced  by  precipitating  the 
barium-salt  with  sulphate  of  silver,  forms  tabular  crystals,  soluble  in  water  and  in 
alcohol. 

Fhenylsulphurous  acid,  obtained  by  decomposing  the  cupric  salt  with  sulphuretted 
hydrogen,  crystallises  by  evaporation,  in  slender  very  deliquescent  needles.  The 
aqueous  solution,  when  distilled,  begins  to  decompose  as  soon  as  it  attains  a  syrupy 
consistence,  giving  off  sulphurous  oxide,  benzene,  and  sulphobenzide  (p.  486),  which 
condenses  in  the  crystalline  form  ;  the  distillate  also  contains  sulpliuric  and  undecom- 
posed  phenylsulphurous  acids,  while  a  black  liquid,  or  a  light,  shining,  carbonaceous 
mass,  is  left  behind,  according  to  the  strength  and  duration  of  the  heating.  Phenyl- 
sulphurous acid  is  therefore  decomposed  by  distillation,  partly  by  assumption  of  1  at. 
water,  into  benzene  and  sulphuric  acid  : 

C'^H-'SO'  H-  WO    =    C'H*  +  H-SO'; 
partly  into  sulphobenzide  and  sulphuric  acid : 

At  the  same  time,  a  secondary  decomposition  takes  place,  attended  with  elimination  of 
sulphurous  acid  and  separation  of  carbon.  (Freund.) 

Par nphtni/l sulphurous  Acid. — This  name  may  be  applied  to  an  uncrystalli- 
sable modification  of  phenylsulphurous  acid,  obtained — according  to  R.  Schmi  tt  (Ann. 
Ch.  Pharm.  cxx.  129),  by  whom  it  is  inappropriately  termed  "  phcnylsulphuric  acid" 
(Plienylschwcfsdure) — by  heating  diazophenylsnlphurous  acid  {infra)  with  absolute 
alcohol  under  pressure. — Its  barium-salt,  C'-H"'Ba"S-'0''.xH^O,  is  soluble  in  water, 
slightly  soluble  in  alcohol,  gives  off  its  water  of  crystallisation  at  110°,  and  decom- 
poses at  a  higher  temperature. — The  lead-salt,  C'-H'°Pb"S'-0°..rH"0,  is  a  colourless 
crystalline  mass,  easily  soluble  in  water,  very  slightly  soluble  in  alcohol. 

Dibroviophenyl snlphurotis  Acid,  C''H^Br"SO^  (Schmitt's  Dibromophmyl- 
schwefsdure),  is  produced  by  boiling  diazodibromophenylsulphurous  acid  with  absolute 
alcohol  under  pressure.  By  evaporation  it  is  obtained  as  a  brown  liquid,  which  soli- 
difies after  some  time  to  a  crystalline  mass  ;  and  by  precipitating  its  solution  with 
acetate  of  lead,  decomposing  the  lead-salt  with  sidphuretted  hydrogen,  and  evaporating, 
it  may  be  obtained  in  needle-shaped  crystals  containing  1  at.  water;  these  crystals 
molt  at  84° — 86°,  without  loss  of  water,  and  decompose  at  a  higher  temperature. 
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The  sails  of  this  acid  resemble  the  dibromosulphanilates  (p.  478)  iu  solubility. — The 
harium-salt,  C'*H''Ba"Br'S'0''.a'H-O,  obtained  by  precipitation,  crystallises  from  hot 
water  in  long  needles,  sparingly  soluble  in  cold  water  and  in  alcohol ;  it  gives  off  its 
water  at  100°,  but  does  not  decompose  oven  at  200°.  By  dry  distillation,  it  gives  off 
water,  sulphurous  oxide,  and  an  oil  having  the  odour  of  bromobenzene. — The  Icad- 
and  silver-salts  crystallise  in  needles  slightly  soluble  in  water. — The  potassium-salt 
forms  easily  soluble  needles.    (^Schmitt,  loc.  (it.) 

Diazo2>he7iylsulphurous  Acid,  C"H'N-'SO'  (Schmitt,  loc.  cit.).  Biazophcnyl- 
schwcfelsdure. — This  acid  is  produced  by  the  action  of  nitrous  acid  on  sulphanilic  acid 
(p.  478),  2C«H'NS0^  +  N'O'  =  2C«H'N-S0^  +  3H-0.  It  is  insoluble  in  cold 
water,  but  dissolves  easily  in  water  at  60° — 70°,  and  separates,  by  rapid  cooling,  in 
small  colourless  needles.  It  is  insoluble  in  cold  alcohol,  and  is  decomposed  by  boiling 
alcohol,  with  evolution  of  nitrogen.  Its  aqueous  solution  is  very  unstable,  and  gives 
off  nitrogen  continuously.  When  heated  to  100°,  it  decomposes  with  explosive  violence, 
leaving  a  brown  woolly  substance.  Gaseous  ammonia  decomposes  it  with  cxjilosion. 
It  is  decomposed  by  hydriodic  and  hydrohromic  acids,  with  evolution  of  nitrogen  ; 
and  by  sulphydric  acid,  with  evolution  of  nitrogen,  separation  of  sulphur,  and  formation 
of  sulphanilic  acid : 

2C"H^N^S0'  +  SII^S    =    2C''H-NS0'  +       +  N^. 

When  boiled  with  alcohol  of  90  per  cent.,  it  yields  aldehyde,  paraphenylsulphurous 
acid,  and  parapihenylsulphuric  acid  ;  but  when  it  is  heated  with  absolute  alcohol,  under 
pressure,  only  the  first  two  products  are  obtained,  thus : 

Biazodibromopihctiylsulpihurous  acid,  CH^Br-N-SO',  is  produced  by  the 
action  of  nitrous  acid  on  bromosulphanilic  acid  (p.  479).  It  forms  yellowish-white 
scales,  which  are  permanent  at  100°,  but  decompose  with  detonation  at  a  higher  tem- 
perature. It  dissolves  in  alcohol,  but  not  without  detonation  ;  is  nearly  insoluble  in 
colli  water,  easily  soluble  in  hot  water  ;  but  decomposes  in  aqueous  solution  at  tiio 
boiling  heat,  with  evolution  of  nitrogen.  Its  reactions  are  similar  to  those  of  diazo- 
phenylsulphurous  acid. 

Tetrylsulpliuric  Acid,  (C'H')IISO'.  Butyl sulpilmric  Acid.  Sidphohutylic  Acid. 
(Wurtz,  Compt.  rend.  xxxv.  310.) — Produced  by  mixing  tetrylic  alcohol  with  an  equal 
volume  of  strong  sulphuric  acid,  taking  care  that  the  mixture  does  not  become  hot. 
After  about  twenty-four  hours  the  action  is  complete,  and  a  product  is  obtained  perfectly 
soluble  in  water.  The  solution,  saturated  with  carbonate  of  potassium,  and  evapo- 
rated to  dryness  over  the  water-bath,  yields  a  mixture  of  sulphate  and  tetrylsulphate 
of  potassium. 

The  tetrylsulphate,  C'H'KSO',  extracted  from  the  mixture  by  boiling  absolute 
alcoliol,  crystallises  on  cooling,  in  shining  anhydrous  lamina',  which  when  dry  have  a 
nacreous  lustre,  and  are  unctuous  to  the  touch.  The  salt  distilled  with  cyanate  of 
potassium  yields  a  mixture  of  tetrylic  cyanate  and  cyanurate. 

Tritylsulphuric  Acid,  (C"H')nSO"'.  Propyhidp?mric  or  Sidphoiwopylic  Acid. 
(ChancoL  Compt.  rend,  xxxvii.  410.) — The  potassium-salt  of  this  acid,  C'^TI'KSOS 
prepared  from  tritylic  alcohol  in  the  same  manner  as  the  preceding,  crystallises  oa 
eooliug  from  alcoholic  solution,  in  anhydrous  very  slender  needles,  extremely  soluble  in 
water. 


Hyposulpburous  Compounds. 

Hypostjlphtjrous  or  Thiosulphuric  Acid,  H'S-O^;  called  also  Bi- 
ihumous  Acid,  and  Svlpihurcttcd  Sulphurous  Acid.  (Gay-Lussac,  Ann.  Chim-. 
Ixxxv.  199.— Herschel,  Ed.  Phil.  J.  i.  8,  296;  ii.  154.— Kessler,  Pogg.  Ann. 
Ixxxiv.  274.— Vohl,  Ann.  Ch.  Pharra.  sciv.  237.— Slater,  Chem.  Gaz.  1856, 
p.  369.) — This  acid  is  scarcely  known  in  the  free  state,  since,  when  liberated 
from  any  of  its  salts  by  the  action  of  a  stronger  acid,  it  is  almost  immediately 
resolved  into  sulphurous  acid  and  sulphur :  H-S'O^  =  H'-SO'  +  S.  According 
to  H.  Hose,  however  (Traitk  de  Chimie  analyticpue,  i.  475),  the  decomposition  is 
never  complete  unless  the  quantity  of  hyposulphite  operated  iipon  is  very  small;  and 
tlie  liquid,  if  filtered  from  the  deposited  sulphur,  even  after  several  weeks,  still  exhibits 
the  reactions  of  hyposulphurous  acid.  According  to  Fliickinger  (J.  Pliarm.  [3], 
xlvi.  463;  Jahresb.  1863,  p.  149),  sm.all  quantities  of  this  acid  are  often  found  in 
flowers  of  sulphur,  in  precipitated  sulphur,  in  sulphur  which  has  been  crystallised 
from  carbonic  disulphide,  and  even  in  roll-sul]ihur.    Fliickinger  finds  also  that  it  is 
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produced  by  the  action  of  aqueous  sulphurous  acid  on  pure  sulphur,  even  at  ordinary 
temperatures,  but  more  readily  at  80°  or  90°  in  a  sealed  tube.  When  a  mixture  of 
finely-divided  cadmium,  sulphide  of  cadmium,  and  sulphur,  moistened  with  absolute 
alcohol,  was  treated  with  sulphurous  acid,  sulphuretted  hydrogen  then  passed  into  the 
filtrate  after  the  sulphurous  acid  had  evaporated,  and  the  excess  of  sulphuretted 
hydrogen  removed,  the  liquid  after  five  months  still  exhibited  the  reactions  of- hyposul- 
phurous  acid, — a  fact  which  confirms  H.  Eose's  statement  as  to  the  stability  of  that 
acid  in  dilute  solutions. 

Hyposulphite  s. — These  salts  may  for  the  most  part  be  regarded  either  as  analogous 
to  the  formates  (MHCO^),  and  represented  by  the  formulse  MHSO-  and  M"H-S'^0',  or 

as  hydrated  thiosnlphates,         |  SO^H^O,  derived  from  sulphates,         !  SO',  by  the 

substitution  of  S  for  0  : 

IVPS^O^H^O    =  2MHS02 
M"S^0'.H20    =  M"H=S20'. 

The  former  view  is  in  accordance  with  the  fact  established  by  H.  Rose,  that  nearly 
nil  hyposulphites  contain  at  least  one  atom  of  hj'drogen  ;  also  with  the  formation 
of  hyposulphites  by  the  action  of  sodium,  zinc,  or  iron  on  aqueous  sulphurous  acid, 
just  as  sodic  formate  is  produced  by  the  action  of  sodium  on  carbonic  acid  (ii.  683) : 
2H^S0'  +  Na^    =    NaHSO^  +  NaHSO'  +  H^O. 

Sulphurous  Kodic  hypo-      Acid  sodic 

acid.  su'phite.  sulphite. 

2H2CO'  +  Na"    =    NaHCO^  +  NaHCO'  +  H'O. 

Carbonic  Sodic  Acid  sodic 

acid,  formate.  carbonate. 

But,  on  the  other  hand,  hyposulphate  of  lead  contains  no  water  of  crystallisation, 
and  may  be  rendered  completely  anhydrous  by  heating  to  100°  (Papc,  Jahresb.  1864, 
p.  57) :  it  cannot,  therefore,  be  regarded  as  analogous  to  a  formate,  but  must  be 
represented  by  the  formula  Pb"S'0'.  The  potassium-salt  appears  also  to  be  capable 
of  crystallising  with  less  than  1  at.  water.  The  dibasic  formula  M^SO'  is  also  more 
in  accordance  with  the  tendency  of  hyposulpliurous  acid  to  form  double  salts. 

Hyposulphites  are  produced : — a.  By  passing  sulphurous  oxide  through  a  solution  of 
an  alkaline  sulphide,  the  reaction  being  accompanied  by  deposition  of  sulphur ;  e.ff. : 
2Na'S    -t-  380^    =    2Na2S^O»  +  S 
2Na^S^  +  380=    =    2Na2S=0'  +  S' ; 

or,  better,  by  digesting  or  boiling  sulphur  with  a  solution  of  an  alkaline  sulphite ; 
thus : 

Na^SO'  +  S    =  Na^S^O'. 
p.  By  boiling  sulphur  with  a  solution  of  alkaline  hydrate,  an  alkaline  pentasulphide 
being  formed  at  the  same  time  ;  thus  with  calcic  hydrate  : 

SCaH^O^  +  =    CaS'O^  -t-  2CdS^  +  3K-0. 

By  exposing  the  resulting  solution  to  the  air  till  it  becomes  colourless,  the  pentasul- 
phide is  further  resolved  into  sulphur  and  hyposulphite  : 

CaS*  +  0=    =    CaS^O'  +  S\ 

In  this  manner  hyposulphites  are  obtained  from  gas-lime  refuse  and  ball-soda 
refuse,  which  contain  sulphide  of  calcium. 

y.  By  the  action  of  certain  metals  on  aqueous  sulphurous  acid  {supra). 

5.  According  to  Eathke  and  Zschiesche  (J.  pr.  Chem.  xcii.  141),  hyposulphites 
are  produced,  together  with  hyposiilphates  (dithionates),  when  selenium  is  dissolved  in  an 
alkaline  sulphite.  By  quickly  evaporating  such  a  solution,  recently  prepared  and  satu- 
rated, a  crystalline  mass  is  obtained,  coloured  red  by  separated  selenium,  and  consisting 
mainly  of  alkaline  sulphite  mixed  with  hyposulphate ;  and  the  solution  of  these 
crystals,  freed  from  selenium  by  filtration,  and  evaporated  (even  in  an  atmospliere  of 
hydrogen),  again  deposits  selenium,  and  afterwards  a  mixture  of  sulphite  and  hj'po- 
sidphite.  The  mother-liquor  of  the  first  crystals  also  leaves,  when  evaporated,  a 
certain  quantity  of  selenium,  and  a  crystalline  mass  consisting  of  a  small  quantity  of 
sulphite,  and  a  large  quantity  of  hyposulphite  together  with  separated  sulphiu-. 

The  hyposulphites  of  the  alkali-metals,  alkaline  earth-metals,  and  magnesium  are 
soluble  in  water.  That  of  barium,  however,  is  only  slightly  soluble,  and  may  be 
obtained,  as  a  crystalline  precipitate,  by  mixing  the  solutions  of  baric  chloride  and 
sodic  hyposulphite. 

Solutions  of  hyposulphites  dissolve  chloride,  iodide  and  bromide  of  silver,  mercm-ous 
chloride,  iodide  of  lead,  sulphate  of  calcium,  and  sulphate  of  lead.  Mercuric  iodide 
dissolves  in  cold  aqueous  hyposulphite  of  sodium,  and  the  solution  when  heated 


HYPOSULPHITES. 


631 


deposits  red  sulphide  of  mercury  free  from  iodide. — -Cuprous  and  cupric  hydrates 
dissolve  in  the  same  salt  at  ordinary  temperatures,  and  are  precipitated  on  heating 
( F  i  e  1  d,  Chem.  Soc.  Qu.  J.  xvi.  28 ;  Jahresb.  1 863,  p.  179).— According  to  D  i  e  h  1  ( Jahresb. 
ISGO,  p.  78),  the  ferroeyanides  of  zinc,  maufranese,  cobalt,  nickel,  cadmium,  and  tin  are 
insoluble  in  aqueous  hyposulphite  of  sodium ,  whereas  those  of  potassium,  copper, 
lead  and  silver,  and  the  ferricyanides  of  silver  and  mercury,  are  dissolved  by  it.  The 
■white  precipitate  formed  by  ferrocyanide  of  potassium  in  ferrous  salts  is  not  dissolved 
by  it;  the  Prussian-blues  arc  converted  into  a  white  compound. — The  alkaline 
cyanides  and  ferroeyanides  are  converted,  by  fusion  with  the  liyposulphitcs  of  potassium 
and  sodium,  into  sulphocyanates.    (Frohde,  p.  614.) 

Solutions  of  hyposulphites  give,  with  mercuric,  plumbic  and  argentic  salts,  white 
precipitates  of  metallic  hyposulphites,  which  speedily  become  yellow,  brown,  and  black, 
especially  if  heated,  owing  to  the  resolution  of  the  hyposulphite  into  metallic  sulphide 
and  sulphuric  acid  : 

Ag'SO'.H-O    =    Ag-S  +  W-SO\ 

With  stannous  chloride  they  give  off  a  brown,  and  with  mcrcurous  nitrate,  nickel-salts, 
and  cobalt-salts,  a  black  precipitate  of  metallic  sulphide. — With  ferrous  setlts  they 
give  no  precipitate,  even  at  the  boiling  heat,  under  the  ordinary  atmospheric  pressure  ; 
but  by  prolonged  heating  to  130° — 140°  in  sealed  tubes,  the  iron  is  completely 
precipitated  as  sulphide. — Zinc  is  but  partially  precipitated  even  at  120°,  and 
manganese  not  at  all,  unless  iron  is  also  present,  in  which  case  a  manganiferous 
sulphide  of  iron  is  thrown  down  under  increased  pressure  (Wolcott  Gibbs,  Sill. 
Am.  J.  xxxvii.  346  ;  Jahresl).  1864,  p.  183). — When  a  soluble  hyposulphite  is  boiled 
with  an  aluminittm-salt,  alumina  and  sulplmr  are  precipitated,  sulphurous  oxide  is 
evolved,  and  the  acid  of  the  aluminium-salt  remains  in  solution  combined  with  the 
base  of  the  hyposulphite  (Chancel,  i.  186) ;  e.g.: 

SNa^S'^O'  +  Al-(SO^)'    =    APO'  -i-  S'  -f  3S0«  +  3Na=S0'. 
According  to  Gibbs,  the  precipitation  is  accelerated  by  heating  under  increased 
pressure,  and  the  precipitated  alumina  is  then  insoluble  in  dilute  sulpluu'ic  acid,  and 
nearly  insoluble  in  cold  concentrated  hydrochloric  acid. 

Hyposulphites  heated  with  hi/Jrochloric  acid,  give  off  sulphurous  oxide  and  deposit 
sulphur,  which  in  this  case  is  yellow,  not  white,  as  it  usually  is  when  precipitated 
iVom  solution.  When  treated  with  iodine,  they  form  a  metallic  iodide  and  a  tetra- 
thionate,  thus  : 

2Ba"S^0'  -t-  1=    =    Ba'I-  -i-  Ba'-S^O". 

These  two  reactions  distinguish  hjrposulphurous  from  sulphurous  acid.  The  reaction 
with  iodine  is  sometimes  used  for  the  volumetric  estimation  of  that  substance 
(Brown,  Chem.  Soc.  Qu.  J.  x.  71). — Hyposulphites  treated  with  hi/pochltn-ite  of 
sodium,  or  with  chlorine  in  presence  of  water,  are  completely  converted  into  sulphates 
even  at  ordinary  temperatures  ;  e.  g. : 

Na^S-0'  +  CP  +  5IF0    =    8HC1  -h  2NaHS0'. 

Hyposulphites  ai'e  oxidised  by  permanganate  of  potassium.,  and  converted  into 
sulphates  and  hyposulphatos  :  in  an  alkaline  solution,  1  at.  hyposulpihite  of  sodium 
takes  up  exactly  4  at.  oxygen,  and  is  converted  into  sulphate:  Na'-S-'OMI'O  -f  0'  = 
2NaHS0'  (Pean-de-St-Gilles,  Ann.  Ch.  Phys.  [3],  Iv.  374;  Jahresb.  1858, 
p.  583).  Neutral  chromates  are  not  decomposed  by  sodic  hyposulphite  even  at  the 
boiling  heat ;  but  acid,  chromates  are  reduced  to  neutral  chromates,  especially  on 
Iieatiiig,  with  separation  of  CrO^.    (E.  Kopp,  Jahresb.  1864,  p.  233.) 

Hyposulphites  treated  with  zinc  and  hjdrochloric  acid,  yield  free  sulphur  and  a 
large  quantity  of  sulphydric  acid.  This  reaction  is  extremely  delicate,  serving, 
according  to  E.  J.  E  oy  n  o  Id  s  (Chem.  News,  viii.  283)  for  the  detection  of  5755,000*'!  P^rt 
of  sodic  hyposulpliite  in  a  solution,  if  a  piece  of  paper  moistened  with  acetate  of  lead 
be  exposed  to  the  evolved  sulphydric  acid. 

Ail  hyposulphites  are  decomposed  by  heat,  those  of  the  alkali-metals  into  a  poly- 
sulphide  and  a  sulphate;  e.g. : 

4Na'S^0'    =    SNa^SO'  -t-  Na=S\ 

Those  which  contain  water  of  crystallisation  (e.g.,  the  potassium-,  sodium-,  and  barium- 
salts)  do  not  give  it  up  till  they  are  heated  nearly  to  the  point  (about  220°)  at  which 
decomposition  begins.    (Pape,  Jahresb.  1864,  p.  67.) 

To  detect  hyposulphurous  acid  in  presence  of  sulphydric  acid  or  a  soluble  sulphide, 
the  solution  is  made  neutr.al  and  precipitated  by  a  zinc-salt,  the  sulphide  of  zinc 
filtered  off,  and  the  filtrate  tested  for  hyposulphurous  acid. 

Soluble  hyposulphites,  especially  the  sodium-salt,  are  much  used  for  fixing  photo- 
graphic pictures,  which  they  effect  by  dissolving  out  the  chloride  of  silver  which  has 
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not  been  acted  upon  by  light.  The  sodium-salt  is  also  largely  employed  as  an 
antichlore,  for  removing  the  last  traces  of  chlorine  from  bleached  fabrics.  On  the 
use  of  soluble  hyposulphites  as  mordants  in  cahco-printing,  see  E.  Kopp  (Dingl.  pol. 
J.  cl.  383). 

Hyposulphite  of  Ammonium,  3(NH^)^S^0^H^0  (Eammelsberg),  is  obtained 
by  decomposing  the  calcium-salt  with  carbonate  of  ammonium,  and  separates,  by 
evaporation,  in  very  deliquescent  needles  or  rhombic  plates. 

Hyposulpbite  of  Barium,  Ba"S^O'.H^O  or  Ba"II-S-0*,  is  obtained,  by  mixing 
the  solution  of  the  sodium-salt  with  acetate  of  barium,  as  a  white  precipitate,  the 
separation  of  which  may  be  completed  by  addition  of  alcohol.  It  retains  its  water  of 
crystallisation  with  great  tenacity  (H.  Kose,  Pogg.  Ann.  xxi.  437);  gives  it  off  afc 
215°,  and  decomposes  at  220°— 225°  (Pape).  The  anhydrous  salt,  when  heated  to 
redness,  gives  oif  sulphur,  and  leaves  a  residue  of  sulphide,  sulphite,  and  sulphate  of 
barium  (Eammelsberg,  Pogg.  Ann.  Ivi.  300): 

6Ba"S=0»    =    Ba"S  +  2Ba"S0^  +  3Ba"S0^  +  S". 

Hyposulpbite  of  Cadmium,  obtained  by  mixing  the  solutions  of  cadmic  sul- 
phate and  baric  hyposulphite,  is  extremely  soluble  in  water  and  in  alcohol,  and  when 
concentrated  by  evaporation  decomposes  before  solidifying. 

Hyposulpbite  of  Calcium,  Ca'S^CGH^O,  or  Ca"H2S20'.5H-0.— This  salt  is 
usiuilly  prepared  by  boiling  sulphur  with  milk  of  lime,  and  passing  sulphurous  acid 
gys  into  the  solution  of  calcic  sulphide  thereby  produced,  till  it  becomes  colourless  and 
neutral : 

2Ca"S  +  380=    =    S  +  2Ca"S-0'. 

On  evaporating  the  solution,  at  a  temperature  below  60°,  the  hyposidphite  of  calcium 
crystallises  out  (Herschel).    This  process  is  used  on  the  large  scale. 

The  sulphide  of  calcium  contained  in  soda-waste  or  gas-lime  may  be  converted  into 
hyposulphite  and  sulphite  by  atmospheric  oxidation.  Messrs.  T  own  she  nd  and  Walker 
employ  for  this  purpose  the  soda-waste  obtained  in  the  lixiviation  of  crude  soda  (i.  793  ; 
V.  325),  which  contains  a  considerable  quantity  of  insoluble  calcic  sulphide.  The  oxida- 
tion is  effected  by  exposing  the  waste,  in  a  state  of  dampness,  to  the  air  for  some  days,  oc- 
casionally turning  it  over  and  sprinkling  it  with  water,  or  with  solution  of  calcic  sulphide. 
When  fully  oxidised  and  lixiviated  with  water,  it  yields  a  solution  of  calcic  hyposulphite 
and  sulphite,  the  former  salt  predominating.  If  the  product  is  lixiviated  before  the  oxi- 
dation is  complete,  a  yellow  solution  is  formed,  containing  sulphide  of  calcium  as  well 
as  sulphite  and  hyposulphite.  The  complete  oxidation  may  then  be  effected  by  causing 
the  yellow  solution  to  percolate  slowly  through  a  tower  filled  with  lumps  of  coke,  and 
having  openings  at  the  lower  part  to  admit  the  air.  The  sulpihite  and  hyposulphite 
of  calcium  thus  produced  may  be  obtained  in  the  solid  form  by  evaporation,  or  merely 
brought  down  to  the  state  of  concentrated  solution,  and  in  either  case  used  as  an  anti- 
chlore. Or  the  solution  may  be  mixed  with  sulphate  of  sodium,  whereby  a  solution  of 
sodic  sulphite  and  hyposulphite  is  obtained,  together  with  a  precipitate  of  calcic  sul- 
phate Containing  small  quantities  of  sulphite  and  hyposulpiliite.  This  precipitate,  dried 
at  a  temperature  not  exceeding  100°  C,  constitutes  the  product  called  "  pirecipitated  an- 
tichlore." It  has  been  found  very  valuable  in  the  manufacture  of  paper,  as  the  hydrated 
calcic  sulphate  gives  weight  and  body,  while  the  sulphite  and  hyposulphite  destroy 
any  chlorine  present  in  the  paper-pulp  (see  Eichardson  and  Watts's  Chemical 
Technology,  vol.  i.  pt.  iii.  p.  39). — A  somewhat  similar  process  has  been  piatented  by 
Julli  on  {ilrid.  p.  42),  who  however  subjects  the  calcic  sidphide  contained  in  soda-waste 
or  gas-lime  only  to  partial  oxidation,  whereby  he  obtains  a  yellow  solution  called  "  sul- 
phuretted hyposvdphite  of  lime,"  consisting  chiefly  of  calcic  sulphide  and  hyposulphite. 
This  solution  may  be  decomposed  by  a  strong  acid,  whereby  sulphur  is  precipitated, 
and  a  mixture  of  sulphurous  and  sulphydric  acid  gases  is  given  oif,  which  may  be 
utilised  in  various  ways;  or  the  solution  may  be  treated  with  sulpihurous  acid  gas, 
whereby  sulphur  is  precipitated,  and  the  whole  of  tlie  calcic  sulphide  converted  into 
hyposulphite. 

Hyposulphite  of  calcium  may  also  be  prepared  by  decomposing  chloride  of  calcium 
with  hyposulphite  of  sodium,  in  hot  concentrated  solution.  The  liquid,  as  it  cools, 
deposits  a  large  quantity  of  sodic  chloride ;  and  if  it  be  then  concentrated  at  a  tempe- 
rature below  50°,  and  allowed  to  cool  to  30°,  after  all  the  sodic  chloride  has  separated 
out,  it  yields  crystals  of  pure  calcic  hyposulphite.    (Kes  sler.) 

Hyposulphite  of  calcium  crystallises  in  large,  eight-sided,  triclinic  prisms,  exhibiting 

the  combination  ooP'  .  oo^P  .  afoo  .  ooPoo  .  oP  (Kopp's  Krystallpgraphic,  2te 
AuHage,  p.  239).  It  is  easily  soluble  in  water,  and  is  decomposed,  on  heating  the 
solution  to  60°  into  sulphate  of  calcium  and  free  sulphur. 
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Hyposulpblte  of  Cobalt,  Co"S'0^6H'0  or  Co"H-S-0'.5IPO.— Obtained,  ;is  a 
dark-red  crystHlline  mass,  by  mixing  the  solutions  of  cobalt-sulpluite  and  strontium- 
hyposulphite,  and  evaporating.  (Kanimelsberg.) 

Hyposulphites  of  Copper. — Neither  cupric  nor  cuprous  hyposulphite  is  known 
in  the  separate  state  ;  but  some  double  salts  of  cuprous  hyposulphite  with  alkaline 
hyposulphites  have  been  obtained  by  mixing  the  solutions  of  the  latter  with  cupric 
salts.  Their  solutions  are  colourless,  have  a  sweet  taste,  yield  with  alkalis  a  precipi- 
tate of  cuprous  oxide,  and  are  decomposed  by  heating  with  acids. — A  -potassium-salt, 
Cu''K''S'0'.2H^0,  separates  on  mixing  the  solutions  of  potassic  hyposulphite  and  cupric 
sulphate  or  acetate,  as  a  yellow  precipitate,  which  soon  turns  black,  from  formationof 
sulphide  of  copper,  and  is  completely  decomposed  by  water  into  sulphide  of  copper, 
sulphurous  acid,  and  sulphuric  acid.  The  solution  of  this  double  salt  in  hyposulphite 
of  potassium  deposits,  on  addition  of  alcohol,  an  oily  liquid,  which  solidifies  to  a  white 
salt  having  the  composition  Cu'K''S''0'-.3H-0  (Kammelsberg"). — A  sodium-salt, 
containing  Cu*'Na*'S'"0'*.5H^0  (Leuz),  is  obtained,  like  the  fii'st-raentioned  potassium- 
salt,  as  a  yellow  crystalline  precipitate,  which  it  is  best  to  wash  with  water  containing 
acetic  acid.  From  its  solution  in  hyposulphite  of  sodium,  alcohol  throws  down  a  white 
salt,  CuWS"0'-.2ir-0.— According  to  Schiitte  (Compt.  rend.  xlii.  1257),  a  salt 
having  the  composition  (Cu- ;  Cu")Na^S^O''.NH',  is  obtained,  in  small  violet  needles, 
by  adding  a  concentrated  solution  of  sodic  hyposulphite  to  an  ammoniaeal  solution  of  a 
cupric  salt.  Tho  crj-stals  are  permanent  in  the  air,  give  off  ammonia  at  10U°,  and  are 
decomposed  at  a  stronger  heat,  also  by  cold  water. — H.  Peltzer  (Ann.  Ch.  Pharm. 
cxxvi.  351 ;  oxxviii.  187  ;  Jahresb.  1863,  p.  277)  describes  a  salt  having  the  composition 
Cu'Cu"Na'S''0'^.2NH',  as  separating  in  dark-blue  needles  or  prisms,  from  a  sohition  of 
cupric  sulpihate  and  sodic  hyposidphite  in  ammonia,  or  as  a  violet  powder  on  mixing 
equal  volumes  of  tho  solutions  of  cupric  sulphate  and  sodic  hyposidphite  both  saturated 
with  ammonia.  It  is  decomposed  but  not  dissolved  by  hot  water-,  dissolves  in  ammonia 
and  in  sodic  hyposulphite,  and,  when  heated  with  potash-ley,  yields  a  precipitate  of 
cupric  and  cuprous  oxides.  Acetic  acid  dissolves  the  salt  with  yellowish-green  colour, 
and  alcohol  throws  down  from  tho  solution,  first  a  white,  then  a  canary-yellow,  tolerably 
permanent  salt,  not  containing  ammonia.  Ilyposulpliite  of  sodium  produces  in  the 
acetic  solution,  after  a  while,  a  heavy  white  precipitate  of  a  cuprous  salt  containing 
tetrathionic  acid.  A  strong  solution  of  silver-nitrate  forms,  in  the  same  liquid,  first  a 
grey  precipitate,  which  soon  rodissolves  ;  then  a  precipitate  which  dissolves  with  blue 
colour  in  ammonia,  quickly  decomposes  with  formation  of  silver-sulphide,  and  gives  the 
reactions  of  cupric  oxide,  silver,  and  hyposulphurous  acid. 

Hyposulphites  of  Cold. — Sodio-aiirous  hyposulphite,  AuNa'S'0°.2H-0,  is  pro- 
duced by  mixing  the  solutions  of  auric  chloride  and  sodic  hyposulphite,  and  adding 
alcohol.  Its  aqueous  solution  yields,  ynth.  chloride  of  barium,  a  gelatinous  precipitate  of 

hario-aurous  hi/posulphiic,  Au-Ba^S'O'^  ;  and  this  salt,  decomposed  by  sulphuric  acid, 
yields  uucrystallisable  hydrated  aurous  hyposulphite.  A  sodio-auric  hyposidphite 
appears  also  to  be  formed  by  dropping  a  neutral  sohition  of  auric  chloride  into  a  solution 
of  sodic  hyposulphite  (Fordos  andG^lis).   See  G-old  (ii.  931). 

Hyposulphites  of  Iron. — The  ferric  salt  is  not  known. — F.  rrous  hyposulphite, 
21'c"S-O''.0H-O,  is  produced,  together  with  the  sulphite,  by  dissolving  iron  in  aqueous 
svdphurous  acid.  On  evaporating  the  solution,  or  mixing  it  with  alcohol,  tho  sulphite 
separates  out;  and  the  mother-liquor,  when  further  evapciratod,  yields  crystals  of  ferrous 
hyposulphite,  which  are  more  stable  than  those  of  tho  sulphite,  and  may  be  kept 
unaltered  if  excluded  from  the  air.  Rammelsberg  oljtainod  the  salt  in  small  green 
crystals,  mixed  with  a  basic  ferric  salt,  by  mixing  the  solution  of  ferrous  sulphate  with 
hyposulphite  of  barium  or  strontium.  On  attempting  to  concentrate  the  salt  further 
in  contact  with  the  air,  a  small  quantity  of  ferric  salt  is  first  formed,  whicli  then  acts 
upon  the  hyposulphite,  converting  it  into  ferrous  tctrathionate,  and  the  latter  is  resolved 
by  further  evaporation  into  ferrous  sidphate,  sulphurous  acid,  and  sulphur.  (FordoB 
•and  G61is.) 

Hyposulphite  of  Iicad,  Pb"S-0',  is  a  white  precipitate,  very  sparingly  soluble 
in  Walter,  but  dissolving  in  alkaline  hyposulphites,  with  formation  of  double  salts.  It 
may  be  dried  at  100°  withou*  decomposition  ;  but  at  a  stronger  heat,  it  blackens  and 
gives  off  sulphurous  oxide,  and  leaves  a  residue  of  sulphide  and  sulphate  of  lead.  When 
heated  in  the  air,  it  glows  like  tinder. 

Ammonio-phmihic  hyposulphite,  Pb"(NH^)'S''0'.5H-0,  separates  by  spontaneous 
evaporation  from  its  solution,  obtained  as  above,  in  rhombic  pinsms  shortened  into 
tables.  It  dissolves  in  water  without  immtdiato  decomposition,  but  the  solution 
becomes  cloudy  after  a  while,  from  separation  of  plumljic  hyposulphite  ;  when  heated, 
it  yields  sulphide  of  lead. — Bario-phiinhic  hyposidphite  is  a  sparingly  soluble  salt. 
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obtained  by  precipitating  the  solution  of  one  of  the  alkaline  double  salts  with  acetate 

of  barium. — Calcio-2}lumhic  ki/posulpMte,  Pb"Ca"S*0'.4H'0,  is  obtained  in  like  manner 
as  a  crystallo-grauular  precipitate. — Pofassio-plmnhic  hyposulphite,  Pb"K'S''0".2H'0, 
is  prepared  by  agitating  the  recently  precipitated  lead-salt  with  a  dilute  and  warm  (but 
not  boiling)  solution  of  potassic  hyposulphite.  On  cooling,  the  entire  liquid  solidities 
to  a  thick  magma  of  small  crystals,  which  must  be  purified  by  expressing  the  mother- 
liquor,  as  they  are  decomposed  by  solution  in  water,  the  simple  lead-salt  then  sepa- 
rating in  crystalline  spangles.  Tiie  double  salt  dissolves  easily  in  hyposulphite  of 
potassium,  and  the  lead  is  but  slowly  precipitated  from  the  solution  by  sulphuric  acid, 
sulphur  being  precipitated  at  the  same  time ;  the  solution  is  not  precipitated  by 
soluble  sulphates. — Sodio-plunihic  hyposulphite  is  prepared  in  a  similar  manner.  The 
strontio-plumbic  salt  is  not  crystalline,  but  separates  from  solution  as  a  syrupy  mass. 

Hyposulpbite  of  BEagnesium,  Mg"S-0'.6H=0  or  Mg'H^S^O^.SH-O,  is  prepared 
by  boiling  a  solution  of  magncsic  sulphite  with  sulphur,  and  evaporating  over  oil  of 
vitriol.  It  forms  small  triclinic  crystals,  permanent  in  the  air,  and  easily  soluble. 
When  heated,  it  melts,  gives  off  water,  sulphur,  and  sulphurous  acid,  and  leaves  when 
ignited  a  mixture  of  magnosie  sulphate  and  sidphite  with  pure  magnesia.  Jullion 
prepares  it  by  boiling  pulverised  soda-waste  or  gas-lime  with  carbonate  of  magnesium, 
whereby  carbonate  of  calcium  and  insoluble  sulphide  of  magnesium  are  produced, 
rendering  the  latter  soluble  by  boiling  it  with  sulphur  or  an  alkaline  polysulphide, 
and  converting  the  soluble  sulphide  of  magnesium  into  hyposulphite  by  treating  the 
solution  with  sulphurous  acid. — Ammonio-magnesic  hyposulphite,  Mg"(NH')'''S'0''. 
6H-0,  is  obtained  by  decomposing  ammonio-magnesic  stdphito  with  hyposulphite  of 
strontium.  The  concentrated  solution  becomes  turbid  when  heated,  and  when  cooled 
below  the  freezing-point  of  water,  deposits  very  deliquescent  crystals  (Kes si er). — 
Potassio-magncsic  hyposulphite,  Mg"K'''S'0''.6H'0,  is  deposited  from  a  hot  solution  of 
equivalent  quantities  of  potassic  and  magnesic  hyposulphites,  in  very  soluble  deliques- 
cent crystals,  which  may  be  obtained  of  considerable  size  by  immersing  previously- 
formed  crystals  in  the  concentrated  solution. 

Hyposulpliite  of  r<Xaiig;aiiese  is  known  only  in  solution,  and  is  produced  by 
decomposing  the  barium-  or  strontium-salt  with  manganous  sulphate ;  also  (according 
to  Eammelsberg)  by  dissolving  recently  precipitated  sulphide  of  manganese  in 
aqueous  sulphurous  acid.  It  is  decomposed  by  evaporation  into  sulphur  and  man- 
ganous sulphur. 

Hyposulphites  of  Mercury. — Poiassio-mcrcuric  hyposidphite,  Hg^K^S'^O*',  is 
produced  by  dissolving  mercuric  oxide  in  hyposulphite  of  potassium.  The  liquid 
becomes  warm,  and  on  cooling  deposits  the  double  salt  in  colourless,  sparingly  soluble 
prisms.  Acids  decompose  it,  separating  sidphur  and  sulphide  of  mercury.  Iodide  of 
potassium  does  not  precipitate  mercuric  iodide  from  the  solution. — Ammonio-mercuric 
hyposidphite,  which  is  very  easily  decoraposible,  is  separated  from  its  solution  by 
alcohol  in  colourless  prisms. — The  sodio-mercuric  salt  is  not  cry stalli sable. 

Hyposulphite  of  Nickel,  Ni"S'0^6H=0  =  Ni"H-S20'.5H=0,  prepared  like  the 
cobalt-salt,  separates,  by  evaporation  over  oil  of  vitriol,  in  green  triclinic  crystals,  which 
when  heated  give  ofi"  water,  sulphur,  and  sulphurous  acid,  leaving  sulphide  of  nickel. — 
A7nmoniacal  Hyposidphite  of  Nickel,  Ni"S'0'.4NH'.6H-0,  is  obtained,  as  a  blue  crystal- 
line powder,  when  the  blue  ammoniacal  solution  of  the  preceding  salt  is  mixed  with 
alcohol.    It  decomposes  quickly  when  exposed  to  the  air. 

Hyposulphites  of  Platinum. — Neither  platinous  nor  platinic  sulphite  is  known 
in  the  separate  state. — Sodio-platinous  hyposulphite,  Pt"Na''S''O'-.10H-O,  is  produced 
by  dissolving  ammonio-platinous  chloride  in  a  strong  solution  of  sodic  hyposulphite ; 
and  may  be  separated,  by  addition  of  absolute  alcohol,  as  a  dense,  yellow,  oily  liquid, 
which  gradually  solidifies  to  a  yellow  crystalline  mass.  When  purified  by  two  more 
precipitations  with  alcohol,  it  forms  a  j'ellow  noncrystalline  mass,  very  soluble  in  water. 
Its  solution  is  decomposed  by  hydrochloric  acid,  slowly  in  the  cold,  quickly  when 
heated,  with  deposition  of  platinous  sulphide  and  evolution  of  sulphurous  oxide.  It 
is  not  decomposed  by  caustic  soda,  or  by  sulphuretted  hydrogen.  (Schottliinder, 
Ann.  Ch.  P:;arm.  cxl.  200  ;  Bull.  Soc.  Chim.  1867,  i.  403.) 

Hyposulphite  of  Potassium,  K'-S'O'. — This  salt,  which  crystallises  with  various 
proportions  of  water,  is  pircpared  by  boiling  a  concentrated  solution  of  potassic 
sulphites  with  excess  of  sulphur,  or  by  adding  a  hot  solution  of  potassic  dichromate  by 
small  portions  to  a  hot  solution  of  potassic  pentasulpliide,  waiting  after  each  addition 
till  the  separated  chromic  oxide  has  acquired  a  pure  green  colour  (D  oppi  ng;  Kes  sler). 
If  the  solution  obtained  by  either  of  these  methods  be  evaporated  to  30°,  the  salt 
cj-y.-tallises  in  very  thin  four-sided  prisms,  containing  3K'S-0''.H-0.    These  crystals 
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arc  very  soluble  in  water,  and  deliquescent,  but  insoluble  in  alcohol.  They  give  off 
their  water  at  200^,  and  the  anhydrous  salt  decomposes,  at  a  higher  temperature,  into 
u  mixture  of  1  at.  potassic  pontasulphido  and  3  at.  potassic  sulphate.  (Rammels- 
berg.) 

The  mother-liquor  decanted  from  these  prisms  yields,  if  briskly  stirred  or  shaken 
when  cold,  a  quantity  of  small  granular  crystals ;  and  if  these  be  redissolved  in  the 
solution  from  which  they  have  separated,  with  addition  of  a  little  water,  the  liquid  on 
cooling  deposits  large  colom-li-ss  crystals,  having  a  rhombic  octahedron  fur  their  primary 
form.  They  contain  13"62  per  cent,  water,  and,  according  to  Kessler,  consist  of 
3K-S20^5H-O,or  3imS0MP0;  according  toD6pping,of  2K=S-0'.3n-0 or  IKHSO'. 
11-0.  These  crystals  do  not  deliquesce  in  moderately  damp  air,  but  effloresce  imme- 
diately over  oil  of  vitriol,  or  when  heated  above  40°.  This  salt  dissolves  very  easily  in 
water,  and  with  great  depression  of  temperature ;  the  solution  is  neutral,  and  remains 
unaltered  even  in  contact  with  the  air.  Sometimes  these  octahedral  crystals  separate 
directly  from  solution  either  before  or  after  the  prismatic  crystals,  and  they  are  always 
formed  when  an  octahedral  ci-ystal  is  immersed  in  a  solution  of  the  salt  evaporated  at 
30°. 

Dopping  mentions  also  a  prismatic  salt  containing  8i  per  cent,  of  water,  and 
liaving  the  composition  K^S^OMl'^U  or  KHSO- ;  this,  however,  Kessler  was  not  able 
to  obtain. 

Plessy's  salt,  K'S-0'.2H'0  =  2KIlS0^H-'0,  is  regarded  by  Kessler  as  identical 
with  the  octahedral  salt. 

The  compound  K-'S'O^.Hg"Cy  was  once  obtained  by  Kessler,  on  mixing  the  solu- 
tions of  equivalent  quantities  of  potassic  hyposulphite  and  mercuric  cyanide,  adding 
alcohol  after  a  crystalline  precipitate  (probably  consisting  of  potassio-mercnric  hypo- 
sulphite and  potassio-mercuric  cyanide)  had  separated,  and  evaporating  the  mother- 
liquor  in  a  vacuum.  It  crystallises  in  large  four-sided  prisms,  which  give  otf  2  per 
cent,  water  over  oil  of  vitriol. 

Hyposulphite  of  Silver. — This  salt,  on  account  of  its  extreme  instability,  is 
siMict'ly  known  in  the  separate  state  ;  but  it  forms  two  series  of  double  salts,  li'Ag-.S'^O' 
ami  l{.\^S-'()^  (R  denoting  an  alkali-raetal),  prepared  by  dissolving  silver-oxide  iii 
an  alkaline  hyposulphite,  or  by  adding  chloride  or  nitrate  of  silver  to  the  solution  of 
the  alkaline  hyfiosulphito.  The  salts  of  the  first  series  dissolve  easily  in  water,  and  are 
precipitated  therefrom  by  alcohol ;  but  those  of  the  second  series  are  insoluble  or 
sparingly  soluble  in  water,  and  separate,  in  crystalline  or  pulverulent  form,  when  the 
salts  of  the  first  series  are  treated  with  an  additional  quantity  of  silver-salt. 

These  insoluble  double  salts  dissolve  easily  inammonia,and  the  ammoniacal  solutions, 
MS  well  as  the  aqueous  solutions  of  the  double  salts  of  the  first  series,  have  an  intensely 
sweet  taste.  The  solutions  maybe  used  for  silvering ;  the  silver  cannot  be  detected  in 
liny  of  them  by  hydrochloric  acid.  All  these  double  salts  decompose  easily  when  heated, 
yielding  sulphide  and  sulph.ate  of  silver :  hence,  in  preparing  them,  the  temperature 
must  be  kept  as  low  as  possible.  They  are  likewise  decomposed  by  alkalis,  and  by  an 
excess  of  the  alkaline  hyposulphite. 

Sodio-argciitic  l/i/jyosu/phite,  Ag-Na'iS"0''.211-0,  is  proiluced  by  dropping  a  solution 
of  sodie  hyposidphite,  with  constant  stirring,  into  a  solution  of  silver-nitrate,  till  a 
permanent  precipitate  is  formed,  and  sepiarates  in  shining  laminae  on  adding  alcohol  to 
the  liquid.  If,  instead  of  adding  alcohol,  the  addition  of  the  silver-salt  bo  con- 
tinued, the  salt,  AgNaS'OMl^O,  separates  in  flocks,  which  soon  become  crystalline. 
(Ilersehel ;  Lenz.J 

The  ammonio-,  potassio-,  calcio-,  sfrontio-,  and  plumbo-argentic  hj'posulphites  may 
be  prepiared  by  similar  processes.  (Herschel.) 

Hyposulphite  of  Sodium,  N.a=S^0'.5H-0,  or  NaHSO=.2H20.— This  salt,  which 
is  extensively  used  as  an  antichlore,  and  for  fixing  photographic  pictures,  is  pre- 
|iiue<i  ; — 1.  l!y  boiling  sulphur  with  soda-ley,  and  passing  sulphurous  gas  into  the 
solution  till  it  is  completely  decolorised  (p.  630). — 2.  By  igniting  sulphate  of  sodium 
wilh  charcoal,  at  a  temperature  not  high  enough  to  fuse  the  mass,  moistening  the 
pMlverulent  carbonaceous  mass  with  water,  and  subjecting  it  to  the  action  of  sulpihu- 
rous  acid  gas.    (Anthon,  Pharm.  Centr.  1846,  p.  414.) 

3.  By  roasting  a  mixture  of  sulphur  and  sodie  carbonate  in  a  sulphur-furnace,  and 
adding  the  product  to  a  boiling  solution  of  sulphur  in  caustic  soda-ley,  till  the  liquid 
becomes  colourless.  The  clarified  solution  is  then  evaporated  in  iron  pans,  and  the 
sulphate  of  sodium  which  separates  is  continually  taken  out.  The  concentrated  liquid 
deposits  hyposulphite  of  sodium  in  large  pure  crystals,  and  the  mother-liquor,  mixed 
with  caustic  soda,  is  used  for  dissolving  fresh  portions  of  sulphur.  (Jahresb.  1862, 
p.  664.) 

4.  By  decomposing  the  hyposulphite  of   calcium  obtained  from  soda-waste  or 
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gas-lime  (p.  632)  with  carbonate  of  sodium,  and  evaporating  the  filtered  solution  to 
the  crystaUising  point.  (Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  iv. 
p.  185.) 

Hyposulphite  of  sodium  forms  large,  well-defined,  monoclinic  crystals,  usually  exhi- 
biting the  combination  ooP  .  [  ooP2]  .  [  (»Pco  ]  .  oP  .  [Po=  ],  also  with  +  P  and 
otlier  faces  subordinate.  Axes  a  -.b  :  c  =  2-8507  :  1  :  0-7825.  Angle  b  :  c  =  76°  2' ; 
ooP  :  ooP(orthod.)  =  37°  36';  [  a>P2]  :  [ooP2]  (orthod.)  =  68'^  30';  [Poo]  : 
[Poo]  (clinod.)  =  160°  10'.  The  crystals  have  a  specific  gravity  of  1-672  (Buignet), 
dissolve  easily  in  water,  but  are  insoluble  in  alcohol.  Kespecting  the  specific  gravity 
of  its  solutions,  see  Schiff  (Jahresb.  1859,  p.  41).  The  aqueous  solution  cannot  be 
preserved  unaltered  even  in  closed  vessels,  but  deposits  STilphxu-,  and  is  partly  con- 
verted into  sulphate  of  sodium ;  in  contact  with  the  air,  it  is  gradually  but  completely 
oxidised  to  sulphate.  The  dry  salt  when  heated  gives  off  sulpliur,  and  leaves  a  mixture 
of  sulphide  and  sulpliate  of  sodium.  The  crystals  melt  in  their  water  of  crystaUisatiou 
at  56°  ;  and  if  the  fusion  be  performed  in  a  small  glass  flask,  the  temperature 
raised  to  the  boiling-point,  the  flask  then  immediately  closed,  and  left  to  cool  quickly 
on  a  surface  which  conducts  heat  slowly,  the  salt  will  remain  liquid  even  at  ordinary 
temperatures ;  but  on  immersing  the  bulb  of  a  thermometer,  or  dropping  a  crystal  into 
it,  the  whole  will,  instantly  solidify  to  a  crystalline  mass,  -with  a  rise  of  temperature 
which  may  amount  to  25°.  (Bottger.) 

A  saturated  solution  of  sodic  hyposulphite  dissolves  gypsum  with  moderate  facility 
at  ordinary  temperatm-es,  more  quickly  when  gently  heated,  forming  a  sodio-calcic 
hyposulphite,  which  is  precipitated  by  alcohol,  together  -with  excess  of  sodic  hj^DO- 
sulphite,  as  a  heavy  oily  liquid,  which  solidifies  in  needle-shaped  crystals.  This 
reaction  affords  the  means  of  separating  sulphate  of  calcium  from  sulphate  of  barium, 
which  is  not  dissolved  by  hyposulphite  of  sodium  (Di eh  1,  J.  pr.  Chem.  Ixxix.  430; 
Jahresb.  1860,  p.  78).    For  the  reactions  vrith  other  metallic  salts,  see  p.  631. 

Hyposulphite  of  Strontium,  Sr"S"0'.6H^0,  is  prepared  like  the  barium-salt. 

Alcohol  precipitates  it  from  its  solution  in  needles  having  a  silky  lustre;  but  even 
without  the  aid  of  alcohol,  it  separates  in  very  large  crystals.  It  retains  1  at.  water 
at  180°,  and,  according  to  Kessler,  the  monohydrated  salt  is  likewise  obtained  in 
small  crystals,  by  evaporating  the  solution  at  or  above  50°. 

Hyposulphite  of  Tballium  and  Sodium,  Tl''Na'^S'»O'M0H^O  or  2TPS=0'. 
3Na'S-O^.10H"O,  is  formed  by  dissolving  chloride  of  thalliiim  in  boiling  aqueous 
hyposulphite  of  sodium,  and  crystallises  in  long,  silky,  interlaced  needles, — or  from  a 
small  quantity  of  water  in  small  granules  (containing  an  imkno-wn  amount  of  water). 
At  a  red  heat,  it  is  resolved  into  sulphide  of  sodium,  sulphate  of  sodium,  and  sulphide 
of  thallium.    (G.  Werther,  J.  pr.  Chem.  xci.  385.) 

Hyposulphite  of  Zinc,  Zn"S'0',  is  produced  by  decomposing  the  barium-salt  -with 
sulphate  of  zinc ;  also,  tliough  with  difficulty,  by  passing  sulphurous  acid  gas  into 
water  in  which  sulphide  of  zinc  is  suspended  (Eamm elsb  erg) ;  also,  together  with 
siilphite  of  zinc,  by  dissolving  zinc  in  aqueous  sulphurous  acid  (Mitscherlich). 
The  sulphite  crystallises  out,  and  may  be  completely  removed  by  alcohol ;  or  (according 
to  Berzeli  us),  it  may  be  wholly  converted  into  hyposulphite  by  digesting  the  solution 
with  sulphur. 

Hyposulphite  of  zinc  cannot  be  obtained  in  the  crystalline  form,  but  (according  to 
Kone)  it  is  precipitated  by  anhydrovis  ether  from  its  aqueous  solution,  as  an  oily  liquid, 
which  dries  up  in  a  vacuum  to  a  gummy  deliquescent  mass.  The  concentrated  solution 
is  gradually  decomposed  by  exposure  to  the  air,  sulphide  of  zinc  being  separated,  while 
trithionate  of  zinc  remains  in  solution  :  2Zn"S'-0^  =  Zn"S  +  Zn"S'0'' (Fordos  and 
Gel  is,  Compt.  rend.  xvi.  1070).  The  solution  is  also  decomposed  by  heat  into  sul- 
phuric acid,  sulphurous  acid,  sulphide  of  zinc,  and  sulphate  of  zinc. 

Hyposulphite  of  Zitw-aimnonkijn,  (N'H''Zn)"S-0^,  is  produced  by  heating  hyposul- 
phite of  zinc  with  ammonia,  and  separates  from  the  solution  in  slender  crystals.  (Eam- 
melsberg.) 

Sithiouic  Compounds. 

DiTHioNic  or  HyposxJLPHTiBic  A  ciD,  H'S-O".    (Welter  and  Gay-Lussac, 
Ann.  Ch.  Phys.  [2],  x.  312. — Heeren,  Pogg.  Ann.  vii.  55. — Rammclsberg,  ibid. 
Iviii.  295.) — This  acid,  discovered  by  Welter  in  1819,  is  produced  as  a  mauganous  salt 
by  the  action  of  aqueous  sidphurous  acid  on  manganic  peroxide: 
MnO^  +  2H=S0'    =    Mn"S'0«  + 

To  prepare  the  acid,  sulphurous  oxide  gas  is  passed  through  water  in  which  finely- 
divided  manganic  peroxide  is  suspended,  as  long  as  it  continues  to  be  absorbed. 
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iJit  liionatc  and  sulpliato  of  manganese  are  l.lion  formed,  the  ditliionate  being  the  prin- 
cipal product,  provided  tlie  temperature  be  kept  down  ;  at  liiglier  temperatures,  on  tlio 
contrary,  scarcely  anything  but  sulphate  is  produced.  On  adding  hydrate  of  barium 
to  the  impure  sukition  of  manganous  dithionate,  hydrate  of  manganese  and  sulphate 
of  barium  are  precipitated,  while  dithionate  of  barium  remains  in  solution  ;  and  by 
carefully  precipitating  the  barium  with  an  exactly  sulficient  quantity  of  sulphuric  acid, 
a  solution  of  dithionic  acid  is  obtained,  which  may  be  concentrated  in  a  vacuum  over 
oil  of  vitriol,  till  it  attains  a  specific  gravity  of  l-3i7  (Gay-Lussac  ;  Heeren). 
Gelis  (Ann.  Ch.  Phys.  [3],  Ixv.  222)  passes  sulphurous  oxide  through  water  in 
which  ferric  hydrate  is  suspended,  whereby  a  solution  of  ferric  sulphite,  Fe^(80^)^,  is 
produced  ;  and  tliis  solution,  when  kept  in  a  closed  vessel,  acquires  after  some  time  a 
light-green  colour,  and  then  contains  a  mixture  of  ferrous  sulphite  and  dithionate  : 

TPti\SOy    =    Fe"SO^  +  Fe'S^O". 

From  this  solution,  the  dithionic  acid  may  be  separated,  by  means  of  hydrate  of 
barium,  &c.,  in  the  manner  above  described. 

Dithionic  acid,  when  concentrated  as  highly  as  possible,  is  an  inodorous,  strongly 
acid,  hydrated  liquid,  of  specific  gravity  1'3-17  ;  on  attempting  to  concentrate  it  further, 
it  is  resolved  into  sulphuric  acid  and  sulphurous  oxide :  H^S-'O"  =  H^SO*  +  SO'-. 
The  dilute  acid  decomposes  in  the  same,  manner  at  higher  temperatures.  In  contact  with 
the  air,  dithionic  acid  is  gradually  oxidised  to  sidphuric  acid  ;  the  same  change  is  pro- 
duced by  heating  it  with  nitric  acid,  chlorine,  or  manganic  peroxide. 

Dithionates  or  Hyposulphates,  M^S-O". — These  salts,  investigated  chiefly  by 
Heeren,  are  all  soluble  in  water,  and  are  easily  prepared  by  decomposing  the  barium- 
salt  with  the  cori-esponding  sulphates.  The  dithionates  of  the  alkali-metals  may  also 
be  obtained  by  dissolving  the  carbonates  in  sidphurons  acid,  boiling  the  neutral  solution 
with  finely  pulverised  manganic  peroxide,  and  leaving  the  filtrate  to  crystallise 
(C.  V.  Hauor,  J.  pr.  Chem.  Ixxx.  229).  They  are  likewise  produced,  together  with 
hyposulphites,  when  selenium  is  dissolved  in  an  alkaline  sulphite.  (Kathko  and 
Zschiesche,  p.  G30.) 

The  dithionates  are  permanent  at  ordinary  temperatures,  both  in  the  solid  state  and 
in  solution;  but  when  heated,  in  some  cases  even  at  100°,  they  give  off  sulphurous 
oxide,  and  leave  a  residue  of  neutral  sulphate.  The  solid  dithionates  are  decomposed 
by  strong  siilphwric  acid,  at  ordinary  temperatures,  with  brisk  evolution  of  sulphuruus 
oxide;  the  solutions,  mixed  with  sulphuric  or  hydrocMonc  acid,  are  decomposed  at  tlie 
boiling  heat,  yielding  sulphurous  and  sulphuric  acids,  wiikout  separation  of  snlpjhur : 
this  reaction  is  chai'acteristic  of  tlie  dithionates.  A  solution  of  potassic  martganaie 
mixed  with  sulphuric  acid  is  decolorised  when  boiled  with  a  dithionate.  Solid  di- 
thionates are  decomposed  hy  phosphoric  oxychloridc  only  when  heated.  The  dry  sodium- 
salt,  distilled  -^-'xih  j)hosphoric  fcntachloride,  yields  a  distillate  consisting  of  phosphoric 
oxyehloride  and  sulphurous  chloride,  SOCl-.    (Kraut,  Ann.  Ch.  Pharm.  cxviii.  95.) 

Dithionate  of  Aliimini^im  separates  from  its  solution  by  slow  evaporation  in 
small  crystals,  mixed  however  with  a  considerable  quantity  of  sulphate.  (Heeren.) 

Dithionate  of  Ammonium,  (NH')-S-0".H-0,  forms  indistinct  capillary  crystals, 
very  soluble  in  water,  insoluble  in  alcohol. 

Dithio7iatc  of  Harium,  Ba"S-0^,  prepared  as  above  described,  crystallises  from 
the  hot  saturated  solution  on  cooling,  in  crystals  containing  Ba"S'-0''.2H-'0,  which, 
according  to  Senarm_pnt  (Jaliresb.  1857,  p.  142),  are  trimctric,  exhibiting  the  com- 
bination ;  ooPoo  .  ooPco  .  P  .  oP  .  ^Poo  .  oo ,  and  having  the  axes  a  :  h  :  c  = 
0-7199  :  1  :  0-6920  ;  angle  P  :  ooPoo'  =  128°  20' ;  P  :  oP  =  130°  10'.  Eammels- 
berg  also  found  them  to  be  trimetric  with  nearly  the  same  ratio  of  the  axes.  But, 
according  to  the  measurements  of  v.  Lang  (AVieu.  Akad.  Ber.  [2],  xlv.  27  ;  Jahresb. 
1862,  p.  12G),  made  upon  well-developed  specimens,  these  dihydrated  crystals  are 
monoclinic,  exhibiting  the  combination  oP  .  [  coPco  ]  .  +  2Pco  .  [Poo  ]  .  -i-  2P  .  [|P2] 
.  [«)P2]  .  -fP  .  +fPf]  .  -[Pf].  Axes  «  :  i  :  c  =  1  :  0-9343  :  1-4030.  Angle 
h:c  =  110^  37';  oP  :  +  P«>  =  108^  22' ;  oP  :  -i- P  =  103°  45';  +  P  :  [Poo  ]  = 
132°  12';  [|P2]  :  -^  2Poo  =  116°  14'  ;  [Pf]  :  [Poo]  =  118°  41';  [P|]  :  +P  = 
143°  22'. — A  fclraht/draie,  Ba"S-0''.4H  0,  is  obtained,  by  spontaneous  evaporation,  in 
distinct,  shining,  monoclinic  crystals,  which  effloresce  quickly  on  expiosure  to  the  air. 
(Hoeren;  Marignac).  Dithionate  of  barium  serves,  as  above  mentioned,  for  the 
preparation  of  the  other  dithionates. 

Dithionate  of  Barium  and  Magnesium,  Ba"]\Ig"S'0'-.4H-0,  is  obtained  (according 
to  Schiff,  Ann.  Ch.  Pharm.  cv.  239),  by  precipitating  half  the  barium  from  baric 
dithionate  with  sulphuric  acid,  satiu'ating  the  filtrate  with  magnesia,  and  evaporating; 
the  double  salt  then  sepwates  on  cooling  in  crystalline  geodes,  which  give  off  their 
water  completely  at  90°. 

Dithionate  of  Barium  and  Sodium,  Ba"Na"S'0".6n-0,  is  produced  (according  to 
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Schi  f  f),  by  decomposing  Ihe  barium-salt  with  a  calculated  quantity  of  sodic  sulphate. 
Kraut  (Arm.  Ch.  Pharm.  cxviii.  95),  by  mixing  equivalent  quantities  of  baric  and 
sodic  dithionates,  obtained  large  transparent  crystals,  with  curved  edges  and  convex 
faces,  containing  Ba"Na'-'S'0'^.4H-0,  which  were  permanent  in  the  air,  and  not  resolved 
into  the  component  salts  by  recrystallisation  ;  he  regards  the  salt  obtained  by  Schifif  as 
merely  a  mixture. 

Dithionatc  of  Cadmium  is  obtained,  as  a  crystalline  deliquescent  mass,  by 
evaporating  a  solution  of  the  carbonate  in  dithionic  acid  (Heeren).  It  dissolves  in 
ammonia,  and  the  solution  on  cooling  yields  a  crystaUine  powder,  consisting  of  the 
salt  Cd"S-0''.4NH^  mixed  with  hydrate  of  cadmium.  (Rammelsberg.) 

Dithionate  of  Calcium,  Ca"S^0'.4H^0,  prepared  like  the  barium-salt,  crystal- 
lises by  spontaneous  evaporation  in  tabular  crystals,  belonging  to  the  hexagonal  system 
and  exhibiting  tlie  combination  oP  :  P  (fig.  239,  ii.  139).  Length  of  principal  axis  = 
1-485.  Angle  P  :  P  (terminal)  =  128°  49' ;  P  :  P  (lateral)  =  119°  30'.  According 
to  Norre  n  b  erg,  they  are  optically  negative.  They  are  permanent  in  the  air,  and  in- 
soluble in  alcohol.  (Heeren.) 

The  Dithionates  of  Cerium,  Lanthanum,  and  Didymium,  obtained  by 
double  decomposition,  are  crystallisable. 

Dithionatc  of  Chromium,  Cr^S^O"*,  is  obtained  by  dissolving  chromic  hydrate 
in  aqueous  dithionic  acid. 

Dithionatc  of  Cohalt,  Co"S^O*.6H-0,  separates  on  evaporation  in  rose-coloured 
crystals  (Heeren).  By  treating  the  solution  with  ammonia  and  evaporating,  Ram- 
melsberg obtained  the  salt  Co-O^.2S-OM0NH',  in  small  rectangular  prisms,  which  after 
a  while  turned  brown,  and  lost  their  lustre. 

Dithionates  of  Copper. — The  normal  cupric  salt,  Cu"S^0*.4H^0,  forms  small, 
rhombic,  efflorescent  prisms. — A  basic  salt,  Cu"S'-0''.3Cu"0.4H^O,  is  obtained,  as  a  blue- 
green  precipitate,  on  mixing  tlie  sohition  of  the  normal  salt  with  a  small  quantity  of 
ammonia  (Heeren). — An  amjiiojiiacal  cupric  dithionate,  Cu"S-0^4NH^,  is  obtained  in 
thin,  tabular,  violet-blue  prisms  with  oblique  end-faces,  by  supersaturating  the  solution 
of  the  normal  cupric  salt  with  ammonia.  (Heeren.) 

Dithionates  of  Iron. — A  basic  ferric  dithionate  is  produced  (according  to 
Heeren),  by  treating  recently  precipitated  ferric  hydrate  with  the  aqueous  acid,  wliicli, 
however,  dissolves  but  little  of  it,  the  greater  part  being  converted  into  an  insoluble, 
brown,  basic  salt. — The  ferrous  salt,  Fe"S-0*.5H'-0,  obtained  by  double  decomposition, 
crystallises  on  evaporation  in  oblique  rhombic  prisms,  having  the  colour  of  ferrous 
sulphate. 

Dithionate  of  Lead,  Pb"S'0^.4H-0,  prepared  by  dissolving  carbonate  of  lead  in 
aqueous  dithionic  acid,  forms  large  crystals  belonging  to  the  hexagonal  system,  isomor- 
phous  udth  the  calcium-  and  strontium-salts,  but  exhibiting  also  the  face  ^P,  occurring 
hemihedrally  with  P.  The  crystals  are  permanent  in  the  air,  optically  uniaxial  and 
positive  (Norrenberg).  The  solution  of  this  salt  mixed  with  a  quantity  of  am- 
monia, not  sufficient  for  its  complete  decomposition,  yields  slendor  needles  of  a  di- 
plumbic  salt,  Pb"S-0°.Pb"0 ;  with  an  excess  of  ammonia,  a  still  more  basic  salt  is 
produced.  (Heeren.) 

Dithionate  of  Lithium,  Li'S'0''.2H'0,  forms  indistinct  crystals,  easily  soluble 
in  water,  insoluble  in  alcohol.  (Rammelsberg.) 

Dithionate  of  Magnesium,  Mg"S-0''.6H*0,  forms  six-sided  tables,  permanent 
in  the  air,  and  very  soluble  in  water. 

Dithionate  of  Manganese,  Mn"S-0''.6H^O,  prepared  as  already  described 
(p.  636),  crystallises,  by  spontaneous  evaporation,  in  rose-coloured,  mostly  indistinct, 
deliquescent  crystals  (Marignac).  According  to  Kraut  (Jahrcsb.  1861,  p.  118), 
it  forms  crystals  containing  3  at.  water.  According  to  Gut  he,  these  crystals  are  tri- 
metric,  exhibiting  the  combination  P  .  oof  oo  .  ocP2.  Angles  P  .  P  in  the  termin.al 
edges  =  90°  32'  and  139°  36';  whence  ooP  :  ooP  (macr.)  =  31°  6'  ;  00^2  :  oof  2 
(macr.)  =  91°  13'. 

Dithionates  of  Mercury. — The  mercurous  salt,  Hg'S-O",  separates  in  colom-less 
indistinct  crystals,  on  evaporating  a  solution  of  recently  precipitated  mercurous  oxide 
in  the  aqueous  acid.  It  dissolves  with  difficulty  in  cold  water,  and  is  decomposed  by 
hot  water.  When  heated,  it  is  resolved  into  mercury,  sulphurous  oxide,  and  sulphate  of 
mercury  (Rammelsberg); — A  basic  mercuric  dithionatc  appears  to  be  formed  by 
digesting  aqueous  dithionic  acid  with  excess  of  mercuric  oxide. 

Dithionatc  of  Nickel,  Ni"S'0''.6H-0,  separates  by  spontaneous  evaporation  in 
large,  thin,  green  prisms.  Its  solution  mixed  with  ammonia  deposits  the  ammoniacal 
salt,  Ni"S'0''.6NII-',  as  a  blue  powder,  which  crj'stallises  from  solution  in  warm  aqueous 
ammonia,  in  tabular  prisms  of  a  tine  violet-blue  colour ;  it  is  decomposed  by  water. 
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Dilhionate  of  Potassium,  K-S'-'O",  prepared  by  decomposing  the  baric  or  man- 
ganous  salt  with  an  exactly  equivalent  quantity  of  potassic  carbonate  (or  the  baric  salt 
with  potassic  sulphate),  separates  on  evaporation,  in  crystals  which  are  permanent  in 
the  air,  decrepitate  when  heated,  and  are  resolved  at  higher  temperatures  into  sul- 
phurous oxide  and  sulphate  of  potassium.  It  dissolves  in  16  pts.  of  cold  and  \  ^  pts. 
lioiling  water,  but  is  insoluble  in  alcohol.  (Heeren.) 

D ithionatc  of  Ruhiditim,  Eb-S^O*,  crystallises  isomorphously  with  the  potas- 
sium-salt, in  hard  glassy  ci-ystals,  belonging  to  the  hexagonal  system,  and  exhibiting 
the  combination  ooP  .  ocP2  .  oP  .  P  .  2P2.  Length  of  principal  axis  =  0-6307.  Anglo 
P  :  P  (terminal)  =  145^46';  P:P  (lateral)  -  72°  8'.  (Piccard,  J.  pr.  Chom. 
Ixxxvi.  449.) 

Dithionate  of  Silver,  Ag'S^0''.2H'0. — Prepared  by  dissolving  carbonate  of  silver 
in  the  aqueous  acid,  and  crystallises  in  right  rhombic  prisms,  permanent  in  the  air 
(Ileoren).  By  evaporating  a  solution  of  the  salt  mixed  with  sulphurous  acid,  at  a 
temperature  not  exceeding  6'-',  Kraut  obtained  it  in  hirge  crystals  containing  6  or  7 
at.  water.  Its  solution  in  warm  aqueous  ammonia  yields  small  shining  crystals  of  the 
salt  Ag2S-0«.4NH3.H-0.  (Ramraclsberg.) 

Dithionate  of  Sodium,  Na-S-0''.2II-0,  prepared  like  the  potassium-salt,  crys- 
tallises by  spontaneous  evaporation,  in  large,  transparent,  right  rhombic  prisms,  per- 
manent in  the  air,  having  a  bitter  taste,  easily  soluble  in  water,  insoluble  in  alcohol 
(Heeren).  It  is  optically  biaxial  and  positive,  and  exhibits  considerable  dispersion, 
the  angle  of  the  axes  being,  in  the  air,  for  red  light,  12G°  25',  for  violet,  134°  40'. 

Dithionate  of  Sodium  and  Silver,  AgNaS-0'*.2H''^0,  is  obtained  by  spon- 
taneous evaporation  of  a  solution  containing  equivalent  proportions  of  sodicand  argentic 
dithionates,  and  recrystallisation,  in  large  crystals,  apparently  isomorphous  with  its 
component  salts,  and  exhibiting  very  distinct  cleavage.  They  effloresce  over  oil  of 
vitriol,  but  not  in  the  open  air.  (Kraut.) 

Dithionate  of  Strontium,  Sr"S'-O^.H-0,  prepared  like  the  barium-salt,  forms 
hexagonal  crystals,  isomorphous  with  the  calcium-  and  lead-salts,  and  indistinctly 
cleavablo  parallel  to  oP.  The  ery.sta]s  are  permanent  in  the  air,  easily  soluble  in  water, 
exhibit  negative  double  refraction,  and  strong  dispersion. 

Dithionate  of  Thallium,  TPS^O^  is  very  soluble  in  water,  and  separates  in  vi- 
treous tabular  crystals,  apparently  isomorphous  with  the  potassium-salt.  (G.Werther, 
J.  pr.  Chem.  xci.  385.) 

The  Dithionates  of  Yttrium,  Frhiu»i,  and  Terbium  are  crystallisablc. 

Dithionate  of  Zinc,  Zu"S''0''.6H^0.- — This  salt  is  very  soluble  in  water,  and  its 
solution  rarely  yields  distinct  crystals  (Heeren).  Its  solution  in  warm,  concentrated, 
aqueous  ammonia  deposits,  on  cooling,  small  prisms  of  the  salt  Zn"S-0'.4NIP. 
(Rammelsberg.) 

Trittaionic  Compounds. 

Trithionic  Acid,  H-S^O".  Sxdphurctted  Hypomlphuric  Acid.  (Langlois, 
Ann.  Ch.  Phys.  [2],  Ixxix.  77. — Pelouze,  ibid.  Ixxix.  85. — Kessler,  Pogg.  Ann. 
Ixxiv.  250.) — This  acid,  discovered  by  Langlois  in  1842,  is  obtained  as  a  potassium- 
salt : —  1.  By  gently  heating  an  aqueous  solution  of  acid  potassic  sulphite  with 
sulpliur  : 

GKHSO^  +  S"-    =    2K-S'0'=  -I-  K=S-0'  +  SffO. 

Acid  su4-  Trilliionate.  Hypo- 

phite.  sulphite. 

A  saturated  solution  of  the  acid  sulphite  is  digested  with  sulphur  for  some  days  at  a 
moderate  heat,  till  the  yellow  colour  at  first  produced  has  disappeared.  Sulphurous 
oxide  is  then  evolved,  and  trithionate  of  potassium  is  left  in  solution,  mixed  with 
hyposulphite  and  sulphate  (tho  latter  resulting  from  the  decomposition  of  the  trithio- 
nate by  heat).  The  warm  filtered  solution  yields  crystals  of  the  tritliionate,  niixed 
with  suljihur  and  a  small  quantity  of  sulphate  :  they  may  be  purified  by  dissolving 
them  in  the  smallest  possible  quantity  of  hikcwarni  water,  and  leaving  the  filtered 
solution  to  crystallise  by  cooling.  (Langlois.) 

2.  By  the  action  of  sulphurous  acid  on  hyposulphite  of  potassium  : 
2K=S'-0'  +  3S02    =    2K'S^0''  -t-  S. 

A  very  concentrated  solution  of  the  hyposulphite  is  prepared  by  adding  it  to  a  mixture 
of  8  pts.  water  and  1  pt.  alcohol,  till  the  alcohol  separates  out ;  and  through  this 
solution  warmed  to  25° — 30°,  and  kept  in  a  state  of  concentration  by  fivquent  addition 
of  the  solid  salt,  sulphurous  acid  gas  is  passed,  till  the  liquid  turns  yellow  and  smells 
of  sulphurous  acid.    The  liquid  then  deposits  a  considerable  quantity  of  crystals  of 
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potassie  trithionate,  after  wliich  it  becomes  colourless,  no  longer  smells  of  sulphurous 
acid;  and  if  again  saturated  with  hyposulphite,  and  treated  with  sulphurous  acid,  will 
yield  a  fresh  quantity  of  the  trithionate.  To  purify  this  salt,  it  is  dissolved  in  water 
of  60°  or  70° ;  and  the  solution,  freed  from  sulphur  by  filtration,  is  mixed  with  eight 
times  its  volume  of  alcohol  of  84  per  cent.,  then  gently  warmed,  and  left  to  crystallise 
by  cooling  (Plessy,  Ann.  Ch.  Phys.  [3],  xx.  162).— According  to  Rathke  (Jahresb. 
1864,  p.  164),  a  mixed  solution  of  hyposulphate  and  acid  sulphite  of  potassium,  yields 
very  pure  crystals  of  the  trithionate.  Rathke  has  also  observed  that  the  solution 
which  yields  those  crystals  is  not  precipitated,  or  but  very  slightly,  by  mercuric 
cyanide  at  the  boiling  heat,  whereas  tliis  salt  forms  an  immediate  precipitate  in  a 
solution  of  the  crystals  themselves,  even  when  very  dilute ;  further,  that  the  original 
solution,  if  not  too  concentrated,  does  not  deposit  sulphur  on  boiling,  whereas  the 
solution  of  the  crystals  themselves  deposits  it  immediately.  Hence  Rathke  concludes 
that  the  trithionate  is  not  contained  in  the  original  solution,  but  is  formed  only  at  the 
moment  of  crystallisation :  this  appears  also  to  be  the  case  in  the  preparation  of  the 
salt  by  Langlois's  method. — According  to  Langlois,  a  solution  of  sulphide  of  potassium 
may  be  used  in  the  preceding  mode  of  preparation,  instead  of  the  hj-posulphite. 

3.  Chancel  and  Diacon  (Compt.  rend.  Ivi.  720)  prepare  trithionate  of  potassium 
by  converting  2  pts.  of  potassie  hydrate  into  acid  sulphite,  and  1  pt.  into  mono- 
sulphide;  then  pouring  the  former  solution,  with  agitation,  into  the  latter;  saturating 
the  mixtiu-e  with  sulphurous  acid,  evaporating  quickly  in  thin  layers,  and  dissolving 
the  separated  salt  in  water  of  60°  mixed  with  a  little  alcohol.  The  filtered  solution, 
on  cooling,  deposits  the  trithionate  in  prismatic  crystals.  Its  formation  is  represented 
by  the  equation  : 

4KHS0'  +  K^S  +  480^    =    SK^S'O"  +  2H'0. 

Trithionic  acid  separated  from  the  concentrated  solution  of  its  potassium-salt 
by  precipitating  the  potassium  with  an  equivalent  quantity  of  tartaric,  perchloric,  or 
silicofluorie  acid,  is  a  limpid  inodorous  liquid,  having  a  sour  and  somewhat  harsh  and 
bitter  taste.  It  is  permanent  in  the  dilute  state ;  but  on  attempting  to  concentrate  it 
in  a  vacuum  over  oil  of  vitriol,  it  begins  to  decompose,  even  at  0°,  sulphurous  oxide 
being  evolved,  sulphur  deposited,  and  sulphurous  acid  remaining  in  solution :  at  80° 
the  decomposition  takes  place  more  quickly.  33y  nitric,  chloric,  or  iodic  acid,  it  is 
immediately  converted  into  sulphuric  acid,  with  separation  of  sulphur.  When  boUed 
■vnlh. potash,  it  is  converted,  according  to  Kessler,  into  hyposulphite  and  sulphate  of 
potassium,  as  shown  by  the  equation : 

H^S'O"  +  4KH0    =    K^S^O'  +  K'SO'  +  3H=0. 

According  to  Fordo s  and G 61  is,  the  products  of  the  decomposition  are  hj-posulphite 
and  sulphite. 

The  trithionates  M-S'O'^  andM"S'0^  are  but  little  known  ;  they  appear,  however, 
to  bo  all  soluble  in  water,  and  are  characterised  by  extreme  instability.  Wlien  heated 
to  redness,  or  boiled  with  water,  either  alone  or  with  addition  of  the  acid,  they  are  con- 
verted into  sulphates,  with  evolution  of  sulphurous  oxide  and  deposition  of  sulphur. 
Nitric  acid  and  clilorine-water  also  quickly  convert  them  into  sulphates. 

A  solution  of  silver-nitrate  forms,  in  a  solution  of  potassie  trithionate,  a  white 
precipitate,  which  gradually  turns  black. — Mercurous  nitrate  immediately  forms  a 
black  precipitate,  which  after  a  wliile  becomes  perfectly  white,  and  does  not  afterwards 
change  colour  on  boiling.  With  a  small  quantity  of  mercurous  nitrate,  however,  a 
permanently  black  precipitate  is  formed. — Mercuric  chloride  in  small  quantity  produces 
a  black  ;  in  excess,  a  white  precipitate. — Mercuric  cyanide  forms  no  precipitate  at 
first,  but  after  some  time  a  yellow  precipitate,  which  turns  black  gradually  in  the 
cold,  immediately  on  boiling. —  Cupric  sulphate  boiled  with  potassie  trithionate  pro- 
duces an  immediate  separation  of  sulphide  of  copper. 

Trithionate  of  Ammonium  is  produced,  together  with  sulphate,  by  saturating 
dry  ammonia-gas  ■with  dry  sulphurous  oxide,  and  dissolving  the  product  in  water. 

Trithionate  of  Barium,  Ba"S'0'^.2H^0,  is  produced  (according  toKessler)  by 
saturating  tlie  acid  with  carlionate  of  barium,  and  mixing  the  solution  with  a  largo 
excess  of  absolute  alcohol.  The  salt  then  separates  in  shining  laminae.  Its  solution 
decomposes  very  easily,  depositing  sulphate  of  barium. 

Trithionate  of  Potassium,  K'S^O",  prepared  as  above  described,  crystallises  in 
four-sided  prisms  bevelled  with  two  faces.  It  has  a  slightly  saline  and  Ijitter  taste, 
and  is  insoluble  in  alcohol.  The  aqueous  solution  is  neutral,  and  is  decomposed  by 
heat  into  sulphur,  sulphurous  oxide,  and  sulphate.  The  dry  salt  decomposes  in  like 
manneratl25°.  According  to  Chancel  and  Diacon,  it  is  converted  by  monosulphide 
of  potassium  into  hyposulphite,  without  separation  of  sulpihur: 
K-S'0«  +  K-S    =  2X^8=0'. 
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Trithionatc  of  Zinc  is  produced,  with  separation  of  sulphide  of  zinc,  by  gradual 
decomposition  of  a  concentrated  solution  of  the  hyposulphite.  (Fordos  and  G61is.) 

Tetratbionio  Compounds. 

Tetrathionic  Acid,  H-S'O^.  Acid  hy^msulfurique  bisulfure.  (Fordos  and 
G6Iis  [1843],  Ann.  Ch.  Pharm.  xliv.  247.— Kessler,  Fogg.  Ann.  Ixxiv.  253.— 
Chancel  and  Diacon,  Compt.  rend.  Ivi.  510  ;  Jaliresb.  1863,  p.  150.) — The  salts  of 
this  acid  are  produced  by  the  action  of  iodine  on  hyposulphites,  thus : 

2Ba"S20'  +  P    =    Ba'I^  +  Ba"S'0'>. 

The  barium-salt  is  prepared  by  adding  iodine,  in' small  successive  portions,  to  hyposul- 
phite of  barium  suspended  in  a  very  small  quantity  of  water;  after  complete  satura- 
tion, the  crystalline  pulp  is  digested  with  strong  alcohol,  which  dissolves  the  iodide  of 
barium  and  excess  of  iodine,  and  leaves  the  tetrathionate  in  the  form  of  a  white 
powder,  which  may  be  purified  by  dissolving  it  in  the  smallest  possible  quantity  of 
water,  and  leaving  the  solution  to  evaporate.  (Fordos.) 

A  salt  of  tetrathionic  acid  is  also  produced  by  carefully  adding  sulphuric  acid  to  a 
mixture  of  hyposulphite  and  peroxide  of  lead  or  barium,  according  to  the  equa- 
tion : 

2PbS^0'  +  PbO-  +  2H2SO<    =    PbS'O'"'  +  2PbS0<  +  2iP0 ; 
further,  by  the  action  of  peroxide  of  lead  on  pentathionie  acid  (Chancel  and  Dia- 
con): 

4:W&'0^  +  5Pb02    =    SPbS'O'^  +  4H-0. 

Tetrathionic  acid  maybe  prepared  by  decomposing  the  barium-  or  lead-salt 
with  the  exact  quantity  of  sulphuric  acid  required.  According  to  Kessler,  the  lead- 
salt  is  better  adapted  for  the  purpose  than  the  barium-salt,  because  the  acid,  in 
pi-esence  of  strong  bases,  is  apt  to  decompose,  especially  at  the  moment  of  libera- 
tion, into  trithionic  acid  and  free  sulphur.  The  lead-salt  must  be  decomposed  by 
sulphuric,  not  by  sulphydric  acid,  as  in  the  latter  case  it  would  be  converted  partly, 
or  perhaps  entirely,  into  pentathionie  acid  by  the  action  of  the  sulphide  of  lead  pro- 
duced in  the  reaction. 

Tetrathionic  acid  is  a  colourless,  inodorous,  very  acid  liquid,  of  about  the  same 
degree  of  stability  as  dithionic  acid.  In  dilute  solution  it  may  be  boiled  without 
decomposition,  but  in  the  concentrated  state  it  is  decomposed  by  heat  into  sulphuric 
acid,  sulpliurous  acid,  and  sulphur.  It  is  not  decomposed  by  hj'drochloric  or  dilute  sul- 
phuric acid  in  the  cold,  but  a  moderately  dilute  solution,  heataAviith  hydrochloric  acid, 
gives  off  sulphuretted  hydrogen.  When  heated  with  «i7rjc  «ci(^,  it  evolves  off  red  fumes, 
and  deposits  sulphur. — Chlorine  converts  it  into  sulphuric  acid. 

The  t etra til io nates  M-S'O"  and  M"S^O''  are  all  easily  soluble  in  water,  but 
insoluble  in  alcohol,  and  are  precipitated  from  their  aqueous  solutions  by  alcohol.  They 
are  produced  either  by  saturating  tlie  acid  with  bases,  or  by  double  decomposition 
from  the  lead-salt.  The  solutions  cannot,  however,  for  the  most  part  bo  evaporated 
without  decomposition,  the  tetrathionates  of  the  stronger  bases  being  thereby  con- 
verted into  salts  of  acids  containing  a  smaller  proportion  of  sulphur,  and  those  contain- 
ing easily  reducible  bases  being  resolved  into  sulphide  and  sulphate. 

Tetrathionic  acid  and  its  salts  form,  with  cupric  stilphate,  a  brown  precipitate  after 
long  boiling ;  with  mcrcurous  nitrnte  a  yellow  precipitate,  which  slowly  blackens  on 
boiling  ;  with  mercuric  chloride,  by  degrees,  a  yellowish  precipitate,  consisting  of  a 
compound  of  chloride  and  sulphide  of  mercury  mixed  with  free  sulphur ;  with  mer- 
curic cyanide,  by  degrees,  a  yellow  precipitate,  which  blackens  slowly  in  the  cold, 
immediately  on  boiling ;  with  nitrate  of  silver,  a  yellow  precipitate,  which  soon  turns 
black.  When  tetrathionic  acid  is  supersaturated  in  the  cold  with  ammonia,  no  alteration 
is  produced  in  it  by  the  addition  of  anuiwiiiacal  solutio-n  of  .silver-nitrate,  or  mercuric 
cyanide,  or  sulphydric  acid  (Kessler).  This  last  reaction  distinguishes  tetrathionic 
from  pentathionie  acid.  It  is  further  distinguished  from  pentathionie  acid  by  not 
being  decomposed  by  peroxide  of  lead  ;  and  from  all  the  other  polythionic  acids  by  the 
reaction  of  its  potassium-salt  with  menosulphide  of  potassium,  whereby  it  is  converted 
into  hyposulphite  of  potassium,  with  separation  of  sulphur :  K-S^O"  +  K^S  = 
2K'S^0'  +  S.    (Chancel  and  Diacon.) 

Tetrathionate  of  Barium,  Ba"S'0'*.2H'0,  may  be  prepared  as  above  described. 
According  to  Kessler,  it  is  obtained  in  large  tabular  crystals,  by  mixing  the  aqueous 
acid  with  an  eqiuvalent  quantity  of  acetate  of  barium,  and  adding  absolute  alcohol. 

Tetrathionate  of  Cadmium,  obtained  by  double  decomposition,  separates,  on 
evaporation  in  a  vacuum,  as  a  very  deliquescent  mass.  (Kessler.) 
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Tetrathionates  of  Copper. — The  eupric  salt  has  not  been  obtained  in  the  solid 
form.  Its  solution,  when  concentrated  in  a  vacuum,  deposits  a  large  quantity  of  brown 
shining  scales,  whilst  sulphuric  acid  and  cupric  sulphate  remain  in  solution. — The 
cuprous  salt,  Cu'-'S'O^,  is  produced  by  the  action  of  hyposulphite  of  barium  on  sulphide 
of  copper.  It  decomposes  easily,  even  at  ordinary  temperatures,  and  still  more  when 
heated,  into  cnpric  sulphide  and  sulphuric  anhydride :  Cu'-S'O'*  =  2Cu"S  +  2S0'. 
(Chancel  and  Diacon.) 

Tetrathionate  of  Iron  {fe  rrous),  Fe"S''0°,  is  produced  by  the  action  of  a  ferric 
salt  on  ferrous  hyposulphite  :  it  is  resolved  on  evaporation  into  ferrous  sulphate,  sul- 
phurous acid,  and  sulphur.    (Fordos  and  Gelis.) 

Tetrathionate  of  Lead,  Vh"Q'0'^.2'E?0,  CAnxicA  be  crystallised  by  evaporation, 
but  separates  in  shining  needles,  on  adding  alcohol  to  the  mixed  concentrated  solutions 
of  plumbic  acetate  and  tetrathionic  acid.  (Kessler.) 

Tetrathionate  of  Nickel  is  obtained,  as  a  deliquescent  mass,  by  evaporating  its 
solution  in  a  vacuum. 

Tetrathionate  of  Fotassiu7n,  K^S^O^  is  prepared  by  the  gradual  addition  of  iodine 
to  a  concentrated  solution  of  potassic  hyposulphite,  till  the  reddish-brown  colour  becomes 
permanent.  The  tetrathionate  separates  completely,  and  is  dissolved  in  hot  water  ;  the 
solution  is  then  filtered  from  free  sulphur,  and  mixed  with  alcohol  till  the  precipitate 
at  first  formed  slowly  redissolves  in  the  liquid.  On  cooling,  the  salt  separates  in 
large  crystals.  When  tetrathionic  acid  is  added  to  a  concentrated  solution  of  potassic 
acetate,  the  salt  separates  in  a  pulverulent  form,  in  which  state  it  is  more  stable  than 
when  in  large  crystals.    (K  e  s  s  1  e  r.) 

Tetrathionate  0/ Sof^i^fw  is  prepared  like  the  potassium-salt,  but  requires  large 
quantities  of  alcohol  to  precipitate  it  from  its  aqueous  solution.  It  melts  in  its  water 
of  crystallisation,  when  gently  heated,  with  separation  of  sulphur  and  evolution  of  sul- 
phurous oxide.  (Kessler.) 

Tetrathionate  of  Strontium,  Sr"S'0^6H'0,  may  be  prepared  like  the  barium- 
salt,  but  is  not  so  completely  precipitated  by  alcohol.  It  separates  by  spontaneous 
evaporation  in  thin  prisms,  but  is  at  the  same  time  decomposed,  for  the  most  part, 
into  sulphate  of  strontium,  sulphurous  acid,  and  sulphur.  (Kessler.) 


Pentathionic  Compounds. 

Pentathionic  Acid,  II-S*0^  (Wackenroder  [1845],  Ann.  Ch.  Pharm.  Ix. 
189. — Lenoir,  ibid.  Lxii.  263.— Fordos  and  Gelis,  Ann.  Ch.  Phys.  [3],  xxii.  66. — 
Kessler,  Pogg.  Ann.  Ixxiv.  257. — Ludwig,  Arch.  Pharm.  [2],  Ixxxv.  9. — Chancel 
and  Di  aeon,  Compt.  rend.  Ivi.  710.) — This  acid  is  produced  by  the  mutual  action  of 
sulphurous  and  sulphydric  acids : 

5H'S0'  +  SH^S    =    H"S*0»  +  gH^O  +  S*. 

To  prepare  it,  Wackenroder  passes  sulphydric  acid  gas  in  excess  through  a  satu- 
rated aqueous  solution  of  sulphurous  acid,  filters,  and  digests  the  milky  filtrate  with 
slips  of  clean  metallic  copper,  till  it  becomes  clear — filters  again — removes  the  dis- 
solved copper  by  sulphydric  acid,  and  drives  off  the  excess  of  tlie  latter  by  a  gentle 
heat.  The  solution  thus  obtained  is  colourless,  and  destitute  of  odour;  it  maybe 
concentrated,  without  decomposition,  till  it  attains  the  specific  gravity  of  1'37. — 
Kessler  passes  sulphurous  and  sulphydric  acid  gases  alternately  through  water,  till 
the  precipitated  sulphur  forms  a  thick  magma  at  the  bottom  of  the  vessel ;  digests 
the  filtered  hquid  with  freshly  precipitated  carbonate  of  barium,  to  remove  sul- 
phuric acid ;  filters,  and  concentrates  the  filtrate  over  a  water-bath,  till  it  attains  a 
density  of  r25 — r3.  The  acid  liquid  thus  obtained  may  be  further  concentrated,  in  a 
vacuum,  to  the  density  of  1'6  at  22°. 

According  to  Eisler-Bonnet  (Pogg.  Ann.  cxvi.  470;  Jahresb.  1861,  p.  60), 
pentathionic  acid  is  also  produced  by  the  reaction  of  zinc  on  sulphurous  acid  ;  the 
zinc  first  dissolves  in  the  acid,  with  evolution  of  hydrogen,  which  at  the  moment  of 
liberation  decomposes  part  of  the  sulphurous  acid,  yielding  water  and  sulphydric  acid  ; 
and  the  latter  reacts  on  the  sulphurous  acid,  so  as  to  form  pentathionic  acid : 
lOH'^SO'  +  5H'S    =    SH'S^'O"  +  12H=0. 

The  solution  exhibits  the  reactions  of  pentathionic  acid  as  long  as  it  retains  free  sul- 
phurous acid,  but  the  pentathionic  acid  is  subsequently  resolved  into  sulphuric  acid, 
hyposulphurous  acid,  and  free  sulphur. 

Pentathionic  acid  is  colourless  and  inodorous,  and  has  a  strongly  acid  taste, 
inclining  to  bitter.  It  may  be  preserved  unchanged  at  the  temperature  of  the  air ; 
but  on  attempting  to  concentrate  it,  by  heating  beyond  the  density  of  1-37,  it  is 
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decomposed,  sulphydrie  acid  and  afterwards  sulphurous  acid  being  evolved,  while 
sulphuric  acid  and  sulphur  remain  behind.  It  is  not  decomposed  by  sulphy- 
drie acid,  or  by  dilute  hydrochloric  or  sulphuric  acid ;  the  latter,  however,  when 
concentrated,  decomposes  it.  By  nitric  acid,  hypochlorous  acid,  or  chlorine,  it  is 
oxidised,  and  converted  into  sulphuric  acid.  Metallic  copper  and  iron  decompose  it  at 
the  boihng  heat,  the  former  with  evolution  of  sulphurous  acid  and  formation  of 
sulphide  of  copper ;  the  latter  with  evolution,  first  of  sulphydrie  acid,  then  of  sul- 
phurous acid,  a  portion  of  the  latter  also  remaining  in  the  liquid  (Waekenroder). 
A  moderately  concentrated  solution  of  pentathionic  acid  gives  off  a  faint  sulpluirous 
smell  when  boiled,  but  does  not  evolve  sulphurous  acid  gas  except  when  highly 
concentrated ;  on  boiling  it  with  hydrochloric  acid,  the  odour  of  sulphydrie  acid  is 
perceptible.  On  boiling  the  acid  with  solution  of  caustic  potash,  hyposulphite,  sul- 
phate, and  sulphide  of  potassium  are  formed.    (Kessle  r.) 

The  reactions  of  pentathionic  acid  with  cupric  sulphate,  mercurous  nitrate,  mercuric 
chloride,  mercuric  cyanide,  and  nitrate  of  silver,  are  the  same  as  those  of  tetrathiouic 
acid.    With  ainmoniacal  nitrate  fif' silver,  however,  it  reacts  differently. 

When  a  solution  of  pentathionic  acid  is  rapidly  mixed  with  excess  of  ammonia, 
the  addition  of  an  ammoniacal  solution  of  silver-nitrate  quickly  produces  a  brown 
colour,  which  gradually  becomes  darker,  while  sulphide  of  silver  separates  from  the 
liquid  (Kessler).  According  to  Kisler-Bonnet,  it  produces  an  immediate  black 
precipitate.  An  ammoniacal  solution  of  mercuric  chloride  added  to  the  same  liquid 
gradually  produces  a  black  precipitate  of  sulphide  of  mercury ;  and  on  the  addit  ion  of 
sulphj'dric  acid,  a  separation  of  sulphur  takes  place  (Kessler).  A  recently  prepared 
solution  of  pentathionic  acid  mixed  with  potash,  decolorises  a  solution  of  indigo. 
(Hi  sler-  Bonnet.) 

The  pentathionates  have  not  been  much  examined.  They  are  very  unstable,  so 
much  so,  that  it  is  difficult  to  obtain  them  in  the  solid  state.  In  fact,  the  fifth  atom 
of  sulphur  in  the  acid  appears  to  be  retained  by  only  a  feeble  affinity;  and  in  pre- 
sence of  a  strong  base,  especially  if  the  solution  bo  concentrated,  this  last  atom  of 
sulphur  is  separated,  and  the  pentathionic  acid  is  reduced  to  tetruthionic  acid,  the 
Sidts  of  which  have  greater  stability.  Sometimes  two  atoms  of  sulphur  are  given  up, 
and  trithionic  acid  is  produced.  Kessler  found  that  on  mixing  a  solution  of  pentathionic 
acid  of  specific  gravity  1'32,  with  alcohol  of  96  per  cent.,  washing  the  precipitate 
with  alcohol,  and  dissolving  it  in  warm  water,  a  considerable  quantity  of  sulphur 
remained  undissolved;  and  the  solution  mixed  with  alcohol  yielded  crystals,  ha\'ing  the 
form  and  composition  of  potassic  tetrathionate. 

The  pentathionates  of  barium  and  lead  are  soluble  in  water,  but  cannot  be  obtained 
in  the  solid  state  by  evaporation,  even  in  a  vacuum,  decomposition  taking  place  as 
soon  as  the  solutions  attain  a  certain  degree  of  concentration.  Lenoir,  however, 
obtained  the  barium-salt,  Ba"S''0".H''0,  in  definite  crystals,  by  mixing  the  freshly 
prepared  aqueous  solution  with  strong  alcohol.  The  salt  then  separated  abundantly 
in  transparent  silky  prisms,  which  changed  within  the  liquid  to  larger  and  well-defined 
crystals. 

l\ntathionate  of  Potassium,  K'-S^O",  crj^stallises  (according  to  Rammelsberg, 
Jahresb.  1857,  JJ.  136)  in  monoclinic  prisms,  exhibiting  the  combination  ooP  .  [  ccP3] . 
ooP«  .  P  .  -P  .  +  P3  .  -P3.  Axes  a  :  /<  :  c  =  1  :  0-9285  :  1-2639.  Angle  b  :  c 
=  78°45';ooP:  ooP  (clinod.)  =  95°  24' ;  -i-P:  -I- P  (clinod.)  =  101°  38' ;  -P :  -P 
(clinod.)  =  112°  12'. 

SUXiPBITR-ACXDS,  or  StTXiPBAIfHTDRXSES.  Names  sometimes  applied 
to  the  sulphides  of  the  more  electronegative  metals  (arsenic,  antimony,  &c.),  which,  in 
combination  with  the  electropositive  sulphides,  form  sulpihur-salts. 

SXTXiPHim-BASES.  The  Sulphides  of  the  more  electropositive  metals,  potas- 
sium, barium,  copper,  lead,  &c. 

SUX.PHUBET.    Syn.  with  Sulphide  (p.  482). 

ST7I.PHURIC  ACID  and  ATTBYDRXDE.  See  SuLPiruR,  Oxides  and  Oxygen- 
acids  OF  (p.  569). 

SUXiFHUaXC  CHX.ORIDE  (p.  576). 
StTX.PBURIC  ETBERS  (p.  620). 

SUI.PBUROVS  ACID  and  AXTBTDBXItE.     See  SuLPHtTB,  Oxides  and 

OXVGEN-ACIDS  OF  (p.  640). 

SUXiPHUROUS  CBI.OBXBE  (p.  542). 
SUI.FHUBOUS  ETBEBS  (p.  551). 

STTXiPHim-S  A  ZiTS.  Compounds  analogous  to  oxygen-salts,  composed  of  sulphur- 
acids  or  sulphanhydrides  and  sulphur-bases :  e.g.,  sulpharsenate  of  potassium,  K^AsS*, 
or  3K-S.AsS*,  &c. 
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SVXiPHXTR'Z'lL,  SO'.    The  radicle  of  sulphuric  acid  and  its  derivatives. 

SVXiZEBXTE.  Syn.  with  strontianite,  or  native  carbonate  of  strontium.  (See 
Carbonates,  i.  797.) 

SiriUACH.  The  powder  of  the  dried  leaves  of  various  shrubs  and  trees  of  the 
genus  Ehus  (order  Ttrebinthace<e),  especially  of  Rk.  coriaria  and  Eh.  cotinus.  It  con- 
tains colouring-mutter  and  tannin,  and  is  used  in  dyeing  and  calico-printing,  as  a 
substitute  for  nut-galls,  in  the  production  of  grey  colours,  and  in  Turkey-red  dyeing  ; 
also  for  tanning  the  finer  kinds  of  leather.  According  to  Cbevreul,  it  contains  a 
yellow  colouring-matter,  which  separates  from  a  concentrated  decoction  on  cooling,  in 
small  crystalline  grains.  It  forms  a  yellow  precipitate  with  solution  of  alum,  and 
may,  therefore,  be  used  for  communicating  a  yellow  dye  to  stutFs  mordanted  with 
alum.  The  decoction  of  sumach  reacts  strongly  acid  with  litmus,  gives  a  yellowish- 
white  precipitate  with  stannous  chloride,  pale-yellow  with  acetate  of  lead,  yellowish- 
brown  with  eupric  acetate,  and  a  blue  flocculent  precipitate  with  ferric  chloride. 

SVMBiribAMXC  ACID.  A  peculiar  acid,  contained  (according  to  Eeiusch) 
together  with  angelic  acid,  in  sumbul-root. 

SUmBTTIi-BAZiSAnX.    See  SuMBVL-BOOT. 

StmiBlTXiXC  ACID.  The  name  given  by  Eeinsch  to  an  acid  contained  in 
sumbul-root,  which  he  at  first  regarded  as  distinct  from  angelic  acid,  because  its 
alcoholic  solution  is  coloiired  blue  by  sulphuric  acid ;  but,  according  to  later  experi- 
ments by  Eieckher  and  Eeinsch  (Jahrb.  pr.  Pharm.  xvi.  12),  it  does  not  exhibit 
this  coloration  when  quite  pure  and  free  from  sumbulamic  acid,  and  must  therefore 
be  regarded  as  identical  with  angelic  acid,  with  which  it  agrees  in  all  other  respects. 

STTMBVXilM'E.  The  name  given  by  Murawiefif  to  an  alkaloid  supposed  to  exist 
in  sumbul-root. 

SUnXBTT£-on.  A  mixture  of  volatile  oils  obtained  by  the  distillation  of 
sumbul-balsam. 

SVSXBUZiOXiIC  ACID.    Syn.  with  Stjmbulic  or  Angelic  Acid. 

SVMBTTXi-ROOT.  Musk-root.  The  root  of  an  umbelliferous  plant,  said  to  be 
indigenous  in  Persia.  It  usually  occurs  in  commerce,  in  rather  large  cakes  having  a 
strong  musk-like  odour,  and  a  faintly  sweetish  musldike  taste,  with  aromatic  b\miing 
aftertaste,  like  angelica  and  imperatoria  root.  Eeinsch  found  in  100  pts.  of  sumbul- 
root  13  pts.  water,  12-9  balsam,  28'4  starch  and  salts,  8  gum,  4  colouring-matter 
soluble  in  alcohol,  7  bitter  substance,  and  5  ash-constituents  (containing  a  large 
quantity  of  potassic  carbonate),  besides  mucilage,  woody  fibre,  resin,  wax,  and  traces 
of  volatile  oil  not  smelling  of  musk. 

According  to  Eeinsch,  the  balsam  extracted  from  the  root  by  ether  has  the  colour 
and  consistence  of  copaiba- balsam,  a  burning  taste,  and  only  a  faint  musk-like  odour 
in  the  dry  state,  but  gives  out  a  strong  odour  of  musk  when  in  contact  with  water. 
Strong  sulphuric  acid  dissolves  it  with  fine  blue  colour.  By  dry  distillation,  the 
balsam  gives  off — first,  a  yellowish  oil  tasting  like  peppermint ;  afterwards  a  grass- 
gi-een  oil  having  the  odour  of  cajeput,  while  the  residue  acquires  an  indigo-blue  colour. 
On  continuing  the  distillation,  a  blue  oil  passes  over,  which  dissolves  with  blue  colour 
in  alcohol;  paper  on  which  the  solutionis  dropt,  acquires  a  musklike  odour  after  a 
few  days.  The  oil  is  coloured  green  by  cold  potash-ley  ;  hot  potash-ley  dissolves  it. 
The  balsam  dissolves  in  potash-ley,  and,  on  adding  water,  a  resinous  mass  separates, 
containing  the  potassium-salt  of  siimbulamic  acid,  which  may  be  separated  from  it 
by  dilute  sulphuric  acid.  This  acid  is  resinous  at  first,  but  is  converted  into  a 
crystalline  mass  by  long  contact  with  water ;  it  is  said  to  form  an  ether.  Further 
investigation  is  required  to  determine  how  far  this  acid  differs  from  sumbulic  or  angelic 
acid. 

Sommer  (Arch.  Pharm.  cxxxviii.  1)  has  also  investigated  sumbul-root,  but  with 
somewhat  different  results.  The  extract  obtained  from  the  root  by  treatment  with 
ether,  gave,  by  distillation  with  water,  a  very  small  quantity  of  a  pale-yellow,  neutral, 
volatile  oil,  which  in  the  concentrated  state  smelt  more  like  angelica-root,  but  in  the 
dilute  state  more  like  musk.  This  oil  is  mobile  and  lighter  th.an  water,  but  resinises 
quickly  in  contact  with  the  air,  becoming  viscid,  darker-coloured,  and  acid.  It  dissolves 
in  nitric  acid  with  violet  colour,  soon  changing  to  yellow ;  by  sulphuric  acid  it  is  turned 
brown,  and  carbonised.  The  balsam  prepared  with  ether  or  alcohol  yields  by  dry  distil- 
lation (according  to  Sommer)  one-third  of  its  weight  of  a  greenish  mobile  oil,  smelling 
like  creasote;  aftei-wards  white' fumes  are  evolved,  which  thicken  to  a  blue  oil  (about 
one-third  of  the  resin) ;  finally,  tarry  products  pass  ovei",  and  a  carbonaceous  residue 
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is  lyft.  The  blue  oil  sometimes  contains  needle-shaped  crystals,  which  likewise 
condense  in  the  neck  of  the  retort. 

The  blue  oil  is  a  mixture  of  several  bodies  ;  it  begins  to  boil  at  150°,  a  pale- 
yellow  oil  then  passing  over;  at  200°— 280°,  a  light-blue,  and  at  285°— 325°  a  dark- 
blue  oil  passes  over,  at  which  latter  temperature  partial  decomposition  takes  place. 
The  bine  oil  has  a  peculiar,  not  very  agreeable  odour,  is  lighter  than  water,  slightly 
soluble  therein,  easily  soluble  in  alcohol  and  ether.  Heated  with  nitric  acid,  it  yields 
oxalic  acid.  When  distilled  with  potash,  it  gives  off  a  neutral  pale-blue  oil,  smelling 
like  bergamot  pears  ;  and  the  ref^idue,  treated  with  sulphuric  acid,  gives  off  the  odour 
of  valerianic  acid.  The  crystals  obtained,  together  with  the  blue  oil,  consist  of  umbel- 
liferoue  (g.  n.).  (Sommer.) 

Sumbul-root  is  said  to  cause  trembling  and  weakness  of  the  limbs,  confusion  of  the 
head,  acceleration  of  tho  pulse,  increased  heat,  and  greater  activity  of  the  stomach. 
(Handw.  d.  Chem.  viii.  440.) 

SITWDVIKITi:.  A  mineral  from  Kimito  in  Finland,  allied  to,  and  perhaps 
identical  with,  anorthite.    (Bammelsbcrg's  Mineralchemie,  p.  593.) 

SUSfSTOXars,    Olignelase  from  Tvedestrand  in  Norway  (iv.  198). 

SUPER.    A  prefix  synonj'mous  with  Per  (iv.  374). 

SUPERPHOSPHATE.  Acid  phosphate  of  calcium,  prepared  on  the  large  scale 
for  manure,  liy  tripling  bones,  coprolites,  &c.  with  sulphuric  acid. 

SURHrAMnrE.  An  alkaloid,  occurring,  according  to  Hiittenschmidt  (Mag. 
Pharni.  vii.  287),  in  the  bark  of  Gcoffroya  inermis. 

SURTURBBAirD.  Fibrous  lignite,  so  called  in  Iceland,  where  it  occurs  in  large 
quantities. 

SUSATTNITE,  or  SUZANSTXTE.  A  sulphato-carbonate  of  lead  having  the 
same  composition  as  leadhillite  (27"5  per  cent.  PbSO'  and  72-5  PbCO^),  but  ci-ystal- 
lising  in  rhomboliedral  forms,  derived  from  a  primitive  rhombohedron  in  which  the 
length  of  the  principal  axis  is  1-1062  and  li  :  R  =  94°  ;  it  exhibits  the  faces  —  2R, 
ooR,  oR,  and  cleaves  easily  parallel  to  oR.  Hardness  =  2'5.  Specific  gravity  =  6-55. 
Lustre  resinous  to  adamantine.  Colour  white,  greon,  yellow,  and  brownish-black. 
Streak  uncoloured.  It  occurs  in  attached  crystals  at  Leadhills  in  Scotland,  and  at 
Moldawa  iu  the  Bannat.    (Dana,  ii.  373.) 

SVANBERGXTE.  A  mineral  discovered  by  Ijelstrom  (Jahresb.  1854,  p.  681), 
ti)r;(  tlier  with  lazulite,  on  the  Horrsjoberg  in  Wermland,  Sweden,  in  cube-like  rhombo- 
hedrons,  resembling  those  of  beudantite,  and  cleaving  parallel  to  the  terminal  face. 
Hardness  =  5'0.  Specific  gravity  =  3-3U.  Colour  pale  red,  or  yellow.  Transparent 
to  translucent.  Before  the  blowpipe  it  becomes  decolorised,  and  melts  only  iu  thin 
splinters.  The  pulverised  mineral  dissolves  partially  in  strong  acids,  and  the  residue 
becomes  incandescent  when  heated.  Contains  17'32  per  cent.  S0^  17"8  P'O'*,  37'84 
Al-O'.  1-40  FeO,  6-0  lime,  12-84  Na-0,  and  fi'SO  water,  with  a  trace  of  chlorine  ;  whence 
the  formula  is,  perhaps,  2(2Ar"HO-.Na-SO^)  +  (2Ar"HO'''.Ca"P'0'5),  or,  according  to 
Raram  elsberg  {Mincralvhcmie,  p.  361),  (|Na-0.lCaO)'.P-0^  +  (3A120^2SO')  +  3H-0. 

SWAGA.    Tho  Thibetian  name  for  borax. 

SWAMP-ORE.    Bog  iron-ore. 

SWIETETiTA.  A  genus  of  trees  belonging  to  the  meliaeeous  order.  The  bark  of 
Swietcnia  seneffaknsis,  or  Cnil-ccdra,  is  used  in  Senegal  as  a  febrifuge.  The  bark  of 
Sti>.  fcbrifuga,  indigenous  in  India,  is  the  Cortex  Soyamidce,  which,  according  to 
l)uneau(Trommsdorff"s  Journal,  iii.  257),  contains  a  bitter  principle,  tannin,  volatile 
oil,  and  resin.  According  to  Overbeck  (Arch.  Pharm.  [2]  liviii.  271),  the  bark  con- 
tains an  amorphous  bitter  principle,  but  no  base. 

SVCOCERTXiIC  ACID.    See  the  next  article. 

SYCOCERTIIC  AI.C0H01,.  CH^^O  =       jifO-    (D e  la  Ru e  and  Mill  1  er, 

Phil.  Trans.  1860,  p.  43 ;  Chem.  Soc.  Qu.  J.  v.  62.) — This  compound,  homologous  with 
benzylic  alcohol  (C'H'O)  and  eymylic  alcohol  (CoH'^O),  is  produced  by  treating  syco- 
ccrylic  acetate  {infra)  with  sodium-alcohol,  and  purified  by  precipitation  with  water 
and  crystallisation  from  ordinary  alcohol.  It  forms  very  thin  crystals,  resembling 
caffeine,  usually  aggregated  in  masses  like  wavellite  ;  melts  at  90°  to  a  liquid  heavier 
than  water,  and  solidifies  in  the  crystalline  state  on  cooling  ;  after  being  strongly  heated, 
it  solidifies  to  a  transparent  glass,  which  liecouies  crystalline  in  contact  with  alcohol; 
distils  partly  undccomposcd. — It  is  insoluble  in  water,  aqueous  ammonia,  and  alkalis 
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It  dissolves  readily  in  cthylic  alcohol :  a  hot  saturated  solution  forms  a  semisolid 
mass  of  crystals  on  cooling ;  a  solution  in  very  dilute  alcohol  deposits,  on  cooling, 
a  jelly,  -which  afterwards  becomes  crystalline.  Dissolves  in  ether,  benzene,  chloroform, 
and  tight  vdneral  oil. 

Biconqwsitions. — 1.  Sycocerylic  alcohol  is  but  slowly  attacked  by  boiling  with 
dilute  nitric  acid :  the  dark-yellow  resin  formed  after  six  hours,  when  washed  and 
dried,  and  afterwards  dissolved  in  warm  alcohol,  yields  white  and  yeUow  crystals, 
easily  soluble  in  aqueous  ammonia  and  potash,  and  precipitable  by  alcoholic  neutral 
acetate  of  lead  ;  probably  a  mixture  of  sycocerylic  acid,  C'^H^'O^,  and  nitrosyco- 
cery  lie  acid. — 2.  Moderately  dilute  aqueous  chromic  acid,  boiled  with  sycocerylic  alco- 
hol for  eight  hours,  produces  no  sycocerylic  acid :  on  one  occasion,  neutral  thin  prisms, 
probably  of  sycocerylic  aldehyde,  CH'^^O,  were  produced. — 3.  The  alcohol  dis- 
solves easily  in  oil  of  vitriol,  forming  a  brown  solution,  from  which  water  throws  down 
a  viscid  resin;  no  conjugated  compound  of  sulphuric  acid  remains  in  solution. — 4.  Sy- 
cocerylic alcohol  is  readily  attacked  by  chlorine  and  bromine,  and  forms  yellow  crys- 
tals with  iodine. — 5.  A  solution  of  sycocerylic  alcohol  in  benzene  evolves  hydrochloric 
acid  gas  when  treated  ynth  pentachloride  of  phosphorus  -dt  60°.  If,  after  the  evolution 
of  gas  has  ceased,  the  remaining  chloride  of  phosphorus  be  removed,  and  the  benzene 
solution  washed  with  water  and  aqueous  alkali  and  evaporated,  there  remains  an 
amorphous,  greenish,  viscid  residue,  easily  soluble  in  ether  and  chloroform,  but  diffi- 
cultly soluble  in  alcohol.  On  one  occasion  crystals  were  also  obtained. — 6.  Potassium 
evolves  hydrogen  from  melted  sycocerylic  alcohol,  and  becomes  covered  with  a  white 
crust,  which,  when  heated  till  it  melts,  blackens  and  takes  fire. — 7.  Sycocerj' lie  alcohol, 
treated  with  fused  caustic  potash,  evolves  hydrogen  without  forming  sycocerylic  acid. 
— 8.  With  chloride  of  acetyl  it  forms  acetate  of  sycocerj'l,  and  with  chloride  of  benzoyl 
benzoate  of  sycoceryl. 

STCOCERirXiXC  AKDEHTDE.    See  the  last  article. 

SVCOCSRTUC  ETHERS.  (De  la  Eue  and  Miiller,  ^oc.  Sycocerylic 
Acctatc,C-'>'K^^O'^  =  C2H'(C"'H;^)02.— This  ether  is  contained,  together  with  sycore- 
tin,  in  the  resin  of  Fictts  rubiginosa  from  New  South  Wales  (ii.  646).  To  obtain  it,  the 
sycoretin  is  dissolved  out  of  the  resin  by  cold  alcohol,  and  the  residue  is  boiled  with 
alcohol.  The  solution,  on  cooling,  deposits  crystals  of  sycocerylic  acetate,  mixed,  towards 
the  end  of  the  crystallisation,  with  a  small  quantity  of  a  flocculent  substance  ;  and  by 
leaving  the  solution  to  cool  to  40°,  then  straining  oiF  the  liquid,  recrystallising  the 
solid  residue  from  boiling  alcohol,  and  treating  the  product  at  30°  vrith  a  quantity  of  ether 
not  sufficient  to  dissolve  it,  the  sycocerylic  acetate  is  obtained  pure,  while  a  neutral 
crystalline  substance  remains  undissolved.  Sycocerylic  acetate  is  also  produced  by 
treating  sycoceryKc  alcohol  with  chloride  of  acetyl. 

Sycocerylic  acetate  crystallises  from  alcohol,  in  thin  laminae  resembling  cholesterin, 
and  from  ether  in  flat  six-sided  tables.  It  melts  at  118° — 120°,  and  solidifies  below 
80°  to  a  mass  which  is  transparent  at  first,  but  afterwards  becomes  opaque  and  crys- 
talline. It  distils  unchanged;  but  when  it  is  too  strongly  heated,  the  distillate  smells 
rancid,  and  like  acetic  acid.  It  is  brittle  ;  strongly  electric  when  rubbed;  neutral.  It 
dissolves  very  easily  in  hot  alcohol,  and  in  acetic  acid,  acetone,  chloroform,  ether,  benzene, 
and  oil  of  turpentine.  It  is  not  precipitated  by  alcoholic  neutral  acetate  of  lead,  or  by 
aloholic  acetate  of  copper. 

Hot  dilute  nitric  acid  converts  sycocerylic  acetate  into  a  resin.  The  easily  prepared 
solution  in  fuming  nitric  acid  is  precipitated  by  water  in  amorphous  yellow  flocks.  It 
dissolves  easily  and  without  coloration  in  oil  of  vitriol ;  the  solution  becomes  brown  on 
standing,  and  gives  off  traces  of  sulphurous  and  acetic  acids  ;  water  precipitates  from  the 
solution  a  hard  substance,  fusible  below  100°,  difficultly  soluble  in  alcohol,  and  easily 
soluble  in  chloroform  and  benzene.  It  forms  resinouscompounds  with  chlorine,  bromine, 
and  iodine ;  the  last  two,  when  added  gradually  to  a  warm  alcoholic  solution  of  the 
acetate,  form  crystals  of  a  colourless  bromine-  or  iodine-compound,  which  are  deposited 
on  cooling.  It  is  not  affiscted  by  boiling  solution  of  caustic  potash,  but  is  decomposed 
by  the  fused  hydrate,  with  liberation  of  hydrogen. — Sodiwn-alcohol  &.ecom^os&s  it  even 
at  90°,  forming  acetic  acid  and  sycocerylic  alcohol. 

Sycocerylic  Benzoate,  C"H"0'  =  C'HXC'8H2'')02.— Prepared  by  dissolving 
sycocerylic  alcohol  in  chloride  of  benzoyl  (no  gas  being  evolved  in  the  cold),  and  heating 
the  solution  as  long  as  hydrochloric  acid  gas  is  given  offi  The  crystalline  mass  formed 
on  cooling  is  thrown  into  a  warm  aqueous  solution  of  acid  potassic  carbonate,  with  which 
it  is.  warmed  for  several  hours.  The  resin  thereby  separated,  after  washing  with  warm 
water  and  boiling  alcohol,  is  dissolved  in  boiling  ether,  from  which  it  is  obtained  in 
crystals.  Boiling  absolute  alcohol  dissolves  only  a  trace  of  the  crystalline  substance, 
and  deposits  it  again,  on  cooling,  in  small  crystals  recognisable  under  the  micro- 
scope.  It  dissolves  with  difficulty  in  cold  ether,  and  in  all  proportions  in  chloro- 
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and  benzene,  crystollising  in  prisms  on  evaporation.  Sodium-alcohol  decomposes 
it  only  on  long  boiling,  with  formation  of  sycoeerylic  alcohol  and  sodic  bouzoate. 

S  YCORSTXn'.  The  resin  of  Ficus  riihiginosa  is  resolved,  by  treatment  with  alcohol, 
into  about  73  per  cent,  of  sycoretin  soluble  in  cold  alcohol,  14  per  cent,  of  sycoeerylic 
acetate  soluble  in  hot  alcohol,  and  13  per  cent,  of  residue,  consisting  of  caoutchouc, 
sand,  and  fragments  of  bark. 

On  mixing  the  neutral  pale-brown  solution  in  cold  alcohol  with  water,  the  sycoretin 
is  precipitated,  and  may  be  rendered  colourless  by  repeated  solution  and  precipitation. 
A  saturated  alcoholic  solution  deposits,  in  the  cold,  a  small  quantity  of  a  crystalline 
substance,  sycoretin  in  a  purerstate  remaining  in  solution.  The  latter  may  be  separated, 
by  fractional  precipitation  with  water,  into  two  portions,  the  first  of  which  contains 
74-65  per  cent.  C  and  10-11  H  ;  the  second,  77-89  per  cent.  Cand  9-94  H. 

Sycoretin  is  amorphous,  white,  neutral,  very  brittle,  and  highly  electric.  It  melts 
in  boiling  water  to  a  thick  liquid,  which  floats  on  tho  surface.  Melts  below  100°. 
Sycoretin  is  insoluble  in  water,  dilute  acids,  ammonia,  and  aqueous  alkalis.  It  is 
not  precipitated  from  its  alcoholic  solution  by  neutral  acetate  of  lead,  or  acetate  of 
copper. — Dissolves  easily  in  a/coAoZ,  ether,  chloroform,  a,ni  oil  of  turpentine.  (De  la 
Rue  and  Miiller,  loc.  cit.) 

Sycoretin  undergoes  decomposition  at  a  few  degrees  above  its  melting-point,  frothing 
up,  and  giving  off  water  with  a  wax-like  odour.  When  further  heated,  it  melts  quietly, 
and  yields  a  distillate  containing  acetic  acid  and  tar,  charcoal  being  loft  behind. — It  is 
attacked  by  Hif'ric  ««V/,  and  dissolved  on  boiling  therewith  ;  water  precipitates  from  the 
yellow  solution  a  slightly  acid  nitro-compound,  which  dissolves  with  dark  colour  in 
aqueous  alkalis,  and  forms  an  explosive  compound  with  potash.  In  this  reaction  a  little 
oxalic  acid  is  formed,  but  no  picric  acid. — Sycoretin  dissolves  in  oil  of  vitriol  with  fine 
green  colour,  without  forming  sugar  :  water  throws  down  from  the  solution  a  brown 
precipitate,  less  soluble  than  sycoretin. —  Caustic  potash  acts  on  sycoretin  in  the  same 
way  as  oil  of  vitriol. 

SVBN-ITX:.  A  rock  allied  to  granite,  and  consisting  essentially  of  a  crystallo- 
granular  mixt^ire  of  orthoclase  and  hornblende,  the  former  being  often  more  or  less 
replaced  by  oligoclase.  Quartz  and  mica  also  occur  in  syenite,  giving  it  more  or  less  of 
a  granitic  character,  while,  on  the  other  hand,  the  occurrence  of  hornblende  in  granite 
renders  it  morn  or  less  syenitie  ;  in  fact,  the  two  rocks  piass  into  one  another  by  insen- 
siljle  gradations.  In  like  manner  the  occurrence  of  rather  large  crystals  or  masses  of 
orthoclase  in  syenite  gives  rise  to  transitions  between  that  rock  and  porphyry ;  and  in 
other  eases,  the  alternation  of  layers  of  hornblende  with  felspar  produces  syenitie  slate, 
or  (if  mica  is  also  present)  syenitie  gneiss.  Titanitie  syenite  and  zircon-syenite  are 
syenites  in  which  titanite  and  zircon  occur  imbedded. 

SirEFOORXTE.  Native  protosulphide  of  cobalt,  Co"S,  occurring  at  Syepoor,  in 
North-western  India,  in  steel-grey  crystalline  grains  or  masses,  of  specific  gravity  5-45 
(i.  1050). 

SITHEDItXTE.  A  silicate,  occurring  in  the  trap  of  Thore-gate,  in  the  Syhedree 
Mountains,  Bombay,  in  irregularly  laminated  masses,  having  a  fine-green  colour,  vitreous 
lustre,  hardness  =  3-5,  and  specific  gravity  =  2-3-21.  It  gives  by  analysis  56-92  per 
cent.  SiO■^  15-06  APO',  2-71  FeO,  6-45  CaO,  2-4  MgO,  and  16-40  water,  and  therefore 
approaches  in  composition  to  stilbite  (p.  433);  but  it  differs  from  that  mineral  in 
colour,  and  in  being  less  easily  decomposed  by  acids.  (Shepard  and  Tyler,  Sill. 
Am.  J.  [2]  xl.  110;  Jahresb.  1865,  p.  891.) 

SYIiVATT.    Native  tellurium. 

SYXiVAWITB.  Graphic  Tillurium.  Graphic  Gold.  Yellow  Tellnrium.  Miilkrite. 
AiirotcUuritc.  Schrifterz.  Schrifitellur.  Tellure  natif  auro-argentifere.  Aurum  qra- 
jBA/c!(Wi.  — A  telluride  of  gold  and  silver,  sometimes  also  containing  lead  and  antimony, 
occurring  in  narrow  veins  in  the  porphyry  mountains  of  Offenbanya  and  Nasyag,  in 
Transylvania.  It  contains  a  large  proportion  of  gold,  and  is  a  valuable  ore.  It  forms 
trimetric  crystals,  mostly  small  and  needle-shaped,  and  grouped  in  such  a  manner  that 
the  combinations  are  difficult  to  make  out.  The  crystals  frequently  also  cross  one 
another  at  angles  of  60°  and  120°,  probably  in  consequence  of  twin-formation  ;  and  by 
a  repetition  of  this  grouping  on  tlie  surfaces  of  rocks,  triangular  and  rhombic  figures 
are  produced,  like  oriental  writing  characters  ;  hence  the  name,  graphic  tellurium.  The 
primary  form  of  the  crystals  is  a  rhombic  prism  having  the  angle  ooP  :  <xP  =  110° 
48';  oP  :  Poo  =  119°  26f';  and  therefore  aib:c:  =  1:  1-4496  :  1-7721.  The 
prism  ooP  is  combined  with  ocf'2,  cofoo  ,  ooPoo ,  oP ,  forming  elongated  prismatic 
crystals,  the  ends  of  which  are  modified  by  several  pyramids  and  domes.  Cleavage  very 
distinct  parallel  to  oof  co  ,  less  distinct  parallel  to  ocf>oo  .  The  mineral  occurs  also 
imbedded  in  laminae  and  masses. 
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Hardness  =  1-5  to  2.  Specific  gravity  =  7'99  to  8-33.  Lustre  metallic.  Streak 
and  colour  pure  steel-grey  to  silver-white,  sometimes  nearly  brass-yellow.  Fracture 
uneven.  Very  sectile.  Before  the  blowpipe,  it  melts  easily,  tinging  the  flame  greenish- 
blue,  covering  the  charcoal  with  a  white  oxide,  and  finally  leaving  a  ductile  metallic 
globule.    It  dissolves  easily  in  nitric  acid. 

The  followinganalysesare  by  Petz  (Pogg.  Ann.  Ivii,  472): — a.  Thin  needle-shaped 
crystals :  specific  gravity  =  8'28. — b.  Indistinct  crystals  :  specific  gravity  =  8-28. — 
c.  Long  white  crystals  :  specific  gravity  =  8-27. — d.  Thick  white  crystals  :  specific 
gravity  =  7'99. — e.  Short  yellowish  crystals  :  specific  gravity  =  8-33. — -/,  ff.  Light 
yellow  masses: 

Offenbanya.  Nagyiig. 


b\ 

f 

d. 

/■ 

Tellurium 

59-97 

58-81 

55-39 

48-40 

51-52 

44-54 

49-96 

Antimony 

0-58 

0-66 

2-50 

8-42 

5-75 

8-54 

3-82 

Gold 

26-97 

26-47 

24-89 

28-98 

27-10 

25-31 

29-62 

Silver 

11-47 

11-31 

14-68 

10-69 

7-47 

10-40 

2-78 

Lead 

0-25 

2-75 

2-54 

3-51 

8-16 

11-21 

13-82 

Copper 

0-76 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

These  analyses  are  most  easily  reduced  to  a  formula  on  the  hypothesis  that  the 
tellurium  and  antimony  on  the  one  hand,  and  the  gold,  silver,  and  lead  on  the  other, 
replace  one  another  isomorphously.  On  this  supposition  the  whole  of  the  analyses 
may  be  included  under  the  general  formula  (An- ;  Ag^ ;  Pb")(Te  ;  Sb)'.  The  compo.sition 
of  the  mineral  from  Offenbanya  is  very  nearly  expressed  by  the  simpler  formula, 
Au'Ag-Te",  or  Au-Te'.Ag^Te'.  This  variety  is  sometimes  specially  distinguished  as 
graphic  tellurium;  and  that  which  contains  lead  and  antimony  in  addition,  as 
white  tellurium. 

SYI.VIC  ACID,  C-'WO-.  (Unverdorben,  Pogg.  Ann.  vii.  311 ;  -viii.  40,  407  ; 
xi.  28,  230,  393;  xiv.  116;  xvii.  ] 86.— Trommsdorff,  Ann.  Ch.  Pharm.  xiii.  169. 
— H.  Koso,  Pogg.  Ann.  sxxiii.  42  ;  liii.  374. — Laurent,  Ann.  Ch.  Phys.  [2],  Lsv. 
324;lxviii.  395  ;  Ixxii.  459;  [3],  xxii.  459.— Sievert,  Zeitschr.  f.  die  ges.  Natur- 
wissenschaften,  xiv.  311  ;  Jahresb.  1859,  p.  508. — Maly,  Wien.  Akad.  Ber.  xliv.  121 ; 
Jahresb.  1861.  p.  389.) — This  acid  was  discovered  and  investigated  by  Unverdorben, 
but  confounded  by  him  and  all  later  investigators  (except  Maly),  with  abietic  acid,  the 
acid  existing  ready-formed  in  pine-resin.  Owing  to  this  confusion,  it  is  not  always 
clear  which  statements  refer  to  abiotic  and  which  to  sylvic  acid.  Unverdorben,  how- 
ever, seems  to  have  examined  principally  an  acid  prepared  with  sulphuric  acid — 
therefore  sylvic  acid.  Laurent's  statements  apply  better  to  sylvic  acid,  though  his 
method  of  preparation  must  have  yielded  abietic  acid. 

Two  acids  foundby  Baup  (Ann.  Ch.  Phys.  [2]  xxxi.  108)  in  French  colophony,  Acide 
pinique  and  Acide  abietique,  as  well  as  Lecanu  and  Bussy's  crystallised  acid  from 
turpentine  (J.  Pharm.  xiii.  62),  appear  also  to  belong  to  this  head. 

Formation  and  Preparation. —  1.  From  Abietic  Acid.  An  alcoholic  solution  of  abietic 
acid  is  precipitated  by  dilute  sulphuric  acid,  and  the  hardened  crystalline  precipitate 
is  waslied  with  alcohol,  and  afterwards  crystallised  from  that  liquid  (Maly). — Sylvic 
acid  is  obtained  also,  together  with  sylvinolic  acid,  by  passing  hydrochloric  acid  g-as 
into  a  solution  of  abietic  acid  in  alcohol.  (Maly.) 

2.  From  White  Pitch,  Colophony,  S(c. — White  pitch  is  allowed  to  stand,  covered  with 
an  equal  quantity  of  alcohol,  till  it  is  completely  saturated  with  the  liquid,  and  imtil 
the  turpentine-like  deposit  formed  at  first  has  become  crystalline.  It  is  then  collected 
on  a  cloth,  triturated  with  a  little  alcohol,  washed  with  that  liquid  on  the  filter,  and 
afterwards  dissolved  in  a  small  quantity  of  hot  absolute  alcohol  containing  sulphuric 
acid :  the  solution,  on  cooling,  solidifies  to  a  crystalline  mass.  Purification  is  effected  by 
pressing  the  crystals,  and  repeatedly  subjecting  a  hot  alcoholic  solution  to  fractional 
precipitation  with  hot  water,  whereby  the  less  pure  portions  ai-e  thrown  down  first. 
The  alcoholic  solution  mixed  with  a  quantity  of  hot  water  barely  sufficient  to  produce 
turbidity,  yields  large  crystals  on  cooling.    (Trommsdorf  f.) 

Laurent  boils  pine-resin  with  water  to  free  it  from  turpentine  ;  extracts  the  pinic 
acid  by  means  of  cold  alcohol,  and  dissolves  the  residue  in  boiling  alcohol.  On  cooling, 
the  solution  yields  crystals,  which  are  freed  from  adhering  oil  by  washing  with  cold 
alcohol,  and  rccrystallisation  from  boiling  alcohol.  Unverdorben,  and  likewise 
Trommsdorff  and  Sievert,  employ  similar  methods.  The  product  thus  obtained  is 
abietic  acid.  (Maly.) 

Long  standing  of  the  alcoholic  solution  reduces  the  yield  of  the  crystals.  (S  i  evert.) 

Properties. — Sylvic  acid  forms  colourless,  transparent,  tabular,  rhomboidal  prisms, 
with  four-sided  summits  (Unverdorben);  indistinctly  crystalline  masses, also  triau- 
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gular  laminK  (Rose ;  Laurent).  According  to  S  i  e  v  e  r  t,  the  crystals  are  combinations 
derived  from  a  rhombic  prism  of  96°  and  84°,  having  the  acute  lateral  edges  much 
truncated,  and  terminated,  by  sphenoidal  faces,  developed  to  such  an  extent  as  com- 
pletely to  obliterate  two  faces  of  the  prism.  They  are  vitreous,  brittle,  and  triturable 
to  a  white  powder. 

Sylvic  acid  does  not  lose  weight  at  100°,  or  in  a  vacuum,  and  melts  without  loss  of 
■weight  (Un verdorben)  at  152-5°,  but  becomes  quite  fluid  at  higher  temperatures 
(Trommsdorff).  In  a  warm  tube  the  crystallised  acid,  as  well  as  that  which  has 
been  previously  fused,  melts  at  162°  ;  but  when  heated  in  a  retort,  it  cakes  together 
(partially  at  118°,  and  completely  at  160°),  and  melts  to  a  thin  clear  liquid,  which  turns 
thick  at  120°,  viscid  at  110° ;  and  solidifies  to  a  glassy  mass,  afterwards  melting  par- 
tially at  135°,  and  completely  at  155°  (Si evert).  Sylvic  acid  sublimes  partially  at 
170°,  in  a  thin  crust,  which,  when  dissolved  in  alcohol,  yields  crystals  of  the  unchanged 
acid;  the  residue  turns  dark-rod  at  210°,  but  does  not  boil  even  at  290°  (Sievert). 
It  distils  without  much  decomposition,  j'ielding  a  trace  of  water,  and  a  colophony- 
like distillate,  an  alcoholic  solution  of  which  deposits  crystals  of  unchanged  sylvic 
acid,  whilst  the  residue  contains  a  trace  of  charcoal  (Laurent).  Inodorous  and 
tasteless ;  reddens  litmus.  Rotates  a  ray  of  polarised  light  to  the  left,  more  povver- 
fidly  than  pimaric  acid.    Specific  gravity  =  I'lOll  at  18°.  (Sievert.) 

Sylvic  acid  is  soluble  in  acetic  acid.  It  dissolves  vei-y  slightly  in  cold  alcohol 
of  65  per  cent.,  and  in  about  3  pts.  of  the  boiling  liquid,  from  which  it  crystallises 
on  cooling,  about  ^Vth  only  remaining  in  solution  ;  in  about  3  pts.  of  cold  and  1  pt.  of 
boiling  absolute  alcohol  or  ether,  and  is  thrown  down  from  the  former  solution  by  an 
equal  quantity  of  water,  as  a  semitransparent  oil,  which  hardens  to  a  crystalline  solid 
on  addition  of  more  water,  or  on  exposure  to  the  air  (Unverdor ben).  Sylvic  acid 
is  soluble  in  10  pts.  of  cold  and  in  |ths  of  boiling  alcohol  of  92  per  cent. ;  more  freely, 
therefore,  than  pimaric  acid  (Sievert).  It  dissolves  in  ctcctic  ether,  rock-oil,  and  oil 
of  turpentine,  without  crystallisiug  therefrom.    (Unv  erdorben.) 

Decompositions. — 1.  Sylvic  acid  submitted  to  d7'i/  distillation  {supra)  yields  water 
and  empyreumatic  oil,  then  a  little  gas,  followed  first  by  a  thinner  and  afterwards  by 
a  thicker  oil,  containing  sylvic  and  pinic  acids  and  a  large  quantity  of  a  neutral  resin 
and  oils. — 2.  Nitric  odd  slowly  decomposes  sylvic  acid,  and  dissolves  it  only  on  pro- 
longed boiling  ;  water  throws  down  from  the  solution  yellow  flocks,  soluble  in  ammonia, 
caustic  potash,  and  alcohol. — 3.  Oil  of  vitriol  rapidly  dissolves  sylvic  acid,  forming  a 
yellowish-brown  solution,  from  which  water  precipitates  unchanged  sylvic  acid  and  a 
large  quantity  of  pinic  acid.  (Unverdorben.) 

Sylvates. — Sylvic  acid  combines  with  bases,  with  elimination  of  water  (Unver- 
dorben; Laurent) — (contrary  to  Rose's  statement).  It  expels  the  acid  from 
carbonates,  and  when  melted  also  from  succinates  and  benzoates,  and  from  chloride 
of  calcium  ;  but  salts  of  sylvic  acid  dissolved  in  water  are  decomposed  by  boric  and 
acetic,  and  by  stronger  acids,  with  precipitation  of  sylvic  acid.  The  salts  are  ob- 
tained : — a.  By  dissolving  the  acid  in  the  aqueous  base. — ^.  By  precipitating  an 
acetate  dissolved  in  alcohol  by  means  of  alcoholic  sylvic  acid,  dissolving  the  preci- 
pitate in  ether,  and  reprecipitating  by  alcohol,  which  retains  in  solution  the  excess 
of  sylvic  acid. — 7.  By  double  decomposition.  Some  of  the  sylvates  are  crystallis- 
ablc  ;  a  fewof  them  are  soluble  in  water  and  alcohol,  aud  all  of  them  in  ether.  (Unver- 
dorben.) 

Si/lvate  of  Ammonium  is  a  viscid  mass,  more  sohible  in  alcohol  or  ether  than  in 
water;  decomposed  by  heat. — The  harium-sait  is  precipitated  from  aqueous  solution  in 
crystalline  flocks,  soluble  in  3,000  pts.  of  water,  in  6  pts.  of  cold  and  a  smaller  quantity 
of  boiling  absolute  alcohol,  from  which  it  is  deposited  in  microscopic  crystalline  flocks 
on  cooling  (Unverdorben). — The  normal  calcium-salt,  C'°H*'*Ca"0^  is  obtained  by 
precipitating  the  potassium-salt  with  chloride  of  calcium,  and  a  salt  containing  a 
smaller  proportion  of  calcium  is  formed  by  precipitating  alcoholic  sylvic  acid  with  an 
alcoholic  solution  of  calcic  acetate.  (Sievert.) 

The  cupric  salt,  C  '°H^''Cu"0  ',  is  obtained,  in  pale-blue  flocks,  on  mixing  the  alcoholic 
solutions  of  sylvic  acid  and  cupric  acetate.  By  dissolving  this  precipitate  in  aqueous 
ammonia,  and  leaving  the  solution  to  cool,  or  diluting  it  with  water,  the  .same  salt  is 
thrown  down  as  a  dark-blue  mass,  triturable  to  a  pale-blue  powder  when  dry. 
(Sievert.) 

1\\e.  ferrous  and  ferric  salts  dissolve  slightly  in  cold  alcohol,  easily  in  ether. 

Lead-salt. — The  precipitate  thrown  down  by  alcoholic  sylvic  acid  from  alcoholic 
plumbic  acetate,  is  a  white,  amorphous,  easily  fusible  powder,  containing,  on  the  ave- 
rage. 26-94  per  cent,  oxide  of  lead,  agreeing  nearly  with  the  formula  C"'H"Pb"OS 
which  requires  26-17  I'bO  (Rose).  Sylvic  acid  heated  to  168°  with  oxide  of  lead,  loses 
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3-02  per  cent,  'water;  calculation  from  the  same  formula  requires  2-97  per  cent. 
(Sievert.) 

The  magnesium-salt  dissolves  in  all  proportions  of  alcohol  of  65  per  cent.,  and  in 
absolute  alcohol;  from  the  latter  solution,  a  double  volume  of  water  throws  down  a 
colourless  semifluid  salt,  which  dries  up  in  the  air  to  a  transparent  resin,  and  dissolves 
in  ether  and  in  mineral  naphtha. — The  manganese-  and  zinc-salts  are  soluble  in  absolute 
alcohol. 

Solvates  of  Potassium. — o.  The  normal  salt,  C'^°H*'KO',  is  formed  by  boiling  sylvic 
acid  with  6  pts.  of  alcohol  and  with  carbonate  of  potassium,  and  is  deposited  from 
the  filtrate  on  cooling  in  delicate  white  needles,  which  may  also  be  obtained  by  mixing 
the  salt  y  with  alcoholic  sylvic  acid  (Unv  erdorben  ;  Sievert).  It  melts  to  a  resin 
when  heated  ;  dissolves  very  slightly  in  water,  slowly  in  20  pts.  of  alcohol,  more 
freely  in  hot  alcohol;  abundantly  in  warm  ether  and  oil  of  turpentine,  and  to 
a  less  extent  in  olive-oil  (Unverdorben).— ;3.  An  acid  salt,  C"'W^'KO''.^AC^'''WO^',  is 
produced  by  boiling  alcoholic  potash  neutralised  with  sylvic  acid,  and  solidifies,  on 
cooling,  to  a  crystalline  mass,  which  may  be  purified  by  recrystallising  and  pressing. 
The  same  salt  is  precipitated  from  alcoholic  sylvic  acid  by  an  alcoholic  solution  of 
potassic  acetate.  It  forms  fine  silky  tufts  of  delicate  needles  ;  decomposes  when  boiled 
with  water,  three-fourths  of  the  acid  being  precipitated,  whilst  the  normal  salt  remains 
in  solution  (Sievert). — y.  A  sparingly  soluble  basic  salt  appears  to  be  formed  by 
dissolving  sylvic  acid  precipitated  by  water  in  caustic  potash,  and  adding  more  sylvic 
acid  (Rose).  Carbonate  of  potassium  added  to  an  ethereal  solution  of  sylvic  acid 
throws  down  a  colourless  amorphous  salt.  (Unverdorben.) 

The  silver-salt,  C'^'^H^'AgO^  crystallises  from  alcohol  in  shining  granules  on  spon- 
taneous evaporation.  When  boiled  with  potash  and  oil  of  turpentine,  it  behaves  like 
pinate  of  silver.  Dissolves  in  15  pts.  of  cold,  and  in  a  smaller  quantity  of  boiling 
alcohol,  and  instantaneously  in  ether,  which  takes  it  up  from  water  when  suspended 
therein.  (Unverdorben.) 

The  sodium-salt  is  obtained  in  crystals,  by  boiling  alcoholic  sylvic  acid  with  excess 
of  sodic  carbonate,  and  cooling  the  filtrate.  (Unverdorben.) 

OxYSTXvic  Acid  (?) — When  an  alcoholic  solution  of  sylvic  acid  is  left  for  some  time 
exposed  to  the  air,  or  allowed  to  evaporate  slowly,  a  viscid  imcrystallisable  substance 
remains,  which  melts  over  the  water-bath,  losing  a  little  water,  and  forms,  on 
cooling,  a  white  brittle  mass  like  colophony.  This,  according  to  Hesse  (Ann.  Ch. 
Pharm.  xxix.  141)  and  H.  Rose,  is  an  oxysylvic  acid;  Hesse  found  it  to  contain 
C^"H™0^  Rose  however,  in  one  experiment,  found  that  the  residue  had  the  same 
composition  as  sylvic  acid. 

STXiVXHS,  or  SVIiVXTE.  Chloride  of  potassium,  occurring  in  cubic  crystals 
about  the  fumaroles  of  Vesuvius. 

SYX.VXXrOX.IC  ACXS,  C^H'^O*.  (Maly,  Wien.  Akad.  Ber.  [2],  xliv.  121; 
Jaresb.  1861,  p.  389.) — An  acid  produced,  together  with  sylvic  acid,  by  saturating  an 
alcoholic  solution  of  abietic  acid  with  hydrochloric  acid  gas ;  the  sylvic  acid  then 
crystallises  out,  while  the  sylvinolic  acid  remains  in  solution,  and  is  precipitated 
therefrom  by  water,  as  a  white  flocculent  powder,  easily  soluble  in  alcohol  and  in  ether. 
On  evaporating  either  of  these  solutions,  the  acid  remains  as  an  amorphous  pitchy  mass, 
which  melts  with  decomposition  at  130°.    Sylvinolic  acid  is  dibasic. 

The  potassium,-  and  sodium-salts  are  uncrystallisable,  soluble  in  water  and  in  alcohol. 
■ — The  calcium-salt,  C^*H'^Ca"OS  is  a  flocculent  precipitate. — The  sUver-salt, 
C^'H^'Ag'O',  is  a  pulverulent  precipitate  nearly  insoluble  in  ammonia. 

SYBIBOX.S,  CHXSnxxCAX..    See  FoBMTJL^  (ii.  696),  and  Notation  (iv.  136). 

SYMMOKPHOSIS.  A  name  applied  by  Liebig  (Ann.  Ch.  Pharm.  xxx.  255), 
to  the  kind  of  chemical  metamorphosis  which  consists  in  the  union  of  several  simpler 
molecules  into  a  molecule  of  greater  complexity :  e.g.,  the  conversion  of  2  at.  potassic 
cyanide  and  1  at.  ferrous  cyanide  into  1  at.  potassic  ferrocyanide,  of  3  at.  cyanic  acid 
into  1  at.  cyanurie  acid,  &c. 

SYMFATHETXC  XITK.    See  Ink  (iii.  272). 

STnxPHVTUni.  A  genus  of  plants,  belonging  to  the  order  BoraginacecB.  S.  as- 
jierrimnm  cont-.nns,  in  100  pts.  of  the  fresh  herb,  88  pts.  water,  6  pts.  matter  soluble  in 
water,  3'2  soluV)le  in  dilute  potash,  2*6  woody  fibre,  and  2-3  ash  free  from  carbonic  acid. 
The  ash  contains,  in  100  pts. :  31-3  10-9  Na'O,  20-5  CaO,  1-2  MgO,  0-4  Al'O', 

17-2  SiO^  3-9  SO',  11-4  P-0»  and  31  CI. 

The  root  of  comfrey  (iS.  officinale)  contains  a  large  quantity  of  vegetable  mucilage 
(C'lP'O*,  according  toSchmidt),  and  a  small  quantity  of  asparagine. 
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S7MPXiESITB.  A  mineral  supposed  to  be  a  ferrous  arsenate,  found  at  Lobeu- 
stein  in  Voigtland,  in  minute,  monoclinic,  prismatic  crystals  resembling  cobalt-bloom, 
cleavable  parallel  to  the  large  lateral  face.  It  has  a  greenish-blue  colour  and  vitreous 
lustre,  pearly  on  the  cleavago-face  ;  hardness  =  25  nearly;  specific  gravity  =  2-9;')7  ; 
subtranspareut  to  subtranslucent.  Heated  in  a  glass  tube,  it  turns  brown,  and  loses 
25  per  cent,  water.  On  charcoal  it  emits  an  alliaceous  odour,  trans  black  without 
melting,  and  is  afterwards  magnetic.    (Breithaupt,  J.  pr.  Chem.  x.  601.) 

STUTiin'THBaiia-.    See  SiNisTRiN  (p.  311). 

STXrAPTASE.    Syn.  with  Emulsin  (ii.  486). 

SYWDESMIDES.    Laurent's  name  for  the  so-called  conjugated  compounds. 

SYWOVIA.  A  clear,  yellowish,  very  viscid,  alkaline  fluid,  found  in  the  joints  of 
animals,  where  it  sei-ves  the  purpose  of  lubrication.  It  contains — water  94-85,  albumin 
and  extractives  3-51,  fat  0-8,  salts  I'OO.  (Frerichs.) 

S7STTHSSIS,  CHSIVIXCilXi.  The  formation  of  compounds  by  the  union  of  their 
elements  or  jjroximate  constituents.  On  the  synthesis  of  organic  compounds,  see 
OBQiNic  Chemistry  (iv.  216) ;  also  B6rthelot(C'A(mtf  orga7iiquefo7uleesur  la  synthhc, 
2  tomes,  Paris,  ItiUU ;  and  Chem.  tioc.        J.  xvii.  37). 

SYSiTOttlSt  {avvTUvai).  Mnscle-fihrin. — This  name  was  given  byLiebig  to  a 
substance  which  can  readily  be  prepared  from  muscular  or  contractile  tissues  of  all 
kinds.  Muscle  freed  from  blood,  finely  minced,  and  thoroughly  washed  in  the  cold 
until  the  wash-water  no  longer  gives  signs  of  the  presence  of  albumin,  is  treated 
with  tenfold  its  volume  of  diluted  ("1  per  cent.)  hydrochloric  acid,  and  left  to  stand  for 
24  hours.  The  acid  solution,  after  being  strained  and  filtered,  is  carefully  neutralised 
with  sodic  carbonate,  and  the  resulting  precipitate  filtered  oif  and  washed.  The 
operation  should  be  carried  on  at  a  low  temperature,  and  pushed  forward  as  speedily 
as  possible,  in  order  to  avoid  decomposition. 

Syutonin  thus  prepared  appears  on  the  filter  as  a  white,  opaque,  gelatinous  mass, 
readily  separating  into  flakes  and  pellicles.    Composition:  C  64'06,  H  7'28,  N  16'05, 

0  21-50,  S  I'll.  It  is  readily  soluble  in  very  dilute  hydrochloric  acid,  in  feebly 
alkaline  liquids  (such  as  a  solution  of  sodic  carbonate),  in  baryta-water,  and  in  lime- 
water.  It  is  quite  insoluble  in  solutions  of  sodic  chloride,  &c.,  at  all  degrees  of 
concentration. 

The  hydrochloric  acid  ('1  per  cent.)  solution  is  not  coagulated  by  heat,  but  the  addi- 
tion in  the  cold  of  chloride  of  sodium,  calcium,  or  ammonium,  or  of  sulphate  of 
sodium  or  magnesium,  produces  in  dilute  solutions  a  milky  turbidity,  in  cou<?ciitrated 
solutions  a  gelatinous  precipitate,  which  on  being  boiled  separates  into  flakes.  The 
sodic  carbonate  (1  per  cent.)  solution  is  not  coagulated  by  heat,  but  is  rendered  turbid 
in  the  cold  by  sodic  chloride,  or  by  a  mixture  of  magnesian  sulphate  and  chloride  of 
ammonium  ;  the  turbidity  increases  when  the  mixture  is  boiled,  and  the  froth  formed 
contains  opaque  flakes.  The  lime-water  solution  is  not  coagulated  by  heat,  but  froths 
freely  ;  and  the  froth  contains  flakes,  which  may  be  separated  on  standing.  Only  a 
fraction,  however,  of  the  syntonin  is  thus,  so  to  speak,  coagulated.  In  the  lime-water 
solution  the  chlorides  of  sodium,  ammonium,  and  magnesium  produce  in  the  cold  little 
or  no  turbidity,  on  boiling  a  more  or  less  copious  deposit;  sulphate  of  magnesium 
produces  in  the  cold  a  slight  turbidity,  on  boiling  a  flaky  deposit ;  sulphate  of  sodium 
produces  not  oven  a  turbidity,  either  in  the  cold  or  on  boiling.  A  lime-water  solution, 
which  has  been  boiled  and  allowed  to  stand,  still  exhibits  these  reactions  (Kiihne, 
Protoplas7na).  From  the  alkaline  solutions,  syntonin  may  be  thrown  down  by  a 
stream  of  carbonic  anhydride.  Although  neither  the  alkaline  nor  the  acid  solutions 
are  coagidated  by  heat,  syntonin,  when  suspended  in  water  and  heated  for  a  few 
minutes  to  86°,  is  altered,  and  enters  into  an  insoluble  form.  With  strong  acetic  acid, 
syntonin  forms  a  turbid  gelatinous  mass.  A  solution  of  syntonin  in  dilute  hydro- 
chloric acid  exhibits  a  specific  Isevorotatory  power  of  72°  for  yellow  light. 

Although  syntonin  is  most  readily  obtained  from  muscle,  it  may  be  prepared  in 
many  other  ways.  If  fibrin  or  coagulated  albumin  be  treated  with  fuming  hydro- 
chloric acid,  the  solution,  filtered  and  diluted  with  twice  its  bulk  of  water,  gives  a  copious 
deposit,  which,  when  separated  and  dissolved  in  water,  forms  a  solution  identical  in  its 
reactions  with  an  acid  solution  of  syntonin.  If  a  solution  of  potassic  albuminate  be 
precipitated  with  acetic  acid,  the  washed  deposit  dissolves  in  hydrochloric  acid  of 

1  per  cent.,  and  the  solution  is  undistinguishable  from  an  acid  solution  of  syntonin.  The 
uncoagulatcd  albumin  of  hen's  eggs,  treated  with  a  sufficient  quantity  of  '1  per  cent, 
hydrochloric  acid,  forms  a  solution  which,  after  24  hours'  standing,  becomes  uncoagu- 
lable  by  heat,  and  gives  all  the  reactions  of  syntonin.  In  fact,  all  the  forms  of  albumin 
treated  with  dilute  hydrochloric  acid,  give  rise,  in  a  greater  or  less  extent,  to  syntonin  ; 
and  the  parapeptone  of  Meissner,  the  initial  stage  of  prptonification,  cannot,  by  any 
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of  its  reactions,  be  distinguished  from  syntonin.  Lastly,  the  alkaline  solutions  of 
syntonin  seem  in  no  way  to  differ  from  the  solutions  of  ordinary  potassic  albumi- 
nate. 

Syntonin,  therefore,  is  no  special  muscle-product,  though  it  is  more  easily  and 
speedily  formed  out  of  myosin  than  out  of  any  other  proteid  substance.  M.  F. 

S'S'RZA,.  A  red  dye-stuff,  occurring  in  commerce  as  a  dark-red,  tasteless,  and 
inodorous  powder,  which  imparts  a  red  colour  to  water  and  alcohol,  and  burns  with 
the  odour  of  horn  when  heated.  According  to  Vizey  (J.  Pharm.  xxvi.  167),  it  con- 
sists of  the  incompletely  exhausted  residue  of  Coccus  Ilicis,  therefore  for  the  most  part 
of  chitin,  mixed  with  coccus-red. 

SVRIzrCA  VITIiGARXS.  Common  Lilac. — The  leaves  of  this  plant  contain, 
according  to  Dum en il  (Trommsd.  N.  J.  xi.  117),  imci'ystalH.sable  sugar. — Ludwig 
(Arch.  Pharm.  [2]  xci.  289)  found  mannite  in  them,  also  in  the  young  branches. 
i5ernays  and  Kromayer  (infra)  found  in  the  leaves,  branches,  and  bark,  a  gluco- 
side  called  syrinffin.—l&.&i\\et  (Ann.  Ch.  Pharm.  xl.  319)  obtained  from  the  leaves 
and  green  seed-capsules,  a  crystallisable  substance,  which  he  designates  as  lilacin  ;  it 
resembles  syringin  in  all  its  properties,  excepting  in  having  a  bitter  taste,  and  being 
insoluble  in  water.  According  to  Mulder  (J.  pr.  Chem.  xxxii.  172),  the  waxy  sub- 
stance contained  in  the  leaves  has  the  composition  of  ordinary  wax.  The  odoriferous 
principle  of  the  flowers  may  be  obtained  (according  to  Favret,  J.  Chim.  med.  xiv. 
212),  by  extraction  with  ether,  as  a  viscid  oil,  composed  of  a  waxy  body  and  a  mobile 
oil. 

SYRXXTGEWXIl'.  C'^H-'O^.H^O.— A  substance  obtained,  together  with  fermen- 
table sugar,  by  warming  syringin  with  dilute  sulphuric  or  hydrochloric  acid.  It  is 
deposited  in  viscid  cohering  flocks,  and  forms,  after  washing  with  water,  a  light  rose- 
coloured  amorphous  mass,  which  becomes  anhydrous  at  100°,  melts  at  170° — 180°,  is 
insoluble  in  water  and  in  ether,  dissolves  with  cherry-red  colour  in  alcohol,  and 
separates  from  this  solution,  on  evaporation,  as  a  light  cinnamon-coloured  powder, 
composed  of  transparent  globules.  It  reacts  with  acids  like  syringin.  (Kroma- 
yer.) 

SYJLtNGTN.  C'H^sO'MI^O.  (Bernays,  J.  pr.  Chem.  xxv.  121.— Kromayer, 
Arch.  Pharm.  [2]  cviii.  7;  eix.  18,  216;  cxiii.  19;  Jahresb.  1862,  p.  484;  1863,  p. 
592.) — This  compound,  discovered  by  Bernays  in  1841,  and  more  completely  investi- 
gated by  Kromayer,  occurs  in  the  bark  of  the  lilac,  more  abmidantly  in  March  than  in 
April,  not  in  the  leaves  or  in  the  half-ripe  fruit,  and  only  in  traces  in  the  leaf-buds. 
It  disappears  as  the  season  advances,  its  place  being  apparently  supplied  by  syringo- 
picrin  (Kromayer).  Ligustrin  from  privet-bark  (iii.  694)  is  (according  to  Kr  o- 
mayer) identical  with  syringin.  Meillet's  lilacin  {supra)  is  probably  also  the 
same  substance. 

To  prepare  syringin,  the  bark  is  exhausted  with  boiling  water;  the  extract  precipi- 
tated with  basic  acetate  of  lead ;  the  filtrate  treated  with  sulphydric  acid ;  and  after  re- 
moval of  the  sulphide  of  lead,  evaporated  to  a  thin  syrup,  which  solidifies  in  the  course 
of  a  day  to  a  crystalline  pulp.  This  mass  is  pm-ified  by  stirring  it  up  with  cold  water, 
then  pressing,  and  recrystallising  it  from  boiling  "water,  with  aid  of  animal  charcoal. 
The  syringin  dissolved  in  the  wash-waters  is  obtained  by  evaporating  the  hquid,  and 
agitating  the  residue  with  alcohol,  which  takes  up  the  syringin.  (Bernays; 
Kromayer.) 

Syringin  crystallises  from  alcohol  in  long,  colourless,  transparent  needles,  containing 
4'6  per  cent.  (1  at.)  water,  which  they  give  off  at  115°,  leaving  anhydrous  syringin, 
C"H''0"',  which  melts  at  212°  to  a  colourless  liquid,  and  solidifies  on  cooling  to  an 
amorphous,  transparent,  hard,  friable,  tasteless,  neutral  mass  (Kromayer).  Ligus- 
trin from  privet  melts  at  185° — 190°.  (Kromayer.) 

Syringin  dissolves  sparingly  in  cold,  easily  in  hot  water ;  it  is  soluble  also  in  alcohol, 
but  not  in  ether ;  it  does  not  precipitate  metallic  salts. 

Decompositions. — 1.  Syringin,  when  heated,  decomposes  below  its  melting-point, 
giving  off  an  odour  of  caramel,  and  burning  away. — 2.  The  aqueous  or  alcoholic  solution 
of  syringin  acquires  a  fine  dark-blue  colotu-  when  mixed  with  an  equal  volume  of  oil  of 
vitriol ;  with  a  larger  quantity  of  oil  of  vitriol,  the  colour  changes  to  a  beautiful  violet, 
and  the  liquid  on  standing  deposits  blue,  and  on  addition  of  water,  grey-blue  flocks, 
which  dissolve  with  cherry-red  colour  in  alcohol  and  in  ammonia. — 3.  When  cautiously 
iieated  with  fuming  hydrocliloric  acid,  it  dissolves  without  coloration,  but  on  boiling, 
the  solution  assumes  a  light  violet-red  colour,  and  deposits  blue  flocks. — 4.  An  aqueous 
solution  of  syringin  through  which  chlorine-gas  is  passed  acquires  a  red-brown  colour, 
but  after  awhile  becomes  quite  colourless.  At  the  same  time  an  acid  is  formed,  having 
a  bitter  irritating  taste,  and  assuming  a  dark-blue  colour  when  mixed  with  ferric 
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chloride. — 5.  Syringin  dissolves  quickly  in  strong  nitric  acid,  forming  a  deep  blood- 
red  solution. 

6.  When  aqueous  syringin  is  lieated  with  dilute  hydrochloric  acid,  the  solution 
becomes  milky,  and  deposits  adhering  lumps  of  syringenin,  whilst  fermentable  sugar 
remains  dissolved : 

C"ff'0™  +  H-0    =    C"H'«05  +  CH'-O". 

100  pts.  crystallised  syringin  yielded  61'77  pts.  air-dry  syringenin  and,  on  the  average, 
41  pts.  sugar  (calc.  62'67  pts.  hydrate  of  syringenin  and  41'47  sugar :  Kromay  er). 

Syringin  does  not  reduce  either  cuprate  of  potassium  or  nitrate  of  silver,  and  is  not 
idtered  by  alkalis.  (Kromayer.) 

SVBIM'COPICRni'.  Tliis  substance  remains  in  the  alcoholic  mother-liquor  from 
whicli  syringin  lias  crystallised,  and  may  be  extracted  therefrom  by  animal  charcoal. 
By  treating  the  charcoal  with  hot  alcohol  (after  washing  it  with  warm  water),  a  solu- 
tion is  obtained,  which  yields  by  evaporation  (after  being  again  treated  with  charcoal) 
a  yellowish  bitter  substance,  which  is  soluble  in  water  and  in  alcohol,  but  not  in  ether; 
is  precipitated  by  tannic  acid,  but  not  by  basic  acetate  of  lead ;  and  does  not  reduce  an 
alkaline  cupric  solution  till  it  has  been  boiled  with  dilute  sulphuric  acid.  (Kro- 
mayer, loc.  cit.) 

SYBTJP.  A  concentrated  solution  of  sugar.  In  the  sugar-raanufactiu-e,  the  term 
13  applied  especially  to  the  mother-liquor  remaining  after  the  cane-sugar  has  crystellised 
out.  In  pharmaceutical  language,  it  is  applied  to  solutions  of  sugar,  eiiher  in  piu'e 
water,  in  the  decoction  or  infusion  of  any  medicinal  substance,  in  vinous  infusions 
or  ir,  pressed  and  fermented  fruit-juices. 

SZATBEIiVITE.  A  hydrated  borate  of  magnesium,  occurring  imbedded,  in 
rounded  grains  and  microscopic  needles,  in  the  fine-grained  limestone  of  the  metallife- 
rous deposits  of  Rezbanya  in  Hungary,  and  remaining  behind  when  the  limestone  is 
dissolved  in  dilute  acids.  Specific  gravity  of  the  needles  =  2-7,  of  the  grains  =  3'0. 
It  gives  oif  water  when  lieated,  but  reabsorbs  it  after  cooling.  Before  the  blowpipe, 
it  splits  and  swells  up  on  the  edges  with  strong  incandescence,  then  melts  to  a  tumefied 
and  finally  horny  brownish-grey  mass  ;  colours  the  flame  red  to  yellow-red.  In  phos- 
phorus-salt it  dissolves  slowly  to  a  clear  glass,  yellowish  while  hot,  colourless  after 
cooling  ;  in  borax,  after  prolonged  effervescence,  to  a  clear  bead  having  a  faint  reddish- 
grey  colour,  but  remaining  colourless  after  exposure  to  the  reducing  flame.  (K.  F. 
P  eters,  Wien.  Akad.  Ber.  xliv.  [2]  143;  xlvii.  [2]  347;  Jahresb.  18f)2,  p.  1029.) 

The  following  analyses  by  A.  Stromeyer  (Jahresb.  1863,  p.  836),  show  that  the 
composition  of  the  needles  is  5Mg0.2B^O^iH=0,  and  that  of  the  grains,  6Mg0.2B20^. 
PPO: 

B^O.  MgO.        Fc'Oi.      H^O.  CI.       Quartz,  ^"fo. 

Needles  .  3G-66  52-49  1-66  6-99  0-49  0-20  trace  '  =  98  49 
Grains     .     3460       49-44       3-20      12  37       0  20       .    .        .     .    =  99-81 

SZESKO.    The  Hungarian  name  of  native  sodic  carbonate. 


T 

TABASHEER,  Hydrated  silica,  occun-iug  in  stony  concretions  in  the  joints  of 
the  bamboo.  It  resembles  hydrophane,  and  when  thrown  upon  water  does  not  sink 
till  completely  .saturated  therewith.  It  is  tiie  least  refractive  of  all  known  solids,  its 
index  of  refraction,  for  the  yellow  ray,  being  I'llo.  Rost  van  Tonningen  (Jahre.sb. 
1860,  p.  631)  found  in  tabasheeer  from  Java,  86-39  per  cent,  silica  soluble  in  potash, 
0  42  ferric  oxide,  0-24  lime,  4-81  potash,  0  51  organic  matter,  and  7-63  water. 

TABEBCITE.  A  ehloritic  mineral  from  Taberg  in  Wermland,  Sweden;  closely 
resembling  clinochlore  in  external  aspect  and  in  reactions  ;  and  containing,  according 
to  Svanberg  (Berz.  Jahresb.  XX.  235),  35  76  per  cent,  silica,  13-03  alumina,  30-00 
magnesia,  6'34  ferrous  oxide,  1'64  manganous  oxide,  2-07  potash,  11-76  water,  and  0-67 
fluorine.  According  to  Descloi  ze  an  x  (Ann.  Min.  xi.  280),  it  is  optically  biaxial, 
like  clinochlore,  and  differs  in  composition  from  that  mineral  only  in  consequence  of 
admixtures. 

TABUIiAB  SPAB.    WoUastonitc.     Native  silicate  of  calcium,  Ca'SiO'.  (See 

Su.ICA.TES,  p.  252.) 
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TA.CAMAHAC.  Gummi  TakamahaJc. — A  resin  formerly  used  for  fumigation  and 
for  plasters.  There  are  two  varieties  of  it : — a.  West  Indian  tacamahac,  from  Ela- 
phrium  tomentosum,  Jacq.  {Fagara  ociandra,  L.)  and  E.  eacelsiim,  Kth.,  trees  belonging 
to  the  order  Burserace<E,  and  indigenous  in  Mexico,  the  West  Indies,  and  South 
America.  The  resin  exudes  from  the  bark,  and  hardens  on  exposure  to  the  air.  It 
forms  reddish  or  brownish  lumps,  having  a  bitter  aromatic  taste,  imperfectly  soluble 
in  alcohol  and  alkalis,  perfectly  soluble  in  ether  and  in  oils,  both  fat  and  volatile. — 
y3.  The  East  Indian  variety,  from  Calophyllum  inophyllum,  L.  (according  to  Lindley 
from  C.  Calaha,  L.),  an  East  Indian  tree  belonging  to  the  order  Clusiacea:,  is  very  rare. 
It  is  a  greenish-yellow  or  orange-coloured,  soft,  resinous  mass,  which  gradually  hardens, 
has  an  agreeable  lavender-like  odour,  and  aromatic  somewhat  bitter  taste  ;  melts 
easily,  and  dissolves  completely  in  alcohol. 

TACHYA.PBwa.£TITE.  A  mineral  discovered  by  Weibye  (Pogg.  Ann.  Ixxxviii. 
160),  at  Krageroe  in  Norway,  where  it  occurs  imbedded  m  gxanite  veins  in  the  gneiss. 
According  to  Berlin,  it  contains  34-68  per  cent.  siHca, 38'96 zirconia,  12  32  thorina(?) 
372  ferric  oxide,  1'86  alumina,  and  8'49  water.  It  forms  dimetric  crystals,  like  those 
of  zircon,  being  combinations  of  the  prisms  (»P  and  ooPoo  with  two  octahedrons — one 
of  110°  (terminal  edge),  the  other  of  50°.  Cleavage  not  very  distinct.  Fracture 
conehoi'dal.  Hardness  =  5'52.  Specific  gravity  =  3'6.  Lustre  submetallic  to 
vitreous.  Colour  dark  reddish-brown.  Streak  dirty-yellow.  Subtranslueent. 
Heated  in  a  tube,  it  gives  off  water  with  slight  fluorine  reaction.  Before  the  blowpipe 
it  becomes  dirty-white,  but  does  not  melt.  In  borax  it  dissolves  with  difficulty  ; 
with  soda,  on  platinum,  it  forms  a  dirty  yellowish-brown  slag. 

TACBVDRXTE.  Ca"M'g'CRl2H20  or  Ca"CP.2Mg"CP.12H"0.— This  mineral 
occurs  in  the  saline  deposits  of  Stassfurt,  in  roundish,  yellow,  transparent  to  translucent 
lumps,  which  are  imbedded  in  compact  anhydrite,  and  contain  small  crystals  of  the 
latter  enclosed  within  themselves.  It  cleaves  distinctly  in  two  directions.  Deliquesces 
quickly  when  exposed  to  the  air. 

TACHTXiVTE.  Conchoid al  Aug ite. — A  siHcate  occurring  in  basalt  on  the  Sasebuhl 
near  Daansfeld  in  Hanover,  and  containing  (according  to  Schn edermann)  55'7-l 
per  cent,  silica,  12'40  alumina,  13'06  ferroso-ferric  oxide,  7'28  lime,  5'92  magnesia, 
3'88  soda,  0-60  potash,  0'19  manganous  oxide,  and  2'73  water.  It  is  amorphous,  with 
conehoi'dal,  even  or  uneven  fracture  ;  black  and  opaqiie,  -^-ith  waxy  lustre  and  dark- 
grey  streak ;  brittle  and  somewhat  magnetic ;  hardness  =  6"5 ;  specific  gravity  = 
2'565 — 2'593.  Before  the  blowpipe  it  melts  very  easily,  and  with  intumescence,  to  a 
blistered,  brownish-green,  magnetic  glass,  and  gives  with  borax  the  reaction  of  iron. 

Hyalomdane,  a  mineral  occurring  in  the  porous  basalt  of  the  Vogelsgebirge  in 
Hesse,  is  usually  regarded  as  identical  with  tachylyte,  but  according  to  Hausmann 
(Handh.d.  Mineral,  ii.  546),  it  is  a  distinct  species.  According  to  an  analysis  by  C.  Gr. 
Gmeli  n  (Pogg.  Ann.  xlix.  234),  it  contains : 

Si02.      Ti02.     A1203.       FeO.      CaO.     MgO.   Na^O.     K^O.'  MnO.  "^K"' 

*  ■  ammonia. 

60-22     1-41     17-84     10-26     8-25     3-37     5-18     3-86     0-40     0-50    =  101-29 

Nearly  allied  to  it  is  a  mineral  from  the  Wetterau,  likewise  analysed  by  Gme- 
lin  (Leonhard's  N.  Jahrb.  f.  Mineral.,  1840,  p.  549),  which  has  a  specific  gravity  of 
2-705,  does  not  gelatinise  with  acids,  and  is  not  decomposed  even  by  boiling  with  strong 
sulphuric  acid ;  alsoa  scoriaceous  augite,  described  by  D.L.  G.Karsten,  and  analysed 
by  Klaproth  {Beitrdge,  iv.  190),  from  a  limestone  deposit  at  Guiliane  in  Sicily. 
(Handw.  d.  Chem.,viii.  467.) 

T2:N'IXN',  or  Koussin. — A  resinous  substance,  supposed  to  constitute  the  active 
principle  of  kousso-flowers  (the  flowers  of  Brayera  anthelmintka).  It  is  extracted 
by  digesting  the  flowers  with  strong  alcohol  containing  a  little  potash,  and  is  obtained 
by  evaporation  as  a  resinous  mass,  or  as  a  white  powder  having  a  bitter  nauseous 
taste.  It  melts  at  about  100°,  is  nearly  insoluble  in  water,  soluble  in  1300  pts.  spirit 
of  45  per  cent,  at  17°,  and  in  12  pts.  alcohol  of  90  per  cent.;  it  dissolves  in  ether  in 
nearly  all  proportions,  and  with  tolerable  facility  in  alkalis,  whence  it  is  precipitated 
by  acids.    (Pavesi,  Buchn.  N.  Eepert.  viii.  325. — Bedall,  ibid.  546.) 

TAG-IXiZTE.  A  basic  cupric  phosphate,  Cu'P'0'.Cu"H'0^  from  Nischne-Tagilsk 
(iv.  561). 

TAGVA-ITTTT.  The  fruit  of  Phyhlcphas  macrocarpa,  worked  as  "  vegetable 
ivory." 

TA-HONC.  A  lead-glass  containing  ferric  oxide,  used  in  China  as  a  red  enamel 
colour  on  porcelain. 
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TAlGtJ  WOOD.  A  wood  from  Paraguay,  resembling  guaiacum-wood  in  appear- 
ance and  specific  gravity.  Ithasa  groenish-brown  colour  when  fresh;  becomes  covered, 
on  exposure  to  the  air,  with  a  greenish-yellow  crystalline  powder ;  and  exhibits  under 
the  microscope  yellow  oblique  prisms,  together  with  shining,  colourless,  thin,  six-sided 
tables  :  the  latter  are  not  altered  by  alkalis  ;  the  former,  which  consist  of  taiguic  acid, 
are  reddened  thereby.  Strong  boiling  alcohol  extracts  from  it  13'7  per  cent,  of  a  mix- 
ture of  taiguic  acid  with  resinous  and  waxy  substances.  The  wood,  after  drying  in 
hydrogen-gas,  yields,  when  boiled  with  water,  5  7  per  cent,  of  a  gum-resin  smelling  liko 
benzoin,  after  which  alcohol  again  extracts  from  it  2'5  per  cent,  of  resinous  substance. 

TAXGTTXC  ACID.  (Arnaudon,  Cimento,  vii.  37;  Jaliresb.  1858,  p.  264.) — This 
acid,  which  occurs  in  the  cold  alcoholic  extract  of  taigu  wood  (supra),  is  freed  from 
admixed  resins  by  repeated  treatment  with  alcohol,  and  from  waxy  matters  hy  ether : 
the  solution  is  then  evaporated,  and  the  residue  dried :  100  pts.  of  the  wood  yield  2  pts. 
of  the  acid. 

Taiguic  acid  crystallises  in  oblique  prisms  having  a  fine  yellow  colour :  it  is  tasteless 
and  inodorous  ;  but  when  rubbed,  emits  an  unpleasant  odour,  and  becomes  electric:  it 
melts  at  1 35°,  and  sublimes  at  180°.  It  is  but  very  slightly  soluble  in  water,  even  at  the 
boiling  heat  (about  O'OOl) ;  but  when  heated  with  water  to  140°  in  a  sealed  tube,  it 
dissolves  in  larger  quantity,  and  crystallises  on  cooling.  Acetone,  ethers,  benzene, 
and  strong  alcohol  dissolve  it  freely.  It  contains  70'9  per  cent,  carbon,  5'9  hydrogen, 
and  23'2  oxygon,  agreeing  with  the  empirical  formula  C^H^O. 

Taiguic  acid  unites  with  bases,  forming  crystallisable  salts,  from  which  it  is  separated 
unaltered  by  the  stronger  acids.  With  the  alkalis  it  forms  easily  soluble  salts  having 
a  deep  red  colour,  the  production  of  which  is  quite  independent  of  atmospheric  oxygen  ; 
hence  taiguic  acid  forms  a  very  delicate  test  for  the  presence  of  alkalis.  The 
neutral  solutions  of  the  alkaline  taiguates  form,  with  neutral  acetate  of  lead, 
an  amorphous  scarlet  precipitate,  which,  in  contact  with  water,  gradually  becomes  crys- 
talline and  reddish-yellow  ;  it  is  slightly  soluble  in  water,  more  soluble  in  alcohol,  and 
is  obtained  in  pointed  crystals  by  evaporation  of  the  alcoholic  solution. — Nitrate  of 
silver  forms,  in  neutral  solutions  of  the  alkaline  taiguates,  a  cinnabar-coloured  pre- 
cipitate, which  is  decomposed  by  exposure  to  light,  is  nearly  insoluble  in  water  and  in 
ether,  moderately  soluble  in  alcohol,  freely  in  ammonia. 

TAKOTTKAVEi    Syn.  with  Nepheitk  (iv.  31). 

TAI>C>  4Mg"0.5SiO-.gH-0. — This  mineral  occurs  both  crystallised  and  massive  ; 
the  massive  variety  is  called  steatite,*  and  was  formerly  regarded  as  a  distinct 
speeios ;  but  it  has  the  same  composition  as  crystalline  tale. 

Talc  usually  forms  lamellar  crystals,  which  cleave  perfectly  in  one  direction,  but 
are  too  incompletely  developed  to  admit  of  an  exact  determination  of  their  crystalline 
system;  they  are,  however,  optically  biaxial,  and,  besides  the  principal  cleavage,  exhibit 
also  traces  of  cleavage  in  two  directions  obliquely  inclined  to  one  another.  The  crystals 
are  of  various  sizes,  forming  plates,  lamin<e,  and  scales,  and  are  sometimes  elongated 
in  one  direction.  They  also  occur  aggregated,  in  crystallo-laminar,  radio-laminar,  or 
seal}'  groups,  which  in  larger  masses  often  exhibit  a  true  slaty  structure  (talcose  slate). 
The  lamellae  are  very  flexible  but  not  elastic,  and  unctuous  to  the  touch.  Talc  is  very 
soft,  its  hardness  being,  in  fact,  adopted  as  the  unit  of  the  scale.  Specific  gravity  = 
2-6  to  2'8.  It  is  colourless,  white,  grey,  greenish-white  and  greenish-grey,  apple-green, 
leek-green,  and  yellowish-white  to  yellowish-grej',  transparent  (in  thin  lamellae)  to 
merely  translucent  on  the  edges,  and  has  a  waxy  lustre,  nacreous  on  the  perfect 
cleavage-faces.  When  heated  before  the  blowpipe,  it  glows  brightly,  usually  exfoliates 
and  burns  hard  (to  a  hardness  of  6),  but  does  not  fuse  ;  with  phosphorus-salt  it  yields 
a  skeleton  of  silica,  and  when  moistened  vnth  cobalt-solution,  and  ignited,  it  becomes 
pale-rod.    It  is  insoluble  in  acids  both  before  and  after  ignition. 

Compact  steatite  (Spvckstein  of  the  Germans),  which  occurs  massive,  imbedded  in 
kidney-shaped  and  nodular  lumps,  also  as  pseudomorphs  after  quartz  and  dolomite,  has 
an  uneven  to  splintery  fracture,  a  greasy  foel,  and  does  not  adhere  to  the  tongue.  Its 
specific  gravity  and  hardness  are,  for  the  most  part,  the  same  as  those  of  talc  :  the  hardness, 
however,  is  sometimes  rather  greater  ( =  I'o).  It  is  white,  grey,  yellow,  red,  green, 
dull,  opaque  to  translucent  on  the  edges.  When  heated  in  a  glass  tube,  it  gives  off  a 
little  water ;  before  the  blowpipe  it  does  not  melt,  but  burns  to  a  degree  of  hardness 
suificient  to  scratch  glass  ;  when  ignited  with  cobalt-solution,  it  becomes  pale  red.  It 
is  decomposed  by  boiling  sulphuric  acid,  differing  in  that  respect  from  crystalline  talc. 

Potstone,  or  Lapis  ollaris,  is  a  coarse  dark-coloured  steatite,  more  or  less  impure. 

Pure  talc,  4Mg"0.5SiO'.|H'0,  contains  62'14  per  cent,  silica,  32-92  magnesia,  and 
4'94  water.    The  numerous  analyses  of  the  mineral  in  its  several  varieties  exhibit  but 

•  Soapstnne  (also  called  steatite)  is  a  mineral  of  different  composition— viz.,  silicate  of  magnesium 
and  aluminium  (p.  324). 


656 


TALC— TALLINGITE. 


slight  deviation  from  this  composition — viz.,  from  about  62  to  64  per  cent,  silica,  28  to 
33  magnesia,  and  2-5  to  5  water,  with  from  0-5  to  7  per  cent,  ferrous  oxide  replacing 
part  of  the  magnesia,  and  occasionally  small  quantities  of  alumina,  lime,  &c.,  which 
must  be  regarded  as  impurities.  Some  varieties  appear  to  be  anhydrous,  or  to  contain 
but  very  little  water  ;  but  tliis  result  is  perhaps  due  to  defective  analysis,  as  the  water 
is  expelled  only  at  a  very  strong  red  heat.  (For  the  individual  analyses,  see  Kam- 
melsberg's  Mineralchemie,  p.  517.) 

Tale  is  a  very  widely  diffused  mineral,  some  of  its  varieties  (especially  common  tale, 
potstone,  and  steatite)  forming  extensive  beds  in  regions  of  crystalline  rocks.  Apple- 
green  talc  occurs  in  Unst,  one  of  the  Shetland  Isles  ;  also  on  the  Greiner  Mountain  in 
Salzburg,  and  in  the  Valais,  &e.  Potstone  occurs  in  the  Valais  and  the  Grisons,  and  at 
Wald  in  Styria.  Extensive  beds  of  steatite  occur  in  various  parts  of  the  New  England 
States — also  in  New  Jersey,  Pennsylvania,  &c. 

Green  talcose  minerals  occur  at  Fahlun  in  Sweden,  and  at  Gastein  in  the  Tyrol.  A 
white,  large-laminated,  and  radio-laminated  talc  from  Pressnitz,  in  Bohemia,  contains 
about  68  per  cent.  sUica,  26  magnesia,  1'2  to  1'6  ferrous  oxide,  and  4'1  water. 
(Seheerer.) 

Slabs  of  steatite  are  extensively  employed  as  firestones  in  furnaces  and  stoves.  It 
may  be  turned  in  a  lathe,  and  formed  into  tubes  by  boring.  When  groimd,  it  is  used 
for  diminishing  friction.  It  is  also  employed  in  the  manufacture  of  some  kinds  of 
porcelain.  Venetian  talc  is  used  for  removing  oil-stains  from  woollen  cloths,  &c. 
(Dana,  ii.  277.) 

TAlbC,  IN'DVRATES.    The  harder  varieties  of  steatite. 

TAXiC,  WHITE,  from  China ;  syn.  ■with  Agai.matoi,ite  (i.  60). 

IAJmC-A-TUVM.  a  term  sometimes  applied  to  magnesio-alximinic  sulphate 
(p.  583). 

TA.IiCAPil.TXTE.  A  variety  of  apatite  containing  magnesia,  occurring  in  six- 
sided  crystals,  grouped  or  single,  in  the  chlorite-slate  of  the  Schischimskan  Mountains, 
near  Slatoust  in  the  Ural.  According  to  Herman  n  (J.  pr.  Chem.  xxxi.  101),  it  contains 
37'50  per  cent,  lime,  7'74  magnesia,  39'02  phosphoric  acid,  2-10  sulphuric  acid,  0'91 
chlorine,  2-23  fluorine  (and  loss),  I'OO  oxide  of  iron,  and  9'50  insoluble  matter.  The 
soluble  portion  may  be  represented  approximately  by  the  formula  SCa'P^C.Mg^P^O' ; 
but  it  is  probably  only  an  impure  apatite,  the  magnesia  being  derived  from  the  gangue. 

TAXiC-CHXiORXTE.    Syn.  with  Clinochloee. 

TAXiC-XKOrS'-ORE.  Magncsianlron-ore.  Talkeisenerz.  Tcsscranvs  magnc^ifcr. — 
This  name  is  applied  by  Breithaupt  {Handb.  d.  Minerahgie,  iii.  778)  to  an  iron-ore 
from  the  State  of  New  York,  consisting  (according  to  Piatt  n  er) of  ferrous  oxide  with 
much  magnesia,  a  somewhat  considerable  quantity  of  titanic  acid,  and  a  small  quantity 
of  alumina,  but  no  cliromium.  It  forms  cubo-octahedrons,  fissured  internally,  but 
exhibiting  only  traces  of  cleavage  parallel  to  the  cubic  and  octahedral  faces.  It  is 
opaque,  iron-black  with  black  streak,  and  nearly  semimetallic  lustre.  Hardness  t= 
6-0.  Specific  gravity  =  4-0  to  4-5.  Very  slightly  magnetic.  Behaves  before  the 
blowpipe  like  titaniferous  iron-ore. 

TAIiC-iaON'STOSrE.  Talkeiscnstein. — Breithaupt's  name  for  a  magnetic 
iron-ore  from  Sparta  in  New  Jersey,  having  the  ferrous  oxide  partly  replaced  by  mag- 
nesia. It  is  .slightly  magnetic,  and  has  a  density  of  4-41  to  4- 12.  Allied  to  this  is  the 
magnesiferous  magnetic  iron-ore  occuiTing  in  imperfect  octahedrons  in  the  slates  of  the 
Mourne  Mountains  in  Ireland,  and  containing,  according  to  Andrews  (J.  pr.  Chem. 
Ivii.  376),  71-41  percent.  Fe-0^  21-59  Fe^O,  and  6-45 MgO.— Also  Eammelsberg's 
magnoferrito  from  Vesuvius  (iii.  784). 

TAXiC-GARiTET.  TalJcgranat.  TalJcthongranat.  Magnesian  garnet  from 
Arendal  in  Norway  (ii.  772). 

TAXiCXTE,  or  TAKXXTE.  A  mineral  from  Wicklowin  Ireland,  allied  to  nacrite 
(iv.  1). 

TAXiCOID.  This  name  was  applied  by  Naumaun  to  the  white  laminated  talc 
from  Pressnitz  in  Bohemia  {sirpra). 

TAXiCOSE  SXATE.  A  dark  slaty  rock,  having  a  somewhat  greasy  feel,  and 
consisting  largely  of  talc,  intimately  mixed  with  felspar  and  quartz. 

TAXiXiXCOOM-AK-OXX,.    Syn.  with  Cahapa-ou,  (i.  749). 

TAXiXiXNGXTE.  An  oxyehloride  of  copper,  allied  to  atacamite,  from  the  Botallaek 
mine  in  Cornwall.  It  forms  greenish-blue,  thin,  somewhat  crystalline  crusts,  composed 
of  small  spherules.    Hardness  =  3.    Specific  gravity  =  3-5.    It  is  insoluble  in  water, 
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easily  soluble  in  dilute  acids  and  in  ammonia,  and  turns  green,  witli  loss  of  water,  at  100'^. 
It  contains  OC-24  percent,  cupric  oxide,  11-33  chlorine,  and  24-16  water(=  101-73), 
besides  traces  of  carbonic  acid,  arsenic,  alumina,  and  sodic  chloride:  whence  the  for- 
mula, Cu"CR-tCu"H^0^4H=0  (Church,  Chem.  Soc.  Qu.  J.  xviii.  77).  For  atacamite, 
Church  calculates  the  formula  Cu"CR3Cu"H'0-.H''0.    (Compare  i.  429.) 

Another  cupric  oxychloride  from  the  same  mine,  called  botal/ackite,  occurring  in 
thin  pale  mountain-green  crusts,  of  specific  gravity  3-6,  v.as  found  to  contain  6G-2.) 
per  cent.  Cu"0,  14-76  CI,  and  22-45  H-0  (=  103-22),  whence  the  formula  Cu'Cl-'. 
3Cu"H^O'.3H'0.  A  blue  cupric  oxychloride,  also  from  the  same  mine,  appeared,  from 
a  preliminary  analysis,  to  consist  of  Cu"Cl'.6Cu"II-0-'.6H-0.    (Church,  ibid.  212.) 

TAXiIiOW.  This  name  is  applied  to  the  harder  and  less  fusible  fats,  occurring 
chietly,  though  not  exclusively,  in  the  animal  kingdom,  the  most  common  being  beef 
and  mutton  tallow.  The  most  solid  of  the  vegetable  fa.ls  are  cacao-fat,  from  Theo- 
broma  Cacao;  Chinese  tallow,  from  the  berries  of  Stillingia  nebifera ;  myriea-tallow,  from 
the  berries  of  Myrica  cerifcra  (-which,  however,  is  rather  a  wax) ;  virola-tallow,  from  the 
shelled  almonds  of  Myristica  sibifera ;  and  piney-tallow,  from  the  fruit  of  Valeria 
indica.  Cocoanut-fat  is  also  frequently  called  a  tallow,  though  it  has  rather  the  con- 
sistence of  butter.  (See  the  names  of  the  several  plants  in  this  Dictionary ;  also 
Ginelins  Handbook,  xvi.  38o — 400.) 

Animal  tallow  consists  chiefly  of  stearin,  palmitin,  and  oleiu,  the  stearin  pre- 
dominating, but  varying  with  the  species  of  the  animal  {e.g.,  mutton  and  deer  tallow 
are  mostly  harder  and  less  fusible  than  beef-tallow),  and  -witii  tlie  age,  mode  of  feed- 
ing, &c.  The  tallow  is  separated  from  the  cellular  tissue  in  which  it  is  enclosed  (the 
entire  mass  constituting  suet)  by  melting.  This  operation  is  performed  at  the  lowest 
possible  temperature,  and  is  much  facilitated  by  the  addition  of  dilute  sulphuric  acid 
(1  pt.  oil  of  vitriol  and  20  pts.  water  to  100  pts.  tallow).  The  melted  tallow  is  white, 
if  pure  ;  a  less  pure  tallow,  which  has  a  yellowish  colour,  may  be  bleached  by  exposure 
to  light  and  air ;  more  rarely,  the  bleaching  is  effected  by  the  use  of  chemical  reagents — e.g., 
by  heating  100  pts.  of  the  tallow  -with  1  pt.  sulphuric  acid  and  ^  pt.  red  chromate  of 
potash,  or  200  pts.  tallow  with  1  pt,  nitric  acid  and  1  pt.  oil  of  vitriol. 

Tallow,  especially  that  of  the  ox  and  sheep,  is  largely  used  for  the  manufacture  of 
soap  and  candles ;  in  smaller  quantity  also  in  pharmacy. 

TAXiIUX  com,  an  alloy  used  for  the  manufacture  of  trinkets,  contains,  accord- 
ing to  Sauerwein  (Dingl.  1.  clxx.  1;)4),  86-4  per  cent,  copper,  12-2  zinc,  ri  tin, 
and  0-3  iron. 

r  TA>IiOTT.  The  Chinese  name  for  a  glass  flux,  consisting  chiefly  of  silicate  of  lead 
with  a  little  copper, used  as  an  enamel  colour  on  porcelain.  (Ebelmen  and  Salvetat, 
Ann.  Ch.  Phys.  [3]  xxxv.  344.) 

TAIiTAXiITE.  The  name  given  by  Domeyko  (Jahresb.  1863,  p.  815)  to  a  black 
or  brown-black  crystallii  e  mineral  from  amine  in  the  desert  of  Atacama,  contain- 
ing 44-5  percent.  CuO,2-4  CaO,  0-8  MgO,  16-2  Al-0',  11-3  F6-O',20-8  SiO%0-7  CI,  and 
2-5  loss  by  Ignition  (  =  99-2).  According  to  Ulex  {ibid.  1865,  p.  888),  it  is  a  fine- 
grained mixture  of  atacamite,  malachite,  red  htematite,  and  calcspar,  intersected  by 
crystals  of  tourmalin. 

TAMARINDS.  Friicius  Tamariiidarum. — The  pulpy  mass  contained  in  the  pods 
of  Tamarindus  iiidira,  a  leguminous  tree  growing  in  the  East  and  West  Indies,  in 
Egypt,  and  in  Arabia.  It  has  a  faint  vinous  odour  and  agreeably  acid  taste.  Vau- 
queli  n  (Ann.  Chim.  v.  92)  found  in  East  Indian  tamarinds,  sugar,  gum,  pectic  acid, 
malic,  citric  and  tartaric  acids,  acid  tartrate  of  potassium,  and  cellulose.  Scheele 
did  not  find  citric  acid.  According  to  Gorup-Besanez  (Buchn.  Kepert.  Ixviii.  260), 
tamarinds  likevfisc  contain  acetic  and  formic  acids. 

TAMARITE.  ChalcophynHc.  Copprr-mica  (in  part). — A  basic  cupric  arsenate, 
occurring  in  rhonibohcdral  crvstals,  also  foliated,  massive,  and  in  druses.  Principal 
axis  of  rhombohedron  =  2-6536.  Angle  R  :  R  (terminal)  =  69°48';oR:R=  108° 
4'.  Observed  combination, oR  .  R,  also  with  +  2R,  —  iR,  and  ocR.  Cleavage  highly 
perfect  parallel  to  nR,  which  plane  is  sometimes  triangularly  striated.  Hardness  = 
2.  Specific  gravity  =  2-4  to  2-66.  Inistre  pearly  on  the  base,  vitreous  or  subadamantine 
on  the  other  faces".  Colour  emerald-  or  grass-green  to  verditer-green.  Streak  somewhat 
paler.  Fracture  scarcely  observable.  Sectile.  When  heated  it  decrepitates  and  e.\fo- 
liates.    Before  the  blowpipe  it  yields  a  scoriaceous  mass  enclosing  a  button  of  copper. 

Analyses. — a,  by  Chenevix  (Phil.  Trans.  1801).— A.  Specificgravity  =  2-435  (H  er- 
mann,"  J.  pr.  Chem.  xxxiii.  294). — c,  d.  Specific  gravity  =  2-659  (Damour,  Ann.  Ch. 
Phys.   3]  xiii.  404): 
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As205.  P^0\        CiiO.         FeO.        Ar-0\  WO. 

a.  21  .    .         58        ....        21      =  100 

b.  17-51        .     .       44-45       2-92       3-93       31-19    =  100 

c.  19-35        1-29       52-92       .     .       1-80       23-94    =  99-30 
21-27        1-56       5-2-30       .     .       2-13       22-58    =  99-84 

These  -widely  different  results  cannot  be  reduced  to  a  single  formula: 

a  may  be  approximately  represented  by  8CuO.As20M3H'0  =  Cu'As'0^5CuH'0=.8aq. 
c  and  d  „  „  8CuO.As'OM5H'0  =  Cu'As^O«.5CuH=O^.10aq. 

b  „  „  8CuO.As=0^23H^O  =  Cu'As=0«.5CuH'0%18aq. 

The  principal  Cornisli  localities  of  this  mineral  are  the  copper  mines  of  Tingtang, 
Huel  Gorland,  and  Huel  Unity,  near  Kedruth.  It  occurs  also  crystallised  in  iron-ore 
at  Sayda  in  Saxony,  in  minute  crystals  at  Herrengrund  in  Hungary,  and  at  Moldawa  in 
the  Bannat.    It  is  sometimes  found  altered  to  chrysocoUa. 

TAKABIX.  From  the  flowers  of  the  French  tamarisk  {Tamarix  gallica),  a  crys- 
talline iridescent  substance  may  be  obtained,  by  exhaustion  with  alcohol  and  evapora- 
tion (Lan  de  r  er).  The  leaves  contain  a  large  quantity  of  potassic  sidphate.  T.  laxa 
grows  cliiefly  on  the  Kirghis  Steppe:  100  pts.  of  the  yomig  air-dried  plant  yield  33-7 
per  cent,  ash,  containing  12-5  per  cent,  sodie  carbonate,  52'0  sodic  chloride,  1-6  sodic 
sulphate,  and  3'0  potassic  sulphate,  together  with  38-8  pts.  insoluble  salts.  (Gobel.) 

Taniarix  mamiifera  yields,  in  consequence  of  the  puncture  of  an  insect  {Coccus  manni- 
ferus),  a  saccharine  substance,  the  so-called  Manna  of  Sinai,  which  is  a  yellow  syrup 
containing  55  per  cent,  cane-sugar,  25  inverted  sugar,  20  dextrin,  &c.  (Bertha  lot, 
Compt.  rend.  liii.  583.) 

TAMTAMS,  or  Gong-gongs. — Chinese  musical  instruments  having  the  form  of  a 
kettle-drum,  and  sounded  by  beating  them  with  a  stick  covered  with  leather.  According 
to  Klaproth,  they  are  formed  of  an  alloy  of  78  pts.  copper  to  22  pts.  tin.  According 
toGenth(Mitth.d.  Gewerbevereins,  f.  Hannover,  1859,  p.  106),  they  consist  of  80  per 
cent,  copper  and  20  per  cent.  tin.  According  to  Julien  (Compt. rend.  xxiv.  1069),  the 
Chinese  alloy  the  copper  for  these  instruments,  and  for  cymbals,  &e.,  with  1  pt.  of 
tin. 

TANACETXC  ACID.  An  acid  said  by  Pesohier  (J.  Chira.  mdd.  iv.  58"),  to 
exist  in  the  flowers  of  the  common  tansy  {Tanacetum  vulgare).  It  is  crystalline, 
soluble  in  water,  forms  crystallisable  salts  with  potash  and  soda,  and  precipitates  the 
solutions  of  calcium,  barium,  zinc,  lead,  silver,  copper,  and  mercury. 

TAN-ACETXir.  A  bitter  substance  obtained  from  the  leaves  and  flowers  of 
tansy.  It  is  prepared  in  the  same  manner  as  absinthin  from  wormwood  (i.  2),  and 
forms  a  yellowish-white,  granular,  inodorous  mass,  easily  soluble  in  ether,  sparingly  in 
alcohol,  still  less  in  water.  The  solution  has  a  bitter  and  rather  sharp  taste,  and  is 
precipitated  by  plumbic,  ferric,  and  mercurous  salts,  not  by  tannic  acid.  (Fromberg, 
G*ig.  Magaz.  viii.  35. — Leroy,  J.  Chim.  m^d.  xxi.  357-) 

TAN-ACETTTM  VUXiGARE,  Tansy.- — The  leaves  of  this  plant  contain  vola- 
tile oil,  a  bitter  extractive  matter  called  tanacetin  {supra),  tannin,  sugar,  malic  acid, 
and  other  sxibstances.  The  flowers  contain  the  same  constituents,  but  are  richer  in 
volatile  oil,  and  (according  to  Peschier)  they  also  contain  tanaeetic  acid.  The 
seeds  contain  volatile  oil,  fat  oU,  and  a  bitter  substance. 

The  volatile  oil  of  tansy,  obtained  by  distilling  the  leaves  or  flowers  with 
water,  has  a  specific  gravity  of  0-92  to  0'93,  dissolves  easily  in  alcohol  of  specific 
gravity  0-85,  thickens  on  exposure  to  the  air,  dissolves  in  iodine,  but  is  not  sensibly 
acted  upon  by  it.  When  distilled  with  chromate  of  potassium  and  sulphuric  acid,  it 
yields  a  volatile  crystalline  body,  having  the  composition  of  ordinary  camphor 
(Persoz,  Compt.  rend.  viii.  433;  Vohl,  Pharm.  Centralbl.  1853,  p.  318).  It  is 
decomposed  and  dissolved  by  nitric  and  by  sulphuric  acid. 

TAXTAH-AMPO.  A  plastic  earth,  occurring  in  Java,  and  used  by  the  natives  as 
food,  after  being  dried  over  a  charcoal-fire.    (Mohnike,  J.  Chim.  m^d.  iv.  68.) 

TAia-GHXM-XA  MASAGASCABXEM-SIS.  A  shrub  indigenous  in  Mada- 
gascar, the  kernels  of  which  contain,  besides  fat  oil  and  the  ordinary  plant-consti- 
tuents, a  crystallisable  substance  called  tanghin-camphor  or  tanghinin.  To 
prepare  this  substance,  the  almonds  are  freed  from  oil  by  pressure,  then  exhausted 
with  ether,  and  the  ethereal  solution  is  left  to  evaporate.  Tanghinin  then  remains 
behind,  and  may  be  obtained,  by  solution  in  alcohol  and  spontaneous  evaporation,  in 
colourless,  transparent,  shining  scales,  which  effloresce  on  exposure  to  the  air.  It  has 
a  sharp  bitter  taste,  and  afterwards  produces  a  feeling  of  constriction  in  the  throat.  It 
melts  to  a  resin  when  gently  heated,  but  is  not  volatile.    It  dissolves  in  acetic  acid, 
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without  entering  into  combination,  and  is  colouied  yellow  by  other  acids  and  by 
alkalis.  The  alcoholic  solution  forms  white  precipitates  with  lead-,  mercury-,  and 
silver-salts.    Tanghinin  is  very  poisonous,  quickly  producing  fatal  effects. 

TAN'GX'WAXTE.  A  variety  of -nephrite  from  Tangiwai  iu  New  Zealand.  (.Jahresb. 
1864,  p.  3ol.) 

TANKXTE. '  A  mineral  from  Norway  resembling  chiastolite :  specific  gravity  = 
2-936.    (Broithaupt,  Schw.  J.  1829,  p.  246.) 

TA.ZriO'ASPXDXC  ACXS.  C  'H^'O"  (?).  (Luck,  Pharm.  Centr.  18.51,  p.  667.) 
— An  acid  contained,  together  with  pteritannic  acid,  in  the  root  of  the  male  fern 
{Asjndium  Fili-x  mas).  The  method  of  extracting  these  acids  and  separating  them 
with  ether  has  been  already  described  (iv.  745).  The  impure  tannaspidic  acid  left 
undissolved  by  the  ether  is  purified  by  solution  in  alcohol,  and  evaporation  in  a  retort 
filled  with  hydrogen. 

Tannaspidic  acid  forms  a  black-brown,  shining,  amorphous  mass,  triturable  to  a  red- 
brown  powder.  It  is  insoluble  in  water,  ether,  oil  of  turpentine,  and  fixed  oils,  easily 
soluble  in  strong  alcohol,  soluble  also  in  warm  acetic  acid.  The  alcoholic  solution 
evaporated  by  heat,  in  contact  with  the  air,  leaves  a  residue  no  longer  soluble  in  alcohol. 
Strong  sulphuric  acid  dissolves  it,  forming  a  dark-green  liquid,  which  soon  becomes 
brown-rod  on  the  surface.  Nitric  acid  dissolves  and  decomposes  it.  With  chlorine  it 
forms  substitution-products. 

Tannaspidic  acid  dissolves  easily  in  potash  or  ammonia,  forming  a  dark-brown 
solution,  which  quickly  absorbs  oxygen,  especially  when  warmed,  acquiring  a  brown- 
red  colour:  acids  added  to  the  latter  solution  throw  down  a  black  powder.  The 
alcoholic  solution  of  tannaspidic  acid  is  precipitated  by  chloride  of  barium,  chloride  of 
calcium,  acetate  of  copper,  nitrate  of  silver,  and  chloride  of  platinum, — also,  after 
addition  of  ammonia,  by  zinc-,  mercury-,  and  tin-salts.  Ferric  chloride  colours  the 
alcoholic  solution  green,  and  on  addition  of  ammonia  a  green  precipitate  is  formed. 
The  solution  of  tannaspidic  acid  precipitates  an  alcoholic  solution  of  isinglass,  but  not 
a  solution  of  tartar-emetic. 

By  treating  the  alcoholic  solution  of  the  acid  with  neutral  acetate  of  lead,  a  precipi- 
tate is  formed,  which  dries  up  to  a  black  shining  mass,  containing  on  the  average  43'4 
per  cent,  cai-bon,  3'6  hydrogen,  22'3  oxygen,  and  30'60  plumbic  oxide,  agreeing 
upproximately  with  the  formula  C'-'''H-''Pb"0",  which  requires  43'2  per  cent.  C,  3-6  H, 
22-2  O,  and  31-0  PbO. 

CMorotaiuiaspidic  Acids. — 'Wlicn  dry  chlorine-gas  is  passed  over  dry  tannaspidic 
acid,  a  substitution-product  is  formed,  containing  2  at.  chlorine,  and  yielding  on  tritu- 
ration a  cinnamon-brown  powder,  having  a  fruity  odour  and  sour  astringent  taste, 
soluble  with  brown  colour  in  alcohol  and  aqueous  alkalis,  but  insoluble  in  water, 
ether,  oil  of  turpentine,  and  fixed  oils.  Tannaspidic  acid  suspended  in  water  is  con- 
verted by  chlorine  or  by  hypochlorous  acid  into  a  product  containing  3  at.  chlorine  ; 
and  the  air-dried  acid,  treated  with  moist  chlorine-gas,  yields  a  product  containing  4 
at.  chlorine. 

Etkyl-tannaspidic  Acid.  —  1\\e  alcoholic  solution  of  tannaspidic  acid  turns  red  when 
boiled  with  hydrochloric  acid,  and  water  added  to  the  solution  throws  down  a  red  sub- 
stance. 

TANNECORTEPINXC  ACXD.  C-*H-"0'- ?  (K a w al i e r,  AVien.  Akad.  Ber. 
xxix.  10.) — An  acid  resembling  the  tannic  acids,  occurring,  about  Easter-time,  in  the 
bark  of  Scotch  fir-ti'ecs  from  20  to  25  years  old.  To  prepare  it,  the  bark  is  ex- 
hausted with  alcohol ;  the  extract  left  on  evaporation  is  treated  with  water;  the  clear 
aqueous  solution  is  repeatedly  precipitated  with  neutral  lead-acetate,  a  lead-salt 
mixed  with  resin  then  remaining  in  solution  ;  the  clear  solutions  are  precipitated  with 
basic  lead-acetate ;  the  washed  precipitate  is  suspended  in  water,  and  decomposed  by 
sulphydric  acid ;  and  the  liquid  is  concentrated  in  a  stream  of  carbonic  anhydride. 
Tannecortepinic  acid  is  then  deposited  in  cnists,  which  yield  by  trituration  a  reddish- 
brown  powder  having  an  astringent  taste.  It  is  soluble  in  water,  and  the  solution, 
warmed  with  sulphuric  or  hydrochloric  acid,  yields  a  red  precipitate  having  nearly  the 
same  composition  as  the  acid,  together  with  a  very  small  quantity  of  sugar.  The  aqueous 
solution  of  the  acid  mixed  with  ferric  chloride,  acquires  a  greenish  colour,  changing  to 
red-brown  on  standing,  and  afterwards  deposits  a  bIacki.sh-greon  pi-ecipitate. 

TASrSTEirXTE.  A  sulphide  of  copper  and  bismuth,  Cu^S.Bi'-'S'*,  occurring  at 
Tannenbaum,  in  the  Erzgebirge  (ii.  77);  also,  according  to  Domeyko  (Ann.  Min. 
[6],  V.  453),  in  the  mines  of  Cerro  Blanco,  near  Copiapo,  in  long  tin-white  needles, 
intersecting  copper-pyrites.  Analysis  gave  22'4  per  cent,  sulphur,  52-7  bismuth,  20'6 
copper,,  and  4-1  iron  (=  99-8). 

TAITM'XC  ACXS.    TANNXIV.    These  terms  are  applied  to  certain  substances 
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occurring  in  the  bark  and  other  parts  of  plants,  and  distinguished  by  the  following 
characters.  They  are  mostly  amorphous,  have  a  slight  acid  reaction,  and  a  rough 
but  not  sour  taste ;  colour  ferric  salts  black-blue  or  green;  precipitate  albumin  and 
gelatin  from  their  solutious  ;  and  unite  with  animal  membrane  into  a  mass  which 
resists  putrefaction,  namely  leather,  the  skin  then  becoming  tanned.  AH  these 
substances  were  formerly  supposed  to  be  identical  with  gallotannic  acid  (ii.  762), 
or  todiiferfrom  it  only  in  consequence  of  the  admixture  of  foreign  matters  ;  but  more 
exact  investigation  has  shown  that  most  of  them  ditfer  in  some  essential  properties 
from  gallotannic  acid,  which  indeed  exists  only  in  Turkish  and  Chinese  gall-nuts,  and 
in  ordinary  oak-apples.  Of  the  other  varieties  of  tannin,  the  most  distinctly  charac- 
terised are  caffctannic  acid  (i.  709),  catechutannic  or  cachontannic  acid  (i.  817), 
morintannic acid  or  tannin  of  fustic  (iii.  1049),  quercitannic  acid  or  tannin  of  oak-bark 
(v.  6),  and  quinotannic  or  cincho>ia-ia>mic  acid  (v.  30). 

The  tannins  may  be  divided  into  two  groups — those  which  give  black  or  blue,  and 
those  which  give  olive-green  precipitates  with  ferric  salts ;  and  Stenhouse  has  shown  that 
most  of  the  tannins  which  give  bluish-black  precipitates  with  ferric  salts  are  gluco- 
sides,  being  resolved  by  boiling  with  dilute  acids  into  glucose  and  another  substance, 
a  property  first  pointed  out  by  Streeker  in  the  case  of  gallotannic  acid,  which  yields 
glucose  and  gallic  acid: 

C-'H"0"  -I-  4H-0    =    C«H'=0=  +  SC'H^O*; 

whereas,  among  those  which  give  green  precipitates  with  ferric  salts,  only  one  (namely, 
the  tannin  of  willow-bark)  appears  to  be  a  glucoside. 

Gallotannic  acid  submitted  to  dry  distillation  yields  pyrogallic  and  metagallic 
acids,  together  with  carbonic  anhydride  (ii.  765): 

C^WO"  =    3C«H^05  +  C=H<02  +  SCO*; 

Gallotannic  Pyrogallic  Metagallic 

acid.  acid.  acid. 

whereas  all  those  tannins  which  turn  ferric  salts  green,  yield,  by  dry  distillation,  oxy- 
phenic  acid  or  pyrocatechin,  C°H°0^,  which  differs  from  pyrogallic  acid  by  containing 
1  at.  oxygen  less  (iv.  315). 

All  tannins  are  remarkable  for  the  avidity  with  which  they  absorb  oxygen,  especially 
in  presence  of  alkalis,  being  thereby  converted  into  bodies  of  various  colour — red, 
brown,  black,  and  even  green  :  e.g.,  gallotannic  acid  into  tannoxylic  or  tannomelanic 
acid ;  caffetannic  acid  into  viridic  acid ;  quinotannic  acid  into  cinchona-red,  &c. 

Tannins  occur  especially  in  perennial  plants,  but  are  likewise  found  in  annuals  and 
biennials.  They  occur  in  the  perennial  roots  of  herbaceous  plants,  in  the  bark  of 
most  tree-stems,  and  in  the  young  branches  of  shrubs  and  other  woody  plants.  Tliey 
are  also  found  in  the  husks  of  fruits  and  seeds,  and  in  unripe  fruits,  less  frequently  in 
the  leaves,  and  least  of  all  in  the  petals.  According  to  Wahlenberg,  they  are 
never  found  in  the  interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contain 
caoutchouc  or  milky  juice. 

Iron-blueing  tannins  are  found  in  gall-nuts  and  oak-apples  ;  in  the  leaves,  bark,  &c. 
of  the  oak,  poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  Arbutus  Uva-iir.v, 
Arbutus  Unedo,  and  Lythruiii  Salicaria;  the  stalks  of  Eihes  rubrum;  the  bark  of 
Cannes  mascula,  and  many  other  plants  and  vegetable  organs.  Iron-greening  tan- 
nins occur  in  catechu,  cinchona-barks,  pines,  and  fir;  in  the  root  of  Cranteria  triandra, 
Rlmim  rhaponticum,  Potentilla  tormentUla  ;  in  the  bark  of  Salixtriandra  and  S.undii- 
lata,  of  Alnus  ylutinosa,  Finns  Larix,  Rkizophora  Mangle  (the  common  black  man- 
grove), and  of  many  other  plants. 

R.  Wagner  (Bull.  Soc.  Chim.  1866,  ii.  461)  divides  tannins  into  pathological 
tannins,  found  only  in  diseased  vegetable  tissues,  such  as  gall-nuts  and  oak-apples  ; 
and  physiological  tannins,  which  occur  in  bark  and  other  parts  of  plants  in  their 
ordinary  state.  Both  kinds  of  tannins  precipitate  gelatin  from  its  solution,  but  only 
the  physiological  tannins  are  capable  of  forming  with  it  a  true  leather  not  liable  to 
putrefy. 

All  varieties  of  tannin  are  precipitated  by  organic  alkaloids.  According  to  Wagner, 
I  gramme  of  quercitannic  acid  requires  for  precipitation  0  3715  grm.  of  cinchonine  ; 
and  assuming  that  the  tannins  of  sumach  and  other  astringent  substances  form,  with 
a  solution  of  sulphate  of  cinchonine,  precipitates  having  the  same  composition,  he 
obtains  the  following  results  respecting  the  strength  of  various  substances  used  in 
tanning : — - 

Baric  of  young  oaks  contains              .       .       10  80  per  cent  tannin. 
Ordinary  oak-bark      .....         6-25  „ 
Pine-bark           .       .              ...         7  33  „ 
Beech-bark  200 
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Sumach  (first  quality)  contains    .       .       .  16-60  per  cent,  tannin. 

,,      (second  quality)      ....  13'00  ,, 

Valonia  (first  quality)         ....  2675  „ 

„      (second  quality)      ....  19-00  „ 

Bablah   14-50 

Grape-seeds  freed  from  oil  .       .       .       .  6-50  „ 

Hops  (harvest  of  1865)       ....  4-25 

Schulzeff  (Bull.  Soc.  Chim.  1866,  ii.  465)  has  observed  that  the  precipitation  of 
tannin  by  gelatin  is  greatly  facilitated  by  the  addition  of  sal-ammoniac,  and  he 
has  applied  the  reaction  to  facilitate  the  volumetric  estimation  of  tannin.  For  this 
purpose  he  saturates  a  graduated  solution  of  tannin  with  sal-ammoniac,  and  deter- 
mines the  number  of  cubic  centimetres  of  a  solution  of  gelatin  required  to  precipitate 
a  given  quantity  of  the  former.  He  then  exhausts  the  substance  to  be  analysed  with 
boiling  water,  and  adds  to  the  extract  the  titrated  solution  of  gelatin.  The  deposi- 
tion of  the  precipitate  may  be  still  further  facilitated  by  introducing  into  the  vessel  a 
small  quantity  of  pounded  glass  or  sharp  sand. 

TANNXGENAnCXC  ACID.    8yn.  with  CrALi.AMic  Acil)  (ii.  759). 

TAN-M-IN-CEXiriC  ACID.    Syn.  with  Catechim  (i.  816). 

T ANN onxsz. ATTIC  ACID.  C«I1'0'.— This  acid,  discovered  by  Biiehner 
(Ann.  Ch.  Pharm.  liii.  373),  who  however  assigned  to  it  the  formula  C'*fPO',  is 
produced  by  adding  gallotannic  acid  to  boiling  potash-ley  of  specitic  gravity  1-27,  as 
long  as  effervescence  is  thereby  produced.  The  liquid  is  kept  in  a  state  of  ebullition, 
till  a  sample  mixed  with  acetic  acid  remains  clear  on  cooling,  then  supersaturated 
with  acetic  acid,  and  evaporated  to  dryness  over  the  water-bath ;  and  the  residue  is 
treated  with  strong  alcohol,  which  dissolves  acetate  and  gallate  of  potassium.  The 
residue  is  dissolved  in  water,  and  the  solution  is  mixed  with  acetic  acid  and  acetate  of 
lead,  which  throws  down  tannomelanato  of  lead,  in  the  form  of  a  black-brown  powder 
containing  (according  to  Gerhardt)  3C'-H'Pb"0''.2Pb"H'0'.  Tannomelanic  acid 
may  be  supposed  to  be  formed  either  from  gallic  or  from  tannoxylic  acid  (infra) : 

CH^o*  +  o  =  CH'O'  +  co^  +  mo. 

Gallic  acid,  Tannome- 
lanic acid. 

C'H«0«  =    C«H'0'  -^  CO'  +  H'O. 

Tannoxylic  Tannome- 
acid.  lanic  acid. 

TANSrOPZC  ACID.  C"H"'0"^?  (Eochleder  and  Kawalier,  Wien.  Akad. 
Ber.  xxix.  22.) — A  kind  of  tannin  occurring  in  the  needles  of  the  Scotch  fir,  gathered 
about  Easter.  The  alcoholic  extract  of  the  needles,  evaporated  after  addition  of 
water,  yielded  a  watery  liquid  together  with  resin.  The  liquid  was  mixed  with  neutral 
acetate  of  lead  ;  the  clear  filtrate  completely  precipitated  with  that  salt ;  the  washed 
precipitate  drenched  with  dilute  acetic  acid  ;  and  the  filtrate  precipitated  with  basic 
acetate  of  lead.  The  resulting  precipitate,  suspended  in  water  and  decomposed  by 
snlphydric  acid,  yielded  a  solution  of  tannopic  acid,  which  was  precipitated  therefrom 
by  sulphuric  acid.  This  acid,  in  warm  solution,  oxidises  readily  in  contact  with  tho 
air;  whether  it  is  thereby  converted  into  oxypinitannic  acid  (iv.  319),  and  whether 
the  same  conversion  takes  place  in  the  living  plant,  has  not  been  determined.  The 
.acid  is  decomposed  by  sulphuric  or  hydrochloric  acid,  yielding  a  red  easily  decom- 
posible  product. 

TAmroXYIiIC  ACID.  Ruftannic  Acid. — An  acid  produced  by  the  oxidation 
of  gallic  acid  under  the  influence  of  alkalis.  It  was  discovered  by  Biiehner 
(Ann.  Ch.  Pharm.  liii.  309),  who  assigned  to  it  the  formula  C"^i/*0"  or  C'^H'^O",  or, 
in  the  free  state,  perhaps  C'^II^U'-  or  C"H"0'-.  According  to  Gerhardt,  its  compo- 
sition and  formation  are  better  represented  by  tho  formula  C'H'^O".  To  prepare  it,  a 
moderately  strong  solution  of  potash  is  saturated  in  the  cold  with  tannic  acid  ;  and  the 
solution,  which  soon  turns  red,  is  left  to  stand  for  some  days  till  it  becomes  dark-red 
and  nearly  opaque.  It  is  then  precipitated  with  acetate  of  lead,  the  resulting  brick- 
red  precipitate  is  treated  witli  hot  acetic  acid  to  dissolve  undecomposed  tannate  of 
lead,  and  the  tannoxylato  of  lead  (SC'H'Pb''0«.3Pb"H=0^  according  to  Gerhardt), 
which  remains  as  a  red  precipitate,  is  decomposed  by  heating  with  alcohol  and  sulphuric 
acid.  A  dark-red  solution  of  tannoxylic  acid  is  thereby  obtained,  which  on  evapora- 
tion leaves  the  acid  as  a  brown-red  amorphous  substance.  It  may  be  supposed  to  be 
formed  from  gallic  acid  by  simple  addition  of  oxj-gen :  C'H"0*  +  0  =  C'H'O'*. 
(Gerhardt.) 

TANSY.  See  Tanacetum  Vx-loare  (p.  658). 

TANTAXiITE.    Native  ferrous  tautalatc.    See  Tantalates  (p.  666). 
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TAHTAliWl.  Atomic  weight,  \9,2.  Symbol,  Ta..  (Ekeberg,  Crell's  Annalen. 
1803,  Bd.  i. — Berzelius,  Fogg.  Ann.  iv.  6. — Wohler,  ibid,  xlviii.  91.— H.  Kose, 
ibid.  Isiii.  317;  Lsis.  115;  Ixx.  157;  Ixxiv.  85,  285;  xc.  456;  xcix.  65;  Jahresb. 

1856,  p.  366;  1857,  p.  176.— Hermann,  J.  pr.  Chem.  Ixv.  81  ;  Ixx.  193;  Jahresb. 

1857,  p.  175;  1858,  p.  149;  Bull.  Soe.  Chim.  1866,  ii.  22.— Blomstrand,  Jahresb. 
1865,  p.  195  ;  Bull.  Soc.  Chim.  1866,  ii.  27.— Marignae,  ibid.  pp.  Ill,  118.) 

This  metal  was  discovered  in  1802,  by  Ekeberg,  in  two  Swedish  minerals,  tantalite 
and  yttrotantalite.  A  very  similar  metal,  columbium,  had  been  discovered  in  the 
preceding  year  by  Hatchett  (Crell's  Annalen.  1802,  i.  197,  257,  352),incolumbitefrom 
Massachusetts;  and  Wollaston,  in  1807  (Gilb.  Ann.  xxs^ii.  98),  on  comparing  the 
compounds  of  these  metals,  concluded  that  they  were  identical,  an  opinion  which  was 
for  many  years  received  as  correct ;  but  their  separate  identity  has  been  completely 
established  by  the  researches  of  H.  Eose  (commenced  in  1846),  who  gave  to  the 
metal  obtained  from  the  American  and  Bavarian  columbites  the  name  Niobium  (iv. 
48),  by  which  it  is  now  universally  known.  More  recently,  Marignac  has  shown  that 
nearly  all  tantalites  and  columbites  contain  both  tantalum  and  niobium  or  columbium ; 
some  tantalates  from  Kimito  in  Finland  being,  however,  free  from  niobium,  and  some 
of  the  Greenland  columbites  containing  only  the  latter  metal  unmixed  with  tantalum. 
In  all  these  minerals,  tantalum  exists  as  a  tantalate  of  iron  and  manganese ;  yttrotan- 
talite is  essentially  a  tantalate  of  yttrium,  containing  also  uranium,  calcium,  iron,  and 
other  metals.    Tantalum  is  also  contained  in  some  varieties  of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of  potassium  or 
sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and  washing  out  the 
soluble  salts  with  water.  The  reduced  metal  thus  obtained  is  not  quite  pure,  being 
more  or  less  contaminated  with  acid  tantalate  of  sodium,  the  quantity  of  which  may, 
however,  be  diminished  by  covering  the  mixture  in  the  crucible  with  chloride  of  po- 
tassium. 

Tantalum  is  a  black  powder,  which  (according  to  H.  Eose)  is  a  good  conductor  of 
electricity,  and,  after  ignition  in  a  stream  of  hydrogen,  has  a  specific  gravity  of  10-78. 
When  heated  in  the  air,  it  burns  with  a  bright  light,  and  is  converted,  though  with 
difficulty,  into  tantalic  oxide.  It  is  not  attacked  by  sulphuric,  hydrochloric,  nitric,  or 
even  nitromuriatic  acid.  It  dissolves  slowly  in  warm  aqueous  hydrofluoric  acid,  with 
evohition  of  hydrogen,  and  very  rapidly  in  a  mixture  of  hydrofluoric  and  nitric 
acids. 

Tantalum  in  its  principal  compounds  is  pentatomic,  the  formula  of  tantalic  chloride 
being  TaCP,  that  of  tantalic  fluoride  TaF*,  and  that  of  tantalic  oxide  (which,  in  com- 
bination with  bases,  forms  the  tantalates)  TaO^.  There  is  also  a  tantalous  oxide  having 
the  composition  TaO^,  and  a  corresponding  sulphide,  TaS-. 

TAHrTA-XiTrnX,  BROKIDS  or,  probably  TaBr^. — Prepared,  like  the  chloride, 
by  passing  bromine-vapour  through  a  tube  filled  with  a  mixture  of  tantalic  oxide  and 
porous  charcoal.  It  is  usually  coloured  yellow  by  excess  of  bromine,  from  which  it 
cannot  easily  be  freed. 

TA.M'TAX.TnW,  CBX.OBXDE  OF,  or  TAI«rTAX.XC  CHXiOBXBE,  TaCl^ — 
Tantalum  is  not  attacked  by  chlorine  at  ordinary  temperatures,  but,  when  gently 
heated  in  a  stream  of  the  gas,  it  is  converted,  with  incandescence,  into  tantalic 
chloride,  which  distils  off. 

The  chloride  is  prepared  by  passing  chlorine-gas  over  a  heated  mixture  of  tantalic 
oxide  and  charcoal.  Tantalic  oxide  is  mixed  with  starch  or  sugar,  and  the  mixture  com- 
pletely charred  by  ignition  in  a  covered  crucible.  It  is  then  introduced  in  small  pieces 
into  a  glass  tube,  which  is  strongly  heated  by  a  charcoal-fire,  while  a  stream  of  dry  car- 
bonic anhydride  is  passed  through  it.  As  soon  as  all  the  moisture  is  expelled,  the 
tube  is  left  to  cool,  the  flow  of  carbonic  anhydride  being  still  kept  up  ;  the  carbonic 
anhydride  apparatus  is  then  replaced  by  a  chlorine  apparatus,  and  the  tube  again 
heated,  after  the  carbonic  anhydride  and  atmospheric  air  have  been  completely  expelled 
by  the  chlorine.  Chloride  of  tantalum  is  then  obtained  in  the  form  of  a  sublimate 
having  a  pure  yellow  colour.  If,  however,  the  tantalic  oxide  contains  tnngstic  oxide, 
the  colour  of  the  sublimate  is  red  ;  and  if  stannic  or  titanic  oxide  is  present,  yellow 
drops  of  liquid  chloride  are  also  produced.  (H.  Eose  and  E.  Weber,  Ann.  Ch.  Pharm. 
Ixxxviii.  246.) 

Tantalic  chloride  begins  to  volatilise  at  144°,  and  melts  to  a  yeUow  liquid  at  221°. 
Its  vapour-density,  at  temperatures  between  350°  and  440°,  is  equal  to  1242 
(Deville  and  Troost,  Bull.  Soc.  Chim.  1866,  ii.  120) ;  agreeing  very  nearly  with  the 
density  calcidated  from  the  formula  TaCP,  namely  12-46  (=  1^2  +  5  .  35-5  ^ 
0-0693). 
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Tantalic  chloride  is  decomposed  by  water,  yielding  hydrochloric  and  tantalic  acids, 
but  the  decomposition  is  not  complete  even  at  the  boiling  heat;  water  containing  a 
small  quantity  of  ammonia  decomposes  it,  even  at  ordinary  temperatures. — Potash 
decomposes  it,  but  not  completely  ;  carbonate  of  potassium  does  not  affect  it,  even  at 
the  boiling  heat. — Hydrochloric  acid  dissolves  tantalic  chloride  at  ordinary  tempera- 
tures, forming  a  turbid  liquid,  which  gelatinises  after  a  while;  the  jelly  yields  to  cold 
water  only  traces  of  tantalic  acid.  Eoiling  hydrochloric  acid  dissolves  tantalic  chloride 
incompletely,  and  the  liquid  does  not  gelatinise. — Strong  sulphuric  acid  dissolves  the 
chloride,  at  ordinary  or  slightly  elevated  temperatures,  with  evolution  of  hydrochloric 
acid,  forming  an  opaline  liquid,  which  becomes  very  turbid  at  the  boiling  heat,  and 
solidifies  to  an  opaline  jelly  on  cooling. — Ammonia-gas  converts  tantalic  chloride,  at  a 
rod  heat,  into  nitride  of  tantalum.    (H.  Rose.) 

TAiarTA.X.V»I,  SETECTIOTT  ATTD  ESTXAXATIOIO'  OP.  1.  Blowpipe 
Kcactions. — Tantalic  oxide,  fused  with  ion;.r,  either  in  the  outer  or  in  the  inner 
flame,  forms  a  transparent  glass,  which  however,  if  the  quantity  of  tantalum  is  some- 
what large,  may  be  rendered  opaque  by  interrupted  blowing  or  flaming,  but  recovers 
its  transparency  by  long  exposure  to  the  continued  blast.  A  verj'  large  quantity  of 
tantalic  oxide  renders  the  glass  opaque. — With  microcosmic  salt  it  forms,  in  either 
flame,  a  clear  colourless  glass,  which  does  not  turn  red  on  addition  of  a  ferrous  salt. 
— With  sodic  carbonate  it  produces  effervescence,  but  does  not  fuse  into  a  bead  or 
undergo  reduction. 

2.  Reactions  in  Solution. — The  tantalates  of  the  alkali-meUils  are  soluble  in 
water  (p.  666). — Hydrochloric  acid,  added  in  excess  to  the  solutions,  first  precipitates 
tantalic  acid,  and  then  redissolves  it,  forming  a  slightly  opalescent  liquid. — Sulphuric 
acid  also  precipitates  the  tantalic  acid,  but  dc«3S  not  redissolve  it  when  added  in  excess. 
— Carbonic  acid  gas,  passed  through  the  solution  of  an  alkaline  tantalato,  precipitates 
the  whole  of  the  ta,ntalic  acid  in  the  form  of  an  acid  soAt.— Chloride  ov  sulphate  of  am- 
monium also  precipitates  the  tantalic  acid  from  these  solutions,  in  the  form  of  hydrate 
mixed  with  small  quantities  of  ammonia  and  the  fixed  alkali.  The  presence  of  carbo- 
nate of  potassium  or  sodium  prevents  the  formation  of  this  precipitate  at  ordinary 
temperatures  ;  but  it  then  appears  after  boiling  for  some  time.  Suljjhide  of  ammonium 
piroduces  no  precipitate.— C'/Jorw'c  of  barium  or  calcium  fonns  a  precipitate  of  tantalate 
of  barium  or  calcium,  insoluble  in  water  and  in  ammoniacal  salts. — Nitrate  of  silver 
forms,  in  the  solution  of  a  neutral  alkaline  tantalate,  a  white  precipitate,  which  is 
turned  brown  by  a  small  quantity  of  ammonia,  and  dissolves  in  a  larger  quantity.  A 
solution  of  basic  mcrcurous  nitrate  foims  a  yellowish-white  precipitate,  which  turns 
black  when  heated. — Fcrroci/anide  of  potassium,  added  to  a  very  slightly  acidulated 
solution  of  an  alkaline  tantalate,  forms  a  yellow  precipitate  ;  fcrricyanide  of  p>otassium 
a  white  precipitate. — Infusio7i  of  galls,  added  to  a  solution  of  an  alkaline  tantalate 
acidulated  with  sulphuric  or  hydrochloric  acid,  forms  a  light-yellow  pirecipitate,  solu- 
ble in  alkalis. — Zinc,  immersed  in  the  solution  of  an  alkaline  tantalate  acidulated  with 
hydrochloric  acid,  does  not  produce  any  blue  colour;  neither  is  that  colom-  produced,  or 
but  very  faintly,  on  addition  of  sulphuric  acid.  But  if  chloride  of  tantalum  be  dis- 
solved in  strong  sulphuric  acid,  and  then  water  and  metallic  zinc  added,  a  fine  blue 
colour  is  produced,  which  does  not  change  to  brown,  but  soon  disappears.  The  blue 
colour  is  also  produced  on  placing  zinc  in  a  solution  of  tantalic  clilorido  in  hydrochloric 
acid  to  which  a  small  quantity  of  water  has  been  added;  too  much  water,  however, 
prevents  its  formation. 

These  characters  are  sufficient  to  distinguish  tantalum  from  all  other  metals.  From 
niobium,  which  it  most  resembles,  it  is  distinguished  by  the  behaviour  of  tantalic 
oxide  before  the  blowpipe,  especially  with  microcosmic  salt;  (2),  by  the  reactions  of 
the  soluble  tantalates  with  hydrochloric  acid,  sal-ammoniae,  ferrocyanide  and  ferricya- 
auido  of  pwtassium,  and  infusion  of  g.alls.* — From  titanium  it  is  distinguished  by 
the  behaviour  of  the  oxides  before  the  blowpipe;  by  the  perfect  insolubility  of  tantalic 
oxide  in  strong  sidphuric  acid  after  ignition  ;  and  by  the  fact  that  when  tantalic  oxide 
is  fused  with  acid  sulphate  of  potassium,  and  the  mass  treated  with  cold  water,  the  tan- 
talic oxide  remains  undissolved  in  combination  with  sulphuric  acid,  whereas  titanic 
oxide  similarly  treated  yields  a  fused  mass,  which  dissolves  completely  in  a  considera- 
ble quantity  of  cold  water,  provided  the  fusion  has  been  sufRcieutly  prolonged. — From 
silica,  tantalic  oxide  is  distinguished  by  its  behaviour  before  the  blowpiipe,  silica 
being  insoluble  in  microcosmic  salt,  and  fusing  to  a  transparent  bead  when  heated  on 
charcoal  with  a  small  quiintity  of  sodic  carbonate.  The  behaviour  of  tantalic  oxide  with 
zinc,  with  tincture  of  galls,  and  with  hydrofluoric  acid,  also  distinguishes  it  from  silica. 

*  Sfo  vol.  iv.  pp.  so,  ."il. — The  nioboiis  oxide  anil  niobites  there  mentioned  are  the  compounds  note 
called  niobic  oxide  and  niobates,  Mari^'nac  having  sliown  that  there  is  only  one  oxide  of  niobium,  and 
that  Rose's  nichic  acid  was  a  mixture  ot  niobic  and  tantalic  acids (iv.  786). 
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3.  E  stimation  and  Separation. — Tantalum  is  estimated  in  the  form  of  tantalic 
oxide,  Ta■0^  containing  81'98  percent,  of  the  metal.  Tantalic  oxide  or  anhydride 
may  be  separated  from  the  bases  with  which  it  occurs  in  natvire — namely,  lime, 
magnesia,  yttri a,  zirconia,  and  the  oxides  of  iron,  manganese,  and  ura- 
n  i  u  m — by  fusion  with  hydrate  or,  better,  with  ackl  sulphate  of  potassium,  in  the  manner 
to  be  presently  described  (p.  665).  Some  tantalates  may  be  decomposed  by  sidphuric 
acid,  the  tantalic  acid  being  separated  in  the  insoluble  state,  and  all  the  bases  passing 
into  solution.  Tan talate  of  zi  rcon  i  nm  may  be  decomposed  in  this  manner.  On 
treating  that  compound  with  strong  sulphuric  acid,  and  digesting  the  cooled  mass  for 
some  time  with  a  large  quantity  of  water,  sulphate  of  zirconium  dissolves,  and  tantalic 
oxide  remains  in  combination  with  sulphuric  acid,  from  which  it  may  be  purified  by 
repeated  boiling  with  water. 

From  the  alkali  s,  tantalic  acid  may  be  completely  separated  by  sulphuric  acid, 
provided  the  compound  is  soluble  in  water.  In  the  contrary  case,  it  must  first  be 
fused  with  carbonate  or  hydrate  of  potassium.  If,  however,  the  quantity  of  alkali  is 
to  be  likewise  estimated,  the  compound  must  be  rendered  soluble  by  fusion  with  sul- 
phate of  ammonium.    (H.  Rose.) 

From  titanium,  with  which  it  sometimes  occurs  in  nature,  tantalum  may  be  sepa- 
rated by  fusing  the  mineral  with  acid  sulphate  of  potassium,  and  treating  tlie  fused 
mass  with  a  large  quantity  of  water.  Titanic  acid  then  dissolves,  especially  if  the 
water  is  slightly  acidulated  with  hydrochloric  acid,  while  tantalic  sulphate  remains 
undissolved.  The  titanic  acid  is  precipitated  from  the  solution  by  boiling:  the  sepa- 
ration is,  however,  not  very  complete.  In  some  cases  the  decomposition  may  be 
effected  by  sulphuric  acid. 

The  separation  of  tantalum  from  niobium  is  effected  by  means  of  acid  fluoride  of 
potassium,  whereby  the  former  metal  is  converted  into  fluotantalate  of  potassium, 
2KF.TaF*,  requiring  151  to  157  pts.  of  water  acidulated  with  hydrofluoric  acid  to 
dissolve  it  at  ordinary  temperatures,  and  the  latter  into  fluoxyniobate  of  potassium, 
2KF.NbOFMI20,  soluble  in  12-4  to  13  pts.  of  cold  water.  The  mineral  (a  tantalite 
or  eolumbite)  having  been  decomposed  by  fusion  with  three  times  its  weight  of  acid 
potassic  sulphate,  the  collective  weight  of  the  niobie  and  tantalic  oxides  thereby 
separated  is  ascertained;  they  are  then  again  fused  with  acid  sulphate  of  potassium  ; 
the  sulphate  is  dissolved  out  by  water;  the  residue  is  treated  with  hydrofluoric  acid  ; 
and  a  boiling  solution  of  hydropotassic  fluoride  is  gradually  added.  The  liquid  thus 
obtained  yields,  after  a  certain  degree  of  concentration,  a  deposit  of  potassic  fluotan- 
talate, which  must  be  washed  with  water  on  a  weighed  filter,  till  the  wash-waters  no 
longer  yield  an  orange-coloured  precipitate  with  infusion  of  galls. 

4.  Atomic  Weight  of  Tantalum. — The  older  experiments  on  the  constitution  of 
the  tantalum-compounds  did  not  yield  correct  results,  because  the  tantalum  used  was 
impure,  containing  niobium.  Berzelius  regarded  tantalic  oxide  as  Ta-0^ ;  H.  Rose 
regarded  it  as  TaO',  the  chloride  as  TaCl*,  &c.  But  from  the  observations  of  Marignac 
on  the  isomorphism  of  the  fluotantalates  and  fluoniobates,  and  from  the  vapour-density 
of  the  chloride  (p.  662),  it  appears  that  tantalum  is  pentatomic,  forming  the  compounds 
TaCl',  TaF*,  Ta=0^  &c.  _  _ 

Marignac  has  determined  the  atomic  weight  of  tantalum  chiefly  from  the  composi- 
tion of  the  fluotantalates  of  potassium  and  ammonium,  whicli  are  anhydrous  and  do  not 
undergo  any  alteration  at  100°.  The  potassium-salt  was  treated  with  pure  concentrated 
sulphuric  acid ;  the  excess  of  that  acid  gradually  driven  off,  the  temperature  being 
finally  raised  to  400° ;  and  the  residue  was  boiled  with  water,  which  dissolved  the 
acid  sulphate  of  potassium,  andleft  tantalic  sulphate  in  small  granular  crj'stals,  which, 
when  calcined  at  a  strong  heat,  yielded  pure  tantalic  oxide.  The  acid  sulphate  of 
potassium  was  reduced,  by  evaporation  and  calcination,  to  neutral  sulphate,  which  was 
weighed.  Four  closely  accordant  analyses  yielded,  as  a  mean  result,  56-6  pts.  tantalic 
oxide  to  45'4  pts.  neutral  sulphate  of  potassium,  according  to  which  the  atomic  weight 
of  tantalic  oxide,  TaW,  =  444-6,  and  that  of  tantalum  =  182-3. 

By  calculating  merely  from  the  weight  of  the  neutral  sulphate  of  potassium  com- 
pared with  the  original  weight  of  the  fluotantalate,  2KF.TaF*,  the  atomic  weight  of 
that  salt  is  found  to  be  392-8,  whence  Ta  =  181-8,  anumber  very  near  the  preceding. 

Fluotantalate  of  ammonium,  by  conversion  into  tantalic  oxide,  loses  36-75  per  cent, 
of  its  weight,  a  loss  corresponding  to  the  replacement  of  2T^R*  +  7F  =  169  by 
go  =  40,  leaving  a  difference  of  129  ;  and  the  proportion,  36-75  :  100  =  129  :  x, 
gives  X  =  351  for  the  atomic  weight  of  fluotantalate  of  ammonium,  whence  Ta  =  182. 
This  is  the  number  adopted  by  Marignac  for  the  atomic  weight  of  tantalum  ;  *  it  agrees 
perfectly  with  the  vapour-density  of  the  chloride  (p.  662). 

•  U.  H  ose  (  Ann.  Ch.  Pharm.  c.  \i<>)  found  in  impure  chloride  of  tantalum  49-25  percent,  tantalum 
and  S0-75cliloiine,  wliicli,  for  the  formula  TaCl',  givei  Ta  =  172. 
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TANTAIiVM,  FlaUORXDS  OF.  Tal'^ — Ignited  tantalie  oxide  docs  not 
dissolve  in  aqueous  hydrofluoric  acid,  but  the  hydrate  dissolves,  forming  a  clear  solu- 
tion, which,  when  evaporated,  partly  gives  olF  the  tantalum  as  fluoride,  but  likewise 
leaves  a  residue  of  oxyfluoride.    (H.  Rose.) 

Fluotantalates,  2MF.TaF*  =  M-Ta'F'.— The  solution  of  tantalie  fluoride  mixed 
with  alkaline  fluorides  forms  soluble  and  crystallisablc  double  salts,  partially  studied 
by  Berzelius  and  H.  Rose,  more  completely  by  Marignac.  There  do  not  appear  to  be 
any  fluoxytantalates  corresponding  to  the  fluoxyniobates  (iv.  786),  unless  the  insoluble 
compounds  which  tend  to  form  when  the  fluotantalates  are  dissolved  in  water,  can  be 
considered  as  such ;  but  these  compounds  do  not  crystallise,  and  do  not  appear  to 
possess  a  constant  composition.  (Marignac.) 

Fluotanialate  of  Ammonium,  (NH^)^TaF',  is  anhydrous,  very  soluble  in  'water,  and 
crystallises  in  thin  plates  with  bevelled  edges. 

The.  potassium-salt,  K-TaF',  crystallises  in  inonoclinic  prisms  isomorphous  with  the 
fluoniobato.  It  is  more  soluble  in  hot  than  in  cold  water.  By  prolonged  boiling  with 
water,  it  changes  into  an  insoluble  salt,  tlie  composition  of  wliich  is  nearly  that  repre- 
sented by  the  formula  Ta-O^.'iK'TaF'.  The  formation  of  this  insoluble  compound 
affords  the  means  of  detecting  the  smallest  quantity  of  fluotantalate  in  a  solution  of 
fluoxyniobate  of  potassium.  (Marignac.) 

The  sodiicm-sah,  Na-TaF'.H'O,  forms  monoclinic  prisms,  which  give  off  their  water 
of  crystallisation  at  100°. 

The  cuprii-  salr,  Cii"Ta=F'.4H20  =  Cu"F=.Ta^F^4H-0,  prepared  by  adding  cupric 
oxide  to  a  solution  of  tantalie  oxide  in  hydrofluoric  acid,  forms  beautiful  blue,  trans- 
parent, rhomboi'dal  prisms  with  four-sided  summits.  It  is  deliquescent,  and  very 
soluble  in  water. 

The  zinc-salt,  Zn"Ta'F'.7IP0  =  ZnF-.TaF'.TIFO,  prepared  like  the  copper-salt,  is 
too  deliquescent  to  admit  of  complete  purification,  so  that  its  formula  must  be  regarded 
as  only  approximate.  (Marignac.) 

TAITTAIiirnx,  xriTRXDE  OP.  Obtained  by  the  action  of  ammonia-gas  on 
chloride  of  tantalum,  at  a  heat  gradually  raised  to  redness;  or  less  pure  by  heating 
tantalie  oxide  in  ammonia-gas.  It  is  a  black  microerystalline  powder,  which  acquires 
metallic  lustre  by  burnishing,  and  conducts  electricity  ;  when  fused  with  hydrate  of 
potassium,  it  gives  off  ammonia-gas.  It  is  not  attacked  by  nitric  .acid,  or  by  a  mixture 
of  that  acid  with  hydrochloric  or  hydrofluoric  acid.  (H.  Rose,  Ann.  Ch.  Pharm. 
c.  146). 

TAIfTAZiimi,  OXXDES  OF.  Tantalum  forms  two  oxides,  a  dioxide  and  a 
pentoxide,  the  latter  uniting  with  bases,  and  forming  the  tantalates. 

Dioxide  of  Tantalum,  or  Tantalous  Oxide,  TaO-. — This  oxide  is  produced 
by  exposing  tantalie  oxide  in  a  brasqued  crucible  to  the  strongest  heat  of  a  blast-fur- 
nace, a  thin  film  on  tlie  outside  being  at  the  same  time  reduced  to  the  state  of  metal. 
It  is  a  dark-grey  mass,  which  scratches  glass,  and  acquires  metallic  lustre  by  burnish- 
ing (Berzelius).  When  heated  to  redness,  in  contact  with  the  air,  it  takes  up  4  per 
cent,  of  oxygen,  and  is  converted  into  tantalie  oxide.  By  calculation,  TaO'  requires 
3-74  per  cent,  of  oxygen  to  convert  it  into  Ta'O*.    (Marign  ac.) 

Pentoxide  of  Tantalum,  Tantalie  Oxide  or  Anbydride,  Ta-0'.  In  the 
hydrated  state,  Tantalie  Acid. — This  oxide  is  formed  when  tantalum  burns  in  the  air,' 
also  by  the  action  of  w;iter  on  tantalie  chloride,  and  may  Vie  separated  as  a  hydrate 
from  the  tantalates  by  the  action  of  acids.  It  is  usually  prepared  from  tantalite, 
which  is  a  tant,alato  of  iron  and  manganese,  containing  small  quantities  of  stannic  and 
tungstie  acids,  and  a  varying  (sometimes  considerable)  quantity  of  niobic  acid,  by 
fusing  the  pulverised  and  levigated  mineral  with  twice  its  weight  of  potassic 
hydrate ;  or,  better,  with  excess  of  acid  potassic  sulphite  (6  or  8  pts.  according  to 
Berzelius,  3  pts.  according  to  Marignac),  in  a  platinum  crueilile. 

The  mass,  when  cold,  is  pulverised  and  repeatedly  boiled  with  fresh  quantities  of 
water,  till  no  more  sulphate  of  potassium,  iron,  or  manganese  is  dissolved  out  of  it; 
and  the  residue,  consisting  of  tantalie  acid  mixed  with  ferric  oxide,  stannic  acid, 
tungstic  acid,  and  niobic  acid,  is  then  digested  with  sulphide  of  ammonium  containing 
excess  of  sulphur,  which  removes  the  tin  and  tungsten  as  sulphides,  and  converts  the 
iron  into  insoluble  sulphide.  The  liquid  is  filtered,  and  the  tantalie  acid  is  washed 
with  water  containing  sulphide  of  ammonium,  then  boiled  with  strong  hydrochloric 
aeid  to  remove  the  iron,  and  washed  with  boiling  water.  It  may  still,  however,  con- 
tain silicic  and  niobic  acids.  To  remove  the  former,  it  is  dissolved  in  aqueous  hydro- 
fluoric acid,  the  filtered  solution  mixed  with  sulphuric  acid  and  evaporated  to  dry- 
ness, and  the  residue  ignited  as  long  as  its  weight  continues  to  diminish  (Berzeliuss 
H.  Rose).    To  remove  the  niobium,  the  tantalie  acid  is  redissolved  in  aqueous 
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hydrofluoric  acid,  and  treated  with  acid  fluoride  of  potassium  in  the  manner  already 
described  (p.  664).  The  pure  fluotantalate  of  potassium  thus  obtained  is  decomposed 
by  heating  with  sulphuric  acid ;  the  sulphate  of  potassium  dissolved  out  by  boiling 
with  water  ;  and  the  remaining  tantalic  sulphate  strongly  ignited  to  expel  the  sul- 
phuric acid  (Marignac).  By  this  process,  Marignac  has  prepared  considerable 
quantities  of  tantalic  oxide  from  columbites  containing  that  compound  together  with 
niobic  oxide. 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or  sulphate,  is  a  white 
powder,  which  remains  white  when  heated,  or  acquires  but  a  very  faint  tinge  of  yellow. 
Its  specific  gravity  varies  from  7'022  to  8-264,  increasing  with  the  temperature  to 
which  it  has  been  exposed  (H.  Rose);  according  to  Marignac,  the  specific  gravity 
-  7"60  to  7  6-1.  Nordenskjold  and  Chydenius  (Pogg.  Ann.  ex.  642;  Jahresb. 
1860,  p.  145),  by  fusing  it  with  microcosmic  salt,  and  treating  the  fused  mass  with 
hydrochloric  acid,  obtained,  together  with  the  amorphous  oxide,  a  small  quantity  of 
heavy  needle-shaped  crystals,  which  were  rhombic  combinations  with  the  dominant 
faces,  ooP,  Poo  ,  and  the  angles  ooP  :  ooP  =  100°  42' ;  Poo  :  Poo  over  the  principal 
axis  =  90°  20'.  Tantalic  oxide  neither  melts  nor  volatilises  when  heated,  and  is 
destitute  of  taste  and  smell.  It  is  reduced  to  the  metallic  state  in  the  circuit  of  a 
very  powerful  voltaic  battery ;  partially  also  by  very  strong  ignition  in  contact  with 
charcoal.  When  heated  in  ammonia-gas,  it  yields  nitride  of  tantalum  :  and  by  ignition 
in  cyanogen-gas,  it  is  partially  converted  into  nitride  and  cyanide  of  tantalum  (H. 
Rose).  Ignited  in  vapour  of  carbonic  disidphide,  it  yields  disulphide  of  tantalum : 
Ta^O^  -I-  5CS'    =    2TaS2  +  6C0  +  S«. 

Tantalic  oxide  is  insoluble  in  all  acids,  and  can  only  be  rendered  soluble  by  fusion 
with  hydrate  or  carbonate  of  potassixun. 

Hydrated  tantalic  oxide,  or  Tantalic  acid,  obtained  by  precipitating  an  aqueous 
solution  of  potassic  tantalate  with  hydrochloric  acid,  or  by  decomposing  tantalic 
chloride  with  water  containing  a  little  ammonia,  is  a  snow-white  bulky  powder,  which 
reddens  litmus-powder  while  moist,  and  dissolves  in  hydrochloric  and  hydrofluoric 
acids.  When  strongly  heated,  it  gives  off  its  water  and  becomes  incandescent.  The 
hydrate,  obtained  by  fusing  tantalite  with  acid  sulphate  of  potassium  as  above  des- 
cribed, is  of  a  denser  and  more  crystalline  character,  insoluble  in  all  acids  except 
hydrofluoric  and  strong  sulphuric  acids,  and  is  precipitated  from  the  sulphuric  solution 
by  water.    When  heated  it  becomes  anhydrous,  but  does  not  emit  light. 

Tantalates,  qj-^mT)  ( '^'^^^^  4M-0.3Ta^O' *  (according  to  Marignac).— 
The  first  of  these  formulae  includes  the  native  tantalates ;  the  second,  certain  easily  crys- 
tallisable  tantalates  of  the  alkali-metals. 

The  tantalates  of  the  alkali-metals  are  soluble  in  water,  and  are  obtained  by  fusing 
tantalic  oxide  with  caustic  alkalis.  Tantalic  oxide  fused  with  hydrate  of  potassium  in 
a  silver  crucible,  forms  a  transparent  mass  of  potassic  tantalate,  which,  after  coohng, 
dissolves  completely  in  water.  With  hydrate  of  sodium,  it  fuses  into  an  opaque  turbid 
mass,  and  ultimately  deposits  a  sediment,  which  is  not  taken  up  by  fusion  with  any 
excess  of  the  alkali.  Water  poured  upon  the  fused  mass  when  cold,  dissolves  out  the 
excess  of  soda,  but  not  a  trace  of  tantalic  acid  ;  and  the  residue,  when  treated  with 
fresh  water,  dissolves  and  forms  an  opalescent  solution  of  acid  sodic  tantalate,  which 
ealt  is  completely  insoluble  in  a  strong  solution  of  caustic  soda,  and  is  therefore  preci- 
pitated on  mixing  the  liquid  with  the  solution  of  soda  previously  obtained  by  treating 
the  fused  mass  with  water.  When  tantalic  oxide  is  fused  with  potassic  or  sodic 
carbonate,  the  fused  mass  is  not  completely  soluble  in  water. 

The  tantalates  of  the  carth-metals  and  heavy  metals  are  insoluble  in  water,  and  are 
formed  by  precipitation  (p.  663). 

Ferrous  Tantalate,  FeO.Ta-0*. — This  salt  occurs  native  as  tantalite  and 
tapiolite,  rarely  however  quite  pure,  the  iron  being  generally  more  or  less  replaced 
by  manganese,  and  the  tantalum  by  niobium,  tin,  and  zirconium.  Columbite  or 
niobite  is  a  mineral  of  analogous  constitution,  containing  both  tantalum  and  niobium, 
the  latter  however  predominating :  some  of  the  Greenland  columbites  contain  only 
niobium,  without  tantalum. 

Tantalite  is  found  at  several  localities  in  Finland,  at  Broddbo  and  Finbo  near 
Fahlun  in  Sweden,  and  at  Chanteloub  near  Limoges  in  France.  It  occurs  in  trime- 
tric  crystals  having  the  axes  a  :  b  :  c  =  0-6517:  0-8170  :  1,  and  usually  bounded  by 
the  faces  P  and  ocPi,  with  cof  oc,  ooP  oo,  i>|,  {"i,  f  oo,  and  3P  oo  subordinate.  Angle 
P:P  (terminal)  =  126°!'  and  112°  32' ;' (lateral)  =  91°  44'.  Twins  united  by 
the  face  oof  oo  are  of  frequent  occurrence    (A.  E.  Norde  n skj  old,  Pogg.  Ann.  ci. 

•  According  to  H.  Rose,  the  formula  of  the  normal  tantalates  is  M^O.'^TaO-.  which,  with  the 
pentatomic  value  of  tantalum,  becomes  5M-0.4Ta-0'.  Several  acid  tantalates  are  described  by  Ros  e 
and  by  Hermann,  for  which  see  Handw.  d.  C/iem.  viii.  50". 
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625  ;  Jahresb.  1857,  p.  682).  The  mineral  likewise  occurs  massive,  and  imbedded,  in 
an!j;ular  fragments  of  irregular  shape.  Hardness  =  6'0  to  6'5.  Specific  gravity  = 
about  7'0  to  8'0.  Opaque,  with  imperfect  metallic  lustre  and  iron-black  colour,  black- 
brown  to  cinnamon-brown  when  pulverised.    Fracture  mostly  uneven. 

Nordenskjold  distinguishes  as  ixiolito,  a  stanniferous  and  manganiferous  variety 
of  tantalite,  occurring,  together  with  the  preceding  (which  he  designates  as  skogbo- 
lite,  or  simply  as  tantaJite),  at  Skogbole  in  Finland.  It  likewise  forms  trimetric 
prisms,  but  having  the  axes  a  :  h  :  c  =  O'ooOS  :  1'2460:  1,  and  exhibiting  the 
dominant  combination  oP  .  ccP  oo  .  cof  oo,  with  P,  ooP,  P  oo,  3p  co,  and  (x>  subor- 
dinate. Hardness  =  B'O  to  6'5.  Specific  gravity  =  7"0  to  7'1.  Lustre  faintly 
metallic.  Colour  black-grey  to  steel-grey,  brown  in  powder.  Fracture  flat,  concho'idal, 
sometimes  nearly  uneven. 

The  more  stanniferous  varieties  of  tantalite  are  designated  by  Hausmann 
{Lchrb.  d.  Mineral,  p.  960)  as  Cassi terotan  tali  te,  the  less  stanniferous  as  Sidero- 
tantalite;  the  former  are  also  sometimes  designated,  according  to  their  localities, 
as  Finbo  and  Broddbo  tantalites,  the  latter  as  Kimito  and  Tammela 
t  a  n  t  a  1  i  t  e  s. 

Tapiolite,  occurring  at  Sukkula  in  Tammela,  Finland,  has  the  composition  of 
tantulil,e,  but  crystallises  in  dimetric  forms,  having  the  same  angles  and  ratio  of  axes 
as  rutile;  ferrous  tantalate  is  therefore  dimorphous  (or  trimorphous,  if  ixiolite  is 
really  a  distinct  crystallographie  species).  (Nordenskjold,  Pugg.  Ann.  exxii.  604  ; 
Jahresb.  1864,  p.  855.) 

All  tantalites  (including  tapiolite)  are  infusible  and  unalterable  before  the  blowpipe. 
Th(^y  dissolve  easily  in  borax  and  microcosmic  salt,  giving  tlie  reactions  of  iron  and 
manganese.  The  more  stanniferous  varieties,  heated  on  charcoal  with  sodic  carbonate, 
yield  numerous  spangles  of  tin.    Tantalites  are  not  attacked  by  acids. 

Tlie  following  analyses  of  tantalite  are  from  Rammelsberg's  Mineralchcmic,  pp.  390, 
391  ;  those  of  tapiolite  arebyArppe  (Jahresb.  1862,  p.  753)and  A.  Nordenskjold 
(Pogg.  Ann.  exxii.  604;  Jahresb.  1864,  p.  856):— 

Chantclouh,  near  Limoges. 


Damour. 

Jeuzsch. 

Cliandler. 

Specific  gravity 

7-64— 7-65 

7-7U3 

7-027—7-042 

7  S33 

Tantalic  oxide 

82-98 

83^55 

78-98 

79-80 

Stannic  oxide 

1-21 

1-02 

2-36 

1-51 

Silica 

0-42 

Zirconia 

1-54 

5-72 

1-32 

Ferrous  oxide 

14 -62 

14-48 

13-62 

14-14 

Mangauous  oxide  . 

trace 

trace 

trace 

1-82 

99-23 

100-59 

100-68 

98-63 

Torroby  in  Tammela,  Finland. 


Nodensltjuld. 

Jacobsoii. 

Brooks. 

Weber. 

Specific  gravity 

7-261 

7  l'J7 

7-414 

Tantalic  oxide 

83-49 

84-15 

84-70 

83-90 

Stannic  oxide 

trace 

0-32 

0-50 

0-66 

Ferrous  oxide 

13-75 

14-68 

14-29 

13-81 

Manganous  oxide 

1-12 

0-90 

1-78 

0-74 

Lime 

007 

Cupric  oxide 

1-81 

004 

0-11 

98-36 

101-93 

101-31 

99-22 

Klaproth.  Berzelius 


SJcoghole  in  Kimito^  Finland, 
Hermann. 


Norden- 
skjold. 


Specific  gravity 

7-!06 

7-85 

7-112— 7- 155 

Tantalic  oxide  . 

88 

83-2 

85-85 

84-09* 

84-44 

77-83 

Stannic  oxido  . 

0-6 

0-80 

0-70 

1-26 

6-81 

Ferric  oxide 

1008 

Ferrous  oxide  . 

10 

7-2 

12-94 

3-33 

13-41 

8-47 

Manganous  oxide 

2 

7-4 

1-60 

1-32 

0-96 

4-88 

Lime  .... 

0-56 

015 

0-50 

Cupric  oxide 

0-72t 

0-14 

0-24 

Too 

98^ 

102-47 

99^ 

100-36 

98-73 

Weber, 


7"277 

75-71 

76-81 

9-67 

9-14 

9-80 

9-49 

4-32 

4-27 

0-41 

007 

99^ 

100-19 

•  Silica. 
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TANTALUM,  OXIDES  OF. 


Fahlun,  in  Sweden. 

Norden- 
skjold. 


Berzelius. 


Tantalic  oxide 
Stannic  oxide 
Tungstic  oxide 
Ferric  oxide 
Ferrous  oxide 
Manganic  oxide 
Manganous  oxide 
Lime 


83-79 
1-78 


13-42 
1-63 
100-62 


Broddbo. 
68-22  66-34 


8-  26 
6-19 

9-  58 

715 

1-19 
100-59 


8-40 
6-12 
11-07 

6-60 

l-jQ 
100-03 


Finbo. 
66-99 
16-75 

7-67 

7-98 

^2  40 
101-79 


TapioUte,  from  SuJckula,  Finland. 


Tantalic  oxide 
Stannic  oxide 
Ferrous  oxide 


Arppe. 
83  66 


15-44 
99-10 


Marignac  found  in  a  Swedish  tantalite: 

Ta205  Nb-05  SnOa  FeO 

66-60         10-88         8-10  8-95 


Arppe. 

82-71 
0-83 
15-99 
99-53 


MnO 
6-61 


A.  Nordenskjdid. 
83  06 
1-07 
1578 
99-91 


10014. 


He  has  also  determined  the  quantity  of  tantalic  oxide  in  various  columbites,  and  con- 
cludes that  if  a  perfect  separation  of  the  tantalic  and  niobic  oxides  could  be  effected, 
the  specific  gravity  of  this  mineral  would  be  found  to  increase  proportionally  to  the 
percentage  of  tantalic  oxide  present.    The  following  are  the  numbers  obtained : — 


Columbite  from  Greenland 

„  Acworth  (New  Hampshire) 

„  La  Vilate  (near  Limoges)  . 

,,  Bodenmais  (Bavaria)  . 

„  Haddam  (Connecticut) 

„  Bodenmais 

„  Haddam  .... 

„  Bodenmais 

,,  Haddam    .       .       .  . 


Tantalite 


Sp.gr. 

Ta'Os  p.c. 

6-36 

3-3 

5-65 

12-8 

6-70 

13-8 

5-74 

13-4 

6-85 

10-0 

5-92 

271 

605 

30-4 

606 

35-4 

613 

31-5 

7-03 

65-6 

Tantalite  and  columbite  may  be  represented  by  the  general  formula  (FeO; 
MnO)(Ta-0*;  Nb'0=).  Pure  tantalite,  as  that  of  Kimito,  contains  from  83  to 
85-8  per  cent,  tantalic  oxide,  and  pure  columbite  or  niobite,  from  Greenland,  contains 
76  to  78  per  cent,  niobic  oxide;  the  other  varieties  yield  intermediate  numbers. 
(Marignac.) 

Tantalate  of  Yttrium,  or  Yttrotantalite,  is  found  native  at  Ytterby,  in  Sweden, 
in  red  felspar,  and  at  Broddbo  and  Finbo  near  Fahlun,  imbedded  in  quartz  and 
albite.  It  exhibits  the  following  varieties : — a.  The  black  variety  exhibits  indistinct 
traces  of  crystallisation,  in  four-  or  six-sided  irregular  prisms  and  plates.  Hardness 
=  5-5.  Specific  gravity  =  5-395  (Berzelius),  5-67  (Rose),  and  6-40  after  heating. 
Lustre  submctallic.  Streak  grey.  Opaque. — The  yellow  variety  is  non-crystalline, 
and  occurs  in  lamina;  in  the  fissures  of  felspar.  Hardness  =  5.  Specific  gravity  = 
6-882  (Ekeberg);  5-810  (Potyka).  Lustre  resinous  on  the  surface,  vitreous  on 
the  fracture.  Colour  yellowish-brow:i  to  greenish.  Streak  -white.  Opaque. — y.  The 
brown  variety  occurs  with  the  yellow  in  thin  plates,  or  rarely  in  grains,  presenting  no 
trace  of  crystallisation.  Hardness  =  4-5  to  5.  Lustre  vitreous  inclining  to  resinous. 
Colovir  black,  with  a  very  light  shade  of  brown  ;  slightly  yellow  in  thin  plates  by 
transmitted  light.    Streak  white. 

The  several  varieties  of  yttrotantalite  give  off,  when  heated,  from  3  9  to  5-54  per 
cent,  water,  are  infusible  alone  before  the  blowpipe,  but  decrepitate,  and  assume  a 
lighter  colour.  The  black  variety  froths  and  fuses  with  carbonate  of  sodium.  They 
dissolve  in  borax,  but  are  not  acted  upon  by  acids. 

The  following  analyses  are  taken  from  Eammelsberg's  Mincralckcmie,  pp.  399, 
400:— a.  Black:  lost  by  ignition  5-74  per  cent,  water  (Berzelius).— Brown- 
black  :  those  specimens  which  retained  their  colour  on  ignition  lost  2-72  per  cent, 
water;  those  which  became  yellowish,  lost  6  06  per  cent.  (Berzelius). — c.  YeUow: 
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lost  by  ignition  4'85  percent,  water  (Berzelins). — c?.|]Black :  specific  gravity  =  .5G7  : 
lost  by  ignition  3"9  to  4-6  to  5'54  per  cent.,  turning  yellowish-brown,  and  acqnired 
a  specific  gravity  of  6'4  (Peretz). — e.  Specific  gravity  5'458  (Chandler). — 
/.  Yellow,  turning  yellowish-brown  before  the  blowpipe  ;  partially  deconiposible  by 


sulphuric  acid.    Specific  gravity  =  5'810  (Poty k  a) : 

a.              b.                        c.                       rf.  e.  J. 

Tantalic  oxide     57-00       51-81       69-50       60^2       55  80  57-27  55-60 

Tungstic  oxide      8-25         2-59         1-25         1-04         0-57  1-85  0  49 

Stannic  oxide   010  0-10 

Yttria                20-25       38-52       29-90       29-78       20  22  18-64  2,V52 

Cerous  oxide        .     .         .     .         .     .         .     .         .     .  .     .  1-85 

Uranic  oxide         0  50         Ml         3-23         6  62 

Uranous  oxide                                                              3-75  6  10  7-00 

Lime                   6-25         3-26         3-29         0-50         7-18  4  78  3-60 

Magnesia                                                                      1  33  0-75  0  19 

Ferric  oxide         3-50         0-56         2-72  1-15 

Ferrous  oxide                                                               6-96  4-82  0-77 

Cupric  oxide                                                                 0-40  0-69  0  43 

Water               _^                                                          4  86  6-00  4-11 

95-75       97-85       99-89       99-21      100-07  100  00  99-66 

The  later  analyses  {d,  r,  f  )  may  be  represented,  approximately,  by  tlip  formula 

2YO.TaO«  (Ta  =  137)  or  SYO.Ta'^O^  (Ta  =  182).    As,  however,  the  mineral  con- 


tains tungsten  in  varying  proportion,  the  brown  varieties  apparently  containing  more 
than  the  yellow,  the  composition  cannot  be  reg:irded  as  definitely  established,  es- 
pecially as  the  formula  just  given  takes  no  account  of  the  water. 

TAWTA.X.unX,  SVIiPKIDE  OP,  TaS=?,  is  obtained  by  igniting  tantalic  oxide 
in  vapour  of  carbonic  disulphide  (p.  666),  or  by  exposing  tantalic  chloride  to  the 
action  of  sulphydric  acid  gas  :  the  product  is  not  perfectly  definite  in  either  case.  The 
first  process  yields  a  product  containing  28-5  per  cent.,  the  second  24-08  per  cent, 
sulphur:  the  formula  above  given  requires  26-01  per  cent.  Sulphide  of  tantalum  is  a 
black  substance,  which  acquires  a  brass-yellow  colour  by  trituration  in  an  agate  mortar. 
Heated  in  an  atmosphere  of  chlorine-gas,  it  is  converted  into  tantalic  chloride  and 
chloride  of  sulphur.  (H.Rose.) 

TAPAZrHOACAIffGA.  Iroti  Conpilomcratr.—A  peculiar  conglomerate  occurring 
near  Villa  Rica,  Itabira,  Congonhus  da  Carapo,  Marianna,  and  other  places  in  the  pro- 
vince of  Minas  Geraes,  Brazil,  superposed  on  ferruginous  mica-slate,  clay-slate,  itaco- 
lumite,  and  talcose  slate,  and  consisting  for  the  most  part  of  angular  fragments  of  iron- 
glance,  ferruginous  mica-slate,  magnetic  iron-ore,  and  brown  h<ematite,  bound  together 
by  an  argillaceous  cement,  consisting  of  yellow,  brown,  or  red  ochre.  The  proportion 
of  cement  varies,  and  the  mass  contains,  besides  the  minerals  above  mentioned,  frag- 
ments of  itacolumite,  clay-slate,  quarzite,  and  other  rocks.  The  conglomerate  often 
contains  imbedded  laminfe  of  gold.    {Handw.  d.  Cheni.  viii.  512.) 

TAPIOCA.  A  kind  of  starch  obtained  from  the  roots  of  Janipha  Manihot  (p. 
408). 

TAPXOIiXTE.  The  quadratic  variety  of  ferrous  tautalate  found  at  Sukkula  in 
Finland  (p.  667). 

TAS.  Thecr.  Goudron. — A  brown-black,  viscid,  oily  liquid,  produced,  together  with 
gaseous  and  watery  products,  in  the  dry  distillation  of  organic  bodies  and  bituminous 
minerals  (ii.  339).  It  has  gener.ally  an  unpleasant,  and  sometimes  a  highly  fetid 
odour ;  and  is  a  mixture  of  various  substances,  acid,  neutral,  and  alkaline,  varying  in 
composition  according  to  the  nature  of  the  original  body  and  the  temperature  applied 
in  the  distillation.  Tar  obtained  from  vegetable  substances  has  an  acid  reaction,  but 
coal-tar  and  the  tar  of  animal  substances  are  alkaline. 

The  principal  gi'onps  of  compounds  contained  in  tars  are  liquid  and  solid 
hydrocarbons,  alcohols,  et  hers,  acids,  and  bases,  together  with  resins,  and 
empy  reumatic  products  of  indeterminate  composition.  On  subjecting  the  tar  to 
repeated  distillation,  the  more  volatile  and  liquid  hydrocarbons,  together  with  the 
alcohols  and  ethers,  pass  over  first,  while  the  less  volatile  oils  consist  chiefly  of  acid 
and  basic  compounds,  and  the  last  portions  which  distil  over  contain  the  solid  liydro- 
carbons.  The  residue  left  after  about  half  the  tar  has  distilled  over— called  pitch, and 
likewise  asphalt,  when  obtained  from  coal-tar — also  contains  solid  hydrocarbons,  toge- 
ther with  resinous  compounds. 

By  fractional  distillation,  the  more  vol.atile  constituents  of  the  tar  are  sep.irated  into 
portions  of  constant  boiling-point,  or  boiling  at  temperatures  comprised  within  narrow 
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limits.  The  oily  portions  are  treated  with  dilute  acids,  or  (as  Hofmannrpcommends) 
with  hydrochloric  acid  gas,  to  remove  the  basic  constituents.  The  several  alkalis 
are  then  separated  one  from  the  other  by  fractional  distillation,  or  by  fractional  preci- 
pitation of  their  platinum-salts  (see  Picohne,  iv.  637).  The  oils  freed  from  these  bases 
are  heated  with  strong  sulphuric  acid,  which  decomposes  a  number  of  indeterminate 
ampyreumatic  products,  whereby  the  subsequent  separation  of  the  remaining  con- 
stituents is  much  facilitated. — The  acid  products  contained  in  the  several  distillates 
are  removed  by  means  of  alkalis.  Strong  potash-ley  forms,  with  creosote  and  phenol, 
crystallised  compounds,  by  means  of  which  these  bodies  can  be  separated  from  the 
rest  (iv.  389).  Potash-ley  and  milk  of  lime  are  also  frequently  used  to  free  the  neutral 
oils  from  resinous  bodies. — The  separation  of  the  neutral  oily  hydrocarbons  one 
from  the  other  is  effected  partly  by  fractional  distillation,  partly  by  other  methods. 
Mansfield,  by  subjecting  the  portion  of  light  coal-tar  oil  boiling  between  80°  and  90°, 
to  a  cold  of  —  10°,  separated  benzene  in  the  crystalline  form  from  the  other  hydro- 
carbons contained  in  it  (i.  542).  The  olefines  C"H-°  may  often  be  conveniently  sepa- 
rated from  other  hydrocarbons  by  combining  them  with  bromine  (iii.  187) ;  and  by 
treating  the  bromine-compounds  with  sodium,  the  olefines  may  be  set  free,  and  sepa- 
rated one  from  another  by  fractional  distillation.  The  hydrocarbons  of  the  benzene- 
series,  C^H^°— may  be  separated  from  mixtures  of  hydrocarbons  by  converting  them 
into  nitro-compounds. 

The  chief  liquid  constituents  of  wood-tar  aremethylic  acetate,  acetone,  hydrocarbons 
— namely  toluene,  xylene,  and  eumene — methol  (a  mixture  of  volatile  oils  boiling  be- 
tween 100°  and  265°),  eupione,  creosote,  and  a  numberof  indefinite  oxidised  compounds, 
including  picamar  and  capnomor.  Amongst  the  solid  portions  are  resinous  matters 
more  or  less  resembling  colophony;  also  paraffin,  naphthalene  (C'"!!^),  anthracene 
(C'<H'°),  chrysene  (C'H'^),  retene  (C'H'*),  pyroxanthin,  pittacal,  and  cedriret. 

The  more  volatile  portion  of  coal-tar,  called  light-oU  or  coal-naphtha,  consists 
mainly  of  benzene  and  its  homologues,  together  with  a  nrmber  of  bases,  C"H-°— 
commencing  with  pyridine,  C^H^N ;  the  naphtha  from  cannel  and  Boghead  coal  is 
chiefly  composed  of  alcoholic  hydrides,  homologous  with  marsh-gas,  together  with 
olefines  and  homologues  of  benzene.  The  less  volatile  oil,  or  dead-oil  of  coal-tar,  con- 
tains phenol  and  cresol ;  also  aniline,  pieoline,  chinoline,  and  other  volatile  bases,  and  a 
number  of  solid  hydrocarbons,  including  naphthalene,  anthracene,  chrysene,  &c. — The 
tars  obtained  from  peat  and  lignite  are  intermediate  in  composition  between  wood- tar 
and  coal-tar.  Shale-tar  contains  the  same  hydrocarbons  as  Boghead  naphtha;  also 
phenol,  and  a  large  quantity  of  the  bases,  C°H^''~^N,  homologous  with  pyridine.  (See 
Naphtha,  iv.  2.) 

The  preparation  of  tar  from  coal,  peat,  lignite,  and  bituminous  shale,  has  acquired 
great  importance  of  late  years,  for  obtaining  paraflin  and  paraffin-oils  for  illumination 
and  lubrication  (iv.  342).  Coal-tar  has  also  acquired  great  value  as  the  source  of 
aniline-colours,  and  of  phenol,  picric  acid,  &c.  Heavy  coal-oil  or  dead-oil  is  remar- 
kable for  its  antiseptic  qualities,  and  is  commonly  used,  without  further  purification, 
for  the  preservation  of  timber  for  railway  sleepers,  &c.  It  is  also  consumed  as  a  fuel 
in  common  lamps,  but  is  chiefly  used  for  burning  into  lampblack. 

Wood-tar  likewise  possesses  powerful  antiseptic  properties,  due  to  the  creosote  which 
it  contains :  hence  it  is  also  much  used  for  the  preservation  of  wood,  especially 
in  shipbuilding.  In  Eussia  and  Sweden  it  is  prepared,  by  a  rude  kind  of  distilla- 
tion, from  the  resinous  wood  of  the  pine.  A  conical  cavity  is  formed  in  the 
side  of  a  hillock,  the  apex  of  the  cone  being  below,  and  terminating  in  an  aperture 
which  opens  into  a  trough  leading  to  a  reservoir  for  the  tar.  The  kiln  is  filled  with 
wood  and  partially  covered  over  with  turf ;  the  pile  is  lighted  at  the  top,  and  the 
combustion  is  regulated  by  covering  it  more  or  less  completely  with  turf  The  wood 
is  thus  charred  from  above  downward,  and  the  tar  flows  out  at  the  bottom,  charged  with 
a  considerable  quantity  of  resin,  and  mixed  with  acetic  acid  and  oil  of  turpentine.  On 
heating,  an  impure  essence  of  turpentine  is  distilled,  leaving  a  black  resinous  substance, 
which  constitutes  ordinary  pitch.  The  tar  thus  prepared  is  known  in  commerce  as 
Stockholm  tar. 

The  process  just  described  is  evidently  a  very  wasteful  one,  especially  entailing  the 
loss  of  the  greater  pai-t  of  the  more  volatile  products  of  the  distillation — acetic  acid, 
wood-spirit,  &c.  Accordingly,  wood-tar  is  now  more  generally  prepared,  like  the  other 
kinds  of  tar,  by  distillation  in  cylinders.  (For  details,  see  Handw.d.  Chem.,  viii.  650.) 

TABAXACIir.    See  the  next  article. 

taraxacum:  OFFXCINAXiX:.  Lcontodon  Taraxacum.  Banddion. — The 
herb  and  root  of  this  plant  are  used,  cither  singly  or  together,  for  the  preparation  of 
Kxlract  of  Dandelion.  The  herb  contains  the  usual  plant-constituents — albumin,  gum, 
sugar,  mucilage,  &c.    The  root  contains  a  milky  juice,  which,  on  exposiu-e  to  the  air, 
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coagulatps,  deposits  eaoutchoiio,  and  acquires  a  violet -Lro-wn  colour.  John  found  in  it 
a  bitter  extractive  matter,  together  with  sugar,  gum,  traces  of  resin,  free  vegetable  acid, 
and  the  ordinary  salts.  The  substance  here  called  gum  is  doubtless  partly  inulin 
(iii.  277),  the  presence  of  which  in  the  aqueous  extract  of  dandelion  has  been  demon- 
strated by  Frickinger  (Buchn.  Eepert.  xxiii.  45),  Widemann  (///(rf.  xliii.  281), 
Overbeck  (Arch.  Pharm.  xxiii.  240),  and  others.  T.  and  H.Smith  (Pharm.  J. 
Trans,  viii.  480),  by  treating  the  extract  of  the  root  prepared  with  cold  water  and  eva- 
porated to  a  syrup,  with  alcohol,  obtained  a  precipitate  of  albumin,  pectin,  &c. ;  and 
the  liquid  filtered  therefrom  deposited,  on  evaporation,  crystals  of  mannite.  They  are, 
however,  of  opinion  that  the  mannite  does  not  pre-exist  in  the  root,  but  is  produced 
from  cane-sugar,  or  from  inulin,  by  fermentation,  under  the  influence  of  the  albumin. 
Perhaps  its  formation  is  connected  with  that  of  lactic  acid,  the  calcium-salt  of  which 
constitutes  the  deposit  often  formed  in  Mdlago  taraxaci,  especially  after  long  standing. 

The  bitter  substance  of  the  root,  the  so-called  taraxaci n,  and  the  resin,  have  been 
examined  by  Polex  (Arch.  Pharm.  xix.  50).  The  mliky  juice  of  the  root  is  received 
in  water  and  heated  to  the  boiling-point,  and  the  liquid  is  filtered  from  the  coagulum 
of  resin  and  albumin  which  forms  on  cooling.  The  filtrate,  after  concentration  and 
further  evaporation  in  free  air,  at  a  moderate  heat,  deposits  taraxacin  in  warty  crystals, 
which  may  bo  purified  by  recrystallisation  from  water  or  alcohol.  They  taste  pleasantly 
bitter,  and  somewhat  sharp;  meltoasily,givingoff  inflammable,  non-ammoniacal  vapours; 
and  dissolve  readily  in  ether,  alcohol,  and  boiling  water.  Taraxacin  also  dissolves 
without  alteration  in  concentrated  acids,  and  is  indifferent  to  most  other  reagents. 
(Polex.) 

If  the  coagulum  above  mentioned  be  exhausted  with  boiling  alcohol,  and  the  filtrate 
left  to  evaporate,  resin  of  taraxacum  is  deposited,  in  white  cauliflower-like  crusts. 
It  melts  easily,  takes  fire  with  difficulty,  is  dissolved  by  ether,  not  by  caustic  alkalis,  is 
but  slightly  attacked  by  nitric  acid,  but  is  dissolved  with  yellow  colour  by  warm 
sulphuric  acid.  The  sharp-tasting  alcoholic  solution  is  not  precipitated  bj'  basic 
acetate  of  lead  (Polex).  See  also  Kromayer  (Arch.  Pharm.  cv.  6),  who  designates 
the  dried  milky  juice  of  dandelion  as  leontodium. 

TARN'O'WITZXTE.  Breithaupt's  name  for  the  plumbiferous  aiTagonite  of  Tar- 
nowitz  in  Upper  Silesia,  sometimes  containing  as  much  as  4  percent,  of  plumbic  carbo- 
nate. It  forms  prismatic  or  pointed  crystals,  and  cylindrical  aggregates  of  white  or 
greenish  colour.  It  has  a  specific  gravity  of  2'8  to  3-01,  and  if  moistened  with  sulphu- 
ric acid,  .after  ignition,  turns  first  red  and  then  black.  According  to  Web  sky  (Zeitschr. 
d.  deutsch.  geolog.  Gesellsch.  ix.  737),  the  crystals  have  the  same  form  as  those  of 
arragonite. 

TARTAR.  A  generic  name  for  salts  of  tartaric  acid,  but  applied  especially  to  the 
acid  tartrate  of  potassium,  which  in  the  crude  state,  as  deposited  from  fermenting 
grape-juice,  is  called  crude  tartar  or  argol,  and  when  purified  by  solution  and  re- 
crystallisation, cream  of  tartar. 

Crude  tartar  or  argol  is  of  a  pale,  pinkish,  or  dark-red  colour,  according  as  it  is 
deposited  from  white  or  from  red  wines.  It  forms  a  hard  crystalline  crust,  varying 
in  thickness  with  the  character  of  the  grape,  the  degree  of  ripeness  which  it  has  been 
allowed  to  attain,  and  the  peculiarities  of  the  processes  adopted  in  different  vineyards. 
Besides  acid  tartrate  of  potassium,  which  is  its  essential  constituent,  it  usually  cont.aina 
tartrate  of  calcium  and  various  impurities.  Scheurer-Kestnor  found  in  a  sample  from 
Tuscany,  73-67  per  cent,  tartaric  acid,  22-13  potash,  0-62  glucose,  0-88  cellulose,  0-32 
silica,  0-26  oxide  of  iron,  1-39  magnesia,  and  0-73  colouring-matter.  The  same  chemist 
gives  the  following  statement  of  the  results  of  numerous  analyses  of  tartars  from 
various  localities  : — 


Locality, 

(iuality 

.\cid  Tartrate  of  Potassium 
per  cent. 

Tartrate  of  Calcium 
per  cent. 

Alsace  ..... 

White 

77-50    84-95  85-10 

4-6      7-3  9-9 

Switzerland  .... 

73-50  85-90 

7-7  18-3 

Burgundy  .... 

Eed 

3210 

46-25 

Tuscany  .... 

White 

84-50    85-20  88-50 

9-20 

Hungary  .... 

07-30 

45-20 

Spain  ..... 

Eed 

24-20 

Tho  best  tartars  come  from  Italy  and  the  South  of  France. 

Tartar  is  used  for  tlie  manufacture  of  tartaric  acid,  and  of  carbonate  of  potassium  (iv. 
713).  For  the  first  mentioned  purpose,  the  presence  of  a  large  amount  of  mucilaginous 
or  other  organic  matter  is  very  objectionable.    To  remove  this  impurity,  a  considerable 
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proportion  of  the  argol  sent  to  this  country  is  previously  submitted  to  a  simple  process 
of  purification,  which  consists  in  roJissolving  it  in  hot  water,  and  adding  a  small  quan- 
tity of  clay  in  fine  powder.  The  clay  becomes  mixed  with  the  flocculent  matter,  and 
ciirries  it  down  to  the  bottom  of  the  vessel.  The  clear  solution  is  concentrated  and  a 
crop  of  crystals  obtained,  which  is  then  called  tartar.  The  repetition  of  tlie  process 
yields  a  proportionally  purer  article,  and  tartars  are  met  with  in  this  country,  contain- 
ing from  85  to  98  or  99  per  cent,  acid  tartrate  of  potassium. 

On  the  other  hand,  tartars  are  very  often  fraudulently  adulterated  with  sulphate  and 
chloride  of  potassium,  sulphate  and  chloride  of  calcium,  and  other  cheap  materials, 
so  that  it  is  of  importance  to  the  manufacturer  of  tartaric  acid  to  possess  a  ready  method 
of  ascertaining  the  quantity  of  tartaric  acid  contained  in  them.  Now,  the  direct 
estimation  of  tartaric  acid  is  difficult,  as  none  of  its  salts  are  insoluble  in  water ;  hence 
it  has  beeu  usual  to  estimate  the  proportion  of  it  in  tartars  by  determining  the 
quantities  of  potash  and  lime  present,  and  reckoning  both  bases  as  tartrates.  Such 
a  method,  liowever,  would  clearly  lead,  in  the  case  of  adulterated  tartars,  to  an 
over-estimation  of  tho  amount  of  tartaric  acid  present.  Hence  it  is  necessary  to 
determine  not  only  the  amount  of  bases,  but  likewise  that  of  the  sulphuric,  car- 
bonic, or  other  acids  present,  besides  the  tartaric ;  to  calculate  the  quantities  of 
base  required  to  saturate  these  acids ;  and  reckon  only  the  remainder  as  tartrates. 
An  exact  and  ready  method  of  ascertaining  the  commercial  value  of  tartars  is  still  a 
desideratum. 

Tartrate  of  calcium  can  scarcely  be  regarded  as  an  impurity  in  tartar  intended  for 
the  manufacture  of  tartaric  acid,  inasmuch  as  the  first  step  in  the  preparation  of  that 
acid  is  to  convert  the  tartrate  of  potassium  into  tartrate  of  calcium.  Nevertheless,  the 
presence  of  a  considerable  quantity  of  calcic  tartrate  in  the  tartar  is  objectionable, 
because  it  quickly  undergoes  decomposition  under  the  influence  of  damp,  and  is  con- 
verted into  carbonate.  For  this  reason  dry  storing-places  are  of  great  importance  for 
presen'ing  tartars  and  argols,  especially  those  containing  much  tartrate  of  calcium. 
(See  Richardson  and  Watts's  Chemical  Technology,  i.  [6],  132,  168.) 

TA.BTAR-EnX£TXC.    Potassio-antimonious  tartrate. 

TARTARIC  ACID.    C'ffO«  =  ^^'^'^7' !  0' or  (C'H'O^'lo'.— This  for- 

>  j 

mula  represents  the  composition  of  five  different  tetratomic  and  dibasic  acids,  some  of 
which  agree  with  one  another  in  nearly  all  their  chemical  characters,  though  they  are 
all  distinguished  by  marked  differences  of  physical  properties,  especially  in  their  crys- 
talline forms  and  their  relations  to  polarised  light.  These  five  modifications  of  tar- 
taric acid  are : 

1.  Dextrotartaric  or  ordinary  Tartaric  acid,  which  forms  anhj'drous,  hemi- 
liedral,  rhombic  crystals,  and  turns  the  plane  of  polarisation  of  a  luminous  ray  to  the 
right. 

2.  Lse votartaric  or  Antitartaric  acid,  which  also  forms  anhydrous,  hemihe- 
dral,  rhombic  crystals,  but  turns  the  plane  of  polarisation  to  the  left. 

3.  Paratartaricor  Kacemicacid,  which  forms  hydrated,  holohedral,  triclinic 
crystals,  is  optically  inactive,  and  may  be  separated  into  dextrotartaric  and  Isevotiirtaric 
acids  (p.  35). 

4.  Inactive  Tartaric  or  Mcsotartaric  acid,  which  is  also  without  action  on 
polarised  light,  but  is  not,  like  the  preceding,  resolvable  into  dextrotartaric  and  laevo- 
tartaric  acids. 

5.  Metatartaric  acid,  a  modification  produced  by  the  action  of  heat  upon  ordi- 
nary tartaric  acid,  is  deliquescent  and  uncrystallisable  ;  its  salts  differ  from  those  of 
ordinary  tartaric  acid  by  their  crystalline  form  and  greater  solubility. 

Dextrotartaric  and  laevotartaric  acids  resemble  one  another  exactly  in  specific  gravity, 
solubility,  and  all  their  physical  properties,  excepting  crystalline  form,  action  on  polarised 
light,  and  pyroelectrical  relations.  Their  crystals  are  bounded  by  the  same  number 
of  faces,  inclined  to  one  another  at  exactly  the  same  angles  ;  but  they  exhibit  certain 
hemihedral  faces,  which,  when  the  crystals  are  similarly  placed,  are  situated  to  the 
right  in  the  one  crystal,  and  to  the  left  in  the  other ;  so  that  the  two  crystals,  though 
similar,  are  not  superposible,  but  are  related  to  one  another  like  an  object  and  its  re- 
flected image.  Solutions  of  the  two  acids  of  the  same  strength  deflect  the  plane  of  pola- 
risation by  exactly  equal  amounts — the  one  to  the  right,  the  other  to  the  left :  [o]  = 
+  9-6  (see  Light,  iii.  675).  Both  acids  exhibit  pyroelectricity,  but  in  opposite  direc- 
tions, a  crystal  of  either  acid,  when  heated  and  left  to  cool,  exhibiting  positive  electri- 
city on  the  side  on  which  the  hemihedral  faces  are  situated. 
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Tho  satno  relations  of  crystalline  form,  optical  rotatory  power,  and  pyro-electricity, 
are  exhibited  by  the  corresponding  metallic  salts  of  dextrotartaric  and  la;vo- 
tartaric  acids. 

When  solutions  of  equal  weights  of  dextro-  and  loevo-tartarie  acids  are  mixed,  the" 
mixture  yields  by  evaporation  holohedral  crystals  of  racemic  acid.  Mixtures  of  equal 
weights  of  the  corresponding  metallic  salts  also  yield  raeemates,  except  in  the  case  of 
the  ammonio-sodic  salts  (iii.  675). 

Dextro-  and  la?vo-tartario  acids  further  resemble  one  another  exactly  in  their  chemi- 
cal relations  to  all  substances  which  have  no  action  on  polarised  light;  but  when  they 
come  in  contact  with  other  optically  active  substances,  this  chemical  identity  no  longer 
exists.  In  some  cases,  one  of  the  acids  easily  forms  compounds  which  cannot  be  pro- 
duced with  the  other ;  in  other  cases,  the  two  acids  yield  compounds  identical  in  compo- 
sition, but  differing  considerably  in  their  properties.  Thus,  dextrotartaric  acid  combines 
readily  with  asparagine,  forming  a  crystalline  compound;  but  laevotartaric  acid  forms 
with  it  only  an  uncrystallisable  syrup.  Tho  acid  ammonium-salt  of  dextrotartaric  acid 
forms  a  crystallisable  double  salt  with  the  acid  ammonium-salt  of  optically  active 
malic  acid ;  acid  loevotartrate  of  ammonium,  on  the  contrary,  does  not  form  a  corre- 
sponding compound.  Dextrotartrate  of  cinehonine  contains  2  at.  water  of  crystallisa- 
tion, dissolves  easily  in  absolute  alcohol,  gives  off  its  water  and  begins  to  become 
coloured  at  100'-'  ;  the  laevotartrate  of  cinehonine  contains  only  ^  at.  water,  but  bears 
a  heat  of  140°  without  alteration.  The  dextro-  and  loevo-tartrates  of  quinine,  brucine, 
and  strychnine  exhibit  similar  differences  (i.  683,  977  ;  v.  24,  442). 

The  different  reactions  of  the  two  opposite  tartaric  acids  with  optically  active  sub- 
stances afford  the  means  of  resolving  racemic  acid  into  its  compouent  acids.  When 
cinchonicine  is  dissolved  in  racemic  acid,  the  solution,  at  a  certain  digree  of  concen- 
tration, deposits  at  first  crystals  of  Isevotartrate  of  cinchonicine;  from  a  solution  of 
quinicino  in  racemic  acid,  on  tho  other  hand,  dextrotartrate  of  quinioine  crystallises  out 
first. 

Racemic  acid  may  also  be  decomposed  by  fermentation.  When  a  few  spores  of 
TiniciUium  glaucum  are  introduced  into  a  solution  of  racemic  acid  containing  traces 
of  an  alkaline  phosphate,  fermentation  is  set  up,  the  dextrotartaric  acid  is  decom- 
posed, and  if  the  fermentation  be  interrupted  after  a  certain  time,  the  liquid  contains 
nothing  but  laevotartaric  acid. 

When  dextrotartrate  of  cinehonine  is  heated  for  some  time  to  170°,  part  of  the  dex- 
trotartaric acid  is  converted  into  lasvotartaric  acid,  and  the  two  combine,  forming 
racemic  acid.  Laevotartaric  acid  may  be  converted  into  racemic  acid  in  the  same 
manner.  Kacemic  acid  is  also  produced  by  the  action  of  heat  on  ethylic  tartrate  (p. 
35).  (Pasteur,  Ann.  Ch.  Pharm.  Ixxii.  164;  Ixxxiv.  167:  Ixxxviii.  211;  Jahresb. 
1847-48,  pp.  31,  206;  1849,  pp.  127,  307  ;  1862,  p.  175;  1853,  p.  423  ;  1858,  p.  248  ; 
1860,  p.  250.) 

Dextrotartaric  Acid,  C'lI'^O".  Ordinary  Tartaric  Acid.  De.rtroracernic  Acid. 
TarttrsHnrc.  Tartryl.^iiure.  Weiiisdure.  Weinsteinsdure.  Sal  essentiaJc  iarfari.  Acide 
tar/ariqi'c. — This  acid  was  first  obtained  in  the  free  state  by  Scheele  in  1770,  but  its 
existence  in  tartar  had  been  previously  suspected  by  Duhamel,  Marggraf,  and 
Rouelle.  It  is  very  widely  diffused  in  the  vegetable  kingdom,  occurring  as  frequently 
as  citric  and  malic  acid.  Its  existence  in  grape-juice,  as  acid  tartrate  of  potassium, 
has  long  been  known  ;  the  older  chemists  indeed.  Van  Helniont  and  others,  were 
aware  that  the  tartar  deposited  from  wines  existed  ready-formed  in  the  juice  of  the 
grape.  It  is  also  found  in  the  free  state,  or  as  a  pota.ssium-  or  calcium-salt,  in  tama- 
rinds, unripe  mountain-ash  berries,  madder-root,  potatoes,  Jerusalem  artichokes, 
sorrel,  girkins,  mulberries,  pine-apples,  black  pepper,  the  leaves  of  Chelidonium  majus, 
the  bulbs  of  Siilla  nmritima,  &q. 

Dextrotartaric  acid  is  artificially  produced  ; — a.  Mostly  together  with  racemic  acid, 
by  the  oxidation  of  saccharic  acid,  and  of  dextroglucose,  cane-sugar,  niiik-sugar,  starch, 
gum,  and  sorljin,  with  nitric  acid  (p.  35). — jS.  By  boiling  acid  bromomalate  of  calcium 
(iii.  795)  with  lime-water.  Acids  having  the  composition  of  tartaric  are  also  said  to 
be  produced. — y.  From  citric  acid,  when  lemon-juice  is  kept  for  a  year  in  bottles 
(Sehindler,  Ann.  Ch.  Pharm.  xxxi.  280). — 6.  From  a  solution  of  pyroxylin  in  potash 
(Kerckhoff  and  Keuter,  J.  pr.  Chem.  xlvi.  284);  but  it  is  nut  stated  whether 
these  acids  are  identical  in  physical  properties  with  dextrotartaric  acid.  The  acid 
CH^O",  obtained  by  boiling  the  silver-salt  of  dibromosuccinic  acid  with  water,  or  its 
calcium-salt  with  lime-water,  is  optically  inactive.  (Kekule,  p.  459.) 

Preparaiiov. — Tartaric  acid  is  always  prepared  from  acid  tartrate  of  potassium— on 
the  small  scale  from  the  purified  salt  (cream  of  tartar),  on  the  large  scale  from  par- 
tially purified  tartars  or  crude  argols.  A  boiling  solution  of  the  acid  tartrate  is  first 
treated  with  pounded  chalk  or  whiting,  to  convert  it  into  insoluble  sulphate  of  calcium 

Vol..  V.  X  X 


674 


TARTARIC  ACID. 


and  soluble  neutral  tartrate  of  potassium : 

2C'H*K0=  +  Ca"C03  =  C'H^K'0«  +  C'H<Ca"0«  +  H^O  +  CO'. 
The  mixture  is  thrown  on  a  filter ;  and  the  filtered  solution  of  neutral  potassic  tar- 
trate is  mixed  with  solution  of  calcic  chloride,  or  with  precipitated  calcic  sulphate, 
obtained  from  a  previous  operation,  whereby  the  whole  of  the  tartaric  acid  is  precipi- 
tated as  tartrate  of  calcium.  The  two  lime-precipitates  are  then  boiled  with  a  quan- 
tity of  dilute  sulphuric  acid  sufficient  to  convert  the  whole  of  the  calcium  into 
sulphate  ;  and  the  filtered  solution  of  tartaric  acid  is  evaporated  to  a  syrup  at  a  gentle 
heat,  then  left  to  itself  in  a  warm  place,  where  it  deposits  an  additional  quantity  of 
calcic  siilphate,  and  finally  transferred  to  the  crystallising  vessels.  The  presence 
of  an  excess  of  sulphuric  acid  greatly  favours  the  crystallisation  of  the  tartaric  acid, 
but  it  acts  injuriously  during  the  subsequent  evaporation  of  the  mother-liquors,  as 
it  becomes  more  and  more  concentrated,  and  ultimately  decomposes  a  considerable 
quantity  of  the  tartaric  acid  still  remaining  in  solution.  (For  details  of  the  manu- 
facturing process,  see  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  v. 
p.  138.) 

Koevotartaric  Acid,  CH'^C.  Antitartarie  Acid.  Lavoracemic  Acid. — The  for- 
mation of  this  acid  by  the  decomposition  of  racemic  acid  has  already  been  mentioned. 
When  equal  weights  of  racemic  acid  are  saturated,  the  one  with  soda,  the  other  with 
ammonia,  and  mixed,  the  mixture  deposits,  on  cooling  or  spontaneous  evaporation, 
large  beautiful  crystals  of  a  double  salt,  all  of  which  are  hemihedral,  one  half  of  them 
having  the  hemihedral  forces  oppositely  situated  to  those  of  the  other  half ;  and  on 
carefully  separating  these  two  kinds  of  crystals  (the  solutions  of  which  exhibit  equal 
and  opposite  actions  on  polarised  light),  purifying  them  by  recrystallisation,  precipita- 
ting the  solutions  by  nitrate  of  lead,  and  decomposing  the  lead-salts  with  sulphuric  or 
sulphydric  acid,  solutions  are  obtained  which  on  evaporation  yield  crystals — the  one  of 
dextrotartaric  acid,  agreeing  exactly  in  character  with  those  obtained  from  tartar,  as 
above  described  ;  the  other  of  laevotartaric  acid,  agreeing  with  dextrotartaric  acid  in  all 
respects,  excepting  in  the  opposite  hemihedry  of  its  crystals,  and  the  opposition  of  itf 
optical  and  pyro-electric  properties.  Respecting  the  preparation  of  Isevotartaric  aci  1 
by  the  fermentation  of  racemic  acid ,  and  by  the  action  of  heat  on  the  racemates  of 
cinchonicine  and  quinicine,  see  p.  673. 

Properties. — Tai-tarie  acid  crystallises  in  monoclinic  prisms,  having  the  axes  a:  h  :  c 
=  0-7845  :  1  :  0.-80.54.  Angle  5  :  c  =  79°  43';  oeP  :  ooP  (orthod.)  =  102"  52' ; 
[Pco]  :  [Poo]  (elinod.)  =  89°  26';  -Poo  :  c  =  45°  0';  +  Poo  :  c  =  57°  30'. 
Ordinary  combination  ooP  .  ooPoo  .  —Poo  .  +Poo  (the  last  often  wanting')  . 
[Pi»  ].  The  faces  [Poo  ]  are  often  developed  only  at  one  extremity  of  the  orthodia- 
gonal,  and  on  one  or  the  other  side  of  the  crystals,  according  as  the  acid  is  dextro-  or 
laevo-rotatory.    These  faces  are  often  greatly  predominant. 

The  crystals  are  colourless  and  transparent,  and  do  not  contain  any  water  of  crystal- 
lisation ;  their  specific  gravity  is  1'75  (Richter);  1'739  (Buignet,  Jahresb.  1861, 
p.  15).  They  are  very  soluble  in  water  and  in  alcohol,  insoluble  in  ether  ;  the  aqueous 
solution  becomes  covered,  after  a  while,  with  a  fungous  growth.  The  quantities  of  the 
crystallised  acid  contained  in  aqueous  solutions  of  diiFerent  densities  are  as  follows 
(Schiff,  Jahresb.  1859,  p.  41) : 


On  mixing  the  concentrated  solutions  of  dextro-  and  laevo-tartaric  acid,  crystals  of  ra- 
cemic acid  are  abundantly  deposited,  with  evolution  of  heat  quite  perceptible  to  the  hand. 

Respecting  the  molecular  rotatory  power  and  the  pyro-electricity  of  the  two  opposite 
tartaric  acids,  see  p.  672.  Their  pyro-electricity  is  very  strong,  the  heat  of  tho  hand 
developing  it  sufficiently  to  affect  a  sensitive  electroscope. 

The  solution  of  tartaric  acid  forms  white  precipitates  with  the  aqueous  solutions  of 
caustic  baryta,  strontia,  lime,  anAacctatc of  lead,  but  it  does  not  precipitate  the  chloride 
of  barium,  strontium,  or  calcium.  Tartaric  acid  is  distinguished  from  racemic  acid  by 
the  greater  solubihty  of  its  calcium-salt  (p.  36). 

Tartaric  acid  added  in  excess  to  tho  solution  of  a  potassiian-salt  forms  a  white  crys- 
talline precipitate  of  acid  potassic  tartrate,  provided  the  solution  is  not  too  dilute: 
the  addition  of  alcohol  renders  the  reaction  much  more  delicate :  the  formation  of  the 
precipitate  is  also  accelerated  by  stirring,  and  by  rubbing  the  sides  of  the  vessel  with 


Weight  of  crystallised  acid 
in  lOD  pts.  of  solution. 


Specific  graTity  of 
solution  at  15°. 


33 
22 

14-66 

11 
7-33 
3-67 


1-1654 
1-1062 
1-0690 
1-0511 
1  0337 
1-0167 
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a  glass  rod.  The  precipitate  is  soluLle  in  free  alkalis,  whicli  convert  it  into  nentral 
tartrate  ;  hence,  for  detecting  small  quantities  of  tartaric  acid  in  a  solution,  free  potasii 
should  not  be  used,  but  rather  chloride  or  nitrate  of  potassium,  an  excess  of  which 
does  not  dissolve  the  acid  tartrate.  Tartaric  acid  may  be  detected  in  presence  of  a 
considerable  quantity  of  citric  acid  by  mixing  the  solution  with  acet;ito  of  potassium, 
and  an  equal  volume  of  strong  alcohol.  On  the  other  hand,  a  small  quantity  of  citric 
acid  may  be  detected  in  the  midst  of  a  largo  quantity  of  tartaric  acid,  by  removing  I  lie 
latter  as  above,  evapoi-ating  the  alcoholic  filtrate,  and  treating  the  residue  with  chloride 
of  calcium  at  the  boiling  heat  (i.  995).  (Spillor,  Chem.  Soc.  Qu.  J.  x.  110;  see  also 
Sehnitzer,  Jahresb.  1862,  p.  626.) 

Decompositions. — 1.  Tartaric  acid  melts  between  170°  and  180°,  and  is  gradually 
converted,  without  loss  of  water,  into  the  isomeric  compound,  metatartaric  acid 
(p.  688).  By  prolonged  heating,  water  is  eliminated,  and  tartralic  or  ditartaric 
acid,  C8H'°0"  =  2C<H''0''  -  ffO,  is  produced  ;  then  tartrelic  acid,  C^H'O*  = 
QjjjcQs  _  H-0  ;  and  ultimately  insoluble  tartaric  anhydride,  isomeric  with 
the  last.  If  the  heat  be  increased,  decomposition  takes  place,  resulting  in  the  forma- 
tion of  pyrotartaric  and  pyroracemic  acids  (iv.  769-771),  together  with  acetic  acid, 
formic  acid,  aldehyde,  furfurol,  ethylene,  carbonic  anhydride,  &c. 

2.  Tartaric  acid  heated  with  fused  hydrate  of  potassium  is  resolved  into  acetic  and 
oxalic  acids : 

C^H^O"    =    CWO"-  +  C-WO\ 

3.  By  the  oxidation  of  tartaric  acid  (e.g.  by  the  action  of  chromates,  permanga- 
nates, peroxide  of  manganese,  peroxide  of  lead,  minium,  &c.),  carbonic  anhydride  and 
formic  acid  are  generally  produced.  The  solution  of  the  acid  warmed  with  salts  of 
silver,  gold,  and  platinum,  reduces  the  metals.  By  slow  oxidation,  especially  by  the 
spont<ineous  decomposition  of  nitrotartaric  acid,  an  oxidation-product  less  removed 
from  tartaric  acid  is  formed — namely,  tartronic  acid: 

C^H'^O"  +         =    C^H'O*  +  H'O  +  C0=. 

T.irtaric  Tartronic 
acid,  iicid. 

4.  By  the  action  of  hydriodio  acid  or  iodide  of  phosphorus,  tartaric  acid  is  reduced 
to  malic  or  to  succinic  acid: 

C^H^O"  +  2HI    =    H'O  +  P  -H  C^H«0^ 

Tartaric  Malic 
acid.  acid. 

CH-'O^    +    4HI  =  2W0  +  2P  +  C<H«0*. 

Tartaric  Succinic 
acid.  acid. 

5.  V^\i)x  pcntachloridc  of  phosphorus,  turtaric  acid  yields  chloromaleic  chlo- 
ride, C'HCIO^CR  (Perkin  and  Duppa  ;  see  Maleic  Acid,  iii.  788.) 

6.  Pulverised  tartaric  acid,  digested  for  several  hours  with  chloride  o  f  acetyl,  is  con- 
verted into  diacetotartaric  anhydride,  CH"©'  (Perkin,  Chem.  Soc.  Qu.  J.  xx. 
150): 

c'H«o«  +  2C-H'0ci  =  2HC1  +  H'o  +  cm-{cn¥oyo\ 

7.  Tartaric  acid  heated  to  150°  in  a  sealed  tube,  with  an  equivalent  quantity  of 
AfMro(c  <Ki</,  yields  benzotartaric  acid,  CH'^O'  =  C^HXC'H^O)^  =  C^H^'O"  + 
C'lPO^  -  H-0.  (Dessaignes,  J.  Pharm.  [3]  xxxii.  47.) 

8.  Tartaric  acid  is  decomposed  by  strong  sulphurh:  acid  and  by  nitric  acid.  With 
very  strong  nitric  acid  it  forms  nitrotartaric  acid. — Chlorine  and  bromine  act  but 
slightly  upon  the  aqueous  solution. 

9.  The /trm'wtoi!w?» of  crude  tartrate  of  calcium  yields  butyracetic  acid.  (No liner, 
i.  G88.) 

10.  Tartaric  acid  heated  with  aZeo^/«,  monatomic  or  polyatomic,  forms  ethers,  with 
elimination  of  water;  in  like  manner  with  cane-sugar,  glucose,  dulcite,  quercite,  and 
other  saccharoi'dal  substances.  (See  Taktahic  Ethers.) 

Tartrates. — Tartaric  acid,  as  already  observed,  is  tetratomic,  and  for  the  most 

part  dibasic,  2  of  the  hydrogen-atoms  in  the  molecule,  (CH^O^/'  \  0\  being  easily 

j 

replaceable  by  metals,  and  the  other  two  by  alcoholic  or  acid  radicles.    With  mona- 
tomic metals,  it  forms  acid,  neutral,  and  double  salts,  like  the  following  : 
IP    )  H'    )  H-  ■) 

C^H'OnO^        C'H^O^LO'  c*H=ono' 
H.K  )  j  Na.K  ) 

Acid  potassic  Neutral  pot.issic  Sodio-pntassic 

tartrate,  tartrate.  tartrate. 

X  X  2 
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With  diatomic  metals,  it  forms  neutral  salts,  C^IIM"0",  and  double  salts  consisting  of 
a  double  molecule  of  the  acid,  in  which  2  at.  hydi'ogen  are  replaced  by  a  diatomic 
metiil  and  2  at.  more  by  an  alkali-metal ;  e.g, : 

W    }  W  \ 

Ba"  3  Ba"KM 

Neutral  baric  Baric  potassic 

tartrate.  tartrate. 

With  triatomic  metals,  tartaric  acid  forms  a  peculiar  class  of  salts' — best  known 
in  the  case  of  antimony — the  constitution  of  which  may  be  illustrated  by  the  following 
formulae : 

(C'H=0')"  ri  (C'H'^O^)"  Yr,  (C 'H^O^)" 

H.Sb'"  }  ^  K.Sb"'  3 "  ^r,  ^ 

Acid  antimoniou&  Fotassio-antinionious  Neutral  antiinonious 

tartrate.  tartrate.  tartrate. 

These  formulae  are  a  typical  expression  of  the  idea  that  one  of  the  three  atomicities 
of  the  antimony  takes  the  place  of  1  at.  of  the  typical  hydrogen  of  the  tartaric  acid, 
binding  instead  of  it  one  atomicity  of  the  typical  oxygen  (Kekule).  The  same  salts 
may,  however,  be  formulated  similarly  to  the  ordinary  tartrates,  by  supposing  1  at.  of 
the  basic  hydrogen  to  be  replaced  by  the  monatomic  ratlicle  antimonyl  SbO  ;  thus: 

W       )  )  H=  ) 

(C^H-02)i'V0'  (C^H-02)i'>0'  (C'H-'0-)"LO* 

H.SbO  )  K.SbO    >  (SbOy^  i 

Acid  antimonious  Fotassio-antimonious  Neutral  antimonious 

tartrate.  tartrate.  tartrate. 

When  these  salts  are  heated  to  160° — 200°,  they  give  off  water,  .and  form  com- 
pounds which  may  be  regarded  either  as  tartrates  in  which  the  triatomic  antimony 
replaces  three-fourths  of  the  typic  hydrogen  of  the  acid  : 

H.Sb'"  p  K.Sb'"  p  ' 

or  as  antimonylic  derivatives  of  the  first  anhydride  of  tartaric  acid : 

(C^H=0-')"(o3  (CH^O^y/Q,  (C'H=07'>Q, 

H.SbOJ^  KSbO  P  (SbO)=   \^  • 

Tartaric  acid  forms  similar  compounds  with  arsenic  and  with  boron.  (Kekule's 
Lehrbuch,  ii.  201.) 

The  first  of  the  formulae  above  given  for  the  antimony-salts  dried  at  160° — 200° 
represents  tartaric  acid  as  tetrabasic ;  and  this  view  is  further  in  accordance  with  tlie 
known  existence  of  a  totraplumbic  tartrate  (p.  682) ;  but  in  most  of  its  relations, 
tartaric  acid,  as  already  observed,  is  only  dibasic. 

The  neutral  tartrates  of  the  alkali-metals  are  very  soluble  in  water;  the  acid 
tartrates  of  potassium  and  ammonium  are  sparingly  soluble ;  all  tartrates  are  insoluble 
in  alcohol.  Hence,  tartaric  acid  dissolved  in  alcohol  does  not  decompose  carbonates. 
The  neutral  tartrates  of  the  carih-metah  and  heavy  metals  are,  for  the  most  part, 
insoluble  or  sparingly  soluble  in  water,  but  dissolve  in  aqueous  tartaric  acid,  also  in 
hydrochloric  and  in  nitric  acid ;  also,  with  exception  of  the  silver-  and  mercury- 
salts,  in  excess  of  potash  or  soda.  Ammonia  likewise  dissolves  all  tartrates,  except- 
ing tartrate  of  mercury. 

Tartaric  acid  added  to  the  solutions  of  most  metallic  salts  prevents  their  precipita- 
tion by  alkalis.  According  to  Aubel  and  Eamdohr  (Ann.  Ch.  Pharm.  ciii.  33  ; 
Jahresb.  x.  672),  metallic  oxides  may  be  divided,  according  to  their  behaviour  with 
caustic  potash  or  soda  in  presence  of  tartaric  acid,  into  the  three  following  groups  : — 
o.  Oxides  soluble  in  the  alkali  in  presence  of  tartaric  acid,  and  not  precipitated  on 
boiling :  alumina,  bismuth-oxide,  chromic  oxide,  cobaltous  oxide,  cupric  oxide,  ferric 
oxide,  glucina,  lead-oxide,  nickel-oxide,  platinic  oxide,  zinc-oxide. — /8.  Oxides  pre- 
cipitated on  boiling  from  the  alkaline  solution,  if  moderately  dilute :  atu-ic  oxide 
(reduced  on  boiling),  cadmium-oxido,  manganous  oxide,  nranic  oxide. — y.  Insoluble : 
mercuric  oxide,  silver-oxide  (reduced  on  boiling),  stannous  oxide.  (See  further  H. 
Grothe,  J.  pr.  Chem.  .xcii.  176  ;  Jahresb.  1864,  p.  686.) 

Most  of  the  soluble  tartrates  crystallise  easily,  and  some  (especially  the  double 
salts)  form  large  well-defined  crystals.  The  crystals  are  invariably  hemihedral,  and 
their  solutions  turn  the  plane  of  a  polarised  rf.y  to  the  right  or  to  the  left,  according 
to  the  position  of  the  h<_'niihedral  faces.  The  dextro-  and  loevo-tartrates  are  likewise 
opposite  in  their  pyro-electric  properties.  In  all  their  other  characters  they  resemble 
one  another  exactly,  and  the  solution  of  a  dextrotartrate  mixed  with  that  of  an  equal 
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weight  of  the  corresponding  la'votartrate  forms  a  mixture  which  yields  holoheJral 
and  optically  inactive  crystals  of  the  corresponding  raceniate,  excepting  in  the  case  of 
the  sodio-ammonic  salts,  which  crystallise  out  separately,  as  dextro-  and  laevo-tar- 
trates  (p.  674). 

Tartrates  calcined  in  contact  with  the  air  give  ofiF  the  odour  of  burnt  sugar.  Their 
dilute  aqueous  solutions  become  covered  after  a  while  with  fungi. 

The  composition  of  the  tartrates  has  been  established  chiefly  by  the  analyses  of 
Berzelius  (Pogg.  Ann.  xix.  305,  xxxvi.  4  ;  Ann.  Ch.  Phys.  [2],  Ixvii.  303),  Dulk 
(Schw.  J.  Ixiv.  180,  193),  Werther  (J.  p^.  Chcm.  xxxii.  383),  and  Dumas  and  Piri a 
(Ann.  Ch.  Phys.  [3]  v.  353):  see  also  Gmdin's  Handbook,  x.  273-3'20.  The 
crystalline  forms  of  a  great  number  of  tartrates  have  been  determined  by  Do  la  Pro- 
vostaye  (Ann.  Ch.  Phys.  [3],  iii.  129)  and  Pasteur,  and  their  optical  properties  by 
Biot  and  Pasteur  (see  references,  p.  673). 

a.  Tartrates  containing  only  Monatomic  Mdals. 

Tartr.vtes  of  Ammonium. — The  neutral  salt,  Q^lVi^WJO'^,  is  obtained  by 
evaporating  a  solution  uf  the  acid,  neutralised  with  ammonia  or  carbonate  of  ammo- 
nium, in  prismatic  crystals,  which  arc  very  soluble  in  water,  and  effloresce,  with  loss 
of  ammonia,  on  exposure  to  tlie  air.  The  crystals  are  monocliuie,  having  the  axes 
a  :  h  :  c  =  0868  :  1  :  1-244.  Angle  b  :  c  =  88°  9';  [Poo  :  Poo]  (clinod.)  = 
09°  50' ;  +  Poo  :  c  =  39°  31'.  Ordinary  combination,  oP  .  ooPoo  .  +  Poo  .  [Poo]  ; 
also  with  +  P  and  —  P  subordinate.  Cleavage  perfect  parallel  to  oP.  The  faces 
[Poo  ]  are  present  in  only  half  the  number  required  by  the  law  of  symmetry :  the 
crystals  are  therefore  liemiliedral.  Rotatory  power  [a],  =  *29°.  Specific  gravity 
of  the  crystals  =  1-666.   (SchifF,  Jahresb.  1859,  p.  16.) 

The  acid  salt,  or  bitartratc  of  ammonia,  C'H-^(NH')0'',  is  precipitated,  on  adding 
tartaric  acid  to  the  solution  of  the  neutral  salt,  as  a  crystalline  powder,  exhiliiting 
under  the  microscope  beautiful  shining  laminae,  forming  oblique-angled  parallelograms 
or  hexagonal  plates,  elongated  and  often  hcmitropic.  It  is  slightly  soluble  in  cold, 
very  soluble  in  boiling  water.  The  crystals  are  trimetrie,  and  isomorphous  with  the 
acid  potassium-salt.  Axes  a  :  b  :  c  =  0-6933  :  1  :  0-7086.  Angle  P  :  P  (bracli.)  = 
127°  18';  P  :  P  (macr.)  =  100°  20';  P  :  P  (basal)  =  102°  24'  ;  ooP  :  ccP  (macr.) 
=  69°  28';  Poo  :  fco  (basal)  =  70°  38';  2?oo  :  2fco  (basal)  =  109°  36'; 
31" CO  :  3P=o  —  129°  36'.  The  crystals  exhibit  the  same  faces  as  those  of  the  acid 
potassium-salt  (p.  678),  and  cleave  most  easily  parallel  to  oP.  They  are  hemihedral, 
the  P-faces  being  always  unequally  developed;  four  of  them,  two  at  each  end,  being 
very  small  or  non-existent,  whilst  the  other  four,  which  are  mucli  larger,  are  so 

P 

situated  as  to  form,  by  sufficient  prolongation,  the  irregular  tetrahedron  _  (De  la 

Provostaye).  According  to  Hahn  (Jahresb.  1869,  p.  286),  the  crystals  exhibit 
the  combination  ooP  .  ooP^  .  coP2  .  aPoo  .  P  .  f  oo ;  axes  a  :  b  :  c  =  0-72988  :  1  : 
0-83426;  angle  ooP  :  <xP  (.macr.)  =  72°  15';  Poo  :  Poo  (over  c)  =  100°  20'. 
The  specific  gravity  of  the  crystals  is  1-680.  (Schiff.) 

Acid  dextrotartrato  of  ammonium  combines  with  optically  active  acid  malato  of 
ammonium,  forming  the  salt  C^H\N1I')0^C'H''(NH■')0^  which  crystallises  in  thick 
acuminated  prisms  (Pasteur).  The  acid  Isevotartrato  does  not  form  a  similar 
compound. 

Tartrates  of  Caesium. — The  j;,fi(!'ra/ /rtrfra/e  is  very  deliquescent  (B  un  sen). — 
The  acid,  salt,  C'H^CsO'',  crystallises  in  rhombic  prisms,  isomorphous  with  the  rubidium- 
salt.  Axes  a:  b:  c  =  0-694  :  1  :  0-661.  Angle  P  :  P  (brach.)  =  128°  50';  P  :  P 
(macr.)  =  103°;  P:  P  (basal)  =  98°  30'.    Observed  combination,  ooPoo  .  afoo 

.  ooP  (the  latter  very  subordinate  and  imperfect),  together  with  the  spheno'ids  -I- 

9 

P  iP3 

_  -,  and  —3 — .    The  crystals  are  dextro- or  tevo-rotatory,  according  as  one  or  the 
2  2 

p 

other  of  the  sphenoidal  faces  —  is  absent  or  subordinate  (they  rarely  occur  together) ; 
^P3 

the  faces  occur  only  in  l»vo-rotatory  crystals.      Cleav.age  perfect  parallel  to 

ccPco  and  oof'oo  ,  both  of  which  faces  are  striated  parallel  to  the  principal  axis.  The 
striation  and  cleavage  distinguish  the  crystals  from  those  of  acid  potassic  tartrate, 
to  which  they  bear  a  general  resemblance  (J.P.  Cooke,  Sill.  Am.  J.  [2],  xxxvii.  70). 
They  disolve  in  10-3  pts.  water  at  25°  and  in  1-02  pt.  boiling  water.  (Allen,  ibid. 
xxxiv.  367.) 

Tartrates  of  Lithium. — The  neutral  salt  is  white,  deliquescent,  and  uncrystal- 
lisable.— The  acid  salt,  2C'ffLi0^3II-'0,  forms  small  crystals,  very  soluble  in  water. 
(Dulk.)  J       '  :i 
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Tartbate,  Mebcubous. — This  salt  is  obtained,  by  precipitation,  as  a  white 

crystalline  powder,  or  in  the  form  of  shining  needles  or  scales.  It  is  insoluble  in  water, 
but  very  soluble  in  nitric  acid.    Boiling  water  decomposes  and  turns  it  grey. 

Taetbates  of  Potassium. — The  neutral  salt,  C^WK^O^,  prepared  by  satu- 
rating the  acid  salt  with  carbonate  of  potassium,  crj'stalLises  with  diificulty  in  short 
monoclinic  prisms,  the  faces  of  which  have  generally  very  little  lustre.  Axes  a:  b  :  c 
=  0'4021 :  1  :  1-1085.  Angle  6  :  c  =  75°  1  2' ;  a.P  :  aP  (orthod.)  =  134°  50'; 
+  Poo:  c  —  52°  5';  —Poo  :  c  =  37°  25'.  The  most  frequently  occurring  faces  are : 
ooP,  oP,  ooPoo  ,  [  ooPoo  ],  +  Poo  ,  —Poo  ;  more  rarely  +JP  occurs.  Cleavage  parallel 
to  +  Poo  and  —  Poo  . 

One  part  of  neutral  potassic  tartrate  dissolves  in  075  pt.  water  at  2°,  in  0'66  pt.  at 
14°,  in  0-63  pt.  at  23°,  and  in  0-47  pt.  at  64°  (Osann).  It  is  very  slightly  soluble 
in  boiling  alcohol.  Most  acids  added  to  the  solution  of  this  salt  precipitate  the  acid 
tartrate  ;  bromine  forms  the  same  precipitate  without  attacking  the  tartaric  acid. 

The  acid  salt,  bitartraie  of  potash,  or  cream  of  tartar,  C^H^KO*,  is  contained  in 
grape-juice,  and,  being  much  less  soluble  in  alcoholic  liquids  than  in  water,  is  deposited, 
during  the  vinous  fermentation  of  the  juice,  in  crystalline  crusts,  called  crudetartar 
or  argol.  The  same  deposit  is  formed  in  many  kinds  of  wine  when  kept  in  casks  or 
bottles,  and  constitutes  the  well-known  crust  of  port-wine.  The  salt  likewise  exists 
in  many  other  vegetable  juices.  Crude  tartar,  when  purified  by  recrystallisation, 
yields  cream  of  tartar.  The  pure  salt  is  also  formed  whenever  tartaric  acid  is  added 
in  excess  to  the  solution  of  a  potassium-salt. 

The  crystals  of  acid  potassic  tartrate  belong  to  the  trimetric  system,  and  are  iso- 
morphous  with  the  acid  ammonium-salt.  Axes  a  :  b  :  c  =  07115  :  1  :  0-7372. 
Angle  P  :  P  (brach.)  =  125°  46' ;  P  :  P  (macr.)  =  100°  20';  P:P  (basal)  = 
103°  28';  ooP  :  ooP  (macr.)  =  70°  52';  Poo  :  Pec  (basal)  =  72°  48';  2f'oo  : 
2poo  =  111°  42';  3foo  :  3Pco  =  131°  20'.  Ordinary  combination  P  .  ooP,  with 
ooPoo  and  the  above-mentioned  brachydiagonal  domes.  One  half  of  the  crystals  is 
generally  sphenoidically  enlarged  in  comparison  with  the  other  half.  Cleavage  most 
distinct  parallel  to  oP.  Specific  gravity  of  the  crystals  =  1-973  (Schiff) ;  1-956 
(Buignet). 

Acid  tartrate  of  potassium  is  but  slightly  soluble  in  water,  requiring  for  solution 
about  240  pts.  of  water  at  10°,  and  15  pts.  of  boiling  water.  It  is  insoluble  in  strong 
alcohol,  but  dissolves  easily  in  concentrated  mineral  acids  and  in  alkalis,  which  con- 
vert it  into  the  neutral  tartrate. 

The  following  determinations  of  the  solubility  of  acid  potassic  tartrate  in  water,  at 
various  temperatures,  have  been  made  by  Alluard  (Compt.  rend.  lix.  500  ;  Jahrcsb. 
1864,  p.  94)  and  by  Chancel  (Compt.  rend.  Ix.  408;  Jahresb.  1865,  p.  830),  in 
pure  water  and  in  water  containing  10-5  per  cent,  alcohol.  Alluard's  determinations 
were  made  under  a  barometrical  pressure  of  718  mm. : — 


Solubility  of  Cream  of  Tartar,  C^ff  KO^ 


Quantities  of  Salt  dissolved 

Quantities  of  Salt  dissolved  in  100  pts.  by  weight  of 

in  100  pts.  by  weij;ht  of 

Temperature. 

water. 

water  containing  10-5 

1 

per  cent,  alcohol. 

Alluard. 

Chancel. 

Chancel. 

0°C. 

0-32 

0-24 

0-14 

6 

0-30 

0-175 

10 

0-40 

0-37 

0-21 

15 

0-45 

0-25 

20 

0-57 

0-55 

0-305 

25 

0-67 

0-37 

30 

0-90 

0-805 

0-46 

35 

0-96 

0-57 

40 

1-31 

1-13 

0-70 

50 

1-81 

60 

2-40 

70 

3-20 

80 

4-50 

90 

5-70 

100 

6-90 

A  saturated  aqueous  solution  boils  at  99-6°  (Alluard).  The  solubility  of  the 
salt  in  water  or  in  dilute  alcohol  is  not  diminished  by  the  presence  of  glucose. 
(Chancel.) 
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The  aqueous  solution  reddens  litmus-paper,  and  dissolves  a  considerable  number  of 
metallic  oxides,  forming  double  tartrates. 

Cream  of  tartar,  when  calcined,  emits  a  pungent  odour  like  that  of  burnt  bread,  and 
leaves  a  residue  of  potassic  cjirbonate,  mixed  with  charcoal,  the  Sal  fi.xum  iartari  of 
the  older  chemists ;  calcined  witli  saltpetre,  it  yields,  according  to  the  proportions, 
the  black  or  white  flux  used  in  metallurgical  and  assaying  operations. 

Cream  of  tartar  is  one  of  the  mordants  most  frequently  employed  in  the  dyeing  of 
wool.  Mixed  with  pounded  chalk  and  alum,  it  forms  an  excellent  powder  for  cleaning 
silver. 

Ammonio-potassic  tartrate,  C"H  '(NH*)KO'',  obtained  by  saturating  cream  of  tartar 
with  ammonia  or  its  carbonate,  forms  monoclinie  crystals  isomorplious  with  neutral 
potassic  tartrate.  They  alter  quickly  in  the  air,  giving  off  ammonia,  and  are  very 
soluble  in  water. 

Lithio-potassic  tartrate,  C"H'LiKO°.H-0,  is  very  soluble  in  water,  and,  according  to 
Zepharovi  ch  (Wien.  Akad.  Bcr.  xli.  520),  crystallises  in  large  rhombic  prisms,  having 
the  axes  a  :  ft  :  c  =  0-5477  :  1  :  0-4-130  ;  angle  »P  :  ocP  (brach.)  =  122°  34'; 
P  :  ooP  =  132°  41'.  They  exhibit  the  combination  ccP  .  at?  .  ooI>2  .  oof  cc  .  P  . 
oP,  homihedral  from  predominance  or  exclusive  development  of  four  of  the  P-faces. 
Cleavage  imperfect  parallel  to  oP. 

Tartrates  of  Kuhidium. — The  neutral  salt  has  not  been  described. — The 
acid  salt,  C'lI^RbO",  is  isomorphous  with  the  acid  caesium-salt,  exhibiting  the  same 
4P3 

faces  with  the  exception  of  —,  also  the  same  striatiou  and  cleavage.  Axes  a.b:c 

=  0-726  :  1  :  0-695.  Angle  P  :  P  (brach.)  =  126°  43' ;  P :  P  (macr.)  =  103°  40'  ;  P  :  P 
(basal)  =  99°  34'  (J.  P.  Cooke).  The  crystals  are  permanent  in  the  air,  at  ordinary 
temperatures,  and  at  100°  they  dissolve  in  8-45  pts.  water  at  25°,  and  in  8-5  pts.  of 
boibng  water.  The  great  difference  of  solubility  between  this  and  the  ca?sium-salt 
ait'ords  a  means  of  separating  the  two  metals  by  fractional  crystallisation  of  their  acid 
tartrates.  (Allen.) 

Tartrate  of  Silver,  CTI'Ag-0°. — This  salt  is  obtained,  as  an  amorphous 
curdy  precipitate,  on  mixing  a  cold  dilute  solution  of  fJlver-nitrate  with  a  dilute  solu- 
tion of  Rochelle-salt  slightly  acidulated  with  nitric  acid:  if  the  solutions  are  mixed  at 
the  boiling  heat,  the  mixture  turns  brown,  and  deposits  brown  laminae  of  metallic  sil- 
ver. If  a  hot  moderately  strong  solution  of  Rochelle-salt  be  added  to  a  dilute  solu- 
tion of  silver-nitrate,  and  the  liquid  heated  to  80°,  till  the  precipitate  begins  to 
be  permanent  (a  certain  quantity  of  the  silver-nitrate  remaining  undecomposed),  the 
filtered  solution,  on  cooling,  yields  tartratie  of  silver,  in  white  scales  having  a  metallic 
lustre. 

Tartrate  of  silver  is  nearly  insoluble  in  water.  It  blackens  on  exposure  to  light,  and, 
when  heated,  gives  off  carbonic  anhydride  and  pyrotartaric  acid,  leaving  a  spongy 
shining  residue  of  metallic  silver.  The  dry  salt  is  quickly  decomposed  by  chlorine, 
yielding  chloride  of  silver  and  empyreuniatic  products.  When  chlorine  is  passed  into 
water  in  which  tartrate  of  silver  is  suspended,  carbonic  anhydride  is  given  off,  and 
chloride  of  silver  is  obtained,  together  with  unaltered  tartaric  acid. 

A  solution  of  tartrate  of  silver  in  ammonia  deposits  metallic  silver  at  the  boiling 
heat,  while  the  liquid  retains  in  solution  a  peculiar  ammoniacal  salt,  which  is  less  so- 
luble in  water  than  tartrate  of  ammonium,  and  crystallises  on  cooling. — Caustic  potash 
and  sfida  decompose  tartrate  of  silver  at  ordinary  temperatures,  oxide  of  silver  being 
separated,  and  the  liquid  apparently  retaining  potassio-argentic  or  sodio-argentic  tar- 
trate. (Liebig  and  Redteubacher,  Ann.  Ch.  Pharm.  xxxviii.  132. — Erdmann, 
J.  pr.  Chem.  xxv.  504.) 

Tartrates  of  Sodium. — The  tieutral  salt,  C'H'Na'0^2H-0,  crystallises  in  tri- 
mitrie  prisms  having_tho  axes  a:h:  c  =  0-7696  :  1  :  0-3366.  Angle  ooP  :  ooP  (brach.) 
=  104°  50';  aP:  Poo  =  108°  31' ;  Poo  :  Poo  (basal)  =  132°  44':  ooP  :  coPoo  = 
142°  25';  ooP  :  ooPoo  =  127°  35'.  Ordinary  combination  ooP  .  (xfoo  .  ooPm  .  f>oo 
(I)e  la  Provostaye).  The  crystals  have  a  specific  gravity  of  1-794  (Buignet). 
They  are  limpid,  permanent  in  the  air,  soluble  in  5  pts.  of  cold  water,  very  soluble  in 
hot  water,  insoluble  in  absolute  alcohol.  When  heated,  they  melt  in  their  water  of 
crystallisation.  By  rapid  crystallisation  the  salt  is  obtained  in  tufts  of  needles. 

The  acid  salt,  C*H^NaO"'.H-0,  is  formed  on  mixing  a  hot  solution  of  the  neutral  salt 
with  i  pt.  tartaric  acid,  and  separates  in  cry.stals  on  cooling.  It  dissolves  in  9  pts.  of 
cold  and  1-8  pt.  boiling  water,  but  is  insoluble  in  alcohol.  It  is  difficult  to  obtain  this 
salt  in  large  crystals,  but,  by  leaving  a  drop  of  the  hot  solution  to  evaporate  under  the 
microscope,  small  beautifully  defined  crystals  soon  make  their  appearance,  having  the 

p 

form  of  right  rhombic  prisms  ocP,  bevelled  at  each  end  by  the  hemihedral  faces  —. 
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Ammonio-sodic  tartrate,  C^H*Na(NH'')0'^.4H-0,  is  obtained  by  saturating  acid  tar- 
trate of  ammonium  with  carbonate,  of  sodium,  and  concentrating  the  solution  ;  also  by 
mixing  the  warm  solutions  of  equivalent  quantities  of  the  sodium-  and  ammonium-salts 
of  racemie  acid,  and  cooling  the  solution,  or  leaving  it  to  evaporate,  dextro-  and  Isvo- 
tartrato  of  sodium  and  ammonium  being  then  deposited  in  equal  quantities.  The 
crystals,  which  are  often  of  considerable  size,  are  trimetric,  and  isomorphous  with 
those  of  the  potassio-sodic  salt.  Axes  a:b:  c  =  0-8233  :  1_:  0-4200.  Angle  cxjP  :  ooP 
(macr.)  =  78°  36"  ;  ooP2  :  wl'2  (macr.)  =  44°  44' ;  Poo  :  Poo  (basal)  =  54°  4' ;  Poo  : 
f  00  (basal)  =  45°  34'  ;  2Poo :  2Poo  (basal)  =  80°  4'.     Ordinary  combination  ooP  . 

_  V  ^  -  P 

00 P2  (often  predominant)  .  ooPod  .  ooPoo  .  Poo .  2P<» ,  Poo  .oP.^— 2'  the  hemihedral 

faces  being  situated  on  one  side  or  the  other  of  the  crystals,  according  as  the  salt  is 
dextro-  or  laevo-rotatory.  Eotatory  power  [a]j  =  *26°.  Specific  gravity  of  the 
crystals  =  1-687.  (Schiff.) 

lAthio-sodic  tartrate,  C''H'LiNaO'.2H'^0,  resembles  the  lithio-potassic  salt. 

Potassio-sodic  tartrate,  Bochelle  or  Seignette  salt,  C'H'KNaO^.iH'O. — This  splendid 
salt  is  prepared  by  adding,  in  small  portions  and  successively,  4  pts.  cream  of  tartar, 
and  about  3  pts.  of  crystallised  sodic  carbonate,  to  ]  2  pts.  of  boiling  water.  When  the 
whole  has  been  added,  the  liquid  must  be  tested,  to  ensure  that  it  is  slightly  alkahne, 
and  then  concentrated  by  evaporation.  On  cooling,  it  deposits  fine  large  crj'stals  of 
the  double  salt,  and  the  mother-liquors  yield  an  additional  quantity  ;  after  a  certain 
time,  however,  they  deposit  nothing  but  needles  of  sodic  tartrate  ;  but  by  redissolviug 
these,  and  adding  cream  of  tartar,  an  additional  quantity  of  Eochelle-salt  may  be 
obtained.  The  crystals,  which  are  often  very  large,  are  rhombic  prisms,  isomorphous 
with  the  preceding  salt.  Axes  a  :  b  :  c  =  0-8317  :  1  :  0-4296.  Angle  ooP  :  ooP 
(macr.)  =  79°  30';  <»P2  :  00P2  (macr.)  =  45°  10';  Poo  :  Poo  (basal i  =  54°  38"; 
Poo :  f  00  (basal)  =  46°  30';  2Po3  :  2f'oo  (basal)  =  81°  20'.  The  crystals  exhibit,  for 
the  most  part,  the  same  faces  as  the  ammonio-sodic  salt ;  !&oo  .however,  is  usually  but 
slightly  developed.    Specific  gravity  =  1-767  (Schiff) ;  1-790  (Buignet). 

The  crystals  melt  in  their  water  of  crystallisation  between  70°  and  80°,  forming  a 
transparent  liquid,  which  begins  to  boil  at  120°,  the  ebullition  continuing  till  the  tem- 
perature rises  to  215°,  by  which  time  all  the  water  (amounting  to  25-1  per  cent.)  is  driven 
off.  The  residue  is  a  viscid  mass,  which  remains  transparent  when  cold,  and  absorbs  mois- 
ture from  the  air  (Fresenius,  Ann.  Ch.  Pharm.  liii.  234). — The  dry  salt  dissolves  in 
2-62  pts.  water  at  5°  (Fresenius).  The  crystals  dissolve  in  3-3  pts.  water  at  3°,  in 
2-4  pts.  at  11°,  and  in  1-5  pt.  at  26°  (Osann) ;  in  2  pts.  at  5-6°,  in  1-2  pts.  at  12-5°,  in 
0-42  pt.  at  25°,  and  in  0-3  pt.  at  37-6°  (Brandes).  The  solution  saturated  at  8°  has 
a  density  of  1-254. 

Eubidio-sodic  tartrate,  C'H^RbNaOMH'O.— The  solution  of  this  salt,  when  left  to 
evaporate  spontaneously,  solidifies  to  a  transparent  jelly  ;  but,  by  slow  cooling  of  a  hot 
solution,  crystals  are  obt.ained  isornorphous  with  Eochelle-salt,  and  exhibiting  the  same 
faces,  with  addition  of  2P2  and  2Pa> .  (Piccard,  Jahresb,  1864,  p.  125.) 

Tartrates  of  Thallium. — The  neutral  salt,  C^'S*T:\-0^,  is  slightly  soluble  in 
water  and  in  alcohol.  The  crystals,  which  usually  occur  as  twins,  appear  to  be  trimetric, 
but  different  in  form  from  the  neutral  ammonium-  and  potassium-salts.  De  la  Pro- 
vostaye  gives,  as  approximate  measurements  of  the  angles,  ooP  :  ooP  (macr.)  =  60°  ; 

ooP  :  ooP,  =  120°;  .  oatoo  :  foo  =  131°;  ccP  :  I'oo  =  110°.  The  crystals  are 
anhydrous  alterable  in  the  air,  become  carbonised  at  170°,  and  at  higher  temperatures 
leave  yellow  oxide  of  thallium,  with  a  small  quantity  of  reduced  metal. 

The  acid  scdt,  C^H^TIC,  is  precipitated,  on  adding  tartaric  acid  to  a  solution  of  the 
neutral  salt,  in  small  flat  prisms,  which__are  difficult  tn  measuro.  De  la  Provostaye 
gives,  asjipproximate  angular  values,  ooPoo :  ooP  =  123°;  Poo:  foo  =  108°  to  110°; 

oof  00  :  Poo  =  125°  to  126° ;  these  angles  are  nearly  the  same  as  in  the  acid  tartrates 
of  ammonium  and  potassium.  This  salt  is  lees  soluble  than  the  neutral  tartrate  of 
thallium.  (Kuhlmann,  Jahresb.  1862,  p.  188.) 

fi.  Tartrates  containing  Diatomic  Metals. 

Tartrate  or  Barium,  C'K''Ba"0^  is  precipitated,  on  mixing  tartrate  of  potas- 
sium with  chloride  of  barium,  or  tartaric  acid  with  baryta-water,  in  white  flocks,  which 
become  ci^stalliue  when  left  at  rest ;  it  is  insoluble  in  excess  of  tartaric  acid. 

Potassio-baric  tartrate,  C'*H'Ba"K'^0'-.2H-'0,  or  C^H'Ba"0''.C'H'K-'0'-'.2H'0,  is 
obtained,  as  a  sparingly  soluble  pulverulent  precipitate,  on  evaporating  a  solution  of 
cream  of  tartar  with  baryta-water. — Sodio-baric  tartrate,  C"H'Ba"Na'0'^.2H-'0,  is  pre- 
cipitated on  mixing  a  solution  of  Eochelle-salt  with  chloride  of  barium  ;  if,  however, 
the  .solutions  are  dilute,  it  separates,  after  some  time  only,  in  the  form  of  needles;  it 
is  slightly  soluble  in  water,  more  soluble  in  solution  of  Eochelle-salt. 
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Tartrate  of  Cadmium  forms  woolly  needles,  nearly  in  sol  iiLle  in  water. 

Tartrates  of  Calcium. — The  neutral  salt,  C'H^Ca"0".-lH^O,  exists  in  several 
plants,  especially  in  grapes,  and  is  sometimes  found  in  small  crystals  in  the  tartar 
deposited  from  the  juice.  It  is  precipitated,  as  a  white  crystalline  powder,  on  mixing 
tartrate  of  potassium  with  a  solution  of  calcic  cliloride ;  if  the  liquors  are  dilute,  the 
precipitate  docs  not  appe.ar  for  some  minutes.  Tartaric  acid  forms,  with  lime-water, 
copious  whito  flocks,  wliich  gradually  become  crystalline ;  the  precipitate  redissolves  in 
excess  of  tartaric  acid  ;  and  the  solution,  when  left  at  rest,  deposits  crystals  of  neutral 
calcic  tartrate.  The  hard  shining  crystals  of  this  salt  are  right  rhomboi'dal  prisms, 
ooP,  having  the  basal  summits  modified  by  the  octahedral  face  P.  Anglo  ooP  : 
ooP  =  97°  30';  P  :  P  =  122°  16'.  (Pasteur.) 

Tartrate  of  calcium  is  very  slightly  soluble  in  cold,  rather  more  soluble  in  boiling 
water.  According  to  F.  Mohr  (Jahresb.  1865,  p.  393),  it  requires  for  solution  6,265 
pts.  of  water  at  15°,  and  352  pts.  of  boiling  water.  Mineral  acids,  acetic  acid,  and 
cream  of  tartar  dissolve  it  easily.  The  solutions,  unless  very  concentrated,  axe  not 
immediately  precipitated  by  ammonia,  but  the  mixture,  after  some  time,  deposits 
crystals  of  neutral  calcic  tartrate.  Tho  flocculent  precipitate  formed  in  a  solution  of 
calcic  chloride  by  neutral  potassie  tartrate,  dissolves  in  sal-ammoniac,  and  the  liquid 
gradually  deposits  crystals  of  calcic  tartrate. 

Crude  tartar  containing  tartrate  (jf  calcium,  when  kept  in  a  moist  warm  place,  often 
passes  into  a  state  of  fermentation,  induced  by  vegetable  organisms  present  in  it,  the 
tartaric  acid  being  converted  into  butyracetic  acid.  This  change  is  especially  liable  to 
take  place  during  tho  preparation  of  tartaric  acid  in  warm  weather,  after  the  crude 
tartar  has  been  mixed  with  lime. 

Acid  tartrate  of  Calcium,  C''H'»Ca"0'-,  or  C'H<Cu"O^C'H''0«  appears  to  exist  in  the 
juice  of  Ehus  Ttipliinum,  and  is  produced  (according  to  Dulk)  on  adding  tartaric  acid 
to  lime-water  till  tho  precipitate  redissolves:  the  solution,  if  left  to  itself,  di-posils 
crystals  of  neutral  calcic  tartrate,  but  if  evaporated  immediatelj',  it  yields  rhombuidal 
octahedrons  of  the  acid  tartrate,  having  the  angles  of  tbe  terminal  odgps  =  82°  oO'  and 
153°.  The  crystals  are  transparent,  redden  litmus,  are  slightly  soluble  in  cold  water, 
more  soluble  in  boiling  water. 

Potassio-calcic  tartrate  appears  to  be  obtained,  in  the  crystalline  state,  by  spon- 
taneous evaporation  of  a  mixture  of  cream  of  tartar  and  lime-water.  N-utral  tartrate 
of  calcium  dissolves  at  a  gentle  heat  in  caustic  potash,  and  the  saturated  solution  deposits 
part  of  the  neutral  salt  on  addition  of  water.  AVhen  boiled,  it  is  converted  into  a 
thick  pasty  mass,  but  becomes  clear  again  on  cooling.  Tartrate  of  calcium  dissolves 
when  boiled  with  solution  of  neutral  potassie  tartrate,  and  the  liquid,  evaporated  to  a 
syrupy  consistence,  solidifies  on  cooling  to  a  mass  of  needles. 

Sodio-calcic  tartrate  is  precipitated  in  flocks,  on  mixing  a  solution  of  Eochelle-salt 
with  chloride  of  calcium  ;  if  the  solutions  are  dilute,  it  is  gradually  deposited  in  small 
needles.  It  is  slightly  soluble  in  water,  more  soluble  in  excess  of  Eochelle-salt,  still 
more  in  chloride  of  calcium. 

Caustic  soda  reacts  with  tartrate  of  calcium  like  caustic  potash. 

Tartrate  of  Cobalt  is  a  red  crystallisable  salt. — Potassio-cobaltous  tartrate 
forms  largo  rhomboi'dal  prisms. 

Tartrates  of  Copper. — Cupric  tartrate,  C^H^Cu"0°.3H'-'0,  is  a  light-green 
crystalline  powder,  precipitated  on  mixing  the  neutral  potassium-salt  witli  cupric  sul- 
phate or  nitrate.  It  dissolves  in  1,715  pts.  of  cold  water,  and  in  310  pts.  of  boiling 
water;  also  in  nitric  acid,  but  is  insoluble  in  tartaric  acid. 

Potassio-nipric  tartrate  is  obtained  in  blue  crystals  by  boiling  cupric  oxide  or 
carbonate  with  cream  of  tartar.  Cupric  tartrate  dissolves  in  caustic  potash,  form- 
ing a  blue  liquid.  Cupric  salts  mixed  with  tartaric  acid  are  not  precipitated  by 
alkalis. 

A  solution  of  cupric  sulphate  mixed  with  potash,  and  a  sufficient  quantity  of  tartaric 
acid  to  prevent  precipitation,  is  reduced  by  boiling  with  many  organic  substances, 
especially  glucose,  and  is  used  for  the  estimation  of  the  latter  (ii.  860). 

When  a  solution  of  potassio-cupric  tartrate  is  exposed  to  the  action  of  chlorine,  or 
mixed  with  an  alkaline  hypochlorite,  not  in  excess,  a  yellow  precipitate  is  formed,  con- 
sisting of  a  compound  of  2  at.  cuprous  formate  (CHCu'O-)  with  1  at.  sodic  carbonate 
(CNa'O^) ;  afterwards  cuprous  oxide  is  separated.  (E.  Mil  Ion,  Compt.  rend.  Iv.  513  ; 
Jahresb.  1862,  p.  216.) 

A  basic  sodio-aipric  tartrate,  C'H*Na-Cu"0'l2Cu0.7H'0  (?),  is  obtained  by  dissolving 
cupric  tartrate  in  a  boiling  solution  of  sodic  carbonate  ;  the  blue  liquid,  when  concen- 
trated, deposits  the  double  salt  in  mammellated  groups  of  small  tabular  crystals,  very 
soluble  in  water.  If  the  boiling  be  too  much  prolonged,  a  precipitate  of  cuprous  oxido 
is  formed. 
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Ammoniacal  Cupric  Tartrates. — The  tetrammoniated  salt,  4NH'.C*H*Cu''0*,  or  tartrate 
of  ammocupraminonium,  C*H'[N'H''(NH'')^Cu"]"0',  remains,  on  evaporating  a  solution 
of  cupric  tartrate  in  ammonia,  as  an  uncrystallisable,  hard,  vitreous  mass,  permanent 
in  the  air.  Its  aqueous  solution  is  also  very  permanent,  does  not  act  upon  cellulose, 
and  is  not  reduced  by  heating  with  glucose.  At  150°  it  gives  off  all  its  ammonia; 
between  100°  and  llO''  only  half,  leaving  tartrate  of  cuprammcnium,  2NH'.C'H'Cu"0* 
=  C*H'(N=H'=Cu")"0«. 

Cupric  tartrate  dissolves  easily  also  in  aqueous  ethylamine,  forming  a  dark-blue 
liquid,  which,  on  evaporation,  leaves  a  blue,  vitreous,  deliquescent  salt,  approximating 

in  composition  to  the  formula  C*H*[_j^-jj2^c2jj5)| Cu'jO'*.  (Schiff,  Jahresb.  1862, 

p.  204.) 

Tartrate,  Ferrous. — White  or  pale-green  crystalline  powder,  precipitated  on 
mixing  a  solution  of  ferrous  sulphate  with  tartaric  acid  or  neutral  potassic  tartrate,  or 
on  dissolving  metallic  iron  in  tartaric  acid.  It  dissolves  easily  in  caustic  alkalis, 
forming  a  solution  which  oxidises  quickly  on  exposure  to  the  air. 

Tartrates  of  Lead. — The  monoplumbic  or  dibasic  salt,  C'H'Pb"0^  is  a  white 
crystalline  precipitate,  obtained  by  mixing  nitrate  or  acetate  of  lead  with  tartaric 
acid.  It  is  very  soluble  in  nitric  acid  and  in  excess  of  tartaric  acid  ;  also  in  tartrate 
of  ammonium,  the  concentrated  solution  solidifying  to  a  gelatinous  mass.  When 
treated  with  chloride  of  acetyl,  it  yields  chloride  of  lead  and  a  thick  yellowish  syrup, 
■which  decomposes  at  13i)'-',  with  evolution  of  carbonic  oxide  and  carbonic  anhydride. 
(Schiitzenb erger,  Jahresb.  1861,  p.  439.) 

A  diplumbic  or  tetrabasic  salt,  C'H-Pb-O",  is  obtained  by  boiling  an  ammoniacal 
solution  of  the  monoplumbic  salt.  (Erdmann,  Ann.  Ch.  Pharm.  xxi.  19. — Heintz, 
Zeitschr.  Ch.  Pharm.  1861,  p.  17.) 

Tartrates  of  Magnesium. — The,  neutral  salt,  C''H-'Mg"0''.4H^0,  is  obtained 
in  crystalline  crusts,  by  evaporating  a  solution  of  magnesium-carbonate  in  tartaric  acid. 
It  dissolves  in  122  pts.  of  water  at  16°.— The  acid  salt,  C"Hi°Mg"0'2  (crystallised),  is 
formed  in  the  preparation  of  the  neutral  salt  when  an  excess  of  tartaric  acid  is  used. 
It  forms  crystalline  crusts,  soluble  in  52  pts.  water  at  16°. 

Putassio-magncsic  tartrate,  C*H'Mg"K'^0*.4H^0,  is  obtained,  in  crystals,  by  boiling 
cream  of  tartar  with  water  and  carbonate  of  magnesium. — An  ammonio-magncsic  salt 
of  corresponding  composition  is  obtained  in  a  similar  manner. — The  sodh'-magnexic 
salt,  C'H'*Mg"Na'0'.5H^0,  is  deposited,  on  evaporating'a  mixture  of  Koehelle-salt  and 
carbonate  of  magnesium,  in  monoclinic  prisms  having  the  angles  ooP  :  ooP  =  129° ; 
oP  :  ooPo)  =  103°.  Ammonia  throws  down  from  the  solution  of  either  of  these  salts 
a  basic  tartrate  of  magnesium,  C'H''Mg"0^Mg"0.2II-0,  the  formation  of  which 
interferes  considerably  with  the  use  of  tartaric  acid  in  Otto's  method  of  separating 
phosphoric  acid  from  certain  bases :  hence  citric  acid  is  preferable  for  this  purpose. 
(See  Phosphoric  Acid,  iv.  547.) 

Tartrate  of  Manganes e. — A  solution  of  neutral  potassic  tartrate,  mixed  with 
manganous  chloride,  first  deposits  acid  tartrate  of  potassium,  and  then  colourless 
crystals  of  manganous  tartrate,  which  are  decomposed  by  boiling  water  into  a  soluble 
acid  salt  and  an  insoluble  basic  salt.  By  dissolving  manganous  carbonate  in  cream  of 
tartar,  a  very  soluble  salt  is  obtained,  difficult  to  crystallise. 

Tartrate,  Mercuric. — White  precipitate,  insoluble  in  water,  very  soluble  in 
■weak  nitric  acid. 

Amnwnio-mcrcuric  tartrate,  obtained  by  boiling  acid  tartrate  of  ammonium  with 
mercuric  oxide,  forms  small  prisms  soluble  in  water. —  Tartrate  of  niercurammoninm 
is  obtained,  by  digesting  mercuric  tartrate  •with  ammonia,  as  a  white  powder 
insoluble  in  water.  It  appears  also  to  be  formed  when  mercuric  oxide  is  heated 
with  neutral  tartrate  of  ammonium:  the  oxide  then  dissolves,  with  evolution  of 
ammonia ;  and  if  an  excess  of  it  be  used,  a  white  compound  separates  ;  the  filtered 
liquid,  when  concentrated,  deposits  needles,  and,  on  addition  of  water,  a  white  precipi- 
tate, containing  C«H'»(N=H^Hg5)"0'^6H=0.  (Harff,  Brandes' Arch.  v.  259.— Burck- 
hardt,  ibid.  [2]  xi.  257.) 

Potassio-mcrcuric  tartrate  is  obtained,  in  small  slightly  soluble  prisms,  by  digesting 
mercuric  oxide  with  cream  of  tartar. — When  cream  of  tartar  is  boiled  with  chloride 
of  mercurammonium  (white  precipitate),  a  large  quantity  of  carbonic  anhydride  is 
evolved;  the  filtered  liquid  deposits,  on  evaporation,  sparingly  soluble  salts  containing 
jTiercury ;  and  the  mother-liquors  yield  needles,  apparently  consisting  of  the  compound 
4C'H^KO''.Hg"Cl-.6H^O. 

Tartrate  of  Nickel. — Precipitated  as  a  green  crystalline  powder,  nearly 
insoluble  in  water,  on  saturating  a  boiling  solution  of  tartaric  acid  with  hydrate  or 
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carbonate  of  nickel.  It  dissolves  easily  in  a  hot  solution  of  caustic  potash  or  soda,  or 
in  sodic  carbonate,  the  solution  solidifying  to  a  pasty  mass  on  cooling.  Nickel-salts 
mixed  with  tartaric  acid  are  not  precipitated  by  alkalis. 

Tartrate  of  Nickd  and  Potassium,  C''H''Ni"K-0''^  (at  110^),  is  produced  by  heating 
carbonate  of  nickel  with  finely-pulverised  cream  of  tartar  and  water.  The  resulting 
green  solution  is  decomposed  by  boiling,  but,  when  evaporated  over  oil  of  vitriol,  it 
yields  an  apple-green  crystalline  powder,  wliich  effloresces  in  the  air,  and  dissolves  com- 
pletely in  water. 

Taut  KATE  of  Palladium. — Light-yellow  precipitate,  formed  on  mixing  nitrate 
of  palladium  with  an  alkaline  tartrate. 

Tartrates  OF  Strontium. — The  neutral  salt,  C^H^Sr"0''.4H'0,  is  deposited, 
on  mixing  a  cold  solution  of  potassic  tartrate  with  nitrate  of  strontium,  in  monoclinic 
prisms,  having  the  angle  oP  :  ooP  =  92°  35' ;  ooP  :  coP  =  125°20'(De  la  Pro- 
vostaye).  It  dissolves  in  147  pts.  of  water  at  16°,  and  is  moderately  soluble  in  solu- 
tion of  sal-ammoniac. — According  to  M arignac  (Ann.  Min.  [5],  xv.  280;  Jahresb. 
1869,  p.  286),  a  solution  of  strontium-carbonate  in  excess  of  hot  aqueous  tartaric  acid 
deposits  the  neutral  .salt  on  cooling  in  trihydrated  crystals,  C*H^Sr"0^3H-'0,  having 
the  form  of  monoclinic  prisms,  ooPoo  .  [  ooPoo  ]  .  oP  .  -i- Poo  .  —  Pco,  in  which 
ooP  occurs  with  only  two  faces,  situated  to  the  right  when  the  crystal  is  placed  with 
the  clinodiagonal  directed  towards  the  observer,  and  the  obtuse  angle  of  the  inclined 
axis  to  the  front  and  above  ;  also  a  face  of  -t-  P  and  a  face  of  —  P  to  the  left.  Angle 
ooPoo  :  ooP  =  140°  1';  oP  :  ooPco  =  102°;  ooPoo  :  4- Poo  =  123°  43';  ckP« 
:  -Poo  =  137°  32';  oP  :  H-P  =  128°  4';  oP  :  -P  =  138=  20'.  The  crystals 
do  not  give  off'  any  water  at  100°. 

Tart  rate  of  Strontium  and  Ammonium,  C'H*Sr"(NII*)-0''.12H^0,  separates  from  the 
mother-liquor  of  the  neutral  strontium-salt,  on  neutralisation  with  ammonia,  in  thin 
rectangidar  lamina?,  which  are  trimetric  combinations,  oof  00  .  ccP  .  aat'i  .  f  x  ,  with 
four  P-faces  occurring  hemihedrally.  Anglo  ccfoo  :  ooP  =  124°  58';  ccfcc  :  Poo 
=  124°  20' ;  ooP  :  P  =  140°.    (Mari  gn  ac, /oc.  cfi:.). 

Tartrate  of  Strontium  and  Potassium,  C"H'*Sr"K'^0'-.2H'0,  is  obtained  like  the  cor- 
responding barium-salt  (p.  680). — The  sodimn-salt,  C"H*Sr"Na^O'^  (after  drying),  is 
obtained,  as  a  gummy  very  soluble  mass,  by  saturating  strontia-water  with  acid  tar- 
trate of  sodium,  and  evaporating. 

Tartrate  of  Tin.  Stannous  Tartrate,  C'H^Sn"0''. — Prepared  by  pouring  a 
boiling  solution  of  tai-taric  acid  into  a  concentrated  solution  of  stannous  acetate.  It 
forms  white  microscopic  crystals,  consisting  of  prisms  with  rectangular  base,  soluble  in 
cold  water,  more  soluble  and  without  decomposition  in  boiling  water,  still  more  in 
water  acidulated  with  tartaric  acid,  the  solution  not  being  precipitated  by  ammonia. 
When  strongly  heated,  it  leaves  a  residue  of  stannic  oxide. 

By  treating  the  acid  tartrates  of  ammonium  and  potassium  with  stannous  oxide, 
salts  are  formed  which  crystallise  well,  and  appear  to  be  perfectly  stable  in  presence  of 
water. 

Tartrate,  Uranous. — Tartaric  acid  throws  down  from  uranous  chloride  a 
greyish-green  precipitate,  consisting  of  a  basic  salt,  2C'IPU"0".U"II-0'^,  which  is  very 
soluble  in  hydrochloric  acid,  and  is  not  precipitated  by  ammonia. 

Tartrates  of  Yttrium. — The  neutral  salt,  C'II'Y"0''.4H'0,  is  formed,  on 
adding  neutral  tartrate  of  potassium  to  acetate  of  yttrium,  as  a  bulky  precipitate  solu- 
ble in  excess  of  the  potassium- salt.  Its  solution  in  an  equivalent  quantity  of  tartaric 
acid  deposits  after  a  while  a  crystalline  precipitate,  insoluble  in  water,  consisting  of 
the  acid  salt,  C'H"'Y"0'-.  (Popp,  Jahresb.  1864,  p.  205.) 

Tartrate  of  Zinc. — Hot  concentrated  solutions  of  zinc-sulphate  and  neutral 
potassic  tartrate,  yield  a  yellowish-white  crystalline  precipitate,  very  slightly  soluble 
in  water,  easily  soluble  in  .caustic  potash  or  soda.  Cream  of  tartar  digested  with 
excess  of  zinc  or  its  oxide,  forms  a  solution  which  deposits  a  white  powder,  and  dries  up 
to  a  gummy  mass. 

7.  Tartrates  containing  Triatomic  Metals  and  Metalloids. 

Tartrate  of  Aluminium. — This  salt  occurs  in  Lycopodium  clavatum.  Its 
solution,  when  evaporated,  leaves  a  gummy  non-deliquescent  mass. 

The  solution  of  neutral  potassic  tartrate  dissolves  a  large  quantity  of  alumina 
without  becoming  alkaline  ;  the  liquid,  on  addition  of  alcohol,  deposits  oily  drops,  the 
aqueous  solution  of  which  dries  up  by  evapoi-ation  to  a  gummy  mass,  containing  both 
potash  and  alumina.  Acid  tartrate  of  potassium  likewise  dissolves  alumina,  forming 
an  amorphous  mass,  which  is  not  precipitated  by  alkalis. 

Tartrates  OF  Antimony.  (Eespecting  the  several  views  of  the  constitutioia 
of  these  salts,  see  p.  676).— Neuiral  antimonious  tartrate,  C''H'(SbO)'OM1^0,  is  the 
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■white  granular  precipitate  formed  on  adding  alcohol  to  a  solution  of  antinionious 
oxide  in  aqueous  tartaric  acid.  It  is  insoluble  in  water,  gives  off  its  water  of  crystal- 
lisation at  100°,  and  an  additional  atom  of  water  at  190°,  leaving  the  salt 
C^H■^(SbO)"0^  analogous  in  composition  to  the  first  anhydride  of  tartaric  acid. — Acid 
antinionious  tartrate,  C<H\SbO)0«,  or  C^H^SbOf  C.G^H^O'^  (?),  appears  to  be  farmed 
on  adding  alcohol  to  the  concentrated  solution  of  the  hyperacid  salt.  At  160°  it  gives 
off  1  at.  water,  leaving  the  salt  C•'HXSbO)0^— The  hyperacid  salt,  C*H\SbO)=0«. 
3C'H'*0^5H-0,  is  deposited,  after  some  time,  from  a  syrupy  solution  of  antimonious 
oxide  in  excess  of  tartaric  acid,  in  large  crystals  derived  from  a  right  rectangular 
prism.  It  is  very  soluble  in  water,  deliquesces  in  moist  air,  and  gives  off  23-1  per  cent, 
water  at  160°.  (Peligot,  Arm.  Ch.  Phys.  [3]  xx.  289.) 

Ammonio-antimonioiis  tartrate,  C*H^(NH'')(SbO)0^|-H-0,  is  produced  by 
boiling  antimonious  oxide  with  solution  of  acid  tartrate  of  ammonium.  The  filtered 
solution,  evaporated  to  a  stiff  jelly,  gradually  yields  rather  large  octahedral  crystals 
belonging  to  the  trimetric  system,  in  which  the  axes  a  :  b  :  c  =  0'8923  :  1  :  1-0801. 
Angle  P  :  P  (brach.)  =  110°  58';  P  :  P  (macr.)  =  101°  8' ;  P  :P  (basal)  = 
116°  42'.  Ordinary  combination,  P  .  oP  .  2P  .  ooP,  the  P-faces  being  predomi- 
nant, and  four  of  them,  so  situated  as  to  form  by  extension  a  rhombic  sphenoid,  being 
more  developed  than  the  other  four.  Cleavage  parallel  to  oP.  The  crystals  are 
isomorplious  with  those  of  ordinary  tartar-emetic,  and  more  soluble  than  the  latter. 
They  effloresce  on  exposure  to  the  air,  and  give  off  ammonia  when  heated  a  little 
above  100^. 

When  the  octahedral  crystals  just  described  have  been  removed  from  the  mother- 
liquor,  this  liquid  yields,  in  a  short  time,  fine  prismatic  crystals,  much  more  efflorescent 
than  the  octahedral  crystals,  and  containing  |  at.  water  (15'3  per  cent.),  which  tbey 
give  off  at  100°.  These  crystals  are  rhombic  prisms,  having  the  angle  ooP  :  ooP  = 
127°,  and  hemihedral  from  having  two  only  of  the  edges  of  each  base  replaced  by  tlie 
P 

octahedral  faces  forming  an  angle  of  85°  30',  and  situated  alternately  on  the  two 
bases.  (Pasteur.) 

Fotassio-antimonious  tartrate, C*WK{SbO)0'^.^R''0.  Tartar-emetic.  Tar- 
tarus emeticiis.  Tartarus  stibiatus.  Brechweinstein.  Spicssglanzwcinstein. — This 
salt  was  known  to  the  older  chemists.  It  is  generally  said  to  have  been  discovered 
by  Mynsicht  (about  1631),  but  it  had  been  previously  mentioned  by  Basil  Valentine, 
about  the  end  of  the  fifteenth  century.  It  is  prepared  by  boiling  3  pts.  antimonious 
oxide  for  about  half  an  hour  with  4  pts.  cream  of  tartar,  renewing  the  water  as  it 
evaporates,  and  filtering  the  solution  while  still  hot.  Instead  of  antimonious  oxide 
the  oxychloride  (algaroth-powder)  or  oxysidphide  (glass  of  antimony)  may  be  used. 

Potassio-antimonious  tartrate  forms  octahedral  crystals  isomorplious  with  the  corre- 
sponding ammonium-salt,  and  exliibiting  the  same  faces  and  direction  of  cleavage. 
Axes  a:b:c  =  0-9556  :  1  :  1-054.  Angle  P  :  P  (brach.)  =  108°  16'  ;  P  :  P  (macr.) 
=  104°  22';  P  :  P  (basal)  =  116°.  "Optical  rotatory  power  [a]j  =  +156°  2'. 
Specific  gravity  of  the  crystals  =  2-607  (Schiff);  2-588  (Buignet). 

Tartar-emetic  gives  off  part  of  its  water  of  crystallisation  on  exposure  to  the  air,  the 
crystals  then  becoming  opaque,  and  the  whole  at  100°.  AVhen  heated  to  200°,  it  gives 
off  another  atom  of  water,  and  leaves  the  salt  C-'H'K(SbO)0*,  analogous  in  constitu- 
tion to  the  first  anhydride  of  tartaric  acid. 

Tartar-emetic  dissolves  in  14-5  pts.  of  cold  and  1-9  pt.  of  boiling  water.  The 
solution  yields  a  crystalline  precipitate  with  alcohol,  reddens  litmus,  and  has  a  nauseous 
metallic  taste.  It  is  used  in  medicine ;  from  5  to  10  centigrammes  are  .<;ufficieut  to 
excite  vomiting ;  in  large  doses  it  is  poisonous.  It  is  also  used  externally  as  an  in- 
gredient of  pommades  and  plasters  for  the  treatment  of  skin-diseases,  chronic  catarrh, 
&c. 

Sid2ihuric,  hydrochloric,  and  nitric  acids  form,  with  solution  of  tartar-emetic,  white 
precipitates  consisting  of  basic  antimony-salts,  soluble  in  excess  of  those  acids,  and  in 
tartaric  acid. — Ammonia  forms,  in  the  concentrated  aqueous  solution,  a  white  precipi- 
tate of  antimonious  oxide  insoluble  in  excess  of  ammonia. — Potash  forms  a  similar 
precipitate,  soluble  in  excess. — Mercuric  cJdoridc  forms  a  precipitate  of  calomel. — 
Sulphydric  acid  throws  down  orange-red  antimonious  sulphide ;  infusiv7i  of  galls 
throws  down  white  flocks,  and  produces  a  cloud  even  in  dilute  solutions. 

Tartar-emetic  is  reduced  at  a  white  heat,  yielding  an  alloy  of  antimony  and  potas- 
sium, mixed  with  charcoal,  which  decomposes  water  with  evolution  of  hydrogen,  and, 
when  brought  in  contact  with  a  few  drops  of  water,  sometimes  produces  violent  ex- 
plosions. 

An  acid  potassio-antimonious  tartrate,  C'H*K(SbO)O^C^H''"0°.|H-0,  is  usually 
contained  in  the  mother-liquors  of  ordinary  tartar-emetic,  and  is  likewise  produced 
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by  mixing  9  pts.  of  the  latter  witli  4  pts.  of  t.artaric  acid,  and  evaporating  at  a  gentle 
heat.  The  solution  first  deposits  crystals  of  common  tartar-emetic,  then  (when  it  h:is 
attained  a  syrupy  consisteueo)  coufuseil  crystals  of  the  acid  salt,  having  the  form  of 
oblique  rhomboidal  prisms,  which  effloresce  on  exposure  to  the  air,  and  give  oiF  9''2'2 
per  cent,  water  at  100°.  Alcohol,  added  to  the  solution  of  this  salt,  throws  down 
tartar-emotic,  leaving  tartaric  acid  in  solution.  (Knapp,  Ann.  Ch.  Pharm.  xxxii. 
76.) 

A  compound  of  tariar-emctk  mid  cream  of  tartar,  C'H-'K(SL0)0^3C'H^K0'',  is 
obtained  by  boiling  equal  weights  of  the  two  salts  with  water.  On  adding  carbonate 
of  potassium  to  the  solution  as  long  as  effervescence  takes  place,  and  evaporating, 
mammellated  groups  of  needles  are  obtained,  resembling  wavellite  in  aj)pearance,  and 
probably  consisting  of  a  compound  of  tartar-emetic  with  neutral  tartrate  of  potassium. 
They  are  very  soluble  in  water,  and  tartaric  acid  added  to  the  solution  throws  down 
scales  of  the  preceding  salt.  (Knapp.) 

Votassio-antimonic  tartrate,  probably  C''H'K(SbO-)0''.  j"H^O,  is  prepared, 
like  tartar-emetic,  with  antimonic  oxide  and  cream  of  tartar.  The  solution,  which 
is  not  precipitated  by  hydrochloric  acid,  di'ies  up  on  evaporation  to  a  gummy  mass. 
(Geiger  andKeimann,  Mag.  Pharm.  svii.  18. — -Mitscherlich,  Pogg.  Ann.  Ixxiii. 
396.) 

Rubidio-antimoniotts  tartrate,  C'H^Rb(SbO)0''.|H-0. — Prepared  like  tartar- 
emetic.  The  solution,  filtered  at  the  boiling  heat,  first  deposits  crystalline  crusts  con- 
taining but  little  antimony  (probably  impure  acid  tartrate  of  rubidium),  and,  when 
further  concentrated  and  left  to  itself,  crystals  of  the  double  salt,  isomorphous  with 
tartar-emetic.  (Graudeau,  Ann.  Ch.  Phys.  [3]  Ixvii.  155.) 

Sodio-aniimonious  tartrate,  C'H'Na(SbO)0''.3H-'0,  is  prepared  in  the  same 
manner  as  the  potassium-salt.  The  crystals,  which  absorb  moisture  from  the  air,  are 
trimetricjiaving  the  axes  a  :  b  :  c  =  0-9217  :  1  :  1-08.  Angle  ooP  :  ooP  =  85°  20'; 
QoP  :  ooPgo  =  137°  20'.    Ordinary  combination  ooP  .  <x  Poo  .  ccPco  .  oP  .  Poo  . 

Double  Salts,  analogous  to  Tartar-emetic,  obtained  by  Precipitation. 
— The  solution  of  tartar-emetic  fomis,  with  salts  of  barium,  calcium,  strontium,  cad- 
mium, lead,  and  silver,  precipitates  consisting  of  tartar-emetic  in  which  the  potassium 
is  replaced  by  the  other  metal. — The  argentic  salt  has  the  composition  C'H'Ag(SbO)0''. 
— The  other  salts  are  represented  by  the  general  formula  C^H''M"(SbO)-0'-. — The 
barium-salt  is  precipitated  in  white  scales,  containing  2  at.  water,  which  they  give  oif 
at  150°.— The  cadmmm-mlt.  m\"C<r(&\>0)-0^-  (at  100°),  gives  off  2  at.  water  at 
200°,  leaving  the  salt  C»H^Cd"(SbO)^0"' (Schiff,  Jahresb.  1857,  p.  221).— A  com- 
pound of  calcio-antimonious  tartrate  vAth  calcic  nitrate,  4C*H''Ca"(SbO)-0'*.Ca''N'-'0". 
6H-0,  crystallises  from  a  solution  of  tartar-emetic  mixed  with  excess  of  calcic  nitrate, 

in  trinntric  combinations  oP  .  ootoo  .  cxP  .  foo  .  ^tco  .  Pco  .  ?.  (sphenoidally  he- 

mihedrab),  which,  when  oP  and  ooPoo  are  predominant,  and  ocP  and  Pco  equally 
developed,  present  the  appearance  of  quadratic  forms  with  the  faces  ooP  and  P  predo- 
minating. Angle  ooP  :  ooP  (brach.)  =  12i°  6';  P^  :  Poo  (basal)  =  124°  40'; 
oP  :  f*=o  =  134°  39'.  The  compound,  when  recrystallised,  is  partially  decomposed, 
with  separation  of  pulverulent  caleio-antimonious  tartrate  (Marignac,  Ann.  Min.  [5] 
XV.  280;  Jahresb.  1859,  p.  287). — Strontio-antimonioiis  tartrate,  CW^v'^QhOfO^-,  firtt 
prepared  by  Kessler,  is  obtained  by  dissolving  pidverised  tartar-emetic  in  a  cold 
solution  of  excess  of  strontium-nitrate  ;  and  separates,  on  warming  the  liquid,  inhexa- 
oonal  combinations  of  ooP  with  P,  2P  or  oP.  Angle  P  :  P  (terminal)  =  138°  26'; 
2P  :  2P  (terminal)  =  126°  48';  coP  :  P  =  135°  12';  ccP  :  2P  =  153°  3G' 
(Marignac,  he.  cit.).  By  digesting  1  pt.  of  strontium-nitrate  with  2  pts.  water  and 
an  excess  of  strontio-antimonious  tartrate  at  30° — 35°,  and  leaving  the  filtrate  to 
evaporate,  large  very  soluble  crystals  are  obtained,  consisting  of  the  compound 
C"H''Sr"(SbO)-0''-'.Sr"N'0''.H-0,  the  solution  of  which  deposits  strontio-antimonious 
tartrate  on  boiling.  (Kessler,  Pogg.  Ann.  Ixxv.  410.) 

Double  Salts  of  Antimonious  Tartrate  con t a i n i ng  Orga n i c  Bases. — 
These  salts  are  prepared  by  boiling  the  acid  tartrates  of  the  several  bases  with  anti- 
monious oxide,  or  the  bases  themselves  with  tartar-emetic. — The  bcrherinc-salt, 
C<H\C-''H''''NO')(SbO)0",  crystallises  like  wavellite,  is  very  slightly  soluble  in  cold 
water,  and  may  be  recrystallised  without  drcomposition  from  alcohol  (Stenhouse, 
.Tahresb.  1863,  p.  452).— The  brucinc-salt,  C'H\C"H'"N-0)(SbO)0",  forms  short  very 
brittle  crystals  (Stenhouse,  ibid.  p.  447). — The  cinchonidifie-salt  crystallises  in 
prisms  easily  soluble  in  water  and  in  alcohol  (Hesse,  ibid.  1865,  p.  445). — The  mor- 
phine-salt forms  nodular  gi'oups  of  crystals,  sparingly  soluble  in  cold  water,  and 
decomposed  by  prolonged  boiling  with  water  (Decharme,  ibid.  1853,  p.  445). — The 
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strychnine-salt  forms  brittle  needles  or  laminae,  very  sliglitly  soluble  in  water.  (St en- 
house.) 

Tartrates  OP  Ahsf.nic. — Arsenious  and  arsenic  oxide  dissolve  in  acid  tar- 
trates of  alkali-metal,  forming  double  salts  analogous  to  tartar-emetic.  (Mit- 
Bchorlich,  Lehrhuch. — Pelouze,  Ann.  Ch.  Phys.  [3]  vi.  63. — Marignac,  loc.  cit.) 

Ammomo-arsenious  tartrate,  C-'H-'(NH*)(AsO)0^iH'0,  is  prepared  by  boiling 
arsenious  oxide  for  a  long  time  with  acid  tartrate  of  ammonium,  tlie  filtered  liquid 
first  depositing  crusts  of  the  latter  salt  with  a  little  arsenious  oxide,  and  afterwards, 
when  strongly  concentrated,  large  efflorescent  crystals  of  the  double  salt,  which  are 
trimetric  combinations  having  the  axes  a:h:c  ~  0-8760  :  1  :  0-694].  Angle  P  :  P 
(brach.)  =  122°  54';  P  :  P  (raacr.)  =  113°52';  P:  P  (basal)  =  93°;  ooP  :  ooP 
(macr.)  =  82°  26' ;  2f'Q0  :  2Poo  (basRl)  =  108"  28'.  Obsen-ed  combination  ooP  . 
00 too  .  P  .  2Poo  .  oP  (Marignac). — The  corresponding ^o^assw/?!-  and  sodium-salts 
are  obtained  in  like  manner,  but  do  not  crystallise  so  well.  Marignac  obtained  the 
potassium-salt  in  rhombic  prisms  of  S2°  50'  with  dihedral  summits  of  85°  10',  resting 
on  the  acute  prismatic  edges. 

Potassio-arsenic  tartrate,  C'H*K(AsO')0''.|H20,  is  obtained  by  adding  1  pt.  of 
cream  of  tartar  to  a  solution  of  rather  more  than  I  pt.  arsenic  oxide  (As-0')  in  5  or  6 
pts.  of  water,  and  raising  the  liquid  to  the  boiling  heat — or,  better,  mixing  it  \vith 
alcohol,  the  double  salt  then  separating  as  a  crystalline  powder.  It  is  very  soluble  in 
water,  which  however  quickly  decomposes  it,  liberating  aoid  tartrate  of  potassium.  It 
parts  with  its  water  of  crystallisation  at  100°,  but  does  not  give  off  any  more  water  at 
higher  temperatures  without  undergoing  complete  decomposition.  (Pelouze.) 

A  compound  of  strontiij-arsemous  tartrate  with  nitrate  of  ammonium., 
2C«H"Sr"(AsO)20'^(NH*)N03.12H20,  separ_ates  from  a  mixture  of  the  component  salts 
in  large  trimetric  crystals,  a>P  .  coP2  .  ooPoo  .  ccPoo  .  Poo  .  oo .  Angle  ooP: 
ooP  (brach.)  =  113°  58';  Poo  :  Poo  (brach.)  =  113°.  The  form  of  the  crystals 
resembles  that  of  a  dimetric  or  quadratic  combination,  in  which  oof  oo  would  form  the 
end-face  ;  but  the  crystals  are  not  opticiiUy  uniaxial.  (Marignac.) 

Tartrates  of  Bismuth,  C'^H'^BPO'^GH^O  =  BiWSC'H^O^GH^O.— AVhen 
a  hot  concentrated  solution  of  4  pts.  tartaric  acid  is  added  to  a  hot,  moderately  strong 
solution  of  5  pts.  bismuth-oxide  in  nitric  acid,  the  mixture  first  remains  limpid,  but, 
when  left  at  rest,  deposits  a  considerable  quantity  of  bismuth-tartrate  in  small  crystals, 
forming  a  hard  white  crust  at  the  bottom  of  the  liquid ;  they  must  be  washed  with 
aqueous  tartaric  acid,  as  pure  water  decomposes  them.  (E.  Schneider,  Pogg.  Ann. 
Ixxxviii.  55.) 

Tartrate  of  Bismuth  and  Potassium  is  produced  by  boiling  a  solution  of  cream  of 
tartar  with  excess  of  bismuth-oxide,  and  is  deposited,  on  concentrating  the  liquid,  as  a 
perfectly  white  powder,  containing  (at  100°)  C^H-K(BiO)0*,  analogous  therefore  to 
tartar-emetic  dried  at  200°.  (Sch  warzenberg,  Ann.  Ch.  Phai-m.  Ixi.  244.) 

Tart-rates  of  Boron.  (Meyrac,  J.  Pharm.  iii.  8. — Soubeiran,  ibid.  iii. 
399;  xi.  560  ;  xxxv.  241. — Soubeiran  and  Capitaine,  ibid.  xxv.  741. — Duflos, 
Schw.  J.  Ixiv.  333. — Vogel,  J.  Pharm.  iii.  1.— Robiquet,  ibid.  [3]  xxi.  197. — 
Wackenroder,  Arch.  Pharm.  [2]  Iviii.  4. — Wittstein,  Eepert.  Pharm.  [3]  vi.  1, 
177. —  On  the  optical  charactirs  of  these  salts:  Biot,  Ann.  Ch.  Phys.  [3]  xi.  82.) — Tar- 
taric acid  forms,  with  boron  and  the  alkali-metals,  salts  analogous  to  tartar- emetic,  the 
group  BO  taking  the  place  of  hydrogen,  or  a  met^d,  just  like  the  group  SbO. 

Tartaric  and  boric  acids,  triturated  together,  form  a  mixture  which  appears  to  be  a 
definite  compound,  inasmuch  as  it  deliquesces  in  moist  air — a  property  not  exhibited 
either  by  tartaric  or  by  boric  acid  alone.  Boric  acid  also  dissolves  in  water  contain- 
ing tartaric  acid  more  easily  than  in  pure  water,  the  boric  acid  being,  however,  depo- 
sited on  evaporation. 

Ilo>-o2)otassic  tartrate,dl*K(BO)0^  (at  100°) — also  called  Borotartrate  of  potassium, 
or  Soluble  Cream  of  Tartar — is  obtained  by  evaporating  to  dryness,  1  pt.  boric  anhy- 
dride, 2  pts.  cream  of  tartar,  and  24  pts.  of  water,  and  treating  the  mass  with  alcohol, 
which  takes  up  the  excess  of  boric  acid.  It  is  a  white  amorphous  mass,  verj-  soluble 
in  water,  but  insoluble  in  alcohol.  Mineral  acids  added  to  its  solution,  do  not  throw 
down  either  boric  acid  or  cream  of  tartar.  At  180°  it  gives  off  1  at.  water,  leaving  the 
salt  C'H-K(BO)0',  and  behaves  in  other  respects  like  tartar-emetic.  Soluble  cream 
of  tartar  is  used  in  medicine  as  a  purgative,  and  externally  as  a  lotion  for  ulcers. 

By  boiling,  for  some  hours,  1  pt.  boric  acid  and  12  pts.  cream  of  tartar  with  a  large 
quantity  of  water,  removing  the  deposit  of  cream  of  tartar  which  settles  down  on 
cooling,  then  evaporating  to  dryness,  taking  up  the  residue  with  a  little  cold  water, 
removing  the  new  deposit  of  cream  of  tartar  (if  any),  repeating  these  operations  till 
cold  water  no  longer  separates  the  latter  salt,  and  finally  treating  the  product  with 
boiling  alcohol,  a  salt  is  obtained,  containing  11-4  per  cent,  of  boric  anhydride  (B'O'), 
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and  apparently  consisting  of  a  compound  of  potassio-boric  tartrate  with  cream  of 
tartar,  C'lPK(BO)0«.C'H^IvO». 

Sodio-/ioric  tartrate  appears  to  be  obtained  in  the  same  manner  as  the  potassium- 
salt.  Acid  tartrate  of  sodium  forms  a  gummy  deliquescent  salt  with  borax,  also  with 
borate  of  ammonium  ;  1  pt.  borax  and  3  pts.  cream  of  tartar,  dissolved  together,  yield 
on  evaporation  a  gummy  deliquescent  salt,  called  tartarised  borax,  containing  (accord- 
ing to  Duflos  and  Vogel)  3'6  per  cent,  borax,  and  agreeing  with  the  formula 
2C''H'K{BO)0«.C^H^Na(BO)0''.6H'^0. 

Cah  io-horic  tartrate  is  formed,  in  combination  with  tartrate  of  calcium,  by  precipitat- 
ing a  solution  of  cream  of  tartar  neutralised  with  ammonia,  with  chloride  of  calcium. 

Tartrates  of  Chromium. — The  solution  of  chromic  hydrate  in  tartaric  acid 
dries  up  to  a  violet  mass,  probably  consisting  of  neutral  chromic  tartrate. 

Potassio-chromic  tartrate,  or  Chromotartrate  of  potassium,  C'H'K(CrO)0' .  pi'O,  is 
formed  on  adding  pulverised  tartaric  acid  to  a  hot  aqueous  solution  of  potassic  dichro- 
mato,  as  long  as  carbonic  acid  continues  to  be  evolved ;  it  is  precipitated  by  alcohol 
from  its  dark-green  aqueous  solution.  The  same  solution,  mixed  with  a  strong  solution 
of  neutral  potassic  tartrate,  deposits  dark-green  crystalline  grains,  containing  1  at. 
potash  (K'O)  to  3  at.  chromic  oxide.  Potassio-chromic  tartrate  forms,  with  acetate 
of  lead,  a  bluish-green  precipitate,  which,  when,  decomposed  by  sulphuretted  hydrogen, 
yields  a  tartrate  of  chromium,  probably  consisting  of  chromotartaric  acid, 
C'HXCrO)^.  (Berlin,  Bars.  Lchrbuch.—Wa,\a,g  \\t\,  Compt.  rend.  xvi.  407.— 
Lojwel,  ibid.  xvi.  862.) 

Tartrates  of  Iron  {fcrrinim). — Tartaric  acid  dissolves  recently  precipitated 
ferric  hydrate,  and  the  solution,  evaporated  below  50°,  yields  an  amorphous  mass, 
apparently  consisting  of  ferric  tartrate.    The  solution,  which  is  not  precipitated  by 

alkalis,  probably  contains  originally  normal  ferric  tartrate,  C'-H'''Fo-0",  which  is  re- 
solved, on  evaporation,  into  a  basic  and  an  acid  salt,  the  latter  being  partly  converted, 
by  the  prolonged  action  of  warmth  and  light,  into  ferrous  tartrate,  which  remains  in 
solution  mixed  with  free  tartaric  acid  ;  this  acid  is,  however,  partially  oxidised  at  the 
same  time.  (Ludwig,  .Tahresb.  1861,  p.  434.) 

Ammonio-ferric  tartrate,  C'H\NH'')(FeO)0"  +  4  to  5H-0,  is  obtained  by  dissolving 
recently  precipitated  ferric  hydrate  in  acid  tartrate  of  ammonium,  and  evaporating,  in 
garnet-coloured  scales,  soluble  in  rather  more  than  1  pt.  of  water.  The  solution  is 
precipitated  by  alcohol. 

Potassi/i-f  rric  tartrate,  C*H'K(FeO)0«  (at  100°).— This  salt,  which  constitutes  the 
essential  part  of  the  Tartarus  chalyheatus  or  Mars  sohibilis,  and  the  Glohuli  martiales 
of  the  pharmacopoeias,  is  prepared  by  digesting  cream  of  tartar  with  water  and  recently 
pirecipitated  ferric  hydrate,  or  with  iron  tilings  in  a  vessel  exposed  to  the  air ;  in  either 
case,  however,  the  product  is  frequently  contaminated  with  ferrous  salt.  Pure  potas- 
sio-ferrie  tartrate  forms  shining  scales  of  a  brown  or  nearly  black  colour,  exhibiting  a 
fine  red  tint  by  transmitted  light.  The  salt  decomposes  at  1.50^,  giving  off  water  and 
carbonic  acid.  Acids  precipitate  from  its  solution  a  basic  ferric  salt,  soluble  in  excess 
of  the  acid.  {Gmelin's  Handbook,  x.  316.) 

Eubidio-ferric  tartrate  is  formed  by  boiling  ferric  oxide  with  acid  tartrate  of 
rubidium,  and  separates  on  evaporation  in  right  rhombic  prisms  with  hemihedral 
faces.  (Grandeau,  Jahresb.  1863,  p.  184.) 

Tartrates  of  Uranyl,  or  Uranic  Tartrates.  Neutral  Urania  Salt, 
CTI^UO)^^  -I-  H'^0  and  4H-'0. — The  yellow  solution  of  uranic  oxide  in  tartaric  acid 
yields,  by  concentration,  crystals  containing  1  at.  water,  and  by  spontaneous  evapora- 
tion in  a  vacuum,  crystals  containing  4  at.  water.  The  last  give  off  3  at.  water  at 
l/)0° :  the  salt  does  not  experience  any  further  loss  by  drying  at  200°  (Peligot,  Ann. 
Ch.  Phys.  [3]  xii.  463). — Uranic  salts  are  precipitated  by  alkalis,  even  when  mixed 
with  tartaric  acid.  (H.  Kose.) 

Antimonio-vranic  tartrate,  C''H\SbO)(UO)0^.4H"0,  is  obtained,  in  j-ellow  silky 
needles,  on  mixing  the  aqueous  solutions  of  tartar-emetic  and  uranic  nitrate,  and  redis- 
solving  the  gelatinous  precipitate  in  boiling  water.  This  salt,  when  dried  at  100°, 
exhibits  the  composition  C'H-'(SbO)(UO)0*,  analogous  to  that  of  the  first  anhydride 
of  tartaric  acid.  (Peligot.) 

Acids  isomeric  with  Tartaric  Acid. 

Racemlc  or  Paratartaric  Acid  has  been  already  described  (p.  34). 

Inactive  Tartaric  Acid,  or  nXesotartaric  Acid. — This  is  a  modification  of 
tartaric  acid,  inactive  to  polarised  light,  but  difiTering  from  racemic  acid  in  not  being' 
separable  into  dextro-  and  laevo-tartaric  acids.  It  is  obtained,  as  above  mentioned 
(p.  672),  by  heating  racemate  or  tartrate  of  cinchonino  to  170°  for  several  hours.  On 
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dissolving  the  product  In  water,  adding  chloride  of  calcium,  filtering  immediately  from 
the  racemate  of  calcium  which  separates  out,  and  learaig  the  filtrate  to  itself,  the  cal- 
cium-salt of  inactive  tartaric  acid  separates  out.  The  acid  crystallises  ■well,  and  most 
of  its  salts  are  quite  equal  in  beauty  to  the  corresponding  tartrates  and  racemates. 
(Pasteur,  Ann.  Ch.  Pharm.  Ixxxviii.  212.) 

The  inactive  tartaric  acid  prepared  from  dibromosuccinic  acid  is  probably  the 
same  modification. 

Mesotartaric  acid,  obtained  byDessaignes  (Compt.  rend.  Iv.  769  :  Jahresb. 
1862,  p.  305),  together  with  dextrotartaric,  racemic,  and  aposorbic  acids,  by  oxidising 
sorbin  with  nitric  acid,  also  by  boiling  tartaric  or  racemic  acid  for  a  long  time  (at  least 
400  hours)  with  hydrochloric  acid,  appears  also,  from  comparative  experiments  of 
Pasteur  (Bull.  Soc.  Chim.  1862,  p.  107),  to  be  identical  with  inactive  tartaric  acid. 

o.  It  is  separated  from  the  oxidation-products  of  sorbin  by  first  removing  the  tar- 
taric and  racemic  acid  as  acid  ammonium-salts,  precipitating  the  acid  filtrate  with 
chloride  of  calcium,  and  decomposing  the  calcium-salt  with  sulphuric  acid. — p.  In 
preparing  it  from  tartaric  acid,  the  greater  part  of  the  unaltered  tartaric  acid,  and 
a  certain  quantity  of  racemic  acid,  likewise  formed  in  the  reaction,  must  fii-st  be 
removed  by  crystallisation,  the  hydrochloric  acid  expelled  by  evaporation  over  the 
water-bath,  and  the  remaining  liquid  half  neutralised  with  ammonia,  whereby  nearly 
all  the  tartaric  acid  is  precipitated  as  acid  ammonium-salt.  The  filtrate,  when  concen- 
trated, yields  large  well-defined  crystals  of  acid  mesotartrate  of  ammonium. — y.  In 
preparing  it  from  racemic  acid,  the  unaltered  racemic  acid  is  removed  by  crystallisation, 
tlie  hydrochloric  acid  expelled  by  evaporation,  the  remaining  liquid  half  neutralised 
with  ammonia,  and  then  precipitated  with  acetate  of  calcium. 

Mesotartaric  acid  is  very  soluble  in  water  (10  pts.  dissolving  in  8  pts.  of  water  at 
15°).  It  usually  crystallises  in  recfangidar  plates  containing  1  at.  water  of  crystalli- 
sation :  C''H''0''.H-0.  These  crystals  effloresce  in  a  vacuum,  and  give  off  their  water 
of  crystallisation  at  100°.  If  the  residue  be  then  dissolved  in  water,  and  the  solution 
evaporated  to  the  crystalline  point,  large  anhydrous  crystals  are  obtained,  resembling 
those  of  ordinary  tartaric  acid.  The  solution  of  these  crystals,  however,  if  left  to  itself, 
gradually  yields  the  hydrated  acid. 

Mesotartaric  acid  melts  at  140°;  at  200°  it  is  partly  decomposed,  giving  off  pyro- 
tartaric  acid;  the  remaining  portion  is  partly  oonverted  into  racemic  acid.  It  is  also 
transformed  into  racemic  acid  by  prolonged  boiling  with  hydrochloric  acid.  (Des- 
saignes.  Bull.  Soc.  Chim.  1865,  i.  34;  Jahresb.  1865,  p.  393.) 

The  mesotartrates  for  the  most  part  resemble  the  tartrates,  but  the  acid  am- 
monium- and  potassium-salts  are  moderately  soluble  in  water,  and  the  acid  does  not 
precipitate  a  solution  of  gj'psum. — The  calcium-salt,  C'H'Ca"0".4H'0,  dissolves  in 
hydrochloric  acid,  and  is  precipitated  from  the  solution  by  ammonia  ;  it  also  reacts 
with  potash  in  the  same  way  as  tartrate  of  calcium. — The  lead-salt  contains  C'H'Pb"0^ 
IPO  ;  the  silver-salt,  C'H'Ag'Qo.H^O. 

nXetatartaric  Acid.  This  isomer  of  tartaric  acid,  discovered  in  1831  by  Bra- 
connot  (Ann.  Ch.  Phys.  [2]  Lxviii.  299),  and  further  examined  by  Erdmann 
(Ann.  Ch.  Pharm.  xxi.  9),  and  by  Laurent  and  Gerhardt  {ibid.  Ixx.  848),  is 
produced  by  quickly  heating  tartaric  acid  to  170° — 180°,  and  keeping  it  at  that 
terapei-ature  till  completely  fused.  The  product  is  a  transparent  gummy  mass,  which 
gradually  becomes  opaque  and  crystalline.  If  the  heat  l)e  continued  longer,  ditartaric 
acid  is  also  produced. 

Metatartaric  acid  is  deliquescent.  Wliile  still  hot  and  liquid,  it  turns  the  plane  of 
polarisation  strongly  to  the  right ;  but  as  it  cools  and  solidifies,  the  dextrorotatory 
power  becomes  weaker,  and  at  3'5°  perceptible  laevorotation  is  produced. 

The  metatartrates  have  the  same  composition  as  the  tartrates,  but  are  for  the 
most  part  distingmshedfrom  themby  their  crystalline  forms,  and  by  greater  solubility. 
By  boiling  their  aqueous  solutions,  they  are  gradually  converted  into  tartrates. 

The  acid  ainvionium-salt,  C''H*(NH')0'',  separates  from  very  concentrated  solutions 
in  groups  of  microscopic  needles,  usually  exhibiting  the  form  of  spindles,  somewhat 
thickened  in  the  middle.  It  is  more  soluble  than  the  acid  tartrate,  and  is  further 
distinguished  therefrom  by  not  giving  any  precipitate  with  chloride  of  calcium.  Its 
solution,  saturated  with  ammonia,  is  precipitated  by  chloride  of  calcium  only  when 
highly  concentrated  ;  and  the  crystalline  imtatarirafc  of  calcium  thus  obtained, 
C<H^Ca"0°.4H'0,  is  distinguished  from  the  tartrate  by  the  form  of  its  crystals, 
which  appear,  under  the  microscope,  as  irregular  lenticular  grains,  or  small  prisms 
unsymmetricalat  the  two  ends,  whereas  the  tartrate  forms  small  often  elongated  octa- 
hedrons. Metatartrate  of  calcium  gives  off  half  its  water  of  crystallisation  at  160°, 
and  the  rest  at  230°.  AVhen  once  deposited  in  the  crystalline  state,  it  dissolves  but 
very  slowly  in  boiling  water,  being  at  the  same  rime  converted  into  tartrate  ;  but  it 
dissolves  easily  in  cold  water,  especially  if  slightly  acidulated  with  nitric  or  hydro- 
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chloric  acid.  The  liquid  neutralised  with  ammonia  again,  after  a  while,  deposits 
metatartrate  of  calcium,  with  its  charaoteristic  crystalline  form;  but  if  the  metatar- 
trate  dried  at  220°  be  dissolved  in  hydrochloric  acid,  the  solution,  neutralised  with 
ammonia,  yields  octahedral  crystals  of  calcic  tartrate.  (Laurent  and  Gerhardt.) 

Acid  metatartrate  of  potassium,  C^H^KO",  resembles  the  acid  tartrate  in  appearance 
and  in  its  reactions.  On  neutralising  metatartaric  acid  with  potash,  and  adding 
alcohol,  a  limpid  oil  is  precipitated,  which  crystallises  slowly,  in  the  form  of  neutral 
potassic  tartrate,  and  the  solution  of  which  yields  with  calcium-salts  octahedral  crystals 
of  calcic  tartrate. 

Glycotartaric  Acid,  C^H^O".  (A.  Schoyen,  Ann.  Ch.  Pharm.  cxxxii.  168.)— 
Glyoxal,  C'-H'O-,  unites  with  2  at.  hydrocyanic  acid,  forming  a  black  amorphous  sub- 
stance, which,  when  heated  with  alkalis,  gives  off  ammonia,  and  is  converted  into 
glycotartaric  acid.  This  acid  is  deliquescent,  alterable  at  100°,  and,  when  more 
strongly  heated,  gives  olF  the  same  odour  as  tartaric  acid. 

The  glycotartrates  of  the  alkali-metals,  even  the  acid  potassium-salt,  are  easily 
soluble,  and  their  solutions  are  precipitated  by  chloride  of  barium,  chloride  of  calcium, 
acetate  of  lead,  and  nitrate  of  silver. — The  barium-salt  contains  C'iI*Ba"0"'.H-0  ;  the 
lead-salt,  C^H'Pb"0».H-0. 


Acids  derived  from  Tartaric  Acid  by  substitution  of  Acid  Eadicles  for  the  Alcoholic 

Hydrogen. 

(C-woy\ 

Diacetotartaric  Acid,  C'lD'O'  =  (C'H'O  ')"  \  0\  and  Siacetotartaric  An- 

) 

Hydride,  Cm^O'  =  (c^h^O^)'' ( (Ballik,  Wien.  Akad.  Ber.  xxix.  26.— Pilz, 

ibid.  xliv.  [2]  7  ;  Jahresb.  1861,  p.  368.— Perkin,  Chem.  Soc.  Qu.  J.  xx.  149).— The 
anhydride  is  produced  bj-  heating  pulverised  tartaric  acid  with  chloride  of  acetyl : 

+  2C'H'0C1  =  C'H'O'  +  2HC1  +  WO. 
It  is  a  tough  crystalline  solid,  melting  at  126° — 127°  C.  When  distilled,  it  undergoes 
a  considerable  amount  of  decomposition,  especially  if  the  distillation  be  carried  on 
slowly.  It  boils  above  250°  but  no  fixed  point  can  bo  obtained,  acetic  anhydride 
coming  over  during  the  distillation,  as  well  as  other  products,  some  of  which  affect 
the  eyes  like  acrolein  ;  a  residue  of  carbon  is  left  in  the  retort.  If  heated  gently,  it 
sublimes  in  beautiful  but  small  prisms.  It  is  slightly  soluble  in  benzene,  and  crys- 
tallises from  this  solvent  in  slender  white  needles.  It  also  crystallises  from  acetic 
anhydride.  (Perkin.) 

Diacetotartaric  acid,  C''H'°0'  =  CH^O'.H'O,  is  formed  by  the  direct  combi- 
nation of  the  anhydride  with  water.  The  aqueous  solution,  evaporated  in  a  vacuum, 
leaves  the  acid  as  a  transparent,  gummy,  deliquescent  substance,  having  a  very 
acid  taste.  When  strongly  heated,  it  decomposes,  without  previous  formation  of 
the  anhydride.  Heated  with  caustic  potash  or  soda,  it  is  resolved  into  tartaric  and 
acetic  acids : 

C8H'»0'*  +  2H-0    =    C'H«0=  +  2C2H'0^ 

Diacetotartaric  acid  is  dibasic,  forming  acid  and  neutral  salts  ;  they  are  all  veiy 
soluble,  and  somewhat  difficult  to  obtain  pure  ;  they  are  prepared  by  dissolving  the 
several  carbonates  in  the  aqueous  acid. 

The  neutral  ])(jtassium-  and  sodium-salts  are  very  deliquescent. — The  acid  potassium- 
salt,  CH^'KO",  is  a  crystalline  powder,  very  soluble,  but  not  deliquescent ;  it  has  an 
acid  taste,  and  reddens  litmus  powerfully. — The  barium-salt,  CTI''Ba''0'',  crystallises 
from  a  syrupy  solution,  in  slender  deliquescent  needles,  sometimes  half  an  inch  long. — 
The  calcium-salt,  CH'Ca'O',  dries  up,  on  evaporation,  to  an  opaque,  friable,  deliques- 
cent mass. — The  cupric  sail,  C''H'*Ca"0',  forms  blue  crystals. — The  mercurous  salt  is  a 
gelatinous  precipitate,  soluble  in  acetic  acid. — The  silver-salt,  C'H'Ag-O",  is  a  white 
crystalline  mass,  very  slowly  acted  upon  by  light.  (Perkin.) 

Paratartario  {racemic)  acid,  heated  with  chloride  of  acetyl,  yields  diacetopara- 
tartaric  anhydride,  as  a  beautiful  crystalline  body,  isomeric  with  diacetotartaric 
anhydride,  which  it  resembles  in  melting-point  and  other  properties.  In  contact  with 
water,  it  yields  diacetoparatartaric  acid,  which  is  resolved  by  heating  with 
alkalis  into  acetic  and  paratartarie  acids.  (Perkin.) 

II.C'H-O] 

Benzotartarlc  Acid,  C"H'"0'  -  (C'irO=)" -0'.  (Dessaignes,  J.  Pharm.  [3] 

H^  i 
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xxxii.  47  ;  Jahresb.  1847,  p.  307.) — Produced  by  heating  1  at.  tartaric  acid  and  1  at. 
benzoic  acid  to  150°  in  a  sealed  tube : 

+  C'H«02  =  H^O  +  CH^O'. 
A  brown  liquid  is  thereby  formed,  'which,  when  dissolved  in  hot  water,  deposits  ben- 
zoic acid ;  the  residue,  left  on  evaporating  the  mother-liquor  to  dryness,  dissolves  par- 
tially in  carbonate  of  sodium ;  and  the  solution,  decolorised  with  charcoal  and  slightly 
supersaturated  with  hydrochloric  acid,  deposits  benzotartaric  acid,  in  warty  groups  of 
microscopic  crystals  (Dessaignes).  It  is  also  formed,  together  with  ethylbenzo- 
tartaric  acid,  by  the  action  of  dilute  alcoholic  potash  on  benzotartaric  ether,  and 
remains  in  the  mother-liquor  after  the  ethylbenzotartaric  acid  has  separated  out. 
(Perkin,  p.  695.) 

Benzotartaric  acid  is  more  soluble  than  benzoic  acid  in  water,  but  less  soluble  in 
alcohol.  It  remains  unaltered  at  the  temperature  at  which  benzoic  acid  melts  and 
sublimes :  at  a  higher  temperature,  it  melts  and  gives  off  benzoic  acid,  the  residue 
turning  brown,  and  emitting  the  odour  of  burnt  tartar.  A  cold  saturated  solution  of 
the  acid  forms  no  precipitate  with  ferric  chloride,  lime-water,  or  silver-nitrate,  but  a 
slight  precipitate  with  basic  acetate  of  lead.  When  saturated  with  ammonia,  it  forms 
a  pale-yellow  precipitate  with  ferric  chloride,  none  with  chloride  of  calcium.  In  a 
solution  of  the  acid  one-fourth  saturated  with  ammonia,  nitrate  of  silver  forms  a 
white  precipitate,  consisting  oi  argentic  benzotartrate,  C"H*Ag'0'. 

Sibromotartaric  AvlA,  C'H'Br^O^,  is  formed  by  the  action  of  bromine,  at  100°, 
on  bromomaleic  acid  (iii.  788) ;  probably  thus  : 

C'H^BrO'  +  Br'  +  2W0    =    3HBr  +  C'H'Br'O''. 
It  is  very  deliquescent.  (Kekule,  Jahresb.  1861,  p.  363.) 

(N0^)2  -v 

xritrotartaric   iSicld,  C'H'N^O"'  =  (CH^O^)" LO*.  (Dessaignes,  Ann.  Ch. 

j 

Pharm.  Ixxxii.  362  ;  Lxxxix.  339.) — This  acid  is  formed  by  adding  1  pt.  of  pulverised 
tartaric  acid  to  4i  pts.  of  very  strong  nitric  acid ;  then  adding,  with  stirring,  an  equal 
volume  of  strong  sulphuric  acid  ;  pressing  the  pasty  mass  between  porous  tiles  ;  dis- 
solving it  in  a  small  quantity  of  lukewarm  water ;  cooling  to  0°,  and  pressing  the  crys- 
tals between  paper. 

Nitrotartaric  acid  dissolves  in  absolute  alcohol,  and  remains,  on  spontaneous 
evaporation,  in  distinct  prisms.  It  is  optically  active,  like  tartaric  acid  (Chautard). 
It  is  very  unstable,  its  aqueous  solution,  even  at  a  few  degrees  above  0^,  continually 
giving  off  nitric  oxide  and  carbonic  anhydride.  By  spontaneous  evaporation,  it  yields 
tartronic  acid  (p.  098),  and,  when  heated  to  40° — 60°,  oxalic  acid.— By  sulphide  of 
ammonium  it  is  reconverted  into  tartaric  acid. 

The  nitrotartrates  have  not  been  much  examined. — The   acid  ammonvdm-saU, 

j^4|  C'H*(NO')"0°,  forms  small,  very  soluble  crystals. — The  neutral  ammonium-salt 

yields,  with  nitrate  of  silver,  an  easily  soluble  silver-salt,  containing 
Ag=C*H'(NO=)=0«. 

TARTARIC  AltlZIIES.    See  Tauthamic  Acid  and  T.vetramide. 

TA51TABIC  AITHYSaiSBS.  Since  tartaric  acid  contains  four  atoms  of 
replaceable  hydrogen,  it  should  be  capable  of  yielding  two  anhydrides,  by  the  loss  of 
H^O  and  2IP0  respectively :  thus — 

(C'ff07'|0,  C'H=07'|o3  (C'H^O')".0^ 


Tartaric  acid.  First  anhydride.  True  anhydride. 

But  as  the  four  typic  hydrogen-atoms  of  tartaric  acid  are  not  all  of  the  same  character 
(two  being  alcoholic  and  two  basic),  it  is  further  possible  thut  the  first  anhydride  may 
exhibit  three  isomeric  modifications,  according  as  the  alcoholic  or  basic  hydrogen-atoms 
of  the  acid  are  eliminated  in  its  formation :  thus — 

^^^\o^.      (c|^,.jo.  ^e-So,.'!^'- 

Dibasic  acid.  Monobasic  Neutral  an- 

acitl.  hydride. 

Further,  two  or  more  molecules  of  tartaric  acid  may  unite  together  in  giving  up 
water,  thereby  producing  compounds  analogous  to  the  polyethylenic  alcohols  (ii.  570), 
the  polyglycerins  (ii.  894),  and  the  polylactic  acids  (iii.  461).  The  simplest,  and 
therefore  the  most  probable  of  these  compounds,  would  be  di  tartaric  acid,  which, 
by  further  elimination  of  water,  might  yield  corresponding  anhydrides :  thus — 
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(C'H-0=)" 


(O'H-07'r  • 


Ditartaric  acid.  Ditartaric  anhydride. 

All  these  compounds  might  possibly  be  produced  by  the  action  of  heat  upon  tartaric 
acid.  Only  a  few  of  them  have,  however,  been  actually  obtained ;  and,  moreover,  the 
statements  of  different  chemists,  who  have  investigated  tlie  decompositions  of  tartaric 
acid  by  heat,  do  not  quite  agree.  (See  especially  Braconnot,  Ann.  Cli.  Pharni.  ii. 
315. — Fremy,  ibid.  xix.  197;  xxix.  142;  Ixxviii.  297. — Erdmann,  ibid.  xxi.  9. — 
Laurent  and  Gerhardt,  ibid.  Ixx.  348.)  But,  as  already  observed  (p.  675),  it 
appears  most  probable  that  the  first  effect  of  heat  on  tartaric  acid  is  to  convert  it  into 
tlie  isomeric  compound,  metatartaric  acid;  and  that  afterwards,  by  successive  elimi- 
nation of  water,  there  are  formed — first,  ditartaric  acid,  then  a  soluble  modification 
of  the  first  anhydride,  C*H'0%  called  by  Fremy  tartrelie  acid;  and.  finally,  the 
neutral  insoluble  modification  of  the  same  anhydride.  The  true  anhydride  of  tartaric 
acid,  C<H=0^0^  is  not  known.  (Kekul6,  Lchrbruch,  ii.  199.) 

Ditartaric  Acid,  CTI'^O'"  =  2C'H'=0'' -  H^O.— Tliis  acid  (called  Tariralic  acidhy 
Fremy,  Isotartaric  acid  by  Laurent  and  Gerhardt)  is  produced  by  melting  tartaric  acid, 
and  keeping  it  at  a  temperature  of  170°,  till  it  no  longer  gives  a  precipitate  of  calcic 
tartrelate  with  lime,  or  with  calcic  acetate  (Fremy)  ;  also  by  adding  tartaric  anhy- 
dride to  melting  tartaric  acid  (Schiff,  Zeitschr.  Ch.  Pharm.  1862,  p.  375).  It  is 
very  soluble  in  water,  and  not  crystallisable.  Its  salts,  CH^M-'O"  and  C''H"M"0", 
even  the  calcium-salt,  are  also  very  soluble  in  water,  and  are  precipitated  by  alcohol  in 
the  form  of  syrup  or  of  bulky  flocks.  By  boiling  with  water,  they  are  converted,  first 
into  acid  metatartrates,  and  then  into  tartrates. 

Gerhardt  {Traite,i\.  15,  51)  regards  tartralic  acid  as  isomeric  with  tartai-ic  and 
metatartaric  acids,  on  the  ground  that  tartaric  acid  may  be  converted  into  it  without 
loss  of  weight,  even  in  presence  of  water.  According  to  this  view,  the  composition  of 
the  tartralates,  which  are  neutral,  is  the  same  as  that  of  the  acid  tartrates  and  meta- 
tartrates ;  but  analysis  shows  that  the  composition  of  these  salts  agrees  more  nearly 
with  the  formula  of  the  ditartrates  above  given. 

Tartrelie  Acid,  C'H'O*  =  CH^O"  -  H=0.  Soluble  Tartaric  Anhydride.— 
Obtained  by  quickly  heating  small  quantities  of  tartaric  acid  till  the  fused  mass  swells 
up.  It  is  a  yellowish,  tumefied,  deliquescent  mass,  which  dissolves  in  water,  forming 
an  acid  solution. 

Chloride  or  acetate  of  calcium  added  to  this  solution,  throws  down  tartrelate  of 
calcium,  C*H''Ca"0"',  as  a  syrupy  mass,  which  is  insoluble  in  water,  and  becomes  crys- 
talline by  contact  with  alcohol. — The  barium-  and  strontium^ salts,  which  are  similar 
in  composition,  and  prepared  in  like  manner,  are  also  syrupy  masses,  insoluble  in 
water.  Tartrelie  acid,  heated  with  lead-oxide  to  150°,  yields  a  lead-salt  containing 
C'H'Pb"0*. — In  contact  with  alkalis,  it  forms  tartralates  or  ditartrates.  By  boiling 
with  water,  it  is  converted,  first  into  metatartaric,  then  into  tartaric  acid. 

Insoluble  Tartaric  Anliydride,  C'H'O^,  is  formed  by  heating  tartaric  acid 
for  some  time  to  150^,  exhausting  the  product  with  cold  water,  and  drying  it  in  a 
vacuum.  It  is  a  white  powder,  insoluble  in  water,  alcohol,  and  ether  ;  and  is  converted 
by  water,  slowly  in  the  cold,  quickly  on  boiling,  into  tartaric  acid.  (Fremy.) 

TARTARIC  STHERS.  Tartaric  acid,  like  other  dibasic  acids,  forms,  with 
monatomic  acids,  both  acid  and  neutral  ethers,  the  former  of  which  are  monobasic 
acids ;  e.g.  : 

W      ]  W  ) 

(C'H-O-)'nO^  (C'H'0-)i'[0\ 
H.C^H^  )  (CnV)-  ] 

Ethyltavtaric  Keulral  othyiic 

acid.  tartrate. 

The  two  alcoholic  hydrogen-atoms  in  these  ethers  are  also  replaceable  by  acid- 
radicles,  forming  compounds  like  the  following : 

H.C'H'O  )  H.C'H'O)  C'lPO.C'H^Ol 

(C'H-0=)"  1 0'.         (C^H^O-)''  0«.  (C'H^OO'' 
H.C=H*  )  (C-H^)=  J  (C-Wf 

Ethylbenzn-  Acetotartaric  Acetobenzo- 

tartaric  acid.  etiier.  tartaric  ether. 

Closely  related  to  these  ethers  are  also  certain  dibasic  acids,  derived  from  tartaric 

Y  Y  2 
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ficid  by  the  substitution  of  acid-radicles  for  one  or  both  of  its  alcoholic  hydrogen- 
atoms  (p.  689)  ;  e.g. : 


H.C'H^O 
(C'H'O^)" 


(C'H'O)'  ]  (NO')" 
0'.         (C^H'O')!'  1 0'.         (C^H=0=)"  j-  0« 
H'  B? 


Benzotartaric  Diacetotartaric  Dinitrotartaric 

acid.  acid.  acid. 

The  constitution  of  these  compounds  shows  that  tartaric  acid  may  be  regarded  as  a 
diatomic  alcohol,  as  well  as  a  dibasic  acid. 

The  acid  tartaric  ethers  are  formed  by  the  direet  action  of  tartaric  acid  on  the 
alcohols  ;  the  neutral  ethers  by  passing  hydrochloric  acid  gas  into  a  solution  of  the 
acid  in  the  respective  alcohols.  The  derivatives  of  these  ethers  containing  acid 
radicles,  are  formed  by  treating  them  with  alcoholic  chlorides. 

A  few  ethers  are  also  known,  produced  by  the  action  of  tartaric  acid  on  polyatomic 
alcohols. 


Neutral  Tartaric  Ethers,  containing  Monatomie  Alcohol-radicles. 

Ethylic  Tartrate,  or  Tartaric  Ether,  C^H'W  =  C^H<(C'H*)=0^  (Demon- 
desir,  Ann.  Ch.  Pharm.  Ixxx  301.) — This  ether  is  a  liquid  which  acts  on  polarised 
light.  It  bears  a  somewhat  high  temperature  without  decomposition,  but,  when  heated 
to  a  certain  point,  gives  off  considerable  quantities  of  pyrotartaric  acid.  It  mixes  in 
all  proportions  with  water,  alcohol,  and  common  ether. — With  ammonia  it  yields 
tartramic  acid  or  tartramide,  according  to  the  time  for  which  the  action  is  continued. 

Tartaric  ether  is  decomposed  by  sodium,  with  evolution  of  hydrogen ;  the  action  is 
slow,  on  account  of  the  viscidity  of  the  ether,  but  may  be  made  to  go  on  very  rapidly, 
by  mixing  it  with  five  or  six  times  its  volume  of  anhydrous  benzene.  On  separating 
the  excess  of  sodium,  and  evaporating,  a  pale  yellowish-brown,  uncrystalline,  but  friable 

H.Na  \ 

residue,  is  obtained,  probably  consisting  of  sodiotartaric  ether — C'H-0' ^  O. 

(C'^H^)' ) 

By  the  continued  action  of  the  sodium,  a  gelatinous  product  is  also  formed,  probably 
Na«  } 

disodiotartaric  ether,  C'HW  >0^  (Perkin.) 

Acetotartarlc  Ether,  C'H'^O'  =  C'H'(C'H''0XC2H')=0«.  (Perkin,  Chem. 
Soc.  J.  XX.  145.) — Produced  by  the  action  of  acetylic  chloride  on  an  equivalent  quan- 
tity of  tartaric  ether ;  the  action  takes  place  at  ordinary  temperatures,  large  quantities 
of  hydrochloric  acid  being  evolved,  and  the  mixture  becoming  hot.  The  oily  product  is 
purified  by  agitating  it  with  water,  dissolving  in  ether,  agitating  the  ethereal  solution 
with  dry  carbonate  of  sodium,  filtering,  and  evaporating  to  dryness  over  the  water- 
bath. 

Acetotartaric  ether  is  an  oily  liquid,  having  about  the  consistence  of  olive-oil, 
heavier  than  water,  and  slightly  soluble  therein,  but  quite  insoluble  in  saline 
solutions.  It  is  perfectly  neutral  to  test-paper,  and  has  a  rather  bitter  taste.  When 
somewhat  strongly  heated  in  a  retort,  it  decomposes,  giving  off  acetic  acid ;  at  about 
287°,  an  oil  passes  over,  and  finally  a  carbonaceous  residue  is  left.  It  is  decomposed 
by  aqueous  ammonia,  the  solution,  when  evaporated,  yielding  a  yellowish  syrupy 
product,  having  a  bitter  and  slightly  burning  taste.  Heated  with  chloride  of  benzoyl, 
it  gives  off  hydrochloric  acid,  and  forms  a  thick  colourless  oil,  probably  benz- 
acetotartaric  ether. 

Acetotartaric  ether  is  rapidly  decomposed  by  sodium,  especially  when  diluted  with 
benzene,  hydrogen-gas  being  evolved,  and  a  transparent  gummy  substance  formed, 
probably  consisting  of  sodacetotartaric  ether,  C''H''Na(C'H"0)(C-H^)-0°. 

Diacetotartaric  Ether,  C'-H'»0«  =  C'H=(C'H'0)2(C=H')'0«.  (Perkin, 
Chem.  Soc.  J.  xx.  147.) — Produced  by  treating  1  at.  tartaric  ether  with  2  at.  chloride 
of  acetyl,  and,  after  the  reaction  has  abated,  heating  the  product  for  a  short  time  to 
100°  in  a  sealed  tube.  When  purified  like  the  preceding,  it  solidifies  to  a  beautiful 
crystalline  mass,  which  may  be  separated  from  a  small  quantity  of  oily  acetotartaric 
ether  by  strong  pressure  between  bibulous  paper,  and  then  crystallised  from  water. 

Diacetotartaric  ether  dissolves  in  all  proportions  in  alcohol  and  common  cfher,  and 
is  precipitated  from  its  alcoholic  solution  by  water.  When  it  is  boiled  with  water,  a 
considerable  quantity  dissolves,  and  the  solution,  on  cooling,  deposits  it  in  splendid 
prismatic  crystals  more  than  1^  inch  long.  It  is  slightly  soluble  in  cold  water,  but 
on  the  addition  of  a  strong  solution  of  chloride  of  sodium,  the  liquid  becomes  cloudy, 
and  the  diacetotartaric  ether  crystallises  out  on  standing. 

Diacetotartaric  ether  melts  to  a  colourless  oil  at  67°,  and  does  not  resolidify  on 
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cooling ;  but  as  soon  as  a  small  particle  of  the  solid  product  is  thrown  into  it,  it  begins  to 
crystallise  in  tufts  of  needles,  and  in  a  few  moments  becomes  perfectly  solid.  During 
crystallisation,  it  evolves  heat  sufficient  to  become  quite  hot  to  the  hand.  Wlien 
strongly  heated,  it  distils  with  only  slight  decomposition.  It  boils  between  294°  and 
298°. 

Diacetotartaric  ether  is  not  quickly  decomposed  hy  aqueous  potash,  or  by  cold  alcoho- 
lic ammonia.  It  is  scarcely  acted  upon  by  sodium,  either  in  the  fused  state,  or  when 
dissolved  in  benzene. 

Paratartaric  (raccmic)  ether  treated  with  chloride  of  acetyl  yields  acetopara- 
tartaric  and  di  ac  etoparatartaric  ether,  isomeric  with  the  tartaric  ethers  just 
described.  Monacetoparatartaric  ether  is  a  colourless  oil.  Diacetoparatartaric  ether 
is  a  solid  body,  melting  at  50'5°,  boiling  at  about  298°,  and  distilling  with  slight 
decomposition.  It  dissolves  in  alcohol  or  ether  in  all  proportions.  It  is  deposited 
from  its  boiling  aqueous  solution,  on  cooling,  in  small  tufts  of  needles,  and,  after 
long  standing,  sometimes  forms  short  but  very  brilliant  prisms  on  the  sides  of  the  vessel. 

Benzotartaric  Ether,  C'5H"0'  =  C^H'(C'ITO)(C2H=)=0«.  (Perkin,  Chem. 
Soc.  J.  XX.  1.39.) — Produced  by  heating  chloride  of  benzoyl  with  a  slight  excess  of 
tartaric  ether  to  100'^  for  two  or  three  hours.  When  purified,  like  the  preceding 
compound,  by  agitation  with  carbonate  of  sodium,  solution  in  ether,  &c.,  it  forms  a 
viscid  transparent  oil,  which,  on  standing  (especially  under  water)  for  two  or  three 
weeks,  is  almost  wholly  converted  into  a  mass  of  colourless  prismatic  crystals,  which 
may  be  freed  from  oil  by  pressure. 

Benzotartaric  ether,  when  pure,  is  a  white  inodorous  solid,  heavier  than  water,  and 
easily  pulverised.  It  melts  at  64°,  and  cools  to  a  viscid  oil,  which  does  not  solidify 
until  it  has  stood  for  some  considerable  time ;  but  the  introduction  of  a  minute  piece 
of  the  solid  product  immediately  causes  it  to  commence  crystallising  ;  and  this  takes 
place  with  a  very  considerable  elevation  of  temperature.  It  crystallises  in  transparent 
prisms.  If  strongly  heated,  it  distils  with  decomposition.  It  is  soluble  in  all 
proportions  in  alcohol  and  ether ;  slightly  soluble  in  boiling  water,  the  solution 
becoming  milky  and  depositing  oily  dropis  on  cooling;  afterwards  beautiful  but 
small  prismatic  crystals  separate.  Its  aqueous  solution  has  a  slightly  bitter  taste. 
Its  solutions  do  not  change  the  colour  of  litmus-paper. — Aqueous  potash  appears  to 
be  without  action  upon  it.  With  sodium  it  liberates  hydrogen,  and  appears  to  form  a 
sodium-compound.  When  heated  in  a  sealed  tube  to  100°  with  alcoholic  ammonia,  it 
slowly  decomposes,  and  is  apparently  converted  into  benzoic  acid,  tartramide,  benzo- 
tartramide,  and  alcohol. 

Alcoholic  potash  quickly  decomposes  benzotartaric  ether,  yielding,  if  in  excess, 
tartaric  and  benzoic  acids ;  but  if  dilute  solutions  are  used,  and  the  quantity  of  potash, 
present  is  not  suflScient  to  produce  complete  decomposition,  benzotartaric  and  ethyl- 
benzotartaric  acids  are  produced  (p.  695).  The  formation  of  these  products  is 
represented  by  the  following  equations: 

^'^5|C^H'(C'H='0)0«  +  WO  =  C^W^O  +  ^~,.^5|C'H»(C'H^0)0». 

Benzotartaric  ether.  Alcohol,  Ethylbenzotartaric 

acid. 

^!^5|c-'H'(C'H'0)0«  +  2W0  =  2Cm^0  +  ^|c'H'(C'ffO)0». 

Benzotartaric 
acid. 

^'g5|c*H'(C'H*0)0«  +  ZWO  =  2Cm^0  +  ^|C'H^0«  +  C'H^O-. 

Tartaric  Benzoic 
acid.  acid. 

Benzotartaric  ether  is  not  converted  into  dibonzotartaric  ether  by  heating  with 
chloride  of  benzoyl ;  neither  does  this  compound  appear  to  be  produced  by  heating 
tartaric  ether  with  2  at.  chloride  of  benzoyl. 

Paratartaric  ether  heated  with  chloride  of  benzoyl,  yields  benzoparatartaric 
ether,  isomeric  with  benzotartaric  ether,  but  melting  at  a  much  lower  temperature, 
viz.  57°,  and  not  crystallising  so  readily. 

ilcetobenzotartarlc  Ether,  C'H^O'  =  C'H'(C='H''0)(C'H*0)(C2H5)=!Os. 
(Perkin,  Chem.  Soc.  J.  xx.  145.) — Prepared  by  heating  benzotartaric  ether  with  a 
slight  excess  of  chloride  of  acetyl  to  140° — 160°,  in  a  sealed  tube  for  three  or  four 
hours.  It  is  a  very  thick  colourless  oil,  heavier  than  water,  showing  no  tendency  to 
solidify,  neutral  to  test-paper,  very  soluble  in  alcohol  and  ether. — Eeated  with 
alcoholic  potash,  it  is  completely  resolved  into  alcohol,  and  acetic,  benzoic,  and  tartaric 
acids : 

CH-oQ^  +  411 0  =  2C=H'=0  +  C-WO-  +  C'H«0*  +  C'H«0^ 
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Succinotartarlc  Etber,  C»H'»0"  =  C«H»(C*H<0')"(C'H')'0".  (Perkin, 
Chem.  Soc.  J.  xx.  143.) — This  body,  formed  by  the  substitution  of  1  at.  suceinyl 
for  2  at.  hydrogen  in  a  double  molecule  of  tartaric  ether,  is  prepared  by  heating  2  at. 
tartaric  ether  with  1  at.  chloride  of  suceinyl  in  a  test-tube  to  100°,  as  long  as  hydro- 
chloric acid  continues  to  go  off : 

2C'R\Cm'fO^  +  (C'H'0-)"CP  =  2HC1  +  C»H«(C<H^02)"(C2H')^0'^ 
The  product,  purified  like  the  preceding,  is  an  extremely  thick  oil,  generally  of  a  pale- 
yellow  colour.   It  dissolves  freely  in  alcohol  and  ether,  forming  neutral  solutions.    It  is 
decomposed  by  alcoholic  potash,  and  cannot  be  distilled  without  decomposition. 

Metbylic  Tartrate,  CHi'O"  =  C^H'(CH=)20«.  Methyltartaric  Ether.— Sie- 
pared  like  ethyltartaric  ether,  which  it  resembles.  (Demondesir.) 

fi.  Acid  Tartaric  Ethers  containing  Monatomic  Alcohol-radules. 

These  are  monobasic  acids,  produced  by  the  direct  action  of  alcohols  on  tartaric 
acid. 

Amyltartarlc  Acid,  CH'^O"  =  C'H5(C5H")0^  Tartramylic  Acid.—1\a^ 
acid,  discovered  by  Balard  (Ann.  Ch.  Phys.  [3]  xii.  309),  and  more  fully  investi- 
gated by  Breu  nlin  (Ann.  Ch.  Pharm.  xei.  314),  is  prepared  by  digesting  150  pts. 
linely-pulverised  tartaric  acid,  for  several  days  (at  about  130°),  with  88  pts.  rectified 
amylic  alcohol.  A  syrupy  liquid  is  then  formed,  which,  by  slow  cooling,  solidifies  to 
warty  masses  of  unctuous  crystals,  having  an  intensely  bitter  taste.  They  melt  at  a 
gentle  heat,  and  dissolve  in  a  small  quantity  of  water,  but  a  larger  quantity  of  water 
separates  the  amyltartaric  acid  in  oily  drops.  (Breunlin.) 

The  amyltartrates,  C<H'M(C^H:")0=  and  C»H»M"(C^H")^0'2,  are  for  the  most 
part  soluble  in  water.  Most  of  them  remain  unaltered  when  their  aqueous  solutions 
are  boiled,  but  they  decompose  when  dried  at  100°. 

Amyltartratc  of  Barium,  prepared  by  saturation,  separates  from  its  concentrated 
solution,  in  colourless,  nacreous,  crystalline  laminse,  containing  C°H'Ba"(C^H")^0^ 
211^0,  which  become  dull  when  dried  at  a  gentle  heat,  and  are  decomposed  at  100°. 
They  dissolve  in  alcohol,  and,  on  adding  water  to  the  solution,  the  anhydrous  salt, 
C'*H"Ba"(C^H")^0'',  is  precipitated  in  white  amorphous  flakes.  — The  calcium-salt, 
C*H''Ca"(C^H")^0'^  likewise  obtained  by  neutralisation,  remains,  on  evaporating  its 
solution  over  oil  of  vitriol,  as  a  friable  saline  mass,  which  dissolves  very  readily  in 
water,  and  is  not  decomposed  at  100°. — The /fOfZ-sfl//',  obtained  by  precipitating  the 
potassium-salt  with  acetate  of  lead,  appears  to  be  a  basic  salt. — The  potassium-salf, 
obtained  by  decomposing  the  barium-salt  with  carbonate  of  potassium,  separates,  on 
evaporation  and  cooling,  as  a  white  crystalline  mass,  containing  C'II*K(C^H")O^.H-0. 
It  is  sparingly  soluble  in  cold,  easily  in  boiling  water,  and  gives  off  its  water  of  crj'S- 
tallisation  at  100°. — The  sodium-salt,  C-II^Na(C^H")0'',  prepared  in  like  manner, 
separates,  by  evaporation  over  oil  of  vitriol,  in  soft,  nodular,  anhydrous  crystals.  —The 
silver-salt,  C*H''Ag(C''H")0^,  separates  on  cooling  from  a  hot  concentrated  solution  of 
the  potassium-salt  mixed  with  nitrate  of  silver,  in  tufts  of  needles  having  an  adaman- 
tine lustre.  (Breunlin.) 

Etbyltartaric  Acid,  CHioQ^  =  C^W{C^W)0^. —Tartrethylio  or  Tartrovinio 
Acid.  (Marian,  Trommsd.  J.  xiii.  2,  43. — Trommsdorff,  ibid.  xxiv.  1,  11. — 
Gu^rin- Varry,  Ann.  Ch.  Phys.  [2]  Ixii.  57.) — When  absolute  alcohol  is  boiled  for 
some  time  with  tartaric  acid,  and  the  liquid,  after  dilution  ■with  water,  saturated  ■n'ith 
carbonate  of  barium,  insohible  tartrate  of  barium  is  formed,  together  with  a  solution 
of  the  ethyltartrate,  which  is  deposited  in  crystals  on  concentrating  the  liquid.  This 
salt,  decomposed  with  an  equivalent  quantity  of  sulphuric  acid,  yields  ethyltartaric  acid. 

This  acid  crystallises  in  elongated  prisms,  with  oblique  bases  ;  it  is  colourless,  in- 
odorous, tastes  both  sweet  and  sour,  and  quickly  absorbs  moisture  from  the  air.  It  is 
very  soluble  in  alcohol  and  in  ether.  Its  aqueous  solution  is  completely  decomposed, 
by  prolonged  boiling,  into  alcohol  and  tartaric  acid.  It  dissolves  zinc  and  iron,  with 
evolution  of  hydrogen. 

Ethyltartaric  acid  is  decomposed,  by  dry  distillation,  into  alcohol,  water,  acetic 
ether,  acetic  acid,  ethylene-gas,  pyrotartaric  acid,  and  other  products. — Nitric  acid 
converts  it  into  acetic,  carbonic,  and  oxalic  acids. 

The  solution  of  ethyltartaric  acid  gives  no  precipitate  with  potash  or  soda,  in 
whatever  proportion  the  alkali  may  be  added. — When  added  by  drops  to  baryta-water, 
it  forms  a  precipitate,  which  disappears,  with  the  exception  of  a  slight  turbidity,  as 
the  liquid  approaches  neutrality,  but  reappears  on  adding  an  excess  of  the  acid. 
These  characters  distinguish  ethyltartaric  acid  from  tartaric  acid.— AVith  lime-water, 
it  forms  a  precipitate  soluble  in  excess  of  the  acid. 
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The  ethyltartrates,  C<H''M(C-IP)0«  and  C8H'M"(C•-H^)-0'^  usually  crystallise 
well;  they  are  unctuous 'o  the  touch,  and  without  odour.  Almost  all  of  them  are 
very  soluble  in  water,  less  soluble  in  alcohol.  On  boiling  their  solutions,  they  are 
resolved  into  alcohol  and  tartrates. 

The  ammo?iiu in-salt  is  obtained,  in  silky  fibres,  by  spontaneous  evaporation  of  a  solu- 
tion of  the  acid  saturated  with  carbonate  of  ammonium. — The  potassium-salt, 
C'H'K(C^H*)0'',  forms  colourless  rhombic  prisms,  usually  exhibiting  the  combination 
oof  2  .  oot  00  .  P  00.  P.  Axes  a  :  6  :  c  =  0-2879:1:0.4174.  Angle  oof'2  :  ooP2 
(brach.)  =  120'=  8  ;  oof  2  :  ooPoo  =  lOP  6' ;  f  oo  :  P  oo  =  134°  41'.  Cleavage 
easy  parallel  to  ooP  oo.  Its  aqueous  solution,  when  boiled,  deposits  acid  tartrate  of 
potassium. — The  sodium-salt  forms  laminoe,  sometimes  rhomboidal,  sometimes  rect- 
angular. 

The  barium-salt,  C«H''Ba"(C=H=)'0'2.2H=0,  prepared  as  already  described  (p.  694), 
forms  beautiful  fan-shaped  groups  of  crystals,  apparently  belonging  to  the  trimetrio 
system. 

The  cakium-salt,  C»H'Ca"(C'H5)-0".5H-0,  prepared  like  the  barium-salt,  forms 
rectangular  prisms  or  laminoe,  which  melt  in  their  water  of  crystallisation  at  100°. 

The  cupric  salt,  C''H*Cu''(C''H^)'''0".6H'-0,  obtained  by  dissolving  cupric  oxide  in  the 
aqueous  acid,  forms  blue,  silky,  eiHorescent  needles. 

The  lead-salt  separates,  on  adding  ethyltartaric  acid  to  acetate  of  lead,  in  small 
nacreous  prisms,  insoluble  in  excess  of  the  acid. 

The  silver-salt,  C*H'Ag(C-H^)0'',  obtained  by  precipitation,  crystallises  in  prisms, 
sometimes  tumefied  in  the  middle.  It  is  slightly  soluble  in  cold  water,  and  may  be 
heated  to  100°  without  decomposition. 

The  zinc-salt  forms  groups  of  rectangular  prisms,  unctuoiis  to  the  touch. 

Etbylbenzotartaric  Acid,  C'^HnQ'  =  C'H\C'H50)(C=IP)0^  (Perkin, 
Chem.  Soc.  J.  xx.  142.) — Produced,  together  with  bonzotartaric  acid  and  other  pro- 
ducts, by  treating  a  dilute  alcoholic  solution  of  benzotartarie  ether  with  a  quantity  of 
dilute  alcoholic  potash,  not  sufficient  to  I'esolve  it  completely  into  benzoic  and  tartaric 
acids  (p.  693).  On  gently  heating  the  resulting  liquid  to  expel  the  excess  of  alcohol, 
adding  water  to  separate  oily  products,  passing  the  solution  through  a  wet  filter,  acidu- 
lating with  hydrochloric  acid,  which  separates  an  oil  consisting  of  benzoic  and  ethyl- 
benzoic  acids,  together  with  a  little  neutral  oil,  smelling  like  benzoic  ether,  and  placing 
the  clear  filtrate  in  a  vacuum  over  oil  of  vitriol,  ethylbenzoic  acid  separates,  after  a 
few  days,  in  beautiful  tufts  of  hard  needles,  which  may  be  completely  purified  by 
washing  with  water.    The  mother-liquor  contains  benzotartarie  acid  (p.  690). 

Ethylbenzotartaric  acid  is  sparingly  soluble  in  water,  but  extremely  soluble  in 
alcohol  and  ether,  and  is  deposited  from  its  alcoholic  or  ethereal  solution,  on  evapora- 
tion, in  fan-shaped  groups  of  crystals.  Its  aqueous  solution  reddens  litmus-paper.  It 
is  easily  decomposed  by  potash,  and  its  salts  appear  to  be  rather  unstable. 

methyltartaric  Acid,  CHSQ"  =  C'H='(CH3)0''.  Tartromithylic  Acid.  (Du- 
mas and  Peligot,  Ann.  Ch.  Phys.  [2]  Ixi.  200. — Gueri  n  -  Varry,  ibid.  Ixii.  77. — 
Dumas  and  Piria,  ibid.  [3]  v.  373.) — Tartaric  acid  dissolves  in  methylic  more 
easily  than  in  ethylic  alcohol,  and  converts  it  with  greater  facility  into  the  acid  ether. 
To  prepare  this  compound,  tartaric  acid  is  dissolved  in  an  equal  weight  of  methylic 
alcohol  at  the  boiling  heat ;  the  solution  is  evaporated  to  a  syrup  at  a  temperature 
below  100°;  the  syrup  left  to  evaporate  freely,  and  the  resulting  crystals  di-iud  in  a 
vacuum. 

Methyltartaric  acid  crystallises  in  colourless  rectangular  prisms,  heavier  than 
water,  fusible,  inodorous,  but  having  an  acid  taste.  It  is  scarcely  altered  by  the 
moisture  of  the  air,  dissolves  very  easily  in  cold  water,  and  in  all  proportions  of  boil- 
ing water;  is  easily  soluble  also  in  alcohol  and  wood-spirit,  but  insoluble  in  ether. 

The  aqueous  solution  of  methyltartaric  acid,  w-hen  boiled,  takes  up  1  at.  water, 
reproducing  tartaric  acid  and  methylic  alcohol.  The  crystals,  when  heated,  give  oft' 
water,  methylic  alcohol,  and  methylic  acetate,  together  with  other  products. 

Tlie  aqueous  acid  dissolves  zinca.r\A  iron,  with  evolution  of  hydrogen.  With  barijta- 
vaicr  and  lime-water  it  forms  precipitates,  soluble  in  a  slight  excess  of  the  acid.  It 
dues  not  precipitate  sulphate  of  potassium,  but  forms  a  pulverulent  precipitate  with 
acetate  of  lead. 

The  methyltartrates  are  converted,  by  boiling  their  aqueous  solutions,  into 
methylic  alcohol. — The  potassium-salt,  C^H'KO",  crystallises  in  right  rectangxdar 
prisms,  which  (according  to  D umas  and  Piria)  are  anhydi-ous,  but  (according  to 
Gu6rin-Varry)  give  oif  4-2  per  cent,  water  in  a  vacuum  over  oil  of  vitriol.  It  is 
much  more  soluble  in  hot  than  in  cold  water. — The  sodium-salt  is  sparingly  soluble  in 
water,  and  sepaiMtes,  as  a  granular  precipitate,  on  pouring  methyltartaric  acid  into 
caustic  soda. — The  barium-salt,  C'"H'''Ba  '0'MI^O  (?),  is  obtained  by  saturating  9 
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solution  of  the  acid  in  methylic  alcohol  with  carbonate  of  barium,  and  crystallises,  by 
spontaneous  evaporation,  in  white  rectangular  prisms,  much  more  soluble  in  hot  than  in 
cold  water.  It  decomposes  at  about  160°,  yielding  a  syrupy  alliaceous  liquid,  contain- 
ing water,  methylic  alcohol,  methylic  acetate,  and  a  crystallisable  substance,  which 
may  be  obtained  from  it  by  evaporation. — The  lead-salt  and  the  silver-salt  are  obtained 
by  precipitation. 

Acids  isomeric  with  Methyltartaric  Acid. 

CiTRATAETiKic  Acn),  C^H'O^  (Carius,  Ann.  Ch.  Pharm.  cxxix.  159;  Jahresb. 
1864,  p.  393.) — An  acid  produced  by  boiling  a  neutral  salt  of  chlorocitramalic  acid 
with  water : 

C^ffK^ClO^  +  WO    =    KCl  +  C^H'KO^ 

Chlorocitrama-  Citratartrate. 
late. 

To  prepare  it,  a  solution  of  chlorocitramalate  of  barium*  is  repeatedly  evaporated  to  dry- 
ness, with  excess  of  baryta.  On  carefully  decomposing  the  resulting  barium-salt  with 
dilute  sulphuric  acid,  evaporating  the  filtrate,  and  decolorising  with  animal  charcoal, 
citratartaric  acid  is  obtained,  as  a  transparent,  amorphous,  deliquescent  mass,  which 
melts  above  100°,  and  becomes  carbonised,  with  evolution  of  acid  vapours. 

Citratartaric  acid  is  dibasic.  Its  potassium-  and  am  monium-salts  have  the  composi- 
tion C^H'M'O" :  the  former  crystallises  in  needles.  The  free  acid  is  precipitated  by 
acetate  of  lead ;  the  solutions  of  the  neutral  alkali-metal  salts  form,  with  lead-  and 
silver-salts,  precipitates  which  are  soluble  both  in  the  free  acid  and  in  excess  of  the 
alkaline  salt;  no  precipitate  with  chloride  of  barium,  calcium,  copper,  or  zinc.  Citra- 
tartaric acid  reduces  an  ammoniacal  silver-solution  at  the  boiling  heat,  and  prevents 
the  precipitation  of  ferric  oxide  by  alkalis. 

Citratartrate  of  barium  contains  C*H^Ba"0^ ;  the  neutral  lead-salt,  C'H"Pb"0^ ; 
the  basic  lead-salt,  C^H«Pb"0«.Pb"0. 

Dibasic  acids  having  the  same  composition,  and  perhaps  identical  with  the  pre- 
ceding, are  produced  : — a.  By  the  rediiction  of  oxalic  ether  with  sodium-amalgam,  the 
pasty  amalgam  being  covered  with  alcohol  of  80  per  cent.,  and  the  oxalic  ether 
gradually  added. f  This  acid,  Lowig's  glycomalic  acid,  is  uncrystaDisable,  but  its 
acid  barium-salt  may  be  obtained  in  crystals.  (Lowig,  Jahresb.  1862,  p.  311.) 

/8.  By  the  action  of  silver-oxide  on  dibromopyrotartaric  acid  (iv.  774) : 
C*H«Br=0^  +  Ag^O  +  H^O  =  2AgBr  +  C^H^O*. 

The  acid  thus  produced  (homotartaric  acid)  is  very  soluble  in  water,  and  the 
syrupy  solution  yields  crystals  after  long  standing.  Its  salts  are  almost  all  soluble  in 
water. — The  neutral  barium-salt,  C^H''Ba"0''  (at  150°),  is  insoluble  in  alcohol. 
(Kekule,  Ann.  Ch.  Pharm.  Suppl.  i.  346;  Lehrbuch,  ii.  213.) 

y.  T artaric  Ethers  c ontainin  c/  Polyatomic  Alcohol-radicles. 

These  ethers  are  formed  by  heating  tartaric  acid,  in  various  proportions,  with 
glycerin,  mannite,  dulcite,  pinite,  glucose,  &c.  Their  composition  and  properties 
have  already  been  described.  See  Ethees  (ii.  621,522);  Glucosotastaric  Acid 
(ii.  872) ;  Glycebotaetakic  Acids  (ii.  893). 

TA.RTARIM'.    Native  sulphate  of  potassium,  also  called  Arkanite  and  Glaserite. 

TARTimus.  A  general  pharmaceutical  name  for  salts  of  tartaric  acid  : — Tar- 
t.irus  an.moniatus  is  ammonio-potassic  tartrate. —  T.  bora.tatus,  or  tartarised  borax,  is 
the  gumi^y  salt  obtained  by  evaporating  a  mixture  of  1  pt.  borax  and  3  pts.  cream  of 
tartar  (p.  687). —  T.  chalybcatus  is  potassio-ferric  tartrate. —  T.  emeticus:  potassio- 
antimonious  tartrate. — T.\fcrratus  ov  fcrruginosus),  T.  kalico-ferricus,  and  T.  martialis 
or  martiutus,  are  various  preparations  containing  ferric  tartrate. — T.  rcgc7ieratus : 
acetate  of  potassium. — T.solubilis:  neutral  tartrate  of  potassium. —  T.  solubilis  am- 
moniacalis  :  ammonio-potassic  tartrate. — T.  stihiatus:  tartar-emetic. — 2'.  tartarisatus: 
neutral  tartrate  of  potassium. —  T.  vitriolatus :  sulphate  of  potassium. — T.  vitriolatus 
acidus  :  acid  sulphate  of  potassium. 

TARTKAIiZC  ACID.    Syn.  with  Ditartaeic  Acid  (p.  691). 

TARTRAIHCETBAN'S.    Ethylic  tartramate. 

*  This  salt  is  prepared  by  treating  a  cold  solution  of  citraconate  of  barium  with  hynochlorous  acid, 
produced  by  passing  chlorine  into  water  containing  mercurous  oxide  in  suspension.  (Jahresb.  1863,  p. 
.386.) 

t  The  reduction  of  ethylic  oxalate  by  sodium-amalgam,  uudcr  diflTerent  conditions,  yields  racemo- 
earbonic  or  dcsoxalic  acid,  C'll'D"  (p.  40). 
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TARTRAinXC  ACID.    C'H'NO'  =  C*ff(NH^)0=  =  (CH'^O^)"  [  w  •  (Lau- 

H.H'''    )  ^ 

rent,  Compt.  Chim.  1845,  p.  153.— K.  Grot e,  Ann.  Ch.  Pharm.  cxxx.  262.)— The 
ammouium-salt  of  this  acid  is  produced  :— 1.  By  passing  ammonia-gas  over  tartaric 
anhydride  moistened  with  alcohol.  Two  layers  of  liquid  are  then  formed,  the  upper 
consisting  of  alcohol,  and  the  lower  of  tartramate  of  ammonium  (Laurent). — • 
2.  Together  with  tartaric  acid,  by  heating  tartaric  ether  with  strong  aqueous  ammonia 
to  100°.  The  resulting  solution  first  depo.sits  efflorescent  crystals'  of  tartrate  of 
ammonium,  then  hard  cnists  of  the  tartramate.  The  longer  the  action  is  continued, 
tho  greater  is  the  quantity  of  tartrate  produced,  and  in  about  a  week  the  whole  of  the 
tartramate  is  converted  into  tartrate.  (Grote.) 

Tartramate  of  calcium  is  precipitated  on  mixing  the  solution  of  the  ammonium-salt 
with  chloride  of  calcium,  and  adding  alcohol.  It  is  very  soluble  in  water,  insoluble  in 
alcohol,  and  forms  large  tetrahedral  crystals,  containing  C''H"'Ca"N''0'".6H'0.  Its 
solution,  mixed  with  acetate  of  lead  and  ammonia,  yields  a  precipitate,  consisting  of  a 

basic  lead-salt,  C'H^Pb'N-O'"— The  4rtn"!m-5a/<,  C8H'2Ba"N-0'».8H-0,  forms  crystalline 
crusts,  which  give  off  half  their  water  at  100.° — The  free  acid,  separated  from  the  cal- 
cium-salt by  sulphuric  acid,  is  syrupy.  (Grote.) 

Eihylic  Tart  ram  at  e,  Tartramic  Ether,  or  Tartramethane,  is  obtained 
by  the  action  of  alcoholic  ammonia  on  tartaric  ether.  When  cautiously  treated  with 
alkalis,  it  yields  tartramic  acid.  Ammonia  converts  it  into  tartramide.  (Demon- 
desir,  Compt.  rend,  xxxiii.  229.) 

Phentltartramic,  or  Taetbanilic  Acid,  C"'H"N0^  =  C*H:«(C«H')N0\ 
(Arppe,  Ann.  Ch.  Pharm.  xciii.  352;  Jahresb.  1855,  p.  477.)— This  compound  is 
obtained  by  boiling  tartranil  with  aqueous  ammonia.  On  evaporating  the  excess  of 
ammonia  at  a  gentle  heat,  adding  an  excess  of  baryta-water,  decomposing  the  washed 
precipitate  with  sulphuric  acid,  and  filtering,  the  tartranilic  acid  separates  in  light 
red  warty  masses  and  shining  laminae,  which  may  be  rendered  colourless  by  treatment 
with  animal  charcoal. 

Tartranilic  acid  is  very  soluble  in  water  and  in  alcohol,  less  soluble  in  ether  ;  it  melts  at 
180°,  and  decomposes  with  loss  of  water. — Its  animonkun-salt  remains,  on  evaporation, 
as  a  very  efflorescent,  easily  soluble,  crystalline  mass.  The  aqueous  acid  is  not  precipi- 
tated by  lime-water,  even  on  addition  of  ammonia ;  but  on  addition  of  potash,  a  cloudiness 
is  produced,  and  a  precipitate  on  boiling ;  neither  is  the  aqueous  acid  precipitated  by 
chloride  of  barium  or  calcium,  even  on  addition  of  ammonia;  with  bari/ta-water  it 
forms  a  copious  precipitate,  and  with  ferric  chloride,  a  yellow  precipitate. 

Tartranilate  of  Barium,  C-°H-°Ba"N-0'°,  is  moderately  soluble  in  boiling  water,  and 
crystallises  in  shining  spangles. — The  silver-salt,  C"'H"'AgNO^  is  a  white  somewhat 
soluble  powder. 

TARTRAAZIDE.    C'H'N'O^  =  C*H'(NH^)=0*  =  (C'lPO-)"  [ 2!.  (Demon- 

desir,  loc.  cit. — Pasteur,  Compt.  rend.  xxxv.  176. — Grote,  loc.  cit.) — Produced  by 
passing  dry  ammonia-gas  into  an  alcoholic  solution  of  tartaric  ether.  It  usually  crys- 
tallises from  pure  water  in  holohedral  crystals  ;  but  if  a  few  drops  of  ammonia  are 
added  to  the  hot  solution,  tho  crystals  deposited  on  cooling  exhibit  hemihedral  faces, 
often  very  fully  developed.  Its  solution  exhibits  dextro-  or  Isevo-rotation,  according 
to  the  kind  of  tartaric  acid  from  which  it  has  been  prepared.  Both  varieties  unite 
with  ordinary  active  7)ialamidc,  forming  compounds  which  have  the  same  composition, 
but  differ  in  crystalhno  form  and  in  solubility,  the  compound  containing  lajvotartra- 
mide  being  much  more  soluble  than  the  other.  (Pasteur.) 

A  hot  solution  of  mercuric  oxide  in  tartramide  deposits  crystalline  crusts  of  mer- 

curotartramide,  C'^H-'^Hg'N'O"' (?),  insoluble  in  water,  soluble  in  hydrochloric 
acid,  not  attacked  by  iodide  of  ethyl.  (Grote.) 

Oxide  of  silver  is  easily  reduced  by  tartramide.  (Grote.) 

DlPHENYLTARTRAMIDE,  or  TaRTEANILIDE,   C"=H'«N-0<    =  C'F'>(C'^H5)=N-0^ 

(Arppe,  Ann.  Ch.  Pharm.  xciii.  352.) — Produced,  together  with  tarti-anil  (phcnyltar- 
trimide),  by  the  action  of  heat  on  tartrate  of  aniline.  This  salt,  heated  to  130° — 140°, 
gives  ofif  aniline  (the  neutral  salt  being  partly  converted  into  the  acid  salt) ;  and  at 
150°,  the  mass  fuses,  and  then  no  longer  gives  the  reaction  of  aniline  with  chloride  of 
lime : 

C<HXC'=H«N)»0'i  -  2H-0    =  C"H"TN'0^ 

Neutral  tartrate  of  Tartrauilide. 
aoiHne. 
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C'H5(C«H«N)0«  -  2H'0    =  C'oH'NO'. 

Acid  tartrate  of  Tartranil. 
aniline. 

Boiling  ■water  dissolves  out  the  tartranil ;  the  brown  residue  dissolves  in  boiling 
alcohol ;  and  the  solution,  on  cooling,  deposits  crystals  of  tartranilide. 

Tartrauilide  crystallises  in  colourless,  nacreous,  slender,  interlaced  needles,  insoluble 
in  water,  slightly  soluble  in  ether,  moderately  soluble  in  alcohol.  It  may  be  heated 
to  250^  without  decomposition,  melts  and  decomposes  at  a  higher  temperature,  but  by 
careful  heating  to  somewhat  below  its  melting-point,  it  may  be  sublimed  in  shining 
laminae.  It  is  not  altered  by  boiling  -with  alkaline  solutions.  It  is  dissolved  with 
difficulty  by  hot  hydrochloric  acid,  with  partial  decomposition  by  nitric  acid,  easily 
by  sulphuric  acid. 

TA.RTRASXVZiIC  ACXSt    Syn.  with  Amtltaetaeic  Acid  (p.  69-i). 
TATtTHAim:    Syn.  with  Phentltaetrimtde  (infra). 
TARTBANZIiIC  ACID.    Syn  with  Phentltahtramic  Acid  (p.  697). 
TA.KTKATTXXiXI>E.    Syn.  with  Phenyltaeteamide  (p.  697). 
TARTRATES.    See  Taetaeic  Acid  (p.  675). 
TARTREXiXC  ACXS.    Soluble  tartaric  anhydride  (p.  691). 
TARTBSTBTZiXC  ACXD.    Syn.  with  Ethtltaetahic  Acid  (p.  694). 

TARTRXnxXDX:.    C^H^NO'  =  (C^ffO^)"!^'  =  C"H»(NH^)0»(acidammonium- 

tartrate)  — 2H^0. — This  compound  has  not  been  obtained ;  but  phenyltartrimide  or 
tartranil,  C'H'NO'  =  C^HXC''H5)N0»,  is  produced,  as  above  described,  together 
with  tartranilide,  by  the  dehydration  of  tartrate  of  aniline.  It  may  be  purified  by 
recrystallisation  and  treatment  with  animal  charcoal,  and  separates,  on  cooling  from 
hot  solutions,  as  a  white  granular  powder,  or  in  nacreous  laminae.  It  dissolves  easily 
in  water  and  in  alcohol,  sparingly  in  ether.  It  may  be  heated  to  somewhat  above 
200"^  without  decomposition  (the  granular  variety  becoming  crystiiUine,  and  partly 
volatilising  as  a  woolly  sublimate),  but  melts,  and  decomposes  at  230°.  It  is  tasteless, 
but  reddens  litmus-paper  distinctly.    (Arppe,  loc.  cit.) 

TARTROGXi'SrCERXC  ACX3>.    Syn.  with  Glyceeotaetaeic  Acid  (ii.  893). 

TARTROMSTHVXiXC  ACXD.    Syn.  with  Methtitartaeic  Acid  (p.  695). 

TABTROTJXC  ACXD.  C^ffO^  (Dessaignes,  Compt.  rend,  xxxiv.  731; 
xxxviii.  -ii.) — A  dibasic  acid,  produced  by  the  spontaneous  decomposition  of  nitrotax- 
taric  acid  (p.  690) ;  also,  according  to  Eaeyer  (Jahresb.  186-i,  p.  6-11),  by  the  action 
of  sodium-amalgam  on  mesoxalic  acid,  C'H'O^  (iii.  932).  It  crystallises  in  rather 
large  prisms,  which  melt  at  160°,  and  decompose  with  formation  of  glycollide 
(ii.  919): 

Cm*0'    =    C^H^O'  +  CO^  +  H=0. 

The  tartronates  of  the  alkali-metals  are  soluble  in  water:  the  acul  ammoniinii-salt 
crystallises  in  prisms  :  the  sUvcr-salt  contains  C'H'^Ag-O^. — The  aqueous  acid  forms 
precipitates  with  argentic,  plumbic,  and  mercurous  salts,  and  with  the  acetates  of 
barium,  calcium,  and  copper. 

TARTBOVXUXC  ACXS.    Syn.  with  Ethyltart^uiic  Acid  (p.  69-1). 

TARTRTXi.    C'H-0% — The  radicle  of  tartaric  acid. 

TARTRVXiXC  ACXI>.    Syn.  with  Taetaric  Acid. 

TASIWABJXTX:.  A  fossil  resin  occurring,  in  small  scales  or  plates,  between  the 
layers  of  a  rock  containing  alumina  and  ferric  oxide,  occurring  on  the  Mersey  River  in 
Tasmania.  The  resin,  which  forms  from  30  to  40  per  cent,  of  the  entire  deposit,  is 
translucent  and  reddish-brown,  has  a  specific  gravity  of  1-18,  hardness  =  2,  and  a 
conchoidal  fracture.  It  is  not  dissolved  by  alkalis,  alcohol,  ether,  carbonic  disulpliide, 
benzene,  or  other  hydrocarbons.  It  is  slowly  oxidised  by  nitric  acid,  with  formation  of 
sulphuric  acid;  oil  of  vitriol  chars  it,  and  eliminates  sulphydric  acid.  By  dry  distilla- 
tion, it  yields  oily  and  solid  products,  smelling  like  Canadian  petroleum.  It  burns 
readily  "in  the  air,  with  a  smoky  flame  and  offensive  odour.  It  gives  by  analy.':is  (after 
deduction  of  8  to  12  per  cent,  ash,  consisting  of  silica,  alumina,  and  a  little  ferric 
oxide),  79-34  per  cent,  carbon,  10-41  hydrogen,  5-32  sulphur,  and  4  94  oxygen,  agreeing 
nearly  with  the  formula  C^H^^O^S.    (Church,  Phil.  Mag.  [4]  sxviii.  465.) 

TATmuS-SZiATS.  A  clay-slate  occurring  in  the  Taunus  range  in  Western 
Germany.     It  has  a  grey  to  violet  colour,  and  silky  iridescent  lustre,  and  cou- 
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tains  sericite  or  damourite  (p.  235).  A  similar  formation  occurs  at  Gollnitz  in 
Hungary. 

TA.mxXN'E.  C'H'NSO'. — A  neutral  crystallisable  siibstanee  obtained  from  bile, 
and  resulting  from  the  transformation  of  taurocholic  acid  under  the  influence  of  acids 
di  of  alkalis : 

C-«H"NSO'  +  H=0    =    C^H'NSQs  +  C='H«0'. 

Taurocholic  Taurine.  Cholic 

acid.  acid. 

It  was  discovered  in  1826  by  L.  Gm  eli  n  (Tiedemann  u.  Gmelin,  Die  Verdammg,  i.  43, 
60),  who  obtained  it  from  ox-bile  ;  it  may  also  be  prepared  from  the  bile  of  most  other 
animals — from  all  kindsof  bile,  indeed,  which  contain  taurocholic  acid  (Strecker,  Ann. 
Ch.  Pharm.  Ixv.  132  ;  Ixvii.  34  ;  xci.  101). — It  is  never  found  in  the  free  state  in  healthy 
bile,  or  indeed  in  any  other  of  the  healthy  secretions,  at  least  in  the  higher  animals; 
but  it  often  occurs  in  diseased  bile  taken  from  the  dead  body,  especially  when  the  bile 
has  an  acid  reaction.  It  is  found  also  in  certain  molluscs  (Valenciennes  and 
Fr^m  y,  Compt.  rend.  xli.  735) ;  in  the  muscles  of  the  oyster,  which  close  the  shell ;  in 
the  blood  of  the  shark  ;  in  the  liver,  spleen,  and  kidneys  of  the  ray  (Stadeler  and 
Frerichs) ;  in  the  pulmonary  tissue  of  oxen,  and  sometimes  in  the  kidneys  (Cloetta, 
Ann.  Oh.  Pharm.  xcix.  289).  It  has  been  especially  studied  by  Demarqay 
(Ann.  Ch.  Pharm.  xxvii.  286),  by  Dumas  and  Pelouze  {ihid.  xxvii.  292),  and  by 
jRed  tenbacher  {ibid.  Ivii.  170),  who  fii-st  showed  that  it  contains  sulphur. 

According  to  the  formula  above  given,  which  was  established  by  Eedtenbacher, 

taurine  is  isomeric  with  acid  sulphite  of  vinyl-ammonium,        ^    H  [ 

lated  to  isethionic  acid  in  the  same  manner  as  alanine  to  lactic  acid : 

C5H*(Nff)03    -  H"0    =  C^H'NO'=. 

Lact:iti'  of  Alanine, 
ammoiiium. 

C'H^NH')SO^  -  H-O    =  C^H'NSO', 

Isetliionate  of  Taurine, 
ammonium. 

In  accordance  with  this  last  relation,  Strecker  has  shown  that  it  may  be  produced  from 
isethionate  of  ammonium  by  elimination  of  water,  and  an  improved  method  of  preparing 
it  from  isethionic  acid  has  recently  been  given  by  Kolbe.  (Ann.  Ch.  Pharm.  cxxii. 
33.) 

rrcparatmi. — 1.  From  i?i7e.— Ox-bile  (which  is  the  kind  most  easily  obtained  in 
quantity)  is  mixed  with  hydrochloric  acid,  and  the  liquid  filtered  from  the  resulting 
precipitate  is  evaporated  down  at  the  boiling  heat,  till  it  has  separated  into  a  viscous 
resinous  deposit  and  a  clear  watery  liquid.  The  latter  is  poured  otf,  the  resin 
rinsed  with  water,  and  the  united  liquids  concentrated.  On  cooling,  they  deposit  a 
largo  quantity  of  common  salt,  together  with  crystals  of  taurine,  which  must  be  picked 
out  and  purified  by  recrystallisation. 

Taurine  is  also  easily  prepared  from  putrid  bile.  The  bile,  mixed  with  a  considera- 
ble quantity  of  water,  is  exposed  for  about  three  weeks  to  a  summer  temperature,  till  it 
acquires  a  distinct  acid  reaction.  It  is  then  precipitated  with  acetic  acid ;  the  filtered 
liquid  is  evaporated;  the  residue  treated  with  strong  alcohol  ;  and  the  taurine,  which 
remains  undissolved,  is  crystallised  from  boiling  water  (Gorup  -Besanez,  Ann.  Ch. 
Pharm.  lix.  130).  As  taurine  may  be  decomposed  by  prolonged  contact  with  ferments, 
it  is  important  not  to  allow  the  putrefaction  to  go  on  too  long. 

2.  From  Isethionic  And. — a.  Lsethionate  of  ammonium  is  heated  for  some  time  to 
210°,  till  it  becomes  solid;  the  residue  is  dissolved  in  water;  and  the  solution  mixed 
with  a  small  quantity  of  alcohol,  which  throws  down  a  brownish  substance  ;  then  with  a 
larger  quantity,  which  precipitates  taurine  (Strecker).  The  product  thus  obtained 
is  generally  small,  the  greater  part  of  the  taurine  suffering  further  decomposition. 

0.  Dry  pulverised  isethionate  of  potassium  is  mixed  in  a  retort  with  2|  times  its  weight 
of  phosphoric  pentachloride.  The  mixture  immediately  becomes  warm,  and  gives  otf 
hydrochloric  acid  and  phosphoric  oxycldorido,  after  which,  on  applying  heat,  chlor- 
ethylsulphiu-ic  chloride,  C'-H'SO-Cl",  distils  over,  together  with  more  oxychloride.  These 
two  substances  are  separated  by  fractional  distillation,  and  the  chlorethylsulphuric 
chloride,  which  passes  over  at  about  200-",  is  decomposed  by  prolonged  heating  with 
water  in  sealed  tubes,  into  hydrochloric  and  chlorethylsulphuric  acids.  The  resulting 
solution  is  neutralised  with  ammonia,  and  the  salt  left  on  evaporating  it  over  the 
water-bath,  is  heated  for  some  time  to  100'^  in  closed  vessels  with  excess  of  strong 
aqueous  ammonia,  whereby  taurine  is  produced,  together  with  sal-ammoniac.  The 
free  ammonia  is  then  evaporated  off ;  the  liquid  heated  with  hydrate  of  lead  as  long  as 
ammonia  continties  to  escape  ;  and  the  filtrate,  freed  from  lead  by  sulphuretted  hydrogen, 
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is  concentrated  by  evaporation :  it  then,  on  cooling,  yields  crystals  of  pure  taurine 
(Kolbe).    The  series  of  reactions  is  represented  by  the  following  equations:— 
C^ffSO*  +  2PCP    =    C'^ffSO^CP  +  2P0CP  +  2HC1. 

Isethionic  Chlorethyl- 
acid.  sulphuric 
chloride. 

C^H'SO'CP  +  H^O    =  ECl  +  C=H='C1S0^ 

Chlorethyl-  Chlorethyl- 
sulphuric  sulphuric 
chloride.  acid. 

C^ffClSO^  +  NH'    =  HCl  +  C^H'NSO'. 

Chlorethyl-  Tauriue. 
sulphuric 
acid. 

Properties. — Taurine  forms  large,  transparent,  monoclinic  crystals,  having  a 
vitreous  lustre,  and  usually  exhibiting  the  combination  ooP  .  ooP  oo  .  +P  .  —  P, 
\ikefff  301  (ii.  155),  also  with  oP  and  other  faces.  Axes  a:b  :  c  =  1-4648  :  1  : 
0-06648.  Angle  A  :  c  =  86°  22';  ooP  :  coP  (orthod.)  =  68°  32';  oP  :  aP  = 
87°;  +P:  +P(clinod.)  =  137°  30';  _P  :  -P  (clinod.)  =  139°  44'.  The  crys- 
tals grate  between  the  teeth,  and  have  a  pungent  taste ;  they  are  neutral  to  vege- 
table colours,  and  pei-manent  at  100°,  but  melt  and  carbonise  at  a  higher  temperature. 
By  dry  distillation,  they  yield  a  Ivrown  empyreumatic  oil,  together  with  a  yellow 
slightly  acid  liquid,  which  contains  an  ammoniacal  salt,  and  reddens  ferric  cliloride 
(acetate  of  ammonium  ?). 

Taurine  is  more  soluble  in  hot  than  in  cold  water  ;  1  pt.  dissolves  in  15-5  pts. 
water  at  12°.  It  is  nearly  insoluble  in  absolute  alcohol. — Strong  sulphuric  and  nitric 
acids  dissolve  it ;  but  it  is  not  decomposed  by  nitric  or  by  nitromuriatic  acid,  even  at 
the  boiling  heat,  or  by  dry  chlorine. — Nitrous  acid  converts  it  into  isethionic  acid, 
with  evolution  of  nitrogen  (Gibbs,  Sill.  Am.  J.  [2],  xxv.  30).  Its  aqueous  solution 
is  not  precipitated  by  salts  of  copper,  mercury,  or  silver. — Melted  with  caustic  potash, 
it  yields  a  residue,  which,  when  treated  with  dilute  sulphiiric  acid,  gives  off  sulphydric 
and  sulphurous  acids,  and  yields  a  deposit  of  sulphiir.  If  evaporated  slowly  -with 
caustic  potash,  it  gives  up  all  its  ammonia  at  a  certain  stage,  without  blackening  ; 
and  the  cooled  residue,  if  then  treated  with  sulphuric  acid,  gives  off  sulphurous  acid, 
without  sulphydi-ic  acid  or  deposition  of  sulphur,  and  yields  by  distOJation  a  mixture 
of  acetic  and  sulphurous  acids. 

TAURXSCITE.  A  variety  of  ferrous  sulphate,  found  on  the  Windgalle,  in  the 
Canton  TJri,  Switzerland ;  it  has  the  composition  of  ordinary  green  vitriol,  but  forms 
orthorhombic  crystals,  like  those  of  magnesium-sulphate. 

TAUROCHEirOCHOIiXC  AVIH.  A  sulphuretted  acid  contained  in  goose- 
bile.  It  has  not  been  obtained  quite  pure,  but,  according  toHeintz  and  Wislicenus 
(Pogg.  Ann.  cviii.  547),  it  consists  of  C=°H"NSO',  differing  therefore  in  composition 
from  taurocholic  acid,  and,  when  boiled  with  baryta-water,  yields  cheuocholic  acid, 
C-'H^^O*,  homologous  with  hyocholic  acid,  C-*II''°0*.  Chenocholic  acid  is  insoluble 
in  water,  soluble  in  alcohol  and  ether,  and  separates  from  solution  mostly  as  an 
amorphous  mass,  rarely  in  indistinct  crystals.  Its  solution  has  an  acid  reaction,  and 
gives,  with  sugar  and  sulphuric  acid,  the  blood-red  coloration  characteristic  of  the 
biliary  acids. — Its  barium-salt,  C^'II"'Ba"0',  is  insoluble  in  water  and  in  ether,  but 
soluble  in  absolute  alcohol. — The  potassium-salt  dissolves  easily  in  water  and  in  alcohol, 
but  not  in  dilute  potash-ley. 

TAVROCHOXiXC  ACID.  C^^H"NSO'.  Choleic  Acid.  Sulphocholeic  Acid. 
(Strecker,  Ann.  Ch.  Pharm.  Ixvii.  30;  Ixx.  169. — Lieberkiihn  and  Heintz, 
Lchrbuch  der  Zoochvmie,  p.  367. — Hoppe,  Arch.  Path.  Anat.  xv.  126. — Cloetta  and 
Vulpian,  N.  Jahrb.  Pharm.  vii.  106.— J.  Parke,  BuU.  Soe.  Chim.  1866,  ii.  242.)— 
An  acid  occurring  as  a  sodium-salt  in  the  bile  of  most  animals.  In  the  bile  of  serpents 
(Boa,  Python),  and  in  that  of  the  dog,  it  occurs  free  from  glycocholic  acid;  in  that  of 
fishes  (Pleuronectcs,  Gadus,  Esox,  Ptrca),  and  of  the  sheep,  wolf,  goat,  and  domestic 
fowl,  mixed  with  only  a  small  quantity,  and  in  that  of  the  ox,  with  a  large  quantity 
of  glycocholic  acid. 

Taurocholic  acid  may  be  prepared  from  dog's  bile,  by  evaporating  the  decolorised 
alcoholic  extract  of  the  bile;  digesting  the  residue  with  a  small  quantity  of  absolute 
alcohol,  and  adding  ether,  which  precipitates  the  alkaline  taurocholate  in  the  crystalline 
state  ;  mixing  the  aqueous  solution  of  this  salt  with  acetate  of  lead  and  a  little  am- 
monia ;  exhausting  the  washed  precipitate  with  boiling  alcohol  ;  and  saturating  the 
hot  filtered  liquid  with  sulphydric  acid  gas.  Ou  evaporating  the  filtered  liquid  to  a 
small  bulk,  and  precipitating  with  excess  of  ether,  the  syrupy  precipitate  solidifies, 
after  some  time,  into  a  mass  of  fine  silky  needles  of  pure  taurocholic  acid,  which  in 
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contact  with  the  air  quickly  changes  to  an  amorphous  transparent  mass  (Parke). 
Taurocholie  acid  may  be  prepared  from  bile  containing  also  glycocholic  acid,  by 
first  precipitating  the  latter  with  basic  acetate  of  lead,  and  throwing  down  the 
taurocholie  acid  from  the  filtrate  by  adding  more  basic  acetate  of  lead  and  ammonia. 
(Heintz.) 

Taurocholie  acid  is  easily  soluble  in  water  and  in  alcohol,  less  soluble  in  ether ;  it 
has  a  sweetish  taste,  with  somewhat  bitter  aftertaste.  It  acts  upon  polarfaed  light,  its 
specific  rotatory  power  being  +24-9°  for  red,  and  +  25'3°  for  yellow  light  (Hoppe- 
Seyler).  In  the  dry  state,  it  may  be  heated  consideralily  above  100°  without  decom- 
position (Parke) ;  but  wlien  boiled  with  water,  ov  with  alkalis,  \t  is  resolved  into 
taurine  and  cholie  acid: 

C"H'=NSO'  +  H^O  =  C^H'NSO'  +  C2^H^'>0^ 

By  boiUng  with  acids,  it  is  resolved  into  taurine  and  dyslysin,  C^'ff'^O',  together  with 
other  products : 

C26H«NSO'  =  C^H'NSO^  +  CH^^O'  +  H-0. 

Taurocholates. — Taurocholie  acid  is  monobasic.  Tlie  taurocholates  of  the 
alkali-metals  are  easily  soluble  in  water  and  in  alcohol,  but  insoluble  in  ether,  which 
precipitates  them  from  their  alcoholic  solutions  as  pasty  masses  changing  into  crystals 
on  standing.  The  aqueous  solutions  of  the  alkaline  taurocholates  froth  like  soap- 
water,  and  deposit  the  dissolved  salt  on  addition  of  caustic  potash.  They  give  no 
precipitate  with  acetic  acid,  dilute  mineral  acids,  or  neutral  acetate  of  lead. — Basic 
acetate  of  lead  tlirows  down  white  flocks,  soluble  in  boiling  water,  and  in  excess  of 
the  lead-solution  ;  on  adding  a  few  drops  of  ammonia,  a  more  abundant  precipitate  is 
formed. — Ferric  chloride  produces  a  precipitate  easily  soluble  in  excess.  No  turbidity 
is  produced  by  nitrate  of  silver  or  by  mercuric  chloride. — Mircurous  nitrate  and 
sta?mous  chloride  throw  down  white  flocks.  The  solutions  give  no  precipitate  with 
acetate  of  barium,  strontium,  calcium,  magnesium,  or  copper. 

Taurocholate  of  Barium  is  obtained,  by  dissolving  taurocholie  acid  in  baryta-water, 
evaporating,  dissolving  in  alcohol,  and  precipitating  with  ether,  as  a  resinous  mass, 
which  quickly  solidifies  in  the  crystalline  form. 

Taurocholate  of  Lead. — The  precipitate  formed  by  basic  acetate  of  lead  in  the 
Bolution  of  an  alkaline  taurocholate  contains  52  at.  carbon  to  1^  at.  lead. 

Taurocholate  of  Potassium,  C^'H^'KNSO',  is  contained  in  fish-bile,  together  with 
glycocholate  of  sodium.  To  obtain  it  pure,  the  bile  is  first  precipitated  by  neutral 
acetate  of  lead ;  then  the  filtrate  by  basic  acetate  of  lead  and  ammonia ;  the  pre- 
cipitate is  decomposed  by  carbonate  of  potassium;  and  the  solution  is  mixed  with 
strong  potash-ley,  which  precipitates  the  taiu-ocholate  of  potassium.  For  further  pu- 
rification, it  is  dissolved  in  absolute  alcohol ;  carbonic  acid  gas  is  passed  into  the 
solution  ;  the  liquid  is  filtered  from  the  carbonate  of  potassium  which  separates;  and 
the  tam'ocholate  is  precipitated  by  ether.  It  then  separates  in  colourless  needles, 
grouped  like  crystals  of  wavellite. 

Taurocholate  of  Sodium,  C^''Il*''NaNSO',  is  one  of  the  chief  constituents  of  ox-bile. 
It  rcsembless  the  potassium-salt. 

TA.TJRVX.ZC  A.CXD.  C'H'O'.  (Stadeler,  Ann.  Ch.  Pharm.  Ixxvii.  17.)— A 
compound  obtained,  together  with  phenol,  from  cows',  horses',  and  human  tirine.  It 
appears  to  be  isomeric  with  anisol,  bcnzylic  alcohol,  and  cresol — perhaps  identical 
with  the  latter ;  but  its  composition  is  not  precisely  known,  as  it  has  never  been 
completely  separated  fron  phenol. 

To  extract  it,  cows'  urine  is  boiled  with  lime,  and  the  decanted  liquid  is  evaporated 
to  an  eighth  of  its  bulk  ;  supersaturated  when  cold  with  hycb'ochloric  acid ;  left  to 
stand  for  twenty-four  hours  ;  and  then  distilled,  after  separation  of  the  hippiu'ic  acid 
deposited  from  it.  The  distillate,  which  contains  thick  greenish  oily  drops  having  a 
disagreeable  odour,  is  mixed  with  a  weighed  quantity  of  potassium-hydrate  and 
rectified  (whereupon  it  gives  off",  together  with  ammonia,  a  neutral  nitrogenous  oU 
heavier  than  water,  and  having  the  odour  of  rosemary) ;  the  residue  is  mixed  with  a 
quantity  of  sulphuric  acid  sufficient  to  neutr.alise  jiths  of  the  potash,  and  distilled,  as 
long  as  the  distillate  is  precipitated  by  basic  acetate  of  lead  ;  this  distillate,  which 
smells  of  phenol,  is  repeatedly  rectified  over  common  salt,  till  only  a  small  quantity 
of  watery  liquid  remains  mixed  with  it,  then  repeatedly  agitated  with  carbonate  of 
sodium  (to  remove  damolic  and  damaluric  acids,  ii.  301),  and  exhausted  with  ether; 
the  ethereal  solution  is  evaporated ;  the  residue  distilled,  first  with  strong  potash-ley 
to  volatiUse  neutral  oil,  and  then  with  acid  carbonate  of  potassium ;  and  this  last  oily 
distillate  is  dried  over  chloride  of  calcium  and  rectified,  oil  containing  water  then 
passing  over  at  180°,  pure  oil  between  185°  and  195°,  and  brownish  oil  at  200°. 

The  liquid  which  passes  over  between  185°  and  195°,  is  a  mixture  of  taurylic  and 
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phenic  acids.  It  is  a  colourless  oil,  wliich  smells  like  castoreum,  remains  liquid  at 
18°,  and  makes  a  wliite  spot  upon  the  skin.  With  an  equal  volume  of  strong 
sulphuric  acid,  it  solidifies  to  a  dendritic  mass,  the  mother-liquor  of  which  contains 
phenylsulphuric  acid.    When  boiled  with  nitric  acid,  it  yields  a  nitro-acid. 

TAUTOCLIIJE.  Breithaupt's  name  for  a  ferruginous  bitter  spar,  from  Freiberg, 
containing,  according  to  Ettling  (Ann.  Ch.  Phai-m.  xoix.  204),  49-07  percent.  CaCO', 
33-28  MgCO^  14-89  FeCO^  and  2-09  MnO^  (=  99-33). 

TAVTOZiITE.  A  mineral  allied  to  bucklandite,  but  regarded  byBreithaupt 
as  a  distinct  species,  occurring  in  the  volcanic  rocks  at  Lake  Laach,  near  Andernacli. 
It  is  opaque,  black,  with  vitreous  lustre,  and  crystallised  like  bucklandite  :  hardness 
=  6-5;  specific  gra^■ity  =  3-865.  It  appears  to  consist  mainly  of  the  silicates  of  for- 
rosum,  magnesium,  and  aluminium. 

T&.S.TN.  A  resinous  substance  obtained  from  the  leaves  of  the  yew-tree  ( Tax'its 
baccata),  by  treatment  with  alcohol  and  tartaric  acid,  two  pounds  of  the  leaves  yielding 
3  grains  of  taxin.  It  is  slightly  soluble  in  water,  dissolves  easily  in  alcohol,  ether,  and 
dilute  acids,  and  is  precipitated  from  the  acid  solutions  by  alkalis  in  white  bulky 
flocks.  It  is  not  precipitated  by  tannic  acid  or  tincture  of  iodine.  Strong  sulphuric 
acid  dissolves  it,  with  purple-red  colour.    (Lucas,  Arch.  Pharm.  [2],  Ixxxv.  145.) 

TATTjyiir.  An  amorphous,  purgative,  bitter  substance,  contained  in  the  root  of 
Trianosjperma  ficifoUa,  Mart.,  a  climbing  cucurbitaeeous  plant,  indigenous  in  Brazil. 
(Peckolt,  Arch.'Pharm.  [2],  cxiii.  104.) 

TCHA-XiASI'.  A  blue  powder,  containing  copper,  used  by  the  Chinese  for  pro- 
ducing blue  colours  on  porcelain.  (E  helm  en  and  Salv^tat,  Ann.  Ch.  Phys.  [3], 
XXXV.  338.) 

TCHnrGVEXi-SAKESEY.  A  kind  of  caoutchouc,  less  elastic  than  the  ordinary- 
kind.  It  is  said  to  flow  from  incisions  in  the  stem  of  a  tree  cultivated  in  Kurdistan, 
and  to  harden  in  the  air  {Handw.  d.  Chem.  yiii.  525). 

TEA.  The.  Thee.  Folia  thecB. — The  dried  leaves  of  the  tea-plant,  Thca  sinensis. 
This  plant  is  indigenous  and  extensively  cultivated  in  China,  Japan,  and  the  northern 
parts  of  the  eastern  peninsula  of  India,  and  has  been  introduced  more  or  less  success- 
fully into  British  India  on  the  southern  declivities  of  the  Himalayas,  Java,  the  Kong 
Mountains  in  Western  Africa,  Brazil,  Madeira,  and  other  countries  of  warm  and  tem- 
perate climates  ;  it  appears,  indeed,  to  be  capable  of  floiu-ishing  in  all  latitudes  between 
0°  and  40°.  It  was  formerly  supposed  that  there  were  two  species  of  the  tea-plant, 
Thea  viridis,  j'ielding  green,  and  TJiea  Bohea,  yielding  black  tea ;  but  it  appears,  from 
the  recent  observations  of  Mr.  Fortune,*  that  either  green  or  black  tea  may  be  obtained 
at  pleasure  from  the  same  plant. 

G-reenteais  prepared  from  the  young  leaves,  which,  within  an  hour  or  two  after 
they  have  been  gathered,  are  roasted  in  pans  over  a  brisk  wood-fire.  After  four  or 
five  minutes'  roasting,  the  leaves  become  flaccid,  and  are  rolled  by  the  bands  upon  a 
wooden  table  ;  they  are  then  again  thrown  into  the  di-ying-pans,  where  they  are  kept 
in  rapid  motion,  and  in  about  an  hour,  or  an  hour  and  a  half,  are  completely  dried. 

Black  tea  is  allowed  to  lie  in  heaps  for  ten  or  twelve  hoiors  after  the  leaves  have 
been  gathered ;  they  are  then  tossed  about  for  some  time,  till  they  become  flaccid.  At 
this  stage  they  begin  to  emit  a  fragrant  smell ;  they  are  next  rolled  in  balls,  with  the 
hand,  upon  a  wooden  table,  and  a  large  quantity  of  liquid  is  expressed  from  them  ; 
after  which  they  are  shaken  out,  roasted  for  a  few  minutes,  again  rolled,  and,  whilst 
still  flaccid,  are  exposed  to  the  air  for  some  hours  upon  shallow  bamboo  trays  :  this 
alternate  heating  and  rolling  is  repeated  three  or  four  times,  and  finally,  the  leaves  are 
dried  slowly  over  charcoal  fires.  A  species  of  fermentation  appears  to  occur  during 
the  drying  of  the  leaf,  in  consequence  of  which  a  development  of  essential  oil  takes 
place,  by  which  the  agreeable  aroma  is  occasioned :  this  aroma  is  wanting  in  the  fresh 
leaf.  The  change  of  the  leaf  from  green  to  black  is  mainly  due  to  chemical  alterations 
produced  by  the  oxygon  of  the  ah-  upon  the  constituents  of  the  leaf,  and  especially 
upon  the  astringent  principle — this  change  being  prevented  in  green  tea  by  the  rapid 
process  of  drying  to  which  it  is  subjected. 

Many  kinds  of  green  tea,  intended  for  the  European  market,  are  coloured  by  dusting 
them  with  a  finely-pulverised  mixture  of  pirussian-blue  and  gypsum,  turmeric  being 
also  sometimes  added ;  but  the  Chinese  never  colour  tea  intended  for  their  own  use. 
Teas  for  the  foreign  market  are  also  frequently  perfumed  with  various  sweet-scented 
flowers — as  roses,  jasmine,  orange,  Gardoiia  jlorida,  Olcafragrans,  &c. 

Tea  is  subjected  to  niunerous  adulterations.    It  is  often  mixed  with  various  leaves 

•  "Tlie  Tea  Districts  of  riiiiiu  and  India,"  by  R.  Fortune  (3rd  edition,  London,  John  Murray,  1857), 
i.  -BO;  ii.  237. 
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(as  those  of  the  elm,  willow,  sloe,  &e.),  dried  and  prepared  like  true  tea-leaves  ;  or  it  ia 
mixed,  during  the  colouring  process  above  mentioned,  with  g-raphite,  talc,  &e.  Id 
some  instances,  preparations  of  copper  have  actually  been  used  to  give  a  green  colour 
to  tea  (Giinther,  J.  pr.  Chem.  x.  279. — Wari ngton,  Chem.  Graz.  1852,  p.  238V — 
A  kind  of  adulteration,  which  has  been  much  practised  in  this  country,  is  the  work- 
ing up  of  spent  tea-leavf'S,  which  are  prepared  in  tlie  Chinese  fashion,  so  as  to  resemble 
black  and  green  tea.  Sometimes  also  products  are  sent  into  the  market  as  tea,  or 
mixed  in  considerable  quantities  with  various  kinds  of  tea,  which  do  not  consi.st  of 
tea-leaves  at  all,  but  are  artificial  mixtures,  made  out  of  tea-dust,  sand,  and  dirt  of 
various  kinds,  united  together  with  paste.  A  substance  of  this  kind  is  prepared  in 
China,  and  called  by  the  Chinese  "  Lie-tea,"  by  the  English  "  gum  and  dust." 

Chemical  Constitution  of  Tea. — The  most  impcTtant  constituents  of  tea  are,  an 
essential  oil,  to  which  it  owes  its  peculiar  aroma ;  two  nitrogenised  bodies,  viz.,  theine 
or  caffeine,  and  Icguviin  ;  and  a  pecidiar  astringent  substance,  or  tannin. 

Mulder  (Ann.  Ch.  Pharm.  sxviii.  314)  analysed  four  kinds  of  tea,  from  China  and 
Java.  He  found  the  proportion  of  water  in  all  of  them  nearly  the  same,  whereas 
Peligot  {ibid,  xlvii.  358)  found  the  average  amount  of  water  equal  to  10  per  cent, 
iu  green  tea,  and  8  per  cent,  iu  black  : — 

Composition  of  Dried  lea.  (Mulder.) 

Chinese  Tea.  Java  Tea. 


Green 

Black 

Green 

Black 

Volatile  oil  . 

(Hyson). 

(Coiipo). 

(Hj-son). 

(Congo) 

0-79 

0.60 

0-98 

0-65 

Chlorophyll 

2-22 

1-84 

3-24 

1-28 

Wax 

0-28 

0-32 

Eesin      .       .  . 

2-22 

3-64 

1-64 

2-44 

Gum 

8-6G 

7-28 

12-20 

11-08 

Tannin 

17-80 

12-88 

17-56 

14-80 

Theine 

0-43 

0-46 

0-60 

0-65 

Extractive  matter  , 

22-80 

19-88 

21-68 

18-64 

Extractive  deposit* 

1-48 

1-64 

Extracted  by  hydrochloric 

acid  23-60 

19-12 

20-36 

18-24 

Albumin  (?  legumin) 

300 

2-80 

3-64 

1-28 

Woody  fibre 

17-08 

28-82 

18'20 

27-00 

Ash  ... 

5-56 

5-24 

4-76 

5-36 

104-34 

104-04 

lOoTs" 

103  06 

The  volatile  oil  of  tea  is  obtained  either  by  distillation,  or  by  extraction  with 
ether.  It  is  lemon-yellow,  lighter  than  water,  easily  solidifies,  resinises  quickly  on 
exposure  to  the  air,  and  possesses  in  a  high  degree  the  smell  and  taste  of  tea.  It  has  a 
powerful  stimulating  action,  and  in  rather  large  quantities  produces  giddiness  and 
headache:  in  comljination  with  tannin,  however,  it  produces  (according  to  Mulder) 
merely  a  diuretic  and  sudorific  action. 

The  properties  of  theine,  and  the  metliods  of  extracting  it  from  tea,  have  already 
been  described  under  Caffeine  (i.  707).  The  following  are  the  proportions  of  it  in 
various  kinds  of  tea,  as  determined  by  Stenhouse  (Ann.  Ch.  Pharra.  xlv.  366; 
xlvi.  227  ;  Ixxxix.  245;  cii.  126):— 

Green  Hyson  tea  contains  1-05  per  cent,  theine. 

Black  Congo  „  1-02  „ 

„    Assam  ,,  1-37  ,, 

Cheap  green  Twankay  „  0-98  ,, 

Cheap  black  Bohea  „  0-70  „ 

Black  tea  (average)  f  i>  2-00  „ 

The  snme  „  2-13  „ 

Black  Kumaon  tea  (Himalayas)      „  1-9  „ 

Peligot  (Ann.  Ch.  Pharra  xlvii.  361)  found  in  Hyson  tea  2-40  and  2-56  per  cent, 
theine  ;  in  a  mixture  of  equal  parts  of  Gunpowder,  Hyson,  Caper,  and  Kaisow  tea,  2-70  ; 
in  Gunpowder  lea,  3-5  and  4-1  per  cent.,  and  by  a  more  complete  metliod  of  extraction 
6  21  per  cent.,  of  wliich  3-84  crystallised  out  from  the  concentrated  solution,  and  2-37 
were  obtained  from  the  mother-liquor  by  precipitation  with  tannic  acid. 

The  proportion  of  nitrogen  in  tea,  dried  at  100°,  is  (according  to  Peligot) 
in  Pfkoe  tea  6'58,  Gunpowder  6- 15,  Souchong  6-15,  and  Assam  6-10  percent.  The  aqueous 


*  Oxidised  evtr.Tclivp  matter,  aci  ording  to  W  a  V  i  n  gt  o  n  f  Ann.  Ch.  Pharm.  l\xxi.  233). 
•f  G  r  a  h  a  m,  S  t  e  n  h  o  u  s  e,  and  C  a  m  p  b  e  1  1  (,Chcni.  Soc.  tjii.  J.  ix,  33). 
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extract  of  100  pts.  dried  Gunpowder  tea  yielded  4-30 ;  of  green  Souchong,  4'70  per  cent, 
nitrogen.  The  leaves,  exhausted  by  hot  water,  contained,  when  dried,  4-6  per  cent. 
(Souchong)  ani  iAO  per  cent.  (Gunpowder)  nitrogen.  The  exhausted  leaves  contain 
casein  (legumin),  combined  with  tannin  in  the  form  of  a  compound  insoluble  in  water, 
which  may,  however,  be  rendered  soluble  by  addition  of  alkali.  According  to  Peligot's 
determinations — 

100  pts.  of  Gunpowder  tea  contain : 


Water  . 
Extract  . 
Exhausted  leaves 


10 
47 

100 


containing 


100  pts.  Souchong  tea  contain : 

Water    .       ,       .      8?      .  .  . 
Extract.       .       .    43 1  containing 

Exhausted  leaves   .    49  „ 

Too 


Volatile  oil 

Theine 

Legumin 


VolatUe  oil , 

Theine 

Legumin 


0-6 
60 
12- 


0-5 
6-0 
14-0 


In  the  way  in  which  tea  is  generally  used,  namely,  as  a  watery  infusion,  the  legumin 
remains  in  the  spent  leaves  which  are  thrown  away ;  but  among  the  Mongols  and  other 
tribes  of  Central  and  Northern  Asia,  tea  is  used  more  as  an  article  of  food  than  as  a  mere 
beverage.  These  people  make  use  of  a  product  called  brick-tea,  prepared  in  China  from  in- 
ferior teas,  and  from  the  stalks  and  other  refuse  of  the  better  sorts,  which  are  compressed 
into  cakes,  either  alone,  or  more  frequently  with  addition  of  sheep's  or  bullock's  blood. 
These  cakes  are  pounded  and  boiled  with  water  containing  common  salt,  carbonate  of 
potassium,  or  other  alkaline  salt  (to  dissolve  the  legumin),  and  the  whole,  mixed  with 
fat  and  flour,  is  consumed  as  a  thin  broth. 

The  tannin  of  tea-leaves  is  commonly  said  to  be  identical  with  gallotannic  acid. 
Stenhouse,  however,  regards  it  as  a  peculiar  kind  of  tannin  distinct  from  the  latter ;  he 
finds  also  that  it  is  associated  in  tea-leaves  with  a  small  quantity  of  gallic  acid.  Ac- 
cording to  R.  Wagner  also,  all  tannins  occurring  in  healthy  vegetable  organs  are 
essentially  distinct  from  those  which,  like  gallotannic  acid,  are  found  only  in  diseased 
tissues  like  gall-nuts  (see  Tannic  Acid,  p.  660).  The  tannin  of  tea-leaves  produces  a 
blue-black  precipitate  with  iron-salts. 

The  proportion  of  ash  in  unadulterated  commercial  tea  varies  from  4'73  to  6  0  per 
cent. ;  in  adulterated  tea  it  is  often  much  larger  ;  in  some  of  the  Chinese  "  Lie-teas," 
Warington  found  from  34  to  45-5  per  cent.  ash.  The  ash  of  tea  is  especially  distin- 
guished by  its  large  amounts  of  iron  and  manganese.  Fleitmann  (Liebig's  Chemische 
Briefe,  4te  Aufl.  ii.  182)  found  in  an  infusion  of  70  grms.  of  Pekoe  tea,  0-104  grm. 
ferric  oxide,  and  0-20  grm.  manganous  oxide.*  Lehmauu  found  in  the  ash  of  tea-infu- 
sion 0-7  per  cent,  manganic  oxide. 

The  following  are  analyses  of  tea-ash:  a  and  h  of  "  Souchong"  hy  Spooner; 
c,  "  Oolong"  by  Tevis  :  d,  "  You7ig  Ht/son,"  by  Hague  ;  c,  "King  Young,"  hy  Homer;  f 
f,  dry  aqueous  extract  of  tea,  by  Lehmann  | : — 


Ash  per  cent,  of  dry  substance. 

a. 

b. 

c. 

e. 

f- 

5-48 

6-11 

514 

5  94 

4-73 

19-69 

100  pts.  of  ash  contain  : 

Na^O 

25-46 

1-70 

40-00 

9.26 

12-88 

5-03 

3-70 

4-1-96 

12-38 

33-95 

28-38 

47-45 

MgO, 

9 -.'59 

8-41 

6-17 

6-79 

6-84 

CaO  . 

11-36 

8-77 

7-68 

8-17 

8-39 

1-24 

Fe-0' 

8-42 

6-80 

7-18 

4-75 

19-31 

3-29 

Mn^O' 

0-71 

12-62 

11-46 

8-26 

16-64 

17-44 

9-88 

SO'  . 

10-14 

6-96 

8-27 

4-89 

4-76 

8-72 

SiO=  .... 

16-04 

8-79 

7-81 

10-89 

5-59 

2-31 

CO^  . 

10-09 

NaCl 

2-40 

2-15 

2-25 

4-66 

3-25 

3-62 

99-73 

100-00 

100-00 

100-00 

100-00 

99-18 

•  There  must  be  some  error  in  these  numbers. 

t  The  analyses  a—e  were  made  under  Horsford's  direction  (Sill.  Am.  J.  [2],  xi.  249).    The  enormous 
variations  in  the  proportions  of  potash  and  soda  <ire  probably  due  to  defective  analysis, 
t  Liebig's  C/umische  Bne/c,ite  AuR.  ii.  182. 
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The  physiological  action  of  tea,  when  used  as  an  infusion,  depends  chiefly  on  tlie 
theine,  essential  oil,  tannin,  and  inorganic  constituents.  In  general,  it  may  bo  said 
that  tea  acts  upon  the  nervous  system  :  when  taken  in  moderate  quantity,  it  heightens 
the  activity  of  the  brain,  accelerating  the  fiuw  of  thought,  and  producing  a  pleasurable 
mental  excitement ;  in  excess  it  occasions  sleeplessness  and  uneasiness,  which  may 
amount  to  anxiety,  trembling,  spasmodic  attacks,  &c.  It,  moreover,  increases  the 
action  of  the  heart,  the  excretion  of  urea,  the  perspiration  by  the  skin,  and  the 
peristaltic  motion  of  the  intestines  (Liebig,  Chemische  Briefe,  loe.  cit.).  Lehmann 
{Lchrb.  d.  physiolog.  Chemie,  i.  151)  also  found  the  excretion  of  urea  increase  after 
taking  tea;  Bocker,  on  the  other  hand  (Archiv.  f.  wiss.  Heilk.  18.53,  i.  2),  found  it 
diminished.  Further  and  more  extended  experiments  are  required  to  decide  whether 
the  use  of  tea  accelerates  or  retards  the  change  of  tissue  in  the  organism.  (See  Kuapp's 
Chemische  Technologic,  1848,  ii.  84.) 

TEAK.  Tcctona.  grandis. — The  wood  of  this  tree,  which  grows  in  the  >South  of 
India  and  other  tropical  countries,  frequently  exhibits  cracks  and  cavities  of  con- 
siderable extent,  lined  with  a  white  crystalline  deposit,  consisting  chiefly  of  hydro- 
calcic  orthophosphate,  Ca"HPOMI^O,  with  about  11-4  per  cent,  ammonio-magnesian 
phosphate.    (Abel,  Chcm.  Soc.  Qu.  J.  xv.  91.) 

TEARS.    See  Serous  Fluids  (p.  23G). 

TECTXZZTE.  A  brown  mineral,  supposed  to  be  a  hydrated  ferrous  sulphate, 
occurring  at  Schwarzenberg  in  Saxony,  and  at  BraunsdorfF  in  the  Erzgebirge,  in  small 
pyramidal  and  acicular  crystals,  and  massive.  Hardness  =  1-5  to  2.  It  is  easily 
soluble  in  water,  and  attracts  nifiisture  readily.    (Dana,  ii.  388.) 

TECTOWA.    See  Teak. 

TEETH.  (Von  Bibra,  Chem.  Untersuch.  iiber  die  Knochen  u.  Zahne,  1844. 
Fremy,  Ann.  Ch.  Phys.  [3]  xliii.  47. — Hoppe,  Virch.  Arcli.  v.  170;  xxiv.  13.) — 
— The  typical  mammalian  tooth  consists  of  dentine,  enamel,  and  cement,  or  crusia 
peirosa.  Under  the  microscope,  a  thin  section  of  dentine  presents  the  appearance  of  a 
number  of  fine  tubules,  following  a  wavy  but  nearly  parallel  course  from  the  pulp- 
cavity  towards  the  exterior  of  the  tooth  ;  these  tubides  give  off  minute  branches  from 
their  sides,  and,  as  they  approach  the  periphery,  rapidly  subdivide.  Enamel  seems  to 
be  made  up  of  short  prismatic  fibres,  while  cement  differs  from  bone  chiefly  in  the 
absence  of  Haversian  canals.  Among  the  different  kinds  of  animals,  very  great 
variations  in  the  arrangement  and  relative  proportion  of  these  thr<'e  constituents  are 
observable,  and  the  teeth  of  some  of  the  lower  vertcbrata  present  special  modifications 
of  tissue  known  by  the  names  of  vnsodc?ifine,  &c.  &c. 

Each  of  these  dental  tissues  consists,  like  bone,  of  certain  inorganic  matters  united 
(in  a  definite  ratio,  there  is  reason  to  believe)  with  an  organic  basis.  In  cement  the 
organic  basis  is  identical  with  that  of  bone.  The  greater  part  of  the  organic  matter 
of  dentine  is  also  resolved  by  prolonged  boiling  into  gelatin,  but  the  proper  walls  of 
the  dentinal  tubules  appears  to  be  composed  of  a  material  which  cannot  be  so 
resolved.  The  organic  basis  of  the  enamel  does  not  yield  gelatin,  but  seems  rather 
to  be  allied  to  the  chemiciil  basis  of  epithelium. 

The  proportion  of  inorganic  to  organic  material,  and  the  composition  of  the  fonuer, 
will  readily  be  seen  from  the  following  analyses.  Zalesky  ;Hoppe-SeyIer,  Unter- 
such. i.  p.  40)  found  in  the  ash  of  the  en.amel  of  fossil  rhinoceros-tooth  •.592  per  cent, 
of  fluoride  of  calcium.  Hoppe  calls  attention  to  the  analogy  between  the  inorganic 
portion  of  enamel  and  apatite.  The  enamel  of  undeveloped  teeth  contains  a  form  of 
albumin  : — 


Analysis  of  Ennmel.  (Hoppe.) 


Phosphnte  nf  calrium  . 
Carbonate  of  calcium  . 
(^hiorldo  of  calcium 
Phosphate  of  magnesium  . 
Ferric  phosiiliate  . 
Salts  8olnl)le  m  water  .  | 
Sohible  organic  matters  > 
Insoluble  (.rganic  matters  } 

Trcfh  ftf  new. born 
infant. 

Yonnp 
pig- 

Foisll 
rhino- 
ceros. 

Fospil 
eint. 
rha 

Manto. 
don. 

Pala.o 
theri- 

Horse. 

Dor. 

f>7-73 
8-41 

trace 
1  37 

22'2D» 

7.V23 
7'18 
■li3 
I-7-i 

•as 

1-2.1 
14  315 

7fi  sn 

6-00 

"  \-m 

trace 
|'l.v« 

Si  43 
8-'.i7 
•fi'> 
2-00 
•R9 
•I.'i 
f  -71 
I  \-Xo' 

K  .')4 
7-8 
■Ch 
1-63 
l-Sl 
■01 
■27 
2^89 

82- .^1 
838 
■44 

2-m 

trace 
]  4  54 

85-34 
U-74 
■!>i.t 
•6h 
■3R 
trace 
P21* 
•09 

86-22 

•.w 

1-28 
■7« 
•21 
,  ■.51 
\  181 
•B.T 

84^2 
9^17 
•fi6 
1-23 

]l-27 
3-47* 

89-41 
b-30 
•8(1 
4^96 

*  Detorminod  from  loss. 
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Comparative  Analyses  of  Teeth  and  parts  of  Teeth  of  various  Animals.    (Von  Bibra.) 


Phos- 
phate of 
calcium 

and 
fluoride 
of  cal-. 
cium. 

Carbo- 
nate of 
calcium. 

Phos- 
phate of 
magne- 
sium. 

Salts. 

Total 
inorga- 
nic 
matter. 

Fat. 

Total 
organic 
matter. 

'\  Enamel : 

j  Woman,  molar  . 
Man,  molar 
AVolf,  molar  • 
Fox,  molar 
Lion,  canine  . 
Bear,  canine 
Seal,  canine  , 
Horse,  molar  . 
Ox,  incisor  . 

■  (27)* 

•  (28) 

•  \-^^) 

■  (24) 

•  (25) 

•  (26) 

•  (17) 

•  (11) 
.  (6) 

81-63 
89-82 

87-  82 

88-  24 

83-  33 

84-  38 

85-  60 

89-  01 
83-77 

8-88 
4-37 

1-  72 

2-  94 
2-20 
1-94 
1-19 
7-00 

2-  55 
1-34 

1  1  o 

1-20 

3-  70 
6-01 
1-00 
1-95 
1-32 

•97 
•88 

OO 

•75 
•64 
•77 
.63 
•60 
•61 

94  03 
96-41 
yu  yo 

91-  91 
90-61 
93-36 
8917 

92-  75 
92-70 

trace 
•20 

•19' 
•07 

5-  97 
3-59 
9*04 

8-  09 

9-  39 

6-  64 
10-83 

7-  25 
7-30 

Dentine : 
Woman,  molar  .      .  (27) 
Man,  molar      .       .  (28) 
Wolf,  molar      .       .  (21) 
Fox,  molar        .       •  (24) 
Lion,  canine      .       .  (25) 
Bear,  canine      .       .  (26) 
Seal,  canine      .       .  (17) 
Elephant  (Indian),  tusk(  14) 
.              .  (15) 
Dolphin    .       .       .  (16) 
Boar,  tusk.       .       .  (13) 
Horse,  molar     .       .  (10) 
Ox,  incisor        .       .  (6) 
Goat,  incisor     .       .  (3) 
Stag,  molar       .       •  (2) 
Crocodile  .       .       .  (29) 

67-  54 
66-72 

68-  81 
71-84 
6003 
64-88 
68-46 
38-48 
46-48 

DO  o  / 

60-  00 

61-  28 
58-33 
63-04 
63-51 
53-47 

7-97 
3-36 
1-04 
•90 
3.00 
1-34 

1-  09 
6-63 
3-86 

2-  51 

6-  08 

7-  39 

2-  83 

3-  99 
6-33 

2-  49 
1-08 

•97 
•99 
4-21 

6-  40 
-97 

12-01 

7-  84 

1 

I  oO 

6-43 
1-75 
-97 
1-70 

3-  72 
10-75 

1-00 
.83 
•80 
•78 
•77 
•80 
•78 
•70 
•77 
•99 
■43 
•74 
•75 
•93 
•58 

1-36 

79-00 
71-99 
71-62 
74-51 

68-  01 
73-42 
71-30 
56-82 
58-95 

/  U  00 

69-  37 
69-85 

67-  44 

68-  50 
71-80 
71-91 

•58 
•40 
•73 
•40 
-42 
•82 
•43 
■24 
•34 

•13 
■38 
•52 
•50 
•80 
-77 

21-00 
28-01 
28-38 

25-  49 

31-  99 

26-  58 
28-70 
43-18 
41-05 
O0-J.X 

30-63 

30-  15 

32-  56 

31-  50 
28-20 
28-09 

Crusta  Pctrosa : 
Dolphin    .  . 
Ox,  incisor 
Crocodile  , 

•  (IG) 

•  (6) 

69-42 
58-00 
00  oy 

1-79 
7-22 

coo 

1-47 
•99 

y  yy 

•93 
•73 

1  'AO 

73-61 
66-94 
/ 1  uy 

•66 
•95 

/  0 

26-39 
33-06 
28-91 

Whole  teeth  : 
Saw-fish  . 
Pike  . 
Black  fish  . 
Plaice 

•  (30) 

•  (31) 

•  (32) 

•  (33) 

61-99 
63-98 
59-94 
57-20 

364 
2-54 
9-01 
1-34 

1-  70 
-73 

2-  00 
•88 

1-81 
•97 
1-77 
1-82 

6914 
68-22 
7272 
61-2-t 

1-33 

1-  18 

2-  43 
•09 

30-  86 

31-  78 
27-28 
38-76 

• 

The  figures  in  parentheses  are  Von  Bibra's  numbers. 

Phos- 
phate of 
calcium. 

Fluo- 
ride of 
calcium. 

Carbo- 
nate of 
calcium. 

Sul- 
phate of 
calcium. 

Phos- 
phate 
of  mag. 
nesium. 

Silica, 
iron, 
alu- 
mina, 
chloride 
of  calci- 
um, &c. 

Orga- 
nic sub- 
stance. 

Fossil  teeth  : 

Rhinoceros  tichorhinus : 
Upper  molar : 

Enamel    .       .  . 
Dentine  . 
Elephas  primigpniuB,  molar . 

Cave  Bear,  molar 

Fisli,  acrocbis     .       .  J 

Fish  from  clialk        •  ( 

83-11 
54-65 
62-83 
68-43 
64-03 

4-14 

3-  09 

4-  15 
3-72 
2-51 

9  -on 

8  -01 J 

7-66 
1280 

14-  99 

15-  46 
1-46 
1-80 
9-11 

-95 

•73 
■80 
2-11 
1-34 
8-25 
•52 
•45 

•24 

5-63 
•32 
1-91 
•30 
6^50 
14^89 

3-17 
23-03 
15^60 

9^14 
23-46 

2-17 

•64 
(Loss) 
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TEIC031ET1W.  A  resin  found  in  fost^il  pine-stems  in  the  bogs  of  Holtegaard  in 
Denmark.  It  orystallisi'S  in  large  prisms,  melting  at  -15°,  insoluble  in  water,  slightly 
soluble  in  alcohol,  very  solnble  in  ether.  It  distils  without  alteration  near  the  boiling- 
point  of  mercury.  Chlorine  converts  it  into  a  crystalline  substance.  Nitric  acid 
transforms  it  into  oxalic  acid  and  a  brown  resin,  apparently  containing  nitrogen.  It 
gave,  as  ihe  mean  of  fonr  analyses,  87'17  percent,  carbon  and  r2'84  hydrogen,  agreeing 
approximately  with  the  formula  mC4I".   (Forchhammer,  Ann.  Ch.  Pharm.  xli.  39.) 

TCIiAESXn  or  TEXiXSSCXM'.  A  product  formed,  according  to  Roclileder  (J.  pr. 
Chem.  Ixxxvii.  22),  by  the  action  of  aqueous  acids  or  alkjilis  on  argyraescin,  aphrodse- 
scin,  and  eescinic  acid,  constituents  of  the  cotyledons  of  horse-chestnut  seeds  (iii.  172). 

TEIiEBTtTHRlW.  A  product  of  the  decomposition  of  orsellinic  ether  (iv.  23G), 
formed,  according  to  Kane  (Ann.  Ch.  Pharm.  xxxix.  36),  when  the  ether  dissolved  in 
hot  water  is  exposed  to  the  air  for  several  months  ;  it  is  probably  a  mixture,  chiefly 
consisting  of  orcin  and  erythromannite. 

TEXiESXE.    Syn.  with  Corundum  (ii.  86). 

TEI.I.UKAIVXYX..    See  Amyl,  Telluride  of  (i.  206). 

TEXiXilTlliLTES.    See  Tellurium,  Oxides  and  Oxygen-acids  of. 

TEXiXUSiETHVI..    See  Ethyl,  Telluiiide  of  (ii.  550). 

TEZ.1.URHVDRIC  ACID.    H^Te.    See  Hydrogen,  Telluride  of  (iii.  204). 
TEliXiXTRZC  A.CIS.    See  Tellurium,  Oxides  and  Oxygen-acids  of. 
TEZaSiVRIC  BISnSVTU.    See  Tellurides. 
TEXiIiXTI!.XC  OCHRE.    Native  tellurous  oxide. 
TEX.I.VRIC  SII.VER.    See  Tellurides. 

TEXiXiURXDES  and  TEXiZiXXRHYSRATES.  Compounds  analogous  to  the 
sulphides  and  sulphydrafes.  and  lo  tiie  selenides  and  selenhydrates.  The  tellurides 
belong  to  the  class  of  metallic  alloys;  those  of  bismuth,  gold,  lead,  and  silver  are 
found  native;  the  others  may  be  obtained  by  fusing  the  respective  metals  with  tellu- 
rium, or  (in  the  wet  way)  by  precipitating  solutions  of  the  metals  with  tellurhydric  acid 
or  an  alkaline  tellurhydrate.  The  tellurides  of  potassium  and  sodium  are  prepared  by 
heating  powdered  tellurium  with  an  alkaline  carbonate  containing  finely-divided 
charcoal — black  flux,  for  instance.  The  access  of  air  to  the  mass  must  be  prevented 
till  it  is  quite  cold,  on  account  of  its  highly  pyroplioric  nature.  It  may  then  be  ex- 
liausted  with  water,  in  which  the  alkaline  tellurides  dissolve,  being  probably  converted 
into  tellurhydrates.  They  may  also  be  formed  bypassing  tellurhydric  acid  gas  through 
solutions  of  caustic  alkali.  Tellurhydrate  solutions  have  a  portwiue-colour,  and  de- 
piosit  tellurium  on  exposure  to  the  air. 

Telluride  of  BismutJi. — This  alloy  occurs  native  in  several  localities,  forming 
the  mineral  called  I'c/hiric  Bismuth,  Tetrachimitc,  or  Burnite.  Some  specimens  contain 
only  bismuth  and  tellurium,  but  generally  the  tellurium  is  partly  replaced  by  sulphur 
and  selenium.  It  forms  crystals  belonging  to  the  hexagonal  system,  namely  acute 
rhombohedrons,  having  the  angles  of  the  terminal  edges  =  66°  40',  combined  (accord- 
ing to  II  aidi  nger)  with  the  basal  face  oB,  and  aggregated  in  cruciform  groups  of 
four  individuals.  It  cleaves  perfectly  parallel  to  the  base,  and  thin  lamin;e  are  more 
or  less  flexible,  also  somewhat  clastic.  The  mineral  likewise  occurs  in  granulo-lami- 
nar  masses.  Hardness  =  1  to  2.  Specific  gravity  =  7'2  to  7'9.  Before  the  blow- 
pipe it  melts  with  tolerable  facility',  coating  the  charcoal  with  a  yellow  and  white 
deposit,  the  reaction  varying  in  character  according  to  the  proportion  of  sulphur  or 
selenium  present.    It  dissolves  in  nitric  and  in  sulphuric  acid. 

The  variations  in  composition  of  this  mineral  will  be  seen  from  the  following 
analyses  *  : — 


Virginia. 

Georgia. 

N.  Carolina. 

Cumberland 

Geiith. 

Genth. 

Jaclvson. 

Genth. 

Rammelsberg. 

Bismuth 
Tellurium 
Sulphur 
Seleuium 

53  0  !53-8 
48-2  47-0 

.  1  trace 

51-5 
49-8 

46-1 
0-3 

50-8 
48-2 

trace 

50-97 
47-25 

trace 

79-1 

180 

1-2 

61-3 
33-8 
6-2 

trace 

84-33 
6-73 
6-43 

101-2  '100-8 

lOl-.S 

99-0 

98-22 

98-3 

100-3 

97-49 

»  1!  f.  r /,  el  i  11  s.  Pogg.  Ann.  i.  271.— n  am  on  r,  Ann.  Cli.  Phys.  [.-;]  xiii.  .S7i.— G 0 n  t  li.  Sill.  Am.  J- 
[.>]xvi.sl;  xix.  l.s.—  H  r  n  s  c  li  .1  u.-r  J.  j,r.  Cliim.  xlv.  4:— J  .1  c  1<  s  n  n,  Sill.  Am  J.  [-2]  vi.  18s  ; 
X.  ;;!.-  K  :i  ni  m  c  1  s  b  i-  r  g,  Min,-ral(  /i     iV,  11  .^1.-  W  e  li  r  1  e,  I'ngg.  Ann.  xxi  :fj'<. 

?,  Z  2 
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Schoul-Kau  in  Hungary, 

Pilzen  in 
Hungary. 

Brazil. 

Wehrle. 

Berzelius. 

Hruschauer. 

Wehrle. 

Damour. 

Bismuth  , 
Tellurium  . 
Sulphur      .  . 
Selenium    .       .  . 

60-0 
34-6 
4-8 

58-8 
360 
4-3 

59-2 
35-8 
4-6 

61-1 

297 
2-3 

79-1 
15-9 

3-n 
lo{ 

78-4 
15-6 

4o 

99-4 

98-6 

99-6 

931 

99-6 

98-5 

The  great  variations  in  the  proportion  of  tellurium  to  bismuth,  and  the  fact  that  the 
crystalline  forms  of  the  mineral  and  its  two  constituents  belong  to  the  same  system 
(bismuth,  rhombohedral ;  tellurium,  hexagonal),  lead  to  the  conclusion  th^  it  is  not  a 
definite  compound,  but  an  isomorphous  mixture  of  tellurium  and  bismuth.  It  must 
be  observed,  however,  that  many  of  the  analyses- — namely,  those  by  Genth  of  the 
specimens  from  Virginia  and  Georgia,  which  contain  no  sulphur  and  little  or  no 
selenium — agree  nearly  with  the  formula  Bi*Te'  (requiring  59'9  per  cent,  bismuth,  and 
48'1  tellurium);  and  that  those  by  Berzelius,  Wehrle,  and  Hruschauer  may  be  repre- 
sented approximately  by  Bi-Te^S. 

Telluride  of  Gold  and  Silver.    See  Sylvanite  (p.  647). 

Tellurlde  of  Bydrogren.    See  Hydrogen,  Telltjhide  of  (iii.  204). 

Telluride  of  Xiead,  PbTe.  Altaite.  Cubic  Tellurium. — This  mineral 
occurs  in  the  mine  of  Savodinskoi,  near  Barnaoiil  in  the  Altai,  usually  massive,  with 
cubic  cleavage,  rarely  in  cubic  crystals.  It  has  a  metallic  lustre  and  tin-white  colour, 
like  that  of  native  antimony.  Hardness  =  3  to  3'5.  Specific  gravity  =  8' 159. 
Sectile.  Before  the  blowpipe  it  volatilises  in  the  reducing  flame,  leaving  only  a  minute 
bead  of  silver,  and  colours  the  flame  blue.  It  is  soluble  in  nitric  acid.  It  contains 
38-37  per  cent,  tellurium,  60-35  lead,  and  1-28  silver  (G.  Rose,  Pogg.  Ann.  xviii.  G8), 
.and  is  therefore  PbTe  (38-3  teUurium,  and  61-7  lead),  mixed  with  a  small  quantity  of 
silver-telluride. 

Telluride  of  Silver,  Ag-Te.  Hessile.  Pct^ife.  BitcUuret  of  Silver. — Occurs  in 
the  Savodinskoi  mine  in  the  Altai,  at  Nagyag  in  Transylvania,  and  at  Retzbanya  in 
Hungary,  in  coarse-grained  masses  and  granular,  with  metallic  lustre,  lead-grey  or 
fiteel-grey  colour,  and  slightly  malleable.  Hardness  =  2  to  3-5.  Specific  gravity  = 
8-3  to  8-9.  Before  the  blowpipe  on  charcoal,  it  melts  to  a  black  globule,  which  on 
cooling,  after  being  subjected  to  the  action  of  the  reducing  flame,  exhibits  points  or 
dendrites  of  silver  on  its  surface.  Heated  in  a  tube,  it  melts,  and  colours  the  glass 
yellow.    Fused  with  carbonate  of  sodium,  it  yields  a  globule  of  pure  silver. 

Ancdyscs  :—a,  b.  From  the  Savodinskoi  mine  (G.  Rose,  Pogg.  Ann.  xviii.  64). — 
c.  From  Nagj-ag  (Petz.  ibid.  Ivii.  470).— c?,  c.  From  Retzbanya  (Rammelsberg, 
Min/iralcheiiiic,  p.  15):  d.  massive  ;  e.  granular  with  green  coating;  after  deduction  of 
15- 26  per  cent,  insoluble  matter: 


h. 

d. 

Tellurium 

3g"96 

36-89 

37-76 

33-0 

Silver  . 

62-42 

62-32 

61-55 

60-28 

64-5 

Gold  . 

0-69 

Iron 

0-24 

0-50 

90-62 

9971 

100^0 

9^5 

The  formula  Ag^'Te  requires  37-27  per  cent,  tellurium,  and  62-73  silver. 
Tellurides,  Org;anic.    See  Amyl,  Ethyi,,  Methyl,  Tellurtdes  of  (i.  206 ; 
ii.  550  ;  iii.  992). 

The  alcoholic  tellurides  obtained  by  Wohler  have  the  composition  R-'Te. — C  ah  ours 
has  lately  shown  (Compt.  rend.  Ix.  20,  1147  ;  Jahresb.  1865.  p.  447),  that  telluride  of 
methyl  unites  directly  with  iodideof  methyl,  forming  a  crystalline  compound,  fCH')'TeI, 
sparingly  soluble  in  water,  easily  solulile  in  alcohol.  This  iodide,  treat'>d  with  oxide  of 
silver,  yields  an  alkaline  product,  which,  when  neutralised  with  hydrochloric  acid,  forms 
with  platinic  chloride,  an  orange-colonrcd  double  salt,  2(CH^)^TeCl.Pt"Cl*. 

Telluride  of  ethyl  unites  in  like  manner  with  iodide  of  ethyl,  forming  the  compound 
(C'-^H')''TeI ;  and  corresponding  compounds  are  formed  by  the  sulphides  and  selenides 
of  ethyl  and  iiiethvl  with  the  iodides  of  those  radicles. 

TCXiXiUSlXTBS.    See  Tellurium,  Oxides  aj<d  Oxygen-acids  of. 
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TEKXiTTRXUnK.  Symbol,  Te.  Atomic  Wiight,  128.  Vapour-deyisity,  oLs.  at 
1390^  =  9  00;  calc.  (1  vol.)  =  8-86. 

This  clement,  though  decidedly  metallic,  must  be  classed  as  a  member  of  the 
sulphur  family,  as  it  approximates  very  closely  in  its  chemical  characters  to  sulphur, 
and  still  more  to  selenium.  It  was  first  identified  as  a  distinct  metal  by  Klaproth, 
in  1798,  who  gave  it  the  name  "tellurium,"  from  tdlus,  the  mythological  nam.e  of  the 
earth. 

Tellurium  is  one  of  the  rarer  elements,  being  found  in  a  few  localities  only,  chiefly 
in  IIunp;ary  and  Transylvania,  in  the  silver  mine  of  Savodinskoi  in  the  Altai,  and 
in  the  State  of  Virginia.  It  occurs  native  in  a  state  of  considerable  purity :  a 
specimen  from  Nagyag  was  found  by  Petz  to  contain  97'22  per  cent,  tellurium  and 
2'78  gold  ;  and  Klaproth  found  in  a  specimen  from  the  Maria  Loretto  mine,  near 
Zahithna  in  Hungary,  92'o3  tellurium,  0  25  gold,  and  7'20  iron.  The  principal 
ores  of  tellurium  are  the  tellurides  of  bismuth,  lead,  gold,  and  silver,  already  described 
(iv.  1  ;  V.  707,  708). 

Preparation. — Tellurium  is  separated  from  its  ores  by  processes  analogous  to  those 
■which  yield  seleniu  ii  (p.  221).  —  1.  Native  telluride  of  bismuth,  freed  as  far  as 
possible  from  its  matrix,  and  made  into  a  paste  with  pearlash  and  oil,  is  gradually 
raised  in  a  covered  crucible  to  a  full  white  heat;  and  the  fused  mass  when  cold  is 
treated  with  boiling  water,  which  extracts  telluride  of  potassium,  forming  a  portwine- 
coloured  solution,  from  which  the  tellurium  is  deposited  in  metallic  scales,  hy  passing 
a  current  of  air  through  it,  or  by  mere  exposure  to  the  air.—  2.  Finely  pulverised 
foliated  tellurium,  or  nagyagite  (iv.  1),  freed  from  sulphides  of  lead  and  antimony  by 
repeated  boiling  with  hydrochloric  acid,  and  washing  with  water,  is  heated  with 
strong  nitric  acid,  whereby  telhirous  acid  is  obtained  in  solution.  This  is  evaporated 
to  dryness,  and  the  residue,  after  solution  in  hydrocliloric  acid,  is  reduced  by  a 
current  of  sulphurous  acid  gas.    For  further  details,  see  Gmelin's  Handbook,  iv.  393. 

Properties. —  Tellurium  is  a  tin-white,  shining,  brittle  metal,  having  a  great  tendency 
to  crystallise.  The  crj-stals  belong  to  the  hexagonal  system.  Native  tellurium  occurs 
in  rhombohedral  crystals,  isomorpihous  with  those  of  antimony,  arsenic,  and  bismuth,  and 
exhibiting  the  faces  K,  with  those  of  derived  rhombohedrons ;  also  oR  and  ooR. 
Length  of  principal  axis,  for  R  =  r3298;  angle  R  :  R  in  the  terminal  edges  =  86° 
57'.  The  opposite  rhombohedrons  +R  and  —  R  likewise  occur  together,  forming  a 
hexagonal  pyramid  (in  combination  with  ooP  and  oP),  in  which  the  angle  P  :  P  in 
the  terminal  edges  =  130°  28';  in  the  lateral  edges  =  113^.52'.  Cleavage  perfect 
parallel  to  ooR  ;  in  traces  parallel  to  oR.  According  to  H.  Rose,  tellurium  sepia- 
rates  from  a  solution  of  potassiuni-telluride,  by  spontaneous  decomposition,  in  six-sided 
prisms  with  rhombohedral  summits. 

Tellurium  conducts  heat  and  electricity,  though  not  very  readily.  Its  specific  gravity 
is  61  to  6-33  ;  hardness  of  the  native  metal  =  2  to  2-5.  It  melts  at  about  500°, 
volatilises  at  a  higher  temperature,  and  condenses  in  crystalline  needles,  or  in  drops. 
It  may  be  purified  by  distillation  in  a  current  of  hydrogen.  Its  vapour-density,  as 
determined  byDeville  and  Troost  ( Jahresb.  1863,  p.  17),  is  9-00  at  1390°,  and 
9'08  at  1139°.    The  vapour  has  a  greenish-yellow  colour,  like  that  of  chlorine-gas. 

Tellui'ium,  when  strongly  heated  in  the  air,  takes  fire,  burns  with  a  lively  blue 
flame  edged  with  green,  producing  white  fumes  of  tellurous  acid,  and  emitting  a  pecu- 
liar odour,  often  partly  due  to  the  presence  of  traces  of  selenium.  (Respecting  the 
spectrum  of  its  ilame,  see  J.  AVerther,  J.  pr.  Chem.  Ixxxviii.  180;  Jahresb.  1863, 
p.  235). — Tellurium,  like  sulphur  and  selenium,  dissolves  to  a  slight  extent  in  cold 
strong  sulphuric  acid,  and  is  precipitated  unchanged  on  dilution  with  water ;  but 
when  heated  with  strong  sulphuric  acid,  it  is  oxidised  and  dissolved  as  tellurous  oxide, 
wliile  sulphurous  anhydride  is  evolved  as  g.as. — By  strong  nitric  acid,  it  is  quickly 
converted  into  tellurous  acid. — Hydrochloric  acid~\i&.i  no  action  upon  it;  but  with 
nitroiiriiriiitic  acid,  it  yields  tellurous  mixed  with  telluric  acid. — By  fusion  with  salt- 
pctre,  it  yields  tellurate  of  potassium. — Strong  ^jo^fi/i-Zfi/ dissolves  tellurium  at  the 
boiling  heat,  forming  a  red  liquid  containing  telluride  and  tellurite  of  potassium.  On 
cooling,  or  on  dilution  with  water,  however,  the  red  colour  disappears,  and  tellurium  is 
separated,  in  consequence  of  the  reducing  action  exerted  by  the  potassium  on  the 
telku-ous  acid  : 

2K-Te  +  K'TeO^    =    3K^0  +  Te'. 

Tellurium,  fused  with  carbonate  of  potassium,  likewise  yields  a  mixture  of  telluride 
and  tellvu'ite. 

Tellurium,  in  its  chemical  relations,  bears  a  very  close  analogy  to  sulphur  and  sele- 
nium. It  forms  two  oxides — namely,  tellurous  oxide,  TeO^,  and  telluric  oxide, 
TeO^ — wiiich,  in  combination  wnth  water  and  with  metallic  bases,  yield  acids  and  salts 
analogous  to  those  formed  by  the  corresponding  oxides  of  sulphiu-  and  selenium,— 
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AVith  hydrogen,  it  forms  a  gaseous  compound,  H-Te,  analogous  to  sulph3-dr;c  and 
solenhydric  acids.  It  unites  also  with  tlie  alcoliol-radichs,  methyl,  ethyl,  and  amyl, 
forming  compounds  represented  by  the  general  foi-mula  R^Te,  which  are  diatomic 
radicles,  analogous  to  the  selenides  of  the  alcohol-radicles. — With  chhrine  it  forms  a 
tetrachloride,  TeCl*,  analogous  to  SeCl^,  and  a  dichloride,  TeCl'-,  to  which  there 
does  not  appear  to  be  any  deflnite  analogue  among  the  sulphur-  and  selenium-com- 
pounds (pp.  223,  533);  and  similar  compounds  with  hromine  and  iodine.  The  inorganic 
•compounds  of  tellurium  have  been  studied  chiefly  by  Berzelius  ;  the  organic  compounds 
by  Wohler. 

T£:z.X.imzi7nz,  AZ.X>0VS  op.    See  Tellueides  (p.  707). 

TSXiIiURZUm,  BROnilSSS  OP.  The  dibromide,  TeBr=,  is  produced  by 
distilling  the  tetrabromide  with  finely  pulverised  tellurium,  and  passes  over  as  a 
violet  vapour,  which  condenses  to  slender,  black,  needle-shaped  crystals.  It  melts 
easily,  and  is  decomposed  by  water  with  formation  of  telhirous  acid.  (Berzelius.) 

The  tc(rahro?nide,  TeBr',  may  be  prepared  by  adding  finely  divided^ tellurium, 
■with  frequent  agitation,  to  bromine  contained  in  a  tube  cooled  witli  ice,  and  distilling 
oS the  excess  of  bromine  after  all  the  tellurium  is  dissolved  (Berzelius).  According 
to  V.  Hauer  (J.  pr.  Chem.  Ixxiii.  98),  it  is  more  easily  prepared  by  covering  small 
pieces  of  tellurium  with  hydrobromio  acid  in  a  flask,  then  adding  bromine,  and  leaving 
the  flask  closed  till  all  the  bromine  has  disappeared,  the  action  being  assisted  by 
shaking  the  flask  from  time  to  time.  The  ruby-coloured  solution  thus  obtained  yields 
the  dry  compound  by  evaporation  over  the  water-bath. 

Tetrabromide  of  tellm-iura  forms  a  compact  red-yellow  mass,  which  melts  at  a  gentle 
heat  to  a  dark-red  transparent  liquid,  and  solidifies  in  the  crj'stalline  form  on  cooling. 
It  may  be  sublimed  without  decomposition  in  pale-yellow  needles.  It  dissolves  without 
alteration  in  a  small  quantity  of  water,  forming  a  yellow  solution,  which  becomes 
colourless  on  dilution,  the  tetrabromide  Ijeing  thereby  resolved  into  hydrobromic  and 
tellurous  acids.  The  yellow  solution  evaporated  over  the  water-bath  deposits  the 
hydrated  tetrabromide  in  ruby-coloured  crystals. 

Tetrabromide  of  tellurium  forms  cinnabar-red  compounds  with  the  bromides  of  the 
alkali-metals. — The  potassium-salt,  2KBr.TeBr'.3H-0,  was  first  obtained  by  Berzelius, 
by  evaporating  a  mixed  solution  of  the  component  salts.  According  to  v.  Hauer,  it  is 
better  prepared  by  mixing  1  at.  finely  pulverised  tellurium  with  2  at.  bromide  of 
potassium  in  a  flask,  and  adding  water  till  the  bromide  is  completely  dissolved;  then 
adding  bromine  by  small  portions,  with  frequent  agitation,  and  leaving  the  flask 
closed  till  all  the  bromine  has  disappeared.  On  warming  the  resulting  dark-red  solu- 
tion, to  expel  the  excess  of  bromine,  decanting  it  from  a  yellowish  deposit  which 
forms,  and  leaving  it  to  cool,  the  double  salt  separates  in  dark-red,  opaque,  shining 
crystals,  which  effloresce  superficially  in  dry  air.  It  is  slightly  soluble  in  cold,  easily 
in  hot  watei'.  When  heated,  it  gives  off  its  water  of  crystallisation  without  melting. 
The  anhydrous  salt,  wliieh  is  orange-yellow,  decomposes  at  a  higher  temperature, 
giving  oS'  tetrabromide  of  t(-llurium. 

TELI.'USlIU'Mt,  CHIiOaiBES  OP.  The  dichloride,  TeCF,  is  formed  by 
distilling  a  mixture  of  equal  parts  of  finely  divided  tellurium  and  the  tetrachloride 
(Berzelius),  or  by  passing  chlorine  slowly  over  strongly  heated  tellurium  or  native 
telluride  of  silver.  It  may  be  freed  from  admixed  tetrachloride  by  fractional  distilla- 
tion (H.  Eos  e).  It  is  a  black  amorphous  mass,  ha\'ing  an  earthy  fracture;  melts 
easily  to  a  black  liquid,  and  is  much  more  volatile  than  the  tetrachloride.  Its  vapour 
is  purple  when  mixed  with  air ;  yellow  when  pure.  AVhen  exposed  to  the  air,  it 
absorbs  moistiu-e,  but  does  not  fume.  When  mixed  with  water,  it  becomes  milky 
from  formation  of  tellurous  acid.  Hydrochloric  acid  decomposes  it,  separating  half 
the  tellurium  in  the  metallic  state,  and  dissolving  the  other  half  as  tellurous  acid.  The 
dichloride  may  be  fused  in  all  proportions  with  metallic  tellurium,  or  with  the  tetra- 
chloride. 

Tetrachloride  of  Tellurium,  TeCl',  is  obtained  by  gently  heating  tellurium  m  a 
sfa-eam  of  chlorine-gas,  till  a  dark-yellow  liquid  is  produced.  This  liquid  turns  yellow 
on  cooling,  and  crystallises  to  a  white  mass  at  the  moment  of  solidification.  The 
tetrachloride  melts  easily  to  a  yellow  liquid,  turning  red  near  its  boiling-point :  it  is 
not  very  volatile,  but  forms  a  d;irk-yellow  vapour  when  strongly  heated.  It  is  very 
deliquescent,  and  is  decomposed  by  cold  water,  with  separation  of  a  basic  salt  and 
tellurous  acid.  Boiling  water  dissolves  it,  the  solution  on  cooling  depositing  crystals 
of  tellurous  acid.    Dilute  hydrochloric  acid  dissolves  it  without  alteration. 

By  mixiijg  a  solution  of  the  tetrachloride  with  chloride  of  umnwniii7ii  or  chloride  of 
potassium,  double  salts  are  formed,  which  crystallise  in  lemon-yellow  octahedrons.— A 
compound  of  the  tetrachloride  with  chloride  of  aluminium,  2AlCl'.TeCl',  is  obtained, 
according  to  K.  Weber  (J.  pr.  Chcm.  Ixsvi.  313),  by  melting  the  two  clilorides  to- 
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gether,  and  expelling  any  excess  of  alumininm-chlorido  that  may  be  present  Yiy  gentle 
hwifing.  This  double  chloride  is  a  yi  llo\vi.sh-white,  easily  fusible  mass,  very  soluble 
in  dilute  sulphuric  acid.  When  heated  nearly  to  its  boiling-point,  which  is  vei'y  high, 
it  is  partially  decomposed,  leaving  a  residue  richer  in  tellurium. 

Tetrachloride  of  tellurium  quietly  absorbs  ammonia-gas  at  ordinary  temperatures, 
swelling  up,  and  changing  to  a  greenish-yellow  mass  of  the  compound  4NH^.TeCl'. 
This  compound  is  permanent  in  the  air,  but  is  decomposed  by  water  into  tellurous 
acid  and  sal-ammoniac.  When  heated,  it  gives  oif  sal-ammoniac,  hydrochloric  acid,  and 
nitrogen-gas,  while  tellurium  is  separated.  (Espenschied,  J.  pr.  Chem.  Ixxx. 
480.) 

TEIiliURITTia,  DETECTIOTT  ANB  ESTIMATIOM  Or.  1.  Blowpipe 
reactions. — All  compounds  of  tellurium  are  easily  reduced  on  cliarcoal  in  the  inner 
flame,  the  reduced  metal  being  volatilised,  and  forming  a  white  deposit  of  tellurous 
oxide  on  the  charcoal.  With  borax  and  microcosmic  salt,  tellurous  oxide  gives  a  clear 
colourless  bead,  which,  when  heated  on  charcoal,  is  rendered  grey  and  opaque  by  the 
reduced  metal.  The  oxides  of  b i  sm ut  h  and  an timo ny,  when  reduced  on  charcoal 
in  the  inner  flame,  also  give  white  incrustations,  which  may  be  confounded  with  tellu- 
rous oxide.  Antimonious  oxide,  however,  when  lieated  iu  the  inner  flame,  gives  a 
bluish  tinge,  whereas  tellurous  oxide  imparts  a  fine  green  colour  to  the  outer  flame. 
Moreover  tellurous  oxide,  when  heated  in  a  tube  open  at  both  ends,  volatilises  entirely, 
forming,  on  the  cool  part  of  the  tube,  a  white  sublimate,  which,  by  careful  heating,  may 
be  fused  to  colourless  drops.  Antimonious  oxide,  on  the  other  hand,  is  only  partially 
volatilised,  being  partly  converted  into  the  non-volatile  oxide,  SbO' ;  tlie  sublimate 
may  be  driven  from  one  part  of  the  tube  to  another  by  heat,  but  does  not  fuse  into 
drops.  Bisrauth-oxide  similarly  treated  gives  scarcely  any  sublimate,  but  melts  to  a 
dark-brown  liquid,  which  becomes  palo-yoUow  on  cooling,  and  corrodes  the  glass. 
From  selenium,  which  it  resembles  more  closely  than  any  other  element,  tellurium 
is  distinguished  by  the  odours  emitted  when  the  compounds  of  the  two  elements  are 
heated  on  charcoal  before  the  blowpipe,  pure  tellurium  emitting  only  a  slightly  acid 
odour,  whereas  selenium  emits  a  powerful  odour  of  decayed  horse-radish :  traces  of 
selenium  existing  in  tellurium-compounds  are  easily  detected  in  this  manner  (p. 
224). 

2.  Reactions  in  Solution. — All  native  tellurium-compounds  are  insoluble  in 
water,  but  soluble  in  nitric  acid.  Among  the  artificially  prepared  compounds,  the 
tellurites  of  the  alkali-metals,  and  also  the  tellurates  (in  the  hydrated  state)  axe  easily 
soluble  in  water;  the  tellurites  and  tellurates  of  the  other  metals  are  insoluble  or  spar- 
ingly soluble  in  water,  but  for  the  most  part  soluble  in  hydrochloric  acid.  The  tellu- 
rides  of  the  alkali-metals  are  also  soluble  in  water,  and  their  solutions,  when  exposed 
to  the  air,  decompose  quickly,  with  separation  of  metallic  tellurium.  Tellurous 
acid  (hydrated  tellurous  oxide)  dissolves  easily  in  acids  ;  the  solution  in  nitric  acid 
gradually  deposits  anhydrous  telluric  oxide.  In  solutions  not  containing  too  great  an  ex- 
cess of  acid,  esjiecially  in  the  hydrochloric  acid  solution,  water  throws  down  a  precipitate 
of  tellurous  acid.  The  hydrochloric  acid  solution  of  tellurous  oxide  is  yellow.  Telluric 
acid  is  distinguished  from  tellurous  acid  hy  its  greater  solubility  in  water.  The  salts 
of  the  two  acids  are  distinguished  from  one  another  by  the  fact  that  the  tellurates,  when 
heated  with  hydrochloric  acid,  give  off  chlorine,  which  is  not  the  case  with  the  tellu- 
rites. Moreover,  the  solutions  of  tellurates  in  hydrochloric  acid  are  colourless,  and  are 
not  precipitated  by  water  like  those  of  the  tellurites,  even  when  there  is  but  little  free 
hydrochloric  acid  present. 

Sulpihydric  acid  produces  immediately,  in  acid  solutions  of  tellurous  oxide,  a  brown 
precipitate  of  tellurium-sulphide,  easily  soluble  in  sulpliide  of  ammonium  ;  in  acid  solu- 
tions of  telluric  oxide,  the  same  precipitate  is  formed  after  the  liquid  has  stood  for 
some  time  in  a  closed  vessel,  and  in  a  warm  place.  The  colour  of  this  precipitate  dis- 
tinguishes it  from  all  other  metallic  sulphides  which  are  soluble  in  sulphide  of 
ammonium  (that  of  selenium  is  reddish-yellow)  except  stannous  sulphide  ;  but  solutions 
of  stannous  salts  are  easily  distinguished  fi-om  those  of  tellurium-salts  by  their  re- 
action with  chloride  of  gold,  tellurium-solutions  not  forming  with  this  reagent  an) 
precipitate  resembling  the  purple  of  Cassius  ;  moreover,  solutions  of  tellurous  oxide 
yield,  with  ammonia  and  alkaline  carbonates,  a  white  precipitate  easily  soluble  in 
excess  of  the  alkaline  rc^agent,  whereas  the  precipitates  formed  in  like  manner  with 
stannous  salts  are  insoluble  in  excess.  Solutions  of  telluric  oxide  give  no  precipitate 
with  alkalis. 

Sulphurous  acid  and  alkaline  stilpMtes  produce,  in  acid  solutions  of  tellurous  or  telluric 
oxides,  after  some  time  in  the  cold,  or  immediately  on  heating,  a  black  precipitate  of 
metallic  tellurium.  A  similar  precipitate  isformed  bysolution  of  stannous  chloride  and  by 
metallic  zitic.  The  precipitate  of  selenium  formed  by  the  same  reagents  in  a  solution 
of  selenious  acid  is  red.    The  precipitated  tellurium  may  also  be  distinguished  from 
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selenium  by  its  reaction  with  solution  of  potassium-cyanide,  which  dissolv.es  selenium 
hut  not  tellurium  ;  further  by  its  behaviour  before  the  blowpipe  (p.  711);  and  lastly, 
by  dissolving  the  precipitate  in  nitric  acid,  nitromuriatic  acid,  or  a  raixturu  of  hvdro- 
chloric  acid  and  potassium-chlorate,  neutralising  the  solution,  after  complete  oxidation, 
with  carbonate  of  sodium,  evaporating  to  dryness,  fusing  the  residue  at  a  moderate 
heat  with  nitre,  dissolving  the  product  in  water,  acidulating  with  nitric  acid,  and 
adding  chloride  of  barium.  Selenate  of  barium  is  then  precipitated,  whereas  tellurate 
(if  barium  remains  in  solution. 

3.  Estimation  and  Separation. — Tellurium  is  mostly  estimated  in  the  metallic 
state.  If  it  is  present  in  solution  in  the  form  of  tellurous  acid,  as  is  always  the  case 
when  tellurium-ores  are  treated  with  nitric  acid,  it  is  best  precipitated  by  sii/phurous 
acid  or  an  alkaline  sulphite.  The  tellurium  thereby  separated  is  collected  on  a 
■weighed  filter,  carefully  dried  at  a  gentle  heat,  and  weighed.  If  the  tellurous  acid  is 
combined  with  bases  in  such  proportion  that  the  solution  does  not  exhibit  an  acid 
reaction,  it  must  be  mixed  with  hydrochloric  acid  in  sufficient  quantity  to  redissolve 
the  precipitate  of  tellurous  acid  formed  at  first.  It  is  best  also  to  concentrate  the 
liquid  as  much  as  possible  before  adding  the  reducing  agent,  as  the  tellurium  is  then 
separated  more  quickly  and  completely  than  from  a  more  dilute  solution.  The  solu- 
tion thus  prepared  is  to  be  heated  in  a  flask,  but  not  to  the  boiling-point,  and  the 
solution  of  alkaline  sulphite  gradually  added :  the  tellurium  is  then  precipitated  as  a 
black  bulky  powder.  Nitric  acid,  if  present,  may  vitiate  the  result  by  reoxidising  part 
of  the  reduced  tellurium :  it  should  therefore  be  previously  removed  by  warming  the 
liquid  with  hydrochloric  acid.  If  the  tellurium  is  present  as  telluric  acid,  the  latter 
must  first  be  reduced  to  tellurous  acid  by  heating  the  solution  with  hydrochloric  acid 
as  long  as  chlorine  continues  to  escape. 

The  method  of  reduction  by  sulphurous  acid  or  alkuline  sulphites,  serves  to  separate 
tellurium  from  the  tellui'ites  and  tellurates  of  the  alkali-metals,  and  of  other  metals 
which  are  not  precipitated  by  sulphydric  acid.  If  the  quantity  of  alkali-metal  is 
to  be  likewise  estimated,  the  reduction  must  of  course  be  effected  by  sulphite  of  am- 
monium or  free  sulphurous  acid  ;  in  the  latter  case,  the  solution  must  be  digested  for 
some  days  with  excess  of  aqueous  sulphurous  acid,  in  a  closed  vessel  placed  in  a  warm 
Bituation.  The  separation  of'tellurium  from  the  tellurites  and  tellurates  of  these 
metals  may  also  be  effected  by  precipitation  with  sulphijdric  acid.  As  the  precipitated 
tellurium-sulphide  is  generally  mixed  with  free  sulphur,  it  must  be  digested,  while  still 
moist,  with  nitromuriatic  acid,  or  better,  with  hydrochloric  acid  and  potassium- 
chlorate,  and  the  tellurium  precipitated  from  the  filtered  solution  by  an  alkaline 
sulphite,  as  above.  Telluric  acid  must  first  be  reduced  to  tellurous  acid  by  heating 
with  hydrochloric  acid. 

From  the  tellurites  and  tellurates  of  metals  which  are  precipitated  by  sulphydric 
acid,  and  form  sulphides  insoluble  in  sidphide  of  ammonium,  tellurium  may  be  sepa- 
rated by  supersaturating  the  solution  with  ammonia,  and  digesting  it  at  a  very  gentle  heat 
with  excess  of  ammonium-sulphide.  The  sulphide  of  tellurium  then  remains  dissolved, 
and  may  be  precipitated  from  the  filtered  solution  by  acetic  or  very  dilute  hydrochloric 
acid,  oxidised  as  above  with  nitromuriatic  acid,  &c.,  and  the  tellurium  precipitated  by 
an  alkaline  sulphite.  The  same  method  may  be  used  for  separating  tellurium  from 
iron,  cobalt,  nickel,  zinc,  and  manganese.  It  is,  however,  not  so  advantageous  in  any 
case  as  the  precipitation  with  alkaline  sulphites,  because  it  is  difficult  to  ensure  the 
complete  solution  of  the  tellurium-sulphide  in  sulphide  of  ammonium. 

From  all  metals  which  form  non-volatile  chlorides,  tellurium  may  be  separated  by 
.igniting  the  compound  in  a  stream  of  chlorine,  whereby  it  is  volatilised  as  dichloride 
or  tetrachloride,  according  to  the  rapidity  of  the  stream  of  gas.  The  volatilised 
chloride  is  passed  into  water  acidulated  with  hydrochloric  acid,  in  which  the  tetra- 
chloride of  telliu'ium  dissolves  completely,  the  dichloride  with  separation  of  tellurium. 
The  tellurium  is  then  reduced  from  the  solution  by  an  alkaline  sulphite. 

Another  method  of  separation,  applicable  in  most  cases,  is  to  fuse  the  compound 
with  3  pts.  dry  sodium-carbonate  and  3  pts.  sulphur  in  a  covered  crucible,  and  digest 
the  mass  when  cold  with  water.  The  metals  combined  with  the  tellurium  then 
remain  as  insoluble  sulphides,  while  the  tellurium  dissolves  as  sulphotellurite  of 
sodium.  From  this  solution  the  tellurium-sulphide  may  bo  precipitated  by  a  dilute 
acid,  and  treated  as  above  for  the  determination  of  the  tellurium. 

From  antimony,  arsenic,  and  tin,  tellurium  may  be  separated  by  precipitation 
with  alkaline  sulphites. 

From  selenium  and  sulphur  it  is  separated  by  fusion  with  potassium-cyanide,  in 
the  manner  already  described  under  SELENitJM  (p.  225). 

4.  Atomic  Weight  of  Tellurium. — Berzelius  (Fogg.  Ann.  xxviii.  392)  deter- 
mined the  atomic  weight  of  tellurium  by  ascertaining  the  increase  of  weight  of  the 
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metnl  when  converted  into  tellurous  oxide  by  oxidation  with  nitric  acid.  In  three 
experiments, 

1-2725  grms.     1-,5715  gnns.     2-881 25  grms.  tellurium 
yielded  1-5895     „        1-9365     „        3-6000     „  TeO-; 

whence  Te  =  128-41  128-29  128-27, 

or,  as  a  mean  result,  128-34.  Berzelius,  however,  gives  the  preference  to  the  second 
and  third  experiments,  which  give  Te  =  128. 

Von  Hauer  (AVien.  Akad.  Ber.  xxv.  135),  by  precipitating  bromide  of  tellurium  and 
potassium,  2K15r.TeBr-,  with  nitrate  of  silver,  obtained,  as  a  mean  of  five  closely  agree- 
ing experiments,  69-924  per  cent,  bromine;  whence  (if  Ag  =  108-1,  Br  =  80, 
K  =  39-2),  tlie  atomic  weight  of  tellurium  is  found  to  be  128-06. 

Dumas  (Ann.  Ch.  Pharm.  exiii.  30),  from  experiments  not  yet  published  in  detail, 
concludes  that  Te  =  129. 

TEX.X.vnxvm,  FXtrORISX:  or,  Te'.— Produced  by  dissolving  tellurous 
oxide  in  hydrotluuric  acid.  The  solution  evaporated  over  the  water-bath  leaves  a 
colourless  syrup,  which  on  cooling  deposits  milk-white  nodules,  probably  an  oxy- 
fluoride. 

TEZ.X.irRIU»I,  IODIDES  OS".  The  di-iodide,  Tel',  is  produced  by  gently 
heating  tellurium  with  iodine.  Tlie  excess  of  iodine  then  volatilises,  leaving  the  com- 
pound in  shining  black  crystalline  flocks.  It  is  easily  fusible,  and  gives  off  iodino 
■when  strongly  heated.    AVater  has  no  action  upon  it.  (Borzelius.) 

tctra-iodide ,  Tel*,  obtained  by  digesting  finely  pulverised  tellurous  oxide 
with  hydriodic  acid,  forms  solt  black  granules,  which  stain  the  fingers.  It  is  very 
unstable,  and  melts,  with  evolution  of  iodine,  when  heated.  With  boiling  water  it 
forms  a  dark-browu  solution,  while  a  grey-brown  oxyiodide  remains  undissolved.  The 
tetra-iodide  dissolves  in  hydriodic  acid,  and  the  solution,  when  evaporated,  deposits 
colourless  metallic-shining  prisms,  probably  a  compound  of  the  tetra-iodide  -with  hydri- 
odic acid. 

By  saturating  the  solution  of  the  tetra-iodide  in  hydriodic  acid  with  an  alkali, 
double  iodides  are  obtained,  which  separate,  by  spontaneous  evaporation,  in  iron-grey 
metallically  lustrous  crystals. 

The  hexiudide,  TeP,  is  perhaps  contained  in  the  brown  solution  of  telluric  oxide 
in  hydriodic  acid. 

TEHtTRlUM,  OXIDES  AI7D  OXYGEN-ACIDS  OP.  Telluri^im  forms 
two  ox  des,  Tet)-  and  TeO',  which  unite  with  bases  forming  salts  analogous  to  the 
sulphites  and  sulphates. 

Tellurous  Oxide  or  Anhydride,  TeO. — This  oxide  is  produced  when  tellurium 
burns  in  the  air.  It  may  also  be  obtained  by  exposing  the  corresponding  hydrate 
(tellurous  acid)  to  agentle  heat,  and  separates  from  the  aqueous  Sulution  of  the  hydrate 
when  heated  to  40'"'.  The  same  change  takes  place  spontaneously,  though  more  rapidly 
on  the  application  of  heat,  in  the  nitric  acid  solution  of  tellurous  acid  :  in  this  case 
the  deposit  of  tellurous  oxide  is  much  more  abundant,  and,  if  slowly  produced,  is 
distinctly  crystalline,  showing  here  and  there  well-defined  octahedi'ons.  The  mine- 
ral called  tellurite  or  telluric  ochre,  occurring  at  Facebay,  near  Zalathna  in 
Transylvania,  in  small  greyish-yellow  sphernles,  imbedded  in  quartz  together  with 
tellurium,  exhiViits,  according  to  Petz  (Pogg.  Ann.  Ivii.  478),  the  reaction  of  tellu- 
Tons  oxide  before  the  blowpipe. 

Tellurous  oxide  is  slightly  soluble  in  water,  but  has  no  action  upon  litmus.  It  is 
fusible  and  volatile.  The  fused  oxide  is  a  transparent  deep  yellow  liquid,  which  solidifies 
on  cooling  to  a  white  highly  crystalline  mass.  When  fused  with  alkaline  hydrates  or 
carbonates,  it  forms  tellurites. 

Tei^lurous  Hydrate  or  Tellurous  Acid,  H-TcO'  =  H-'O.TeO^. — This 
acid  is  best  obtained  by  decomposing  tetrachloride  of  tellurium  with  water  : 

TeCl^  +  ZWO  =  4HC1  +  H-^TeO'. 
It  niay  be  prepared  from  tellurite  of  potassium  or  sodium,  by  adding  nitric  acid  till 
a  distinct  acid  reaction  is  produced  ;  also  by  dissolving  tellurium  in  dilute  nitric  acid 
of  specific  gravity  1-25,  and  pouring  the  solution,  after  the  lapse  of  not  more  than  a 
fi-w  minutes,  into  an  excess  of  water.  If  the  precipitation  be  delayed  for  a  longer 
time,  the  anhydrous  oxide  is  thrown  do-svn  instead  of  the  hyirate. 

Tellurous  acid,  jirepared  by  either  of  these  proccbscs,  is  a  somewhat  bulky  precipi- 
tate, which,  when  dried  over  oil  of  vitriol,  forms  a  light  white  eai  thy  powder,  having 
a  bitter  metallic  taste.  It  is  slightly  soluble  in  water,  especially  when  recently  pre- 
cipitated.   It  dissolves  both  in  acids  and  in  alkalis. 

The  solutions  of  tellurous  hydrate  in  acids  are  all  stable,  with  the  exception  of  the 
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nitric  acid  solution,  wliieli,  as  already  observed,  deposits  telluric  oxide.  They  do  not, 
however,  yield  definite  salts  on  evaporation,  excepting  the  phosphoric  acid  solution, 
•which  deposits  a  white  powder,  and  the  oxalic  acid  solution,  which  deposits  crystalline 
grains,  soluble  without  decomposition  in  water. — A  sulphate  of  tdlurium,  (Te'''S-0'), 
is  formed  by  gently  heating  finely  pulverised  tellurium  with  oil  of  vitriol.  (See  Sul- 
phates, p.  614.) 

Tlie  solution  of  tellurous  hydrate  in  hydrochloric  acid  is  decomposed  by  water,  if  not 
very  strongly  acid,  depositing  tellurous  hydrate. — Alkalis  and  alkaline  carbonates  also 
form  a  white  precipitate  of  tellurous  hydrate,  soluble  in  excess  of  the  alkaline  reagent. 
—  Chloride  of  barium  forms  a  white  precipitate,  insoluble  in  ammonia. — The  reactions 
with  sulphydric  acid,  sulphide  of  ammonium,  sulphurous  acid,  alkaline  sulphites, 
stannous  chloride,  and  zinc,  have  been  already  described;  also  the  blowpipe-reactions 
of  tellurous  oxide  (p.  711). 

Tellurites. — Tellurous  acid  forms,  with  the  alkali-metals,  neutral  and  acid  salts 
analogous  to  the  sulphites  and  selenites  ;  also  hyperacid  salts ;  viz. : 

Neutral  Tellurites,  M-TeO^  =  M=O.TeO'. 

Acid  „        MHTeO',  or  M20.H-0.2TeO^ 

Hyperacid    „        ^^.^^q'I  ,  or  M-0.3H=0.4TeO'. 

There  are  also  pnhydrous  ditellurites  of  alkali-metal,  such  as  K20.2TeO',  or  K^TeO'. 
TeO^. — With  the  alkaline  earth-metals,  tellurous  acid  forms  anhydrous  mono-, 
di-,  and  tetra-tellurites,  represented  by  the  formulae,  M"O.TeO^  M"0.2TeO^  and 
M"0.4TeO''. — With  the  heavy  metals  it  appears  to  form  only  neutral  salts. 

The  tellurites  of  alkali-metal  are  formed  by  direct  combination,  either  in  the  dry  or 
in  the  wet  way  ;  the  r>?st  either  by  fusing  tellurous  oxide  with  the  respective  bases,  or 
by  precipitation.  The  neutral  and  acid  tellurites  of  alkali-metal  are  soluble  in  water ;  the 
tellurites  of  the  alkaline  earth-metals  are  slightly  soluble;  and  those  of  the  earth-metals 
and  heavy  metals  are  insoluble.  Most  tellurites  are  soluble  in  hydrochloric  acid. 
The  solutions  are  yellow,  and  do  not  give  olf  chlorine  when  heated,  a  character  by 
w  hieh  the  tellurites  are  distinguished  from  the  tellurates.  If  the  quantity  of  hydro- 
chloric acid  present  in  these  solutions  is  not  very  great,  they  deposit  tellurous  acid  on 
dilution  with  water;  this  precipitation  is,  however,  prevented  by  the  presence  of  tar- 
taric acid.  Tellurites  are  mostly  fusible,  and  solidify  to  a  crystalline  mass  on  cooling  ; 
the  hyperacid  tellurites  of  alkali-metal  form  colourless  glasses  after  fusion.  Most 
tellurites,  when  ignited  with  charcoal  and  potash,  yield  tellurite  of  potassium,  which 
dissolves  with  portwiue-coloiu"  in  water. 

Tellurite  of  Alumini  iim  is  a  white  flocculent  precipitate. 

Tellurite  of  Ammoniutn. — A  solution  of  tellurous  acid  in  ammonia  gives  off 
ammonia  by  evaporation,  even  at  a  very  gentle  heat,  and  yields  a  precipitate  of 
tellurous  acid. — According  to  Fliickiger  (Jahresb.  1862,  p.  173),  tellurite  of  ammo- 
nium is  produced  by  heating  tellurium  with  aqueous  ammonia  in  sealed  tubes.—  The 
hi/pirand  salt,  (NH')-0.4TeO=.4H-0,  or  (NH^)HTe0».H'TeO^.3iIl=O,  is  formed  by 
dissohnng  tellurous  acid  or  tetrachloride  of  tellurium  in  warm  aqueous  ammonia,  and 
separates,  on  adding  a  little  sal-ammoniac  to  the  cooled  solution,  as  a  lieavy  white 
granular  precipitate  ;  a  further  quantity  may  be  precipitated  from  the  filtrate  by  alcohol. 
It  is  resolved  by  heat  into  ammonia,  water,  and  tellurous  oxide.  (Berzelius.) 

Tellurites  of  Bar  ium. — The  neutral  salt,  3:i"Te()^  -  Ba'O.TeO-,  is  produced 
by  fusing  1  at.  tellurous  oxide  with  1  at.  barium-carbonate,  and  solidities,  on  cooling, 
to  a  colourless  crystalline  mass  ;  by  double  decomposition  it  is  obtained  as  a  white, 
bulky,  flocculent  precipitate.  It  is  sparingly  soluble  in  water,  the  solution  when 
exposed  to  the  air  depositing  carbonate  and  totratollurite  of  barium. 

The  Mr«fe««rj7f,  Ba"0.4Te02  =  Ba"Te0^.3TeO-,  prepared  by  fusing  4  at.  tellurous 
oxide  with  1  at.  barium-carbonate,  solidifies  to  a  transparent  colourless  glass.  It  is 
also  produced  by  mixing  the  aqueous  solulion  of  the  neutral  salt  with  very  dilute 
nitric  acid,  and  then  separates  in  bulky  flakes. 

Tellurite  of  Cadmium  is  a  white  gelatinous  precipitate,  which  dries  up  to  a  brittle 
mass,  having  a  conchoidal  fracture.  It  dissolves  in  hydrochloric  and  in  nitric  acid. 
Ammonia  added  to  these  solutions,  throws  down  cadmium-oxido  ;  sulphydric  acid  and 
sulphide  of  ammonium  produce  in  the  cold  a  brown-red  precipitate  of  cadmium-sul- 
photellurite.    (0  p  p  e  n  h  e  i  m.) 

Tellurites  of  Calci  urn. — The  JzcM^ra^  Ca"TeO',  produced  by  heating  1  at.  tellu- 
rous oxide  with  1  at.  lime,  forms  a  white  mass,  which  remains  solid  at  the  melting- 
point  of  silver.  By  precipitation,  it  is  obtiiined  in  white  flocks,  slightly  soluble 
in  cold,  more  soluble  in  hot  water.— The  ditdlurite,  Ca"0.2TeO'  =  Ca"TeO^TeO^ 
luells  only  at  a  white  heat,  and  solidifies  on  cooling  to  an  opaque  mas.s,  consisting 
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of  micaceous  scales. — The  tctraidluritc,  Cii"0.4TeO^  =  Ca"TeO'.3TeO',  fuses  more 
easily,  giving  off  fumes  of  telhu-ous  oxide,  and  likewise  solidifies  in  micaceous  scales. 
(Berzelius.) 

Tellurite  of  Chromium  is  a  grey- green  precipitate,  soluble  in  excess  of  the 
chromic  salt. 

Tellurite  of  Cobalt  is  a  dark-purple  precipitate. 

Tellurite  of  Copper,  obtained  by  precipitation,  is  a  siskin-green  powder,  inso- 
luble in  ■water;  when  heated,  it  gives  off  water  and  turns  black,  melts  easily,  and 
solidifies  to  a  black  mass,  having  a  eonchoidal  fracture,  and  yielding  a  grey-brown 
powder.  Before  the  blowpipe,  it  is  reduced  to  a  pale-red  mass  of  copper-telluride.  It 
may  be  fused  with  1  at.  cupric  oxide,  to  a  black  mass  having  an  earthy  fracture. 
(Berzelius.) 

Tellurites  of  Iron. — The  ferric  salt  is  a  yellow  flucculent  precipitate. — The 
ferrous  salt  is  grryish-yellow. 

Tellurites  of  Lead. — The  neutral  salt,  Fh'TfO",  obtained  by  double  decom- 
position with  neutral  acetate  of  lead,  is  a  white  precipitate,  which  when  heated  gives 
oif  water,  turns  yellow,  and  then  melts  to  a  translucent  mass.  It  dissolves  readily  in 
acids,  and  is  easily  reduced  before  the  blowpipe  on  charco.al  to  telluride  of  lead. —  A 
basic  lead-salt  is  pi-oduced,  as  a  translucent  bulky  precipitate,  on  mixing  tellurite  of 
potassium  with  basic  acetate  of  lead. 

Tellurites  of  Lithium. — The  neutral  salt,  lA'^TeO'^  =  Li-O.TeO^  obtained  by 
fusion,  solidifies  to  a  crystalline  or  tumefied  mass,  according  to  the  rate  of  cooling. — • 
The  ditdluritc,  Li-'0.2TeO'-',  prepared  like  the  corresponding  potassium-salt,  is  easily 
fusible,  and  solidifies  to  a  crystalline  mass  on  cooling.  Cold  water  decomposes  it 
into  mono-  and  tctra-tellurite.  Boiling  water  dissolves  it,  and  the  solution  on  cooling 
deposits  the  tetratdlurite,  Lt'O-iTeO^,  in  milk-white  granules.  (Berzelius.) 

Tellurites  of  Magnesixi  m. — The  neutral  salt,  Mg"TeO',  obtained  by  precipitation, 
is  much  more  soluble  than  the  other  alkaline-earthy  tellurites.  Its  solution  is  decom- 
posed by  atmospheric  carbonic  acid  into  carbonate  and  tetratellvirite  of  magnesium, 
which  separates  in  w'hite  flocks.  (Berzelius.) 

Tellurite  of  Man g anese  is  precipitated  in  white  flocks  having  a  reddish  tinge. 

Tellurites  of  Mercury. — The  mercuric  salt  is  a  white  precipitate. — The  mcr- 
cnrous  salt  is  dark-3'ellow,  gradually  turning  brown,  and  is  converted  into  mercuric 
salt  on  exposure  to  the  air. 

Tellurite  of  Nickel  is  a  pale-green  flocculcnt  precipitate. 

Tellurites  of  Potassium.. — The  n(utral  ot  nwnofellurite,  K^TeO'  =  K-O.TeO^, 
and  the  ditelluritc,  K-TeO^TeO-  =  K-0.2TeO=,  are  obtained  by  fusing  tellurous 
oxide  with  carbonate  of  potassium  in  the  requisite  proportion.?.  The  monutelhirite 
molts  at  a  red  heat,  and  solidifies  on  cooling  to  a  network  of  rather  large  regular 
crystals.  It  is  slowly  dissolved  by  eohl,  more  quickly  by  boiling  water;  the  solution 
has  an  alkaline  taste  and  reaction,  and  is  decomposed  by  the  carbonic  acid  of 
the  air. 

The  ditcllurite  melts,  somewhat  below  a  red  heat,  to  yellow  liquid,  which  solidifies 
on  cooling  to  a  colourless,  transparent,  crystalline  mass.  Boiling  water  dissolves  it; 
completely,  and  the  solution  on  cooling  deposits  the  tetratellnrite  as  a  granular 
precipitate. 

The  tctratelluriie,  or  hyperacid  tillurite  of  potassium,  K20.4Te0^4H=0  =  2(KHTeO'. 
ir-TeO^).H-0,  is  prepared  by  boiling  tellurous  acid  for  some  time  with  carbonate  of 
piotassium,  and  filtering  at  the  boiling  heat.  The  solution,  on  cooling,  deposits  the 
greater  part  of  the  salt  in  nacreous  grains,  which  appear  imder  the  microscope  as  six- 
sided  prisms  and  tables.  It  is  decomposed  by  cold  water  into  mono-  and  di-tellurite, 
wliich  dissolve,  and  tellurous  acid,  wliich  separates  as  a  gelatinous  precipitate.  The 
dry  salt  when  heated  gives  off  its  water  with  strong  intumescence,  leaving  the 
aniiydrous  salt,  lv-0.4TcO-,  which  melts  at  commencing  redness,  and  solidifies  to  a 
colourless  glass  on  cooling.  (Berzelius.) 

Tellurit c  of  Sili'cr,  AsfTcO^,  is  a  white  precipitate,  soluble  in  ammonia  (Ber- 
zelius). When  native  telluride  of  silver  is  dissolved  in  nitric  acid,  the  solution  deposits, 
after  a  while,  small,  adamantine,  acuminated,  quadratic  prisms,  insoluble  in  water,  and 
containing  more  than  1  at.  TeO-  to  1  at.  Ag"0.    (G.  Rose.) 

Tellu  r  ites  of  Sod i  u  /».— The  neutral  salt,  Na.-TeO^  =  Na-O.TeO^  obtained  like  the 
corresponding  potassium-salt,  forms  regular  ciystals  when  slowly  cooled,  but  swells  up 
considerably  on  r.apid  cooling.  It  dissolves  slowly  but  completely  in  cold  water,  more 
quickly  in  hot  water,  but  does  not  crystallise  out  on  cooling.  Alcohol  throws  down 
from  the  solution  a  concentrated  liquid,  which,  after  a  few  davs,  vields  largo  trans- 
parent crystals  of  a  hydrated  salt.— The  ditcllurite,  Xa-TeO^TeO'-'  =  Na'0.2TeO'^, 
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obtained  by  fusion,  like  the  corresponding  potassium-salt,  melts  easily,  and  crys- 
tallises on  !ooling.  It  is  decomposed  by  water,  like  the  potassium-salt. — The  tetra- 
tdlurite  or  hyperacid  salt,  Na-'0.4TeO^5H-O,  or  NaHTeO'.H-TeOlH'O,  separates  from 
the  boiling  solution  of  the  preceding  salt,  by  slow  cooling,  in  nacreous  scales  and  thin 
six-sided  tables ;  in  other  respects  it  resembles  the  hyperacid  potassium-salt. 
(Berzelius.) 

Tellurite  of  Strontium  (neutral)  is  prepared  like  the  barium-salt,  which  it 
resembles. 

The  Ttlluritcs  of  Thoriniim,  Yttrium,  and  Zirconium  are  white  precipitates. 
Tellurite  of  Uranium,  obtained  by  precipitation  with  a  uranic  salt,  is  a  pale 
lemon-yellow  powder. 

Tell  urite  of  Zinc  is  a  white  flocculent  precipitate. 

Telluric  Oxide,  TeO'.  —This  oxide  is  obtained  by  heating  the  hydrate  to  a 
temperature  below  redness.  It  forms  an  orange-yellow  mass,  insoluble  in  water, 
either  hot  or  cold,  in  cold  hydrochloric  and  hot  nitric  acid,  and  in  solutions  of  caustic 
alkali.  When  strongly  heated,  it  gives  off  oxygen,  and  leaves  tellui'ous  oxide  as  a 
white  earthy  powder. 

Telluric  Acid,  WTeO*  =  H  O.TeO^— The  potassium-salt  of  this  acid  is 
obtained  by  fusing  tellm-ium  or  tellurous  oxide  with  nitrate  of  potassium.  The 
solution  of  this  salt  decomposed  by  a  salt  of  barium,  yields  a  precipitate  of  barium- 
tellurate,  from  which,  by  decomposition  with  sulphuric  acid,  telluric  acid  may  be  set 
free. 

Telluric  acid  crystallises  fi'om  its  solution,  in  fine  hexagonal  hydrated  prisms, 
containing  H'^TeO''.2H'0,  mostly  forming  twins.  This  hydrate  has  a  metallic  rather 
than  an  acid  taste,  and  reddens  litmus  slightly.  It  dissolves  slowly,  but  to  a  con- 
siderable amount  in  cold  water,  freely  in  boiling  water.  It  loses  its  water  of  crystal- 
lisation at  a  little  above  100°.  The  remaining  acid,  H-TeO',  is  nearly  insoluble  in 
cold  water,  but  dissolves  on  boiling,  forming  a  solution  from  which  the  crystalline 
hydrate  may  be  again  obtained. 

Tellueates. — Telluric  acid  forms  with  the  alkali-metals,  neutral,  acid,  and 
hyperacid  salts,  represented  by  the  formnlse,  M-TeO*,  MHTeO',  and  MHTeO^.H-TeO*, 
respectively;  also  anhydrous  di-  and  tetra-tellurites.  With  the  other  metals  it  forms 
chiefly  neutral  salts.  The  neutral  and  acid  tellurates  of  alkali-metal  are  easily 
soluble  in  water,  the  anhydrous  di-  and  tetra-tellurites  sparingly  soluble.  Most  of 
the  other  tellurates  are  insoluble  or  sparingly  soluble,  and  are  obtained  by  pre- 
cipitation. 

Most  tellurates  dissolve  readily  in  cold  hydrochloric  acid.  The  solutions  are  not 
yellow,  like  those  of  the  tellurites,  and  will  bear  any  amount  of  dilution  without  pre- 
cipitation. On  boiling  they  give  off  clilorine,  turn  j-ellow,  and  become  precipitable  by 
water,  owing  to  the  formation  of  tellurous  acid.  The  acidulated  solutions  of 
tellurates  and  telluric  acid  are  decomposed,  like  those  of  the  tellurites,  but  not  very 
readily,  by  sulpliyelric  acid,  with  precipitation  of  a  sulphide ;  and  by  siiljjhurous  acid 
and  other  reducing  agents,  with  precipitation  of  tellurium,  though  somewhat  slowly, 
and  frequently  only  on  the  application  of  heat.  Hence,  in  analysing  tellurates  by 
reduction,  they  should  always  be  previously  reduced  to  tellurites  hy  boiling  with 
hydrochloric  acid.  Tellurates  when  heated  to  redness  give  off  oxygen,  and  are  reduced 
to  tellurites.  Heated  with  charcoal  and  alkaline  carbonate,  or  before  the  blowpipe  on 
platinum,  they  behave  like  tellurites. 

Tclluratc  of  Aluminium  is  obtained  by  double  decomposition  as  a  white  pre- 
cipitate, soluble  in  excess  of  the  aluminium-salt. 

Tellurates  of  Ammonium. — The  neutral  salt,  (KH')^TeO',  is  prepared  by 
mixing  a  boiling  solution  of  the  neutral  potassium-salt  with  sal-ammoniac  and  a  little 
ammonia,  and  separates  on  cooling  in  granular  crystals,  easily  soluble  in  water,  spar- 
ingly soluble  in  solution  of  ammonia  or  sal-ammoniac. — The  ctitelluriic,  (NH')^Tt'O^. 
TeC  =  (NH^)-0.2TeO',  is  prccipiUited,  on  mixing  a  saturated  solution  of  the  acid 
sodium-salt  with  sal-ammoniac,  as  a  gelatinous  mass,  only  slightly  soluble  in  water. 
When  boiled  with  water  in  open  vessels,  it  gives  off  ammonia;  but  when  heated  with 
water  in  sealed  tubes,  it  partly  melts  to  a  white  mass,  which  solidifies  on  cooling,  and 
partly  dissolves  in  the  water,  the  solution  on  cooling  depositing  fine  crystalline  grains 
[?ofthe  acid  salt].— The  /cCi-rt/f//«c;>,  (NH')'TeO'.3TeO'  =  (Nn')-b.4TeO^  is  ob- 
tained, by  decomposing  the  hyperacid  sodium-salt  with  sal-ammoniac,  as  a  white 
flocculent  precipitate  ;  it  likewise  separates  from  the  solution  of  the  neutral  salt  by 
evaporation  at  ordinary  temperatui'es,  or  at  a  gentle  heat.  It  dissolves  with  diflSculty 
in  water,  and  is  nearly  insoluble  in  alcohol.  (Berzelius.) 

Tellurates  of  Barium. — These  salts  are  obtained  by  precipitation.— The  n  utral 
salt,  Ba"TeO'.3H-0,  separates  as  a  bidky  precipitate,  which  soon  sinks  down,  and 
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forms  a  white  powder  when  dry.  It  gives  off  water  at  200°,  dissolves  sparingly  in 
cold,  more  easily  in  boiling  water. — The  acid  salt,  Ba"H^(TeO')'''.2n-0,  is  a  bulky 
tioeculent  mass,  more  soluble  in  water  than  the  neutral  salt. — The  anhydrous  tiiratellu- 
rate,  Ba"0.4TeO-,  is  a  bulky  mass,  more  soluble  in  water  than  either  of  the  preceding 
[is  it  really  anhydrous?].  It  turns  yellow  when  heated,  but  becomes  white  again  on 
cooling.  (Berzelius.) 

Tcllurate  of  Cadmium,  Cd"TeO',  is  obtained,  as  an  amorphous  white  precipi- 
tate, on  mixing  the  neutral  solutions  of  cadmium-nitrate  and  a  tellurate  of  alkali- 
metal.  (Oppenheim.) 

Tellurates  of  Calcium,  Cii'ToO',  is  precipitated  in  white  non-coherent  flocks, 
soluble  in  hot  water.  (Berzelius.) 

Tcllurate  of  Chromium  forms  grey-green  flocks,  reddish  by  transmitted  light; 
it  dissolves  in  excess  of  the  chromic  salt,  by  which  it  is  precipitated. 

Tellurate  of  Cobalt  is  precipitated  in  bluish-red  bulky  flakes. 

Tellurates  of  Copper. — The  neutral  salt  is  a  celandine-green  precipitate ;  the 
acid  salt  is  somewhat  lighter. 

Tellurates  of  Iron. — The  ferric  salt  separates  as  a  pale-yellow  flocculent 
precipitate,  soluble  in  excess  of  the  precipitating  ferric  salt. — The  ferrous  salt  is  a 
white  precipitate,  quickly  changing  colour  in  the  air  like  other  ferrous  salts. 

Tellurates  of  Lead. — Obtained  by  precipitation. — The  7ieutral  salt,  WTeO*  = 
Pb"O.TeO'',  is  a  white  precipit<ite,  somewhat  soluble  in  water.  — The  ditellurate,  Pb"0. 
2TeO^,  is  somewhat  more  soluble. — The  tefratelluratc,  Pb"0.4TeO^,  turns  yellow  when 
heated,  but  becomes  white  again  on  cooling:  it  is  moderately  soluble  in  water. — A 
basic  lead-salt  separates,  as  a  white  bulky  precipitate  insoluble  in  water,  on  mixing 
the  solution  of  a  neutral  tellurate  of  alkali-metiil  with  basic  acetate  of  lead  (Berze- 
lius).— K  nitr  ato- tellurate  of  I  c  ad  is  formed  (according  to  Oppen  heim)  on 
mixing  a  solution  of  lead-nitrate  with  free  telluric  acid ;  it  is  a  white  powder. 

Tellurates  of  Lithium. — Prepared  like  the  corresponding  potassium-salts.  The 
neutral  and  acid>  salts  dry  up  to  gummy  masses. — The  hypiracid  salt  is  also  a  gummy 
mass,  which  is  converted  at  100°  into  a  white  insoluble  powder;  at  a  still  higher 
temperature,  it  gives  off  water  and  turns  yellow.  (Berzelius.) 

Tellurates  of  Magnesium. — Th^se  salts,  being  much  more  soluble  in  water 
than  the  tellurates  of  the  other  alkaline  earth-metals,  must  bo  precipitated  from  very 
concentrated  solutions. — The  neutral  and  acid  salts  are  white  flocculent  precipitates. 
(Berzelius.) 

Tellur  ate  of  Manganese  separates  in  white  flocks,  having  a  faint  reddish  tinge. 

Tellurates  of  Mercury. — The  mercuric  salt  is  precipitated  in  bulky  white 
flocks. — The  mercitrous  salt  is  a  dark  yellowish-brown  pirecipitato. — A  mercurous 
nitrato-iell urate  is  produced  (according  to  Oppenheim)  by  adding  free  telluric  acid 
to  a  concentrated  solution  of  mercurous  nitrate.  It  forms  at  first  a  white  curdy  pre- 
cipitate, but  acquires  a  faint  yellow  colour  on  exposure  to  the  air. 

Tellur  ate  of  Nickel  is  precipitated  in  pale-greenish  flocks. 

Tellurates  of  Potassium. —  These  salts  are  prepared  by  dissolving  the  required 
quantities  of  telluric  acid  and  potassium-carbonate  in  hot  water. — The  neutral  salt, 
K'^'TeO'.SH'^O,  may  also  be  prepared  by  supersaturating  crystallised  telluricacid,  or  its 
concentrated  aqueous  solution,  with  caustic  potash.  It  is  very  slightly  soluble  in  water 
containing  potash,  and  separates  therefrom  as  a  soft  gummy  coagulum.  It  dissolvi's 
on  warming  the  liquid,  and  separates  by  slow  cooling  in  needle-shaped  crystals,  which 
when  heated  give  off  water,  and  cake  together  in  a  white  mass.  According  to  Handl 
(.Tahresb.  1861,  p  266),  it  forms  rhombic  crystals  of  prismatic  character,  isomorphous 
witji  those  of  neutral  potassium-sulphate,  and  exhibiting  the  combination  ocP2  .  P  . 
ooPoo  .  ooPoo  .  Angle  c»?2  :  oop2  =  69°  1 1' ;  P  :  oeP  oo  =  123°  42':  P  :  P 
(in  the  terminal  edges)  =  122°  36'  and  132°  16'.  When  exposed  to  the  air,  they 
become  moist,  without  deliquescing,  and  are  converted  into  a  mixture  of  acid  tellurate 
and  carbonate  of  potassium.  On  mixing  the  solution  of  the  salt  with  a  stronger  acid, 
it  deposits  acid  or  liyperacid  tellurate  of  potassium,  according  to  the  quantity  of  acid 
added  (Berzelius).— The  acid  salt,  2KHTeO'.3IPO.  is  sparingly  soluble  in  cold, 
much  more  soluble  in  hot  water,  and  separates  from  the  hot  solution  by  slow  cooling, 
in  fine  woolly  crystallisations.  On  evaporating  the  aqueous  solution  over  a  water-bath, 
it  remains  as  a  white  saline  mass,  gummy  on  the  edges.  It  has  an  alkaline  reaction, 
and  a  metallic,  somewhat  alkaline  taste.  When  heated,  it  gives  off  its  water,  and 
turns  yellow  even  far  below  redness.  Water  decomposes  the  yellow  mass,  dissolving 
neutral  tellurate  of  potassium,  and  leaving  yellow  tetratellurate  (Berzelius). — The 
hyperacid  salt,  2(KHTeO'.H-'TeO^).H'0,  is  a  loose  white  powder,  somewhat  soluble  in 
water.    It  gives  off  the  greate  r  part  of  its  water  at  a  gentle  heat,  retaining  however  a 
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small  quantity  till  it  turns  yellow  ;  at  a  h-ghor  temperature,  it  is  reduced  to  tellurite. 
By  repeated  crystellisation  from  its  aqvieous  solution,  it  is  partially  decomposed,  tbe 
crystals  becoming  mixed  with  those  of  the  acid  salt,  while  free  telluric  acid  remains 
in  the  mother-liquor  (Berzelius). — The  anhydrous  tdraieUuratr,  K-0.4TrO',  may 
be  obtained  by  heating  the  acid  tellurate  to  a  temperature  below  redness,  whereupon 
it  breaks  up  into  water,  which  is  evolved  ;  neutral  tellurate  of  potassium,  which  may 
be  dissolved  out;  and  the  anhydrous  tetratellurate,  which  remains  undissolved  asayellow 
mass,  insoluble  in  hydrochloric  acid  and  in  nitric  acid,  except  after  prolonged  boiling. 
Its  formation  is  represented  by  the  equation  : 

6KHTeO'    =    2X^10'  +  K^TeO'.STeO'  +  3H'0. 

Tellurates  of  Silver. — Telluric  acid  forms  a  neutral  salt,  two  acid  salts,  and  two 
basic  salts  of  silver.  The  neutral  and  acid  salts  are  obtained  by  dcmble  decomposition 
with  concentrated  solutions  of  silver-nitrate  and  neutral  tellurate  of  alkali-metal. — The 
neutral  salt,  Ag-TeO*,  is  a  dark-yellow  powder,  which  is  resolved  by  water,  especially 
at  the  boiling  heat,  into  a  soluble  acid  and  an  insoluble  basic  salt.  Its  ammoniacal 
solution  is  colourless. — A  nitrato-telluratc  of  silver  separates  immediately,  on  adding 
telluric  acid  to  a  concentrated  solution  of  silver-nitrate,  as  a  colourless  crystalline  pre- 
cipitate, which  turns  slightly  yellow  in  contact  with  the  air,  and  brown  when  mois- 
tened with  ammonia.  Hydrochloric  acid  decomposes  it,  with  separation  of  silver- 
chloride  (0  ppen  hei  m).  — The  ditelluratc  and  tetratellurate  of  silver  are  reddish-yellow 
floceulent  precipitates. 

The  tribasic  salt,  SAg'O.TeO'  =  2Ag-O.Ag-TeO*,  is  produced  on  mixir.g  the  am- 
moniacal solutions  of  the  neutral  salt  and  silver-nitrate,  and  remains  on  evaporation 
as  a  black-brown  saline  mass. — The  same  compound  separates  as  a  reddish-yellow 
precipitate,  quickly  turning  brown,  on  mixing  a  very  dilute  solution  of  silver-nitrate 
with  acid  tellurate  of  potassium. — The  sesqnibasic  salt.  3Ag'0.2TeO',  remains  as  an 
anhydrous  liver-coloured  powder,  on  boiling  the  neutral  salt  with  water.  (Berze- 
lius.) 

Tellurates  of  Sod  ium. — These  salts  resemble  the  corresponding  potassium-salts, 
and  are  prepared  in  like  manner. 

Tellurat  c  of  Strontium  is  prepared  like  the  calcium-salt,  which  it  resembles. 

Tellurate  of  Thorinum  is  a  white  pulverulent  precipitate,  insoluble  in  excess 
of  the  thorinum-salt. 

Uranie  tellurate  is  a  pale-yellow  powder. 

Tellurates  of  Yttrium. — The  neutral  tellurate  and  ditellurate  axe  obtained  by 
precipitating  the  neutral  and  acid  tellurates  of  potassium  with  an  yttrium-salt. 
Tellurateof  Zirconium,  obtained  by  double  decomposition,  is  a  white  powder. 

TSXiIiURXVAX,  SE^EWXSE  Or.  Tellurium  and  selenium  may  be  fused  to- 
gether in  all  proportions,  the  combination  being  attended  with  evolution  of  heat.  The 
product  is  an  iron-grey  brittle  mass,  which  has  a  crystalline  fracture,  melts  below  a 
red  heat,  boils  at  a  higher  temperature,  and  may  be  volatilised  without  decomposition 
if  excluded  from  the  air.  When  heated  in  contact  -with  the  air,  it  yields  colourless 
drops,  possibly  consisting  of  a  selenate  of  tellurium.  (Berzelius.) 

TEIiXTmiTTIVS,  SUXiPBIDES  OP.  Tellurium  forms  two  sulphides  corre- 
sponding to  the  oxides. 

Tellurous  Sulphide,  Tel3-,  is  formed  by  the  action  of  sulphydric  acid  on  a 
tellurous  salt,  or  on  tbe  acidified  solution  of  a  tellurite  (p.  711);  also  by  e.xposing  the 
solution  of  a  sulphntellurite  of  alkali-metal  to  the  air.  It  is  a  dark -brown  or  black 
substance,  which  softens  at  a  moderate  heat,  and  acquires  a  semi-metallic  lustre  on 
cooling.    When  strongly  heated  it  evolves  sulphur. 

Tellurous  sulphide  combines  with  the  sulphides  of  basylous  metals,  forming  the 
sulphotellurites,  all  of  which  appear  to  contiiin  3  at.  basylous  sulphide  to 
1  at.  tellurous  sulphide,  being  represented  by  the  general  formula  3M-S.TeS-  = 
2M-'S.M-TeS'. 

The  sulphotellurites  of  the  alkali- metals  and  of  magnesium  are  most  readily  pre- 
pared by  saturating  the  aqueous  solutions  of  the  corresponding  tellurites  with 
sulphydi'ic  acid  gas.  The  solid  anhydrous  sulphotellurites  of  alkali-metal  have  a 
brownish-yellow  colour;  those  which  contain  water  of  crystallisation  are  pale-yellow; 
they  dissolve  easily  and  with  pale-yellow  colour  in  water  ;  less  easily  in  alcohol,  with 
separation  of  tellurous  sulphide.  Acids  added  to  the  solutions  throw  down  tellurous 
sulphide.  In  the  dry  state  these  salts  may  be  ignited  in  close  vesse's  without  decom- 
position, and  at  ordinary  temperatures  they  remain  unaltered  for  a  considerable  time 
in  contact  with  the  air;  but  their  solutions  decompose  quickly  in  contact  with  the  air, 
with  formation  of  alkaline  hyposulphite,  and  separation  of  tellurous  sulphide.— The 
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ammonimn-salt,  3(NIPf  S.TeS-,  crystallises  by  evaporatiun  in  a  vacuum  over  potash,  iu 
pale-yellow  four-sided  prisms,  which  give  olf  sulphide  of  ammonium  in  contact  with  tho 
air. — The  2)otassiiirii-salt,  SK^S.TeS-,  separates  by  cvapi)ration  in  a  vacuum,  in  palo- 
yellow  prisms,  easily  melting  to  a  black  liquid,  which  solidifies  to  a  brown-ycllow 
mass  still  soluble  iu  water.  In  contact  with  the  air,  the  salt  decomposes  and  turns 
black. — The  sodium-salt  forms  an  amorphous  pale-yellow  mass,  which  decomposes 
quickly  in  contact  with  the  air. — The  lithium-salt  exhibits  similar  characters. — The 
mat/nesium-sn/t,  whicli  may  be  prepared  as  above,  or  by  precipitating  the  barium-salt 
with  magnesium-sulphate,  and  evaporating  the  filtrate  in  a  vacuum,  forms  a  pale- 
yellow  crystalline  mass,  soluble  in  water  and  in  alcohol. 

The  sulphoti'llurites  of  the  alkaline  eanh-'nietals  are  prepared  by  boiling  the  corre- 
sponding metallic  sulphides  with  tellurous  sulphide  and  water. — The  barium-salt 
separates,  on  evaporating  the  filtrate  in  a  vacuum,  in  large,  transparent,  pale-yellow, 
obliquely  truncated,  four-sided  prisms.  It  is  tolerably  pei'manent  in  the  air,  and 
dissolves  very  slowly  in  water. — The  strontium-salt  forms  a  pale-yellow  mass, 
tolerably  permanent  in  the  air,  and  soluble  in  water. — The  calciiun-salt  is  a  yello\v 
amorphous  mass,  somewhat  soluble  in  water. 

Tlie  sulphotellurites  of  the  heavi/  vietals  are  insoluble  in  water,  and  are  obtained  V>y 
precipitation. — The  cadmium-  and  cerium-salts  are  brown-yellow  precipitates,  whicli 
graduallj' become  darker  in  colour.— The. /errjc  salt  forms  dark-brown,  easily  fusible 
flocks  ;  the  ferrous  salt  is  a  black  precipitate. — The  gold-salt  (auric),  AuS''.TeS-,  is 
deposited,  after  some  days,  in  black  flocks,  from  a  mixture  of  auric  chloride  and 
potassium-sulphotellurite. — The  lead-salt  is  a  brown  precipitate,  which  turns  black  on 
drying. — The  iiiercurous  salt,  3Hg"S.TeS-,  is  a  dark-brown  precipitate,  which  when 
heated  gives  off  mercury,  and  is  converted  into  a  yellow-brown  mass  of  the  m.ircurir 
salt,  3HgS.TeS'-'. — The  salt,  3PtS-.2TeS'-,  separates  after  some  days,  from  a 

mixture  of  platiiiic  chloride  and  potassium-sulphotellurite,  in  translucent  dark-blue 
flocks,  which  appear  black  when  dry. — The  silver-salt,  SAg'S.TeS'-,  is  a  bulky  black 
precipitate,  which  when  dry  acquires  metallic  lustre  by  trituration. — The  zi?),c-s<dt, 
SZnS.TeS'-,  is  a  light-yellow  precipitate  which  gradually  turns  brown. 

Telluric  Sulphide,  Tt:^K — -This  compound  is  produced  by  saturating  a  solution 
of  telluric  acid  with  sulphydric  acid  gas,  and  gradually  separates  on  leaving  tho  liquid 
to  itself  in  a  closed  vessel  placed  in  a  warm  situation,  covering  the  sides  of  the  vessel 
•with  a  blackish-grcy,  metallically  lustrous  coating,  which  may  be  rubljed  ofFin  .spangles. 
It  unites  with  basylous  metallic  sulphides,  forming  the  sulphotellurates,  which, 
however,  have  been  but  little  investigated.  (Berzelius.) 

Sulphotellurate  of  Potassium  is  obtained  by  saturating  a  solution  of  potassium- 
tellurate  with  sulphydric  acid  gas.  After  the  liquid  has  been  filtered  from  the  resulting 
black  precipitate  of  telluric  sulphide,  which  does  not  redissolve  on  adding  potash  and 
again  jiassing  sulphydric  acid  gas  into  the  liquid,  the  filtrate  may  be  concentrated  by 
boiling  without  decomposition.  The  liquid  then  acquires  a  red  colour,  and  deposits 
sulphotellurate  of  potassium  as  a  light-yellow  graiuilo-crystallino  mass.  (Oppen  heim, 
J.  pr.  Cheni.  Ixxi.  279.) 

Sulphotvllnrate  of  Sodium  is  prepared  like  the  potassium-salt.  On  adding  soda-ley 
after  the  precipitate  of  telluric  sulphide  has  settled  down,  and  again  passing  sulphydric 
acid  gas  into  tlie  liquid,  the  precipitate  quickly  redissolves  ;  and  on  evaporating  the 
solution  nearly  to  dryness,  the  sulphotellurate  of  sodium  separates,  in  needle-shaped 
crystals  of  a  sulphiu'-yellow  colour.  (Oppenheim.) 

TEZiZiimOBXETairXi.    See  Methyl,  Telluride  of,  iii.  992. 

TEXiXUKOUS  SAIiTS.  Salts  formed  by  dissolving  tellurous  hydrate  in  acids 
(p.  713). 

TSMPSRATURX:.    See  Heat  (iii.  18). 

TSMPSRIsrc  The  softening  of  steel,  cast-iron,  and  other  metals  by  ignition 
and  slow  cooling. 

TEMPSjIST-OII..  Oil  of  Pine-co7ies.  Tanpei^cnpfenol.— An  oil  isomeric  with, 
and  ver}'  similar  to,  oil  of  turpentine,  obtained  by  distillation  of  the  cones  of  Pinus 
Pumilio,  link.  (P.  Mii,}kus,  Scop.),  and  in  some  parts  of  Switzerland  from  the  cones  of 
the  silver-fir  {Abies  Picca.  Pinus  Picca  L.  Abies  pcHinata,  Dec).  AVhen  recently  pre- 
pared by  distillation  with  water,  it  is  coloarless,  but  becomes  greenish-yellow  on  expo- 
sure to  the  air.  It  has  a  balsamic  odour,  like  that  of  lemon-oil ;  a  specific  gravity  of 
0'862  at  12';  begins  to  boil  at  155°;  but  the  greater  part  distils  over  between  173° 
and  177°,  the  boiling-point  ultimately  rising  to  200°.  By  ropercted  rectification  a 
camphene,  C'°H"^,  is  obtained,  having  a  specific  gravity  of  0'856  at  G",  and  boiling 
constantly  at  172°.  (FHickiger,  Jahresb.  1856,  p.  042.) 

Teinplin-oil  agrees  with  oil  of  turpentine  in  solul'ility  .and  refracting  power.    In  a 
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column  100  millimetres  long,  it  turns  the  plane  of  polarisation  80°  to  the  left  for  the 
transition-tint,  and  66^  for  the  red  ray  :  the  oil  obtained  from  it  by  rectification  below 
173°  turns  the  plane  of  polarisation  92°  to  the  left  for  the  transition-tint.  (Berthe- 
lot,  J.  Pharm.  [3],  xxix.  38.) 

Templin-oil  resinises  quickly  on  exposure  to  the  air,  and  turns  acid,  with  formation 
of  ozone.  When  mixed  with  |  vol.  nitric  acid  and  g  vol.  alcohol,  it  forms  torpia  or 
hydrate  of  turpentine,  more  quickly  on  addition  of  l^-  vol.  water.  It  absorbs  hydro- 
chloric acid  gas,  but  without  forming  a  crystallisable  camphor.  When  the  oil,  satura- 
ted with  hydrochloric  acid  gas,  is  treated  with  fuming  nitric  acid,  a  crystalline  com- 
pound, C'°H'MIC1,  is  formed,  having  a  rotatory  power  of  —  23^.  \A  hen  templin-oil  is 
mixed  with  one-third  of  its  weight  of  absolute  alcohol,  and  then  saturated  with  hydro- 
chloric acid  gas,  the  liquid  solidifies  to  a  magma  of  the  camphoroi'dal  compound, 
C'"H'".2HC1,  insoluble  in  water  and  in  cold  alcohol,  but  easily  soluble  in'hot  alcohol, 
from  which  solution  it  crystallises  in  laminae.  It  dissolves  in  volatile  and  fixed  oils  in 
nitric  acid  and  in  sulphuric  acid,  melts  at  55°,  and  solidifies  to  a  radio-crystalline  mass 
on  cooling,  but  is  not  volatile  without  decomposition. 

The  oil  obtained  from  the  young  branches  and  needles  of  Pimis  Pumilio  (iv.  649)  is 
probably  identical  with  templin-oil. 

TEWASTTITE.  An  arsenical  fahl-ore  from  the  Cornish  mines,  particularly  near 
Eedruth  and  St. Day,  occurring  in  well-defined,  monometric,  tetrahedral  crystals, isomor- 
phous  with  tetrahedrite,  and  exhibiting  imperfect  dodecahedral  cleavage.  Hardness  = 
3-5  to  4.  Specific  gravity  =  4-4  to  4'9.  Lustre  metallic.  Colour,  blackish  lead-grey  to 
iron-black ;  streak,  dark  reddish-grey.  Fracture  uneven.  Before  the  blowpipe  it 
emits  copious  arsenical  fumes,  and  finally  melts  to  a  black  scoria,  which  acts  upon  the 
magnet. 

Analyses:  a  by  Wa ck ernagel ;  6  by  Ram mel sb erg  (3/i)iera/cAf»»V,  p.  88); 
s.  As.  Cu.  Fe. 

a.  26-88  20  o3  48-68  "        3  09    =  99-18 

b.  26-61  19-03  51-62  1-95    =    99  21 

These  analyses  may  be  represented  by  the  formula  (Cu' ;  Fe")S.2As'S',  diflFerent  from 
that  of  arsenical  tetrahedrite— namely,  4M"S.As'S'. 

TENORITE.  Native  cupric  oxide,  occurring,  according  to  Semmola  (Bull, 
geol.  xiii.  206),  in  the  cracks  and  pores  of  Vesuvian  lava,  above  Torre  del  Greco,  forming 
very  thin  hexagonal  plates,  scales,  and  earthy  particles,  having  a  dark  steel-grey 
colour,  and  metallic  to  dull  lustre.    Thin  laminae  exhibit  a  brown  translucence. 

TEPHROITE.  Orthosilicate  of  manganese,  Mn"SiO\  from  Sparta,  New  Jersey. 
(See  Silicates,  p.  254.) 

TEPHROSXA.  The  leaves  of  Tephrosia  apoUinea  (Dec),  a  leguminous  plant  in- 
digenous in  Upper  Egypt,  are  very  much  like  those  of  Cassia  obtusa,  and  are  said  to 
occur  in  commerce  as  Folia  senna  halipensia.  (Nees  v.  Esenbeck,  J.  Pharm.  [3], 
vi.  185.) 

TERACRVX.XC  ACID.    Syn.  with  Pyroterebic  Acid  (iv.  776). 

TERATOIiZTE.  Ferruginous  lithomarge,  from  the  coal-beds  near  Zwickau,  in 
Saxony. 

TERaTOTTATRITE.    Syn.  with  Glauber's  salt. 

TERBZUni  and  ERBIUSS.  Metals  supposed  to  exist,  together  with  yttrium, 
in  the  gadolinite  of  Ytterby,  in  Sweden.  Mosander  in  1843  (Ann.  Cli.  Pharm. 
xlviii.  220)  examined  the  crude  yttria  obtained  from  gadolinite,  by  the  process  of 
Berzelius  (see  Ytteiu.m),  and  concluded  that  it  was  a  mixture  of  three  earths  of 
diflFerent  basic  power.  The  most  basic  of  these — which  was  first  precipitated  from  the 
solution  of  the  earth  in  hydrochloric  acid  by  ammonia — he  designated  as  erbia,  the 
next  as  terbia,  retaining  the  name  of  yttria  for  the  least  basic.  A  more  complete 
separation  is  eflfectrd  by  fractional  precipitation  with  an  acid  oxalate.  For  this  pur- 
pose, the  crude  yttria  is  dissolved  in  excess  of  hydrochloric  acid,  and  the  liquid  is  added 
by  drops  to  a  solution  of  acid  potassiura-oxalate,  as  long  as  the  resulting  precipitate 
redissolves  on  agitation.  The  crystalline  precipitate,  chiefly  consi.'^ting  of  erbium- 
oxalate,  which  then  separates  after  some  hours,  is  collected  on  a  filter  ;  and  the  filtrate 
is  gradually  mixed  with  more  potassium-oxalafe,  which  throws  down  a  fresh  pre- 
cipitate containing  a  larger  proportion  of  terbium,  while  the  last  precii)itates  contain 
scarcely  anything  but  yttrium.  The  first  precipitates  are  almost  always  reddish ;  the 
last  are  colourless.  On  the  other  hand,  when  a  mixture  of  the  oxalates  of  erbium, 
terbium,  and  yttrium  is  digested  with  dilute  sulphuric  acid,  the  yttrium-salt  is  cliiefly 
dissolved  at  first,  then  the  terbium,  and  lastly  the  erbium-salt.  (Mosander). 

The  metals  erbium  and  terbium  have  not  been  isolated.    The  characters  of  erbium- 
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oxide  or  erbia,  and  of  one  or  two  erbium-salts,  as  determined  by  Mosander,  have  been 
already  described  (ii.  497) ;  erbia  is  especially  distinguished  by  being  yellow  after 
ignition  in  the  air,  and  becoming  colourless  by  ignition  in  hydrogen. 

The  characters  of  terbium-oxide  or  terbia  are  not  described  by  Mosander ;  but  its 
salts  are  described  as  having  a  saccharine  and  astringent  taste.  In  the  solid  state, 
they  exhibit  an  amethyst-colour,  but  not  of  constant  tint  or  intensity. — Thenitrate  is  a 
rose-red,  crystalline,  deliquescent  mass,  and  its  solution  becomes  coloured  during 
evaporation,  even  before  any  separation  of  crystals  takes  place. — The  sulphate  forms 
crystals,  which  are  larger  than  those  of  yttrium-sulphate,  and  effloresce  at  about  50°, 
crumbling  to  a  white  powder.  (Mosander.) 

Subsequent  investigations  by  different  chemists  have,  however,  thrown  considerable 
doubton  the  existence  of  terbium.  Berlin  in  I860,* in  applying  the  preceding  method 
of  separation  on  a  larger  scale,  obtained  only  erbia  and  yttria,  the  intermediate  preci- 
pitates being  always  resolvable,  by  repeated  fractional  precipitation,  into  the  oxalates 
of  erbium  and  yttrium.  He  was  also  unable  to  obtain  the  sulphate  efflorescing  at  50°, 
■which  Mosander  describes  as  distinguishing  terbium  from  erbium. 

Similar  results  have  been  obtained  by  Popp  (Ann.  Ch.  Pharm.  cxxxi.  179),  who 
moreover  finds  that  the  absorption-spectrum  of  an  erbium-sohition  exhibits  certain 
bands,  identical  with  those  of  didymium  (ii.  322) ;  and  that  on  passing  chlorine  through 
the  solution  of  an  erbium-salt  mixed  with  sodium-acetate,  and  heated  to  the  boiling- 
point,  the  peculiar  yellow  precipitate  characteristic  of  cerium  (i.  831)  is  obtained. 
Hence  Popp  concludes  that  the  supposed  earths,  erbia  and  terbia,  are  nothing  but 
yttria  contaminated  with  the  oxides  of  the  cerium-metals.  His  experiments  can- 
not, however,  be  considered  as  disproving  the  existence  of  erbium,  inasmuch  as 
mixtures  of  erbium-salts  with  those  of  cerium  and  didymium  might  exhibit  the 
characters  above  mentioned ;  but  Popp's  results  agree  with  those  of  Berlin,  in 
tending  to  show  that  Mosauder's  terbia  is  really  a  mixture  of  erbia  and  yttria ;  and 
this  conclusion  is  further  corroborated  by  the  recent  experiments  of  Bahrand 
Bunsen  (Ann.  Ch.  Pharm.  cxxxvii.  1).  These  chemists  separate  erbia  and  yttria  as 
follows. 

The  precipitate  formed  by  oxalic  acid,  in  the  solution  obtained  by  heating  gadolinite 
with  hydrochloric  acid,  contains  the  oxalates  of  erbium  and  jitrium,  besides  those  of 
calcium,  cerium,  lanthanum,  and  didymium,  with  traces  of  manganous  oxalate  and 
silica.  These  oxalates  are  converted  into  nitrates ;  the  solution  is  treated  with  sul- 
phate of  potassium,  with  the  usual  precautions  (i.  831),  to  separate  the  cerium-metals  ; 
the  erbium  and  yttrium,  which  still  remain  in  solution,  are  again  precipitated  by  oxalic 
acid;  the  oxalates  are  ignited;  and  the  residual  oxides,  after  being  carefully  freed 
from  admixed  potassium-carbonate  by  boiling  with  water,  are  dissolved  in  nitric  acid, 
and  again  precipitated  from  the  acid  solution  by  oxalic  acid,  this  series  of  operations 
being  repeated  till  the  solution  of  the  mixed  earths  in  nitric  acid,  when  examined  in 
the  spectral  apparatus,  no  longer  exhibits  the  absorption-bands  characteristic  of 
didymium.  The  last  portions  of  calcium  and  magnesium  are  separated  by  precipi- 
tating the  acid  solution  of  the  mixed  earths  with  ammonia,  the  calcium  and 
magnesium  then  remaining  in  solution ;  the  precipitate  is  dissolved  in  nitric  acid  ; 
and  the  solution,  now  containing  nothing  but  erbia  and  yttria,  is  precipitated  by 
oxalic  acid. 

To  separate  the  erbia  and  yttria,  the  oxalates  are  converted  into  nitrates  ;  the  solu- 
tion is  evaporated  in  a  platinum-dish,  till  the  first  bubbles  of  nitrous  acid  make  their 
appearance ;  and  the  dish  is  quickly  cooled  by  placing  it  in  cold  water,  whereupon  the 
viscid  mass  solidifies  to  an  extremely  brittle  glass.  On  dissolving  the  mass  in  a  qtian- 
tity  of  warm  water  just  sufficient  to  prevent  the  solution  from  becoming  turbid  on  boil- 
ing, nitrate  of  erbium,  still  containing  yttrium,  separates  on  slow  cooling  in  needles, 
which  must  be  separated  from  the  mother-liquor  by  decantation,  and  quickly  rinsed 
■with  water  containing  about  3  percent,  of  nitric  acid.  This  mother-liquor,  treated  in  a 
similar  manner,  yields  a  second  crop  of  crystals  of  erbium-nitrate  containing  yttrium; 
the  mother-liquor  of  these  yields  a  third  crop,  and  so  on,  the  proportion  of  yttrium- 
nitrate  in  the  successive  crops  of  crystals  continually  increasing.  By  mixing  a 
certain  number  of  the  earlier  and  comparatively  pure  crops  of  crystals,  and  treating  them 
in  a  similar  manner,  products  are  obtained  of  still  greater  purity ;  and  by  repeating  this 
mode  of  treatment  several  times,  nitrate  of  erbium  is  ultimately  obtained  containing  no 
appreciable  quantity  of  yttrium. 

Pure  erbia,  obtained  by  ignition  of  the  nitrate  or  oxalate,  has  a  faint  rose-red  colour 
(not  yellow,  as  stated  by  Mosander).  It  does  not  melt  at  the  strongest  white  heat,  but 
aggregates  to  a  spongy  mass,  glowing  with  an  intense  green  light,  which,  when 
examined  by  the  spectroscope,  exhibits  a  continuous  spectrum  intersected  by  a  number 
of  bright  bands.    Solutions  of  erbium-salts,  on  the  other  hand,  give  an  absorption- 
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spectrum  exhibiting  dark  bauds,  and  the  points  of  maximum  intensity  of  the  light  bands 
in  the  emission-spectrum  of  glowing  erbia  coincide  exactly  in  position  with  the  points  of 
greatest  darkness  in  the  absorption- spectrum.  The  position  of  these  bands  is  totally 
dififerent  from  those  in  the  emission-  and  absorption-spectra  of  didymium ;  in  fact,  there 
is  not  a  single  line  of  the  erbium-spectrum  which  corresponds  with  that  of  didymium. 
(Bahr  and  Bun  sen.)* 

Erbia  is  a  protoxide,  Eb"0,  containing  87'6  per  cent,  erbium  and  12-4  oxygen;  it 
does  not  unite  directly  with  water.  It  dissolves  slowly  but  completely  in  warm  hydro- 
chloric, nitric,  and  sulphuric  acids.  The  erbium-salts  have  a  rose-red  colour,  deeper  in 
the  hydrated  than  in  the  anhydrous  state  ;  they  have  an  acid  reaction  and  sweet  astrin- 
gent taste. — Nitrate  of  Erbium,  ohbimed  as  above  described,  is  a  basic  salt,  Eb"(NO')-. 
Eb"0.3H'0,  crystallising  in  small  imperfectly-defined  needles,  having  s,  light  rose- 
colour,  permanent  in  the  air,  giving  oflf  their  crystallisation-water  at  a  moderate  heat, 
and  being  converted  into  erbia  at  a  red  heat  without  change  of  form.  It  dissolves 
■with  difficulty  in  nitric  acid,  and  is  decomposed  by  water  into  nitric  acid  and  a  gelatinous 
hyperbasic  salt. — The  sulphate,  3Eb"SO*.8H'^0,  isomorphous  with  the  sidphates  of 
yttrium  and  didymium,  forms  light  rose-coloured  crystals,  which  give  off  their  water  of 
crystallisation  when  heated,  and  recover  it  with  great  rise  of  temperature  when  mois- 
tened with  water.  The  hydrated  salt  dissolves  very  slowly  in  water,  the  anliydrous 
salt  very  quickly,  a  character  exhibited  also  by  the  sulphates  of  the  cerium-metals.  It 
is  partially  decomposed  by  ignition. — The  oxalate,  C-Eb"0'.H-0,  is  precipitated  from 
boiling  acid  solutions  of  erbium-salts  as  a  light  rose-coloured,  heavy,  sandy  powder, 
which  may  be  easil)'  washed  by  decantation,  and  does  not  give  off  its  water  tiU  heated 
nearly  to  the  temperature  at  which  it  decomposes. 

The  mother-liquors  from  the  several  crystallisations  of  erbium-nitrate  contain 
nitrate  of  yttrium,  together  with  a  certain  quantity  of  the  erbium-salt  and  the  nitrates 
of  the  cerium-metals,  which  have  not  gone  down  with  the  nitrate  of  erbium  in  the 
successive  crystallisations,  but  have  accumulated  in  the  mother-liquors.  To  obtain  a 
pure  yttrium-salt,  therefore,  the  cerium-metals  must,  in  the  first  place,  be  removed  by 
repeated  treatment  with  sulphate  of  potassium,  till  the  remaining  solution,  when 
examined  by  the  spectroscope,  shows  no  trace  of  the  didymium-lines.  The  sulphate 
of  yttrium  thus  far  purified,  but  still  containing  erbium,  is  next  reconverted  into 
nitrate ;  the  solution  of  this  salt  is  evaporated  ;  the  residue  heated  nearly  to  redness  ; 
and  the  resulting  mixture  of  the  oxides  and  hyperbasic  nitrates  of  yttrium  and 
erbium  is  treated  with  cold  water,  whereby  a  solution  is  obtained,  containing  nitrate 
of  yttrium  with  less  erbium-salt  than  before,  and  a  residue  rich  in  erbium ;  and  by 
repeating  this  treatment  several  times,  a  nitrate  of  yttrium  is  at  length  obtained, 
which  exhibits  no  trace  of  an  absorption-spectrum,  and  when  ignited  leaves  pure 
colourless  yttria.    (See  Yttritim.) 

The  result  of  the  whole  series  of  operations  is,  therefore,  to  separate  the  crude  yttria 
obtained  from  gadolinite  into  two  earths,  yttria  and  erbia,  without  any  indication  of  an 
earth  (the  so-called  terbia)  of  intermediate  basicity. 

On  the  other  hand,  Delafontaine  (Ann.  Ch.  Pharm.  cxxxiv.  99  ;  Jahresb.  1864, 
p.  196;  Bull.  Soc.  Chim.  [1866]  i.  168)  still  maintains  the  separate  existence  of  erbia 
and  terbia.  He  finds  that  the  first  precipitates  thrown  down  by  acid  potassic 
oxalate  (as  in  Mosander's  method),  from  a  solution  of  crude  yttria,  yield,  on  ignition,  a 
yellow  residue;  and  if  this  be  redissolved,  and  subjected  several  times  to  the  same 
treatment,  an  earth  is  obtained  of  continually  deeper  yellow  colour,  and  consisting 
mainly  of  erbia,  with  comparatively  small  quantities  of  terbia  and  yttria;  from  which 
it  may  be  further  purified  by  dissolving  it  in  nitric  acid,  evaporating  to  dryness,  re- 
dissolving  in  water,  saturating  the  neutral  solution  in  the  cold  with  pulverised 
potassic  sulphate,  and  washing  the  resulting  precipitate  (consisting  of  erbio-potassic 
sulphate)  with  a  saturated  solution  of  potassic  sulphate,  which  dissolves  the  double 
sulphates  of  the  other  two  metals.  The  erbio-potassic  salt  dissolves  easily  in  hot 
■water,  and  the  solution,  treated  with  potash,  yields  erbium-hydrate,  which  may  be 
redissolved,  and  completely  purified  from  terbium  and  yttrium  by  repetition  of  the 
same  treatment. 

Anhydrous  erbia,  thus  obtained,  has  a  yellow  colour  of  various  depths,  but  becomes 
■white  by  ignition  in  hydrogen.  The  hydrate  is  white,  absorbs  carbonic  acid  from  the 
air,  and  when  heated  to  redness,  leaves  the  anhydrous  oxide  in  dense  hard  lumps  of  a 
deep  orange-yellow  colour.  Its  solutions  are  colourless,  or  sometimes  have  a  faint 
rose-colour,  and  do  not  exhibit  any  absorption-spectrum. 

Terbia,  the  separation  of  which  from  yttria  is  not  specially  described,  is  (according 
to  Delafontaine)  an  earth  of  a  pale  rose-colour,  and  does  not  become  colourless  by 
ignition  in  hydrogen.    It  dissolves  easily  in  acids,  forming  rose-coloured  solutions, 

•  Tlie  paper  above  referred  to  is  accompanied  by  exact  diagrams  of  the  erbium-  and  didymium-spectra. 
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■which  yield  an  absorption-spectrum.  Delafontaine  is  of  opinion  that  the  earth  de- 
scribed by  Bahr  and  Bunsen  as  erbia,  is  really  terbia,  the  true  erbia,  which  is  first 
precipitated  by  oxalic  acid  from  the  solution  of  the  mixed  earths,  having,  as  above 
mentioned,  a  yellow  (not  a  rose)  colour,  and  not  producing  an  absorption-spectrum. 
Bahr  and  Bunsen,  on  the  contrary,  are  of  opinion  that  the  yellow  colour  and  othf^r 
peculiarities  of  Delafontaine's  erbia  are  to  be  attributed  to  imperfect  separation  of  the 
cerium-metals. 

Further  experiments  are  perhaps  required,  to  afford  a  perfectly  satisfactory  answer  to 
the  question  whether  crude  yttria  is  a  mixtiu-e  of  three  earrhs  or  of  only  two  ;  but,  for  the 
present,  the  very  carefully  conducted  expei-iments  of  Bahr  and  Bunsen  must  be  regarded 
as  throwing  great  doubt  on  the  existence  of  the  third  of  these  earths — the  so-called 
terbia.  The  fact  which  tells  most  strongly  in  favour  of  the  opposite  view,  is  that 
Delafontaine's  terbia  exhibits  an  absorption-spectrum,  whereas  his  erbia  does  not ;  but 
the  descriptions  hitherto  given  of  his  methods  of  separation  are  not  sufRciently  precise 
to  enable  us  to  judge  of  their  efficiency. 

According  to  Delafontaine,  tlie  atomic  weight  of  yttriaim  is  74'4  (yttria  = 
Y"0)  ;  that  of  erbium  is  higher,  and  that  of  terbium  higher  still.  He  further  regards 
it  as  probable  thatgadolinite  contains  a  fourth  metal,  whose  salts  have  an  absorption- 
spectrum  partly  corresponding  with  that  of  didymium. 

According  to  Bahr  and  Bunsen,  the  atomic  weight  of  yttrium  is  6r7,  and  that 
of  erbium  112-6. 

TEREBAMIC   ACID.    C'Ii"NO'    =  (C'H'O'^)"  ^.   Tcrebamide.—Thln  com- 

H      )  " 

pound  is  produced,  by  heating  terebic  acid  in  ammonia-gas  to  1'10°-160°,  as  a  sublimate, 
which  dissolves  slightly  in  cold,  easily  in  hot  water  and  alcohol.  The  solutions  are 
neutral  to  litmus,  and  do  not  decompose  carbonates.  Terebamic  acid  dissolves  easily 
in  caustic  alkalis,  and  is  sepai-ated  from  the  solution  by  acids  in  its  original  state. 
— The  bariuiu-salt,  C''H-"Ba"N"0^2H'-'0,  is  easily  soluble  in  water,  and  dries  up  on 
evaporation  to  a  gum  :  it  is  precipitated  in  the  crystalline  state  by  alcohol,  and  forms, 
after  drying,  a  loose  web  of  microscopic  needles  having  a  silky  lustre.  (Handw.  d. 
Chem.  viii.  575.) 

TEREBAMIDE,    See  the  preceding  article. 

TEREBEff  E.    An  optically  inactive  isomer  of  turpentine-oil  {q.  v.). 
TERBBENES.    Syn.  with  Camphenes  (i.  724). 
TEREBENZC  ACID.    Syn.  with  Teeebic  Acid. 

TEREBESTTHENE.  One  of  the  isomers  of  turpentine-oil  obtained  by  the  decom- 
position of  the  hydrochlorate,  C'"H"'.HC1,  or  the  hydrobromate,  C"'lI"*.HBr.  It  also 
forms  the  chief  portion  of  the  tiirpentine  of  Pinus  maritima.    (See  Turpentine  Oil.) 

TEREBEM-TIIiIC  ACIS.  C"H"'0'.  (J.  Personne,  Ann.  Ch.  Pharm.  c.  253.)— 
This  acid  is  obtained  by  passing  the  vapour  of  fused  turpentine-hydrate  over  soda- 
lime  heated  to  400-",  and  treating  the  resulting  mass  with  hydrochloric  acid ;  the 
reaction  is  attended  with  the  evolution  of  large  quantities  of  marsh-gas  and  hydrogen  : 
CiojjMO-    =    C"H'"0^  -t-  2CH^  +  m 

This  acid  is  white,  has  a  faint  odour  resembling  that  of  the  goat,  is  heavier  than 
water,  melts  at  90'^,  and  distils  with  partial  decomposition  at  2f^0^.  It  is  insoluble  in 
cold,  but  soluble  in  boiling  water,  and  separates,  on  cooling,  as  a  powder  consisting  of 
small  needle-shaped  crystals  ;  it  is  very  soluble  in  alcohol  and  in  ether.  By  sublima- 
tion, it  crystallises  in  small  spangles,  apparently  having  the  form  of  oblique  prisms. 
Its  vapour  is  acrid,  and  attacks  the  nose  strongly. 

Terebentilic  acid  is  monobasic. — Its  calcium-salt,  formed  by  treating  the  acid  ^vith 
lime,  crystallises  in  small  silky  needles,  resembling  sulphate  of  quinine. — The  lead- 
salt  is  uncrystaUisable,  and  resembles  gum-arabic. — The  silver-salt,  CH^AgO-,  is 
slightly  soluble  in  boiling  water,  and  crystallises  on  cooling. 

With  alcohol,  terebentilic  acid  easily  forms  an  ether  having  the  odour  of  pears  and 
pine-apples. 

TEREBEirZIC  ACID.  An  acid  produced,  according  to  Cailliot  (Ann.  Ch. 
Phys.  [3],  xxi.  31),  together  with  terephthalic  acid,  by  the  action  of  nitric  acid 
on  turpentine-oil.  It  is  separati'd  from  the  terephtlialic  acid  by  boiling  water  or  cold 
alcohol,  and  crystallises  from  the  aqueous  solution,  on  cooling,  in  small  shining  needles 
said  to  have  the  composition  C'H'OK  It  volatilises  easily  with  the  vapour  of  boiling 
water,  melts  at  169°,  boils  at  a  much  higher  temperature,  but  sublimes  at  100°  when 
heated  in  open  vessels.  Its  ether  has  an  agreeable  odour  of  anise,  and  boils  at  130°. 
The  metallic  torebenzates  are  about  as  soluble  in  water  as  the  benzoates. 

TEREBIC  ACID.  C"H"'0'  =  '^^'^j'^"^  [  O".— A  product  of  the  action  of  nitric 
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acid  upon  turpentine-oil,  discovered  by  Bromeis  (Ann.  Ch.  Pharm.  xxxrii.  297),  who 
called  it  turpeniinic  acid  ;  further  examined  by  Raboiirdin  (J.  Pharm.  [3],  vi.  18.3), 
wno  designated  it  as  tercbiUc  or  terehenic  add;  by  Cailliot  (L.  Institut.  1849,  o.  35.S), 
and  lastly  by  Svanberg  and  Eekmann  (J.  pr.  Chem.  Ixvi.  220). 

To  prepare  it,  oil  of  turpentine  is  heated  with  four  or  five  times  its  vreight  of  nitric 
acid  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fumes  are  evolved,  whereby  a 
reddish-yellow  brittle  resin  and  a  yellow  acid  liquid  are  obtained.  This  liquid, 
evaporated  to  a  syrup,  and  diluted  with  a  large  quantity  of  water,  deposits  a  whitish- 
yellow  precipitate,  having  the  consistence  of  pitch ;  and  the  watery  liquid  separated 
therefrom  yields  crystalline  terebic  acid.    (Svanberg  and  Eekmann.) 

Terebic  acid  crystallises  (according  to  Bromeie)  in  tolerably  regular  forms, 
appearing  under  the  microscope  as  four-sided  prisms  with  oblique  terminal  faces,  and 
exhibiting  an  extraordinary  lustre  on  their  lateral  faces.  It  has  a  purely  acid  taste, 
dissolves  slightly  in  cold,  more  readily  in  boiling  water,  easily  in  alcohol  and  ether.  It 
is  not  decomposed  by  nitric  acid  at  the  boiling  heat,  but  sulphuric  acid  chars  it.  The 
acid  melts  at  200°  without  loss  of  weight ;  but  at  a  higher  temperature  it  begins  to 
boil,  and  is  resolved  into  carbonic  anhydride  and  pyroterebic  acid :  C'H'°0*  =  CO'^ 
+  C^H^O^. 

Terebates. — Terebic  acid  is  dibasic.  It  decomposes  carbonates,  forming  acid  salts, 
C'H'MO'  and  C'*H"M"0°,  which  have  an  acid  reaction,  but  do  not  exert  any  further 
action  upon  carbonates.  In  contact  with  metallic  oxides  and  hydrates,  however,  the 
acid  forms  neutral  salts,  C'H'M^O'  and  C'H'M"0*.  It  resembles  salicylic  acid  in 
forming  acid  more  readily  than  neutral  salts.  It  also  forms  acid  ethers,  which  act 
^rith  bases  like  a  monobasic  acid. 

The  neutral  terebates  all  contain  water  of  crystallisation,  and  retain  at  least  one 
atom  of  it  until  heated  to  a  temperature  at  which  they  decompose.  When  dehydrated 
as  far  as  possible  without  decomposition,  they  have  the  composition  C'H'M"OMI^O. 
Hence  they  are  regarded  by  Cailliot  as  salts  of  a  peculiar  acid,  which  he 

calls  diaterebic  acid.  But,  as  they  yield  terebic  acid  when  decomposed  by  acids, 
this  supposition  does  not  appear  to  rest  on  very  good  grounds. 

Terebatec  of  Ammonium. — The  neutral  saltis  deliquescent  and  uncrystallisable. 
—The  acid  salt,  C'H'(NH')0*,  forms  very  soluble  prisms ;  which  give  off  their  ammonia, 
slowly  at  ordinary  temperatures,  quickly  at  100°. 

Terebates  of  Barium. — The  neutral  salt,  2C'H'Ba"0'.5H-0,  obtained  by  adding 
baryta-water  to  a  solution  of  the  acid  salt,  and  precipitating  the  excess  of  baryta  with 
carbonic  acid,  dries  up  to  a  gummy  mass,  which  gives  off  2  at.  water  at  140°,  leaving 
the  salt  2C'H'Ba"0^.3H-'0.  This  hydrate,  which  appears  also  to  be  precipitated  by 
alcohol  from  the  aqueous  solution,  deliquesces  on  exposure  to  the  air,  and  then  yields 
crystals  of  another  hydrate,  C'H8Ba"0'.3H-0  (Cailliot).— The  acid  hariuw-satt, 
C"H"'Ba"0^2H^0,  or  C'H*Ca"0'.C'H"'0  '.2H-0,  obtained  by  treating  the  aqueous  acid 
with  carbonate  of  barium,  is  precipitated  from  its  syrupy  solution  by  alcohol  in 
needles  (Cai lliot) ;  according  to  Svanberg  and  Eekmann,  it  is  uncrystallisable. 
A  more  dilute  solution  mixed  with  alcohol  slowly  deposits  nodules  of  the  neutral  salt, 
while  free  terebic  acid  remains  in  solution. 

The  neutral  calciiim-salt  separates,  by  spontaneous  evaporation  of  its  solution, 
in  microscopic  tables,  containing  2C'H''Ca"0'..5H-0 ;  but  on  boiling  the  solution,  it  is 
deposited  in  small  crystals  containing  CH^Ca'CMI^O. 

Terebates  of  Lead.— The  neutral  salt,  3C'H»Pb"0*.2H=0,  forms  crystaUino 
nodules,  which  are  insoluble  in  cold  water,  and  are  decomposed  by  boiling  water,  with 
formation  of  a  basic  salt.— A  basic  lead-salt,  2C'H»Pb"O^Pb"H-'0'.3H-0,  is  also  pre- 
cipitated on  evaporating  a  solution  of  1  at.  lead-oxide  in  1  at.  terebic  acid. — Cailliot 
likewise  describes  a  salt  containing  2C'H''Pb"0\5H'0,  which  he  calls  meiaterebate  of 
lead,  representing  it  as  2P60.C"'/?'*'0".— The  acid  lead-salt,  C'^H'»Pb"0'.H=0  = 
C'H'Pb"0'.C'H"'0*.H^O,  is  obtained  by  saturating  the  aqueous  acid  with  litharge, 
taking  care  that  the  latter  is  not  added  iu  excess,  and  crystallises  from  the  liquid, 
evaporated  to  a  syrup,  in  small  white  groups  of  crystals  resembling  cauliflower-heads. 

The  acid  potassium-salt,  2(yW'K0*.'i{:-0,  ohtameifL  by  dissolving  carbonate  of 
potassium  in  an  equivalent  quantity  of  the  acid,  and  evaporating  to  a  syrup,  forms 
very  soluble  crystals,  which  give  off  their  water  at  100"^'. — The  nc id  sodium-salt, 
2C'H''NaOMr-0,  prepared  like  the  preceding,  also  gives  off  its  water  at  100°. 

Silver-salts. — The  neutral  salt,  C'H'Ag'OMI^O,  obtained  by  precipitating  a 
solution  of  the  neutral  barium-salt  with  nitrate  of  silver,  is  uncrystallisable  (Svan- 
berg and  Eck  m  ann).  According  to  Cailliot,  it  dissolves  very  slightly  in  boiling 
water,  and  separates  therefrom  in  needles.— The  acid  silver-salt,  C'H'AgO*,  obtained 
by  precipitating  the  acid  ammonium-  or  barium-salt  with  nitrate  of  silver,  then  evapo- 
rating, and  leaving  the  solution  to  cool  slov'ly,  forms  beautiful  shining  prisms. 
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TEREBXC  ETHERS.  Terebic  acid,  as  already  observed,  forms  acid  ethers, 
•which  react  like  monobasic  acids  ;  they  are  prepared  by  the  direct  action  of  terebic 


acid  on  the  several  alcohols.— Etht/l-tercbic  acid,  C'H°(C^H')0*  =      C'H^^O',  is 


an  oil,  having  a  burning  but  not  acid  taste,  sparingly  soluble  in  water,  and  not  apable 
of  being  distilled  without  decomposition.    Its  salts  have  but  little  stability,  and  are 
resolved  by  the  slightest  heat  into  metallic  terebate,  ethyl-terebic  acid,  and  alcohol,  e.ff. : 
CH'-'BaXC^H^fO'  +  H-0    =    C'H»Ba"0'  +  +  [C'H''(C=H=)0*], 

The  methylic  and  aniylic  ethers  resemble  the  ethylic  ether  in  composition  and  in 
properties.    (Cailliot,  loc.cit.) 

TEREBIXiIC  ACID.    Syn.  with  Terebic  Acid. 
TERECAIUPHSWE.    An  isomer  of  turpentine-oil  {q.v.). 

TERECHRYSXC  or  TERECRYXiXC  ACID.  C"'H»0\  An  acid  said  by  Cailliot 
to  be  contained,  together  with  oxnlic,  torephthalic,  terebenzic,  and  turpentinic  acids,  in 
the  watery  liquid  obtained  by  oxidising  turpentine-oil  with  nitric  acid  diluted  with  an 
equal  bulk  of  water. 

TEREWXTE.  A  mineral  from  Antwerp,  in  New  York,  of  specific  gravity  2-53, 
regarded  by  I)ana(ii.  203)  as  an  altered  form  of  scapolite. 

TEREPHTHAIiAKXDE.    See  Teeephthalic  Amides  (p.  726). 


product  of  the  oxidation  of  turpentine-oil  and  other  hydrocarbons  and  of  certain  alde- 
hydes. It  was  discovered  by  Cailliot  (Ann.  Ch.  Phys.  [3],  xxi.  28),  who  obtained  it 
by  the  action  of  nitric  acid  on  turpentine-oil,  and  more  completely  examined  by  De  la 
Rue  and  Hugo  Miiller  (Ann.  Ch.  Pharm.  cxxi.  86).  Hofmann  (thid.  xcvii.  197), 
by  oxidising  cuminic  acid,  cuminic  aldehyde,  and  cyniene  with  chromic  acid,  obtained 
a  dibasic  acid,  which  he  called  insolinicacid,  and  represented  by  the  formula  CH'O^ 
but,  according  to  De  la  Rue  and  Miiller,  this  acid  is  identical  with  terephthalic 
acid.  According  to  Schwanert  {ihid.  cxxxii.  257),  terephthalic  acid  is  produced  by 
the  action  of  nitric  acid  upon  several  volatile  oils  :  cymene,  turpentine-oil,  lemon-oii, 
thymene,  and  cajeput-oil,  oxidised  with  nitric  acid,  yield  terephthalic  and  camphretio 
acids  ;  cumin-oil  yields  tereplithalic  but  no  campliretio  acid ;  camphor,  wormwood-oil, 
borneol,  and  peppermint-oil  yield  camphretio  but  no  terephthalic  acid;  thymol  does 
not  yield  either  of  these  acids  ;  thyme-oil  or  thymene  yields,  together  with  terephtha- 
lic acid,  an  oil  having  the  composition  of  Hofmann's  insolinic  acid.  De  la  Rue  and 
Miiller  {ibid.  cxx.  339  ;  cxxi.  86)  have  obtained  terephthalic  acid,  together  witli  other 
acids,  by  the  action  of  dilute  nitric  acid  on  rectified  coal-tar  oil  (a  mixture  of  toluene, 
xylene,  and  pseudocumene),  and  on  the  liquid  hydrocarbons  of  Burmese  naphtha  ;  they 
find  also  that  it  is  always  produced  in  the  preparation  of  toluylic  acid  from  cymene,  and 
in  the  treatment  of  that  hydrocarbon  with  fuming  nitric  acid  for  the  production  of 
nitrotoluylic  acid,  the  result  being  the  same  whether  the  cymene  has  been  obtained  from 
Roman  cumin-oil  or  from  camphor.  According  to  Be  i  Is  tein  (iV^'c?.  cxxxiii.  32;  cxxxvii. 
301),  xylene  oxidised  with  dilute  nitric  acid  yields  only  toluylic  acid :  C"H'°  +  0'  = 
C"H"0'-  +  WO ;  but  when  treated  with  sulphuric  acid  and  potassic  dichromate,  it  yields, 
by  further  oxidation,  terephthalic  acid,  which  indeed  is  likewise  produced  by  the  direct 
treatment  of  toluylic  acid  with  the  same  oxidising  mixture. 

Preparation. —  1.  From  Turpentine-oil. — The  oil  is  treated,  in  a  retort,  with  a  large 
excess  of  nitric  acid  diluted  with  an  equal  bulk  of  water,  as  long  as  red  fumes  continue 
to  escape.  The  acid  mother-liquor  thus  obtained  is  separated  from  the  resin,  and  the 
residue  is  treated  with  cold  water,  which  again  leaves  an  orange-yellow  ivsin,  contain- 
ing terephthalic  and  terebenzic  acids.  The  latter  may  be  removed  by  solution  in  cold 
alcohol  and  boiling  water ;  the  terephthalic  acid  is  then  dissolved  in  ammonia ;  and 
the  resulting  ammonium-salt,  after  being  purified  by  repeated  crystallisation,  and  boil- 
ing with  animal  charcoal,  is  decomposed  liy  a  mineral  acid. 

2.  From  Cuminic  Acid,  Cuminic  Aldehyde,  Xylcyie,  &c. — One  part  of  cuminic 
acid  is  cohobated  for  about  twelve  hours  with  1  pt.  of  dichromate  of  potassium, 
8  pts.  of  strong  sulphuric  acid,  and  12  pts.  of  water.  Terephthalic  acid  is  then 
found  floating  on  the  green  liquid,  after  cooling,  as  a  white  flour-like  powder, 
and  the  liquid  retains  in  suspension  a  greenish  half-fused  mass,  consisting  of 
chromic  terophthalate.  The  liquid  is  now  to  be  filtered,  the  insoluble  matter  washed 
with  water  to  remove  the  soluble  chromium-salt,  and  the  residue  boiled  with 
ammonia,  which  dissolves  terephthalic  acid,  leaving  chromic  oxide  undissolved. 
The  arainoniacal  solution  saturated  with  hydrochloric  acid  yields  a  white  powder. 
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which,  when  repeatedly  boiled  with  water,  or  heated  with  boiling  alcohol  (to  remove 
adhering  cuminic  acid),  constitutes  pure  terephthalic  acid  (Hofmann).  In  a  similar 
manner  terephthalic  acid  may  be  prepared  from  Roman  cumin-oil,  which  is  a  mixture 
of  cxmiinic  aldehyde  and  cymene.  Beilstein  prepares  it  by  boiling  100 grms.  xylene 
for  several  days  with  400  grins,  potassium-dichromate  and  550  grms.  oil  of  vitriol 
diluted  with  twice  its  weight  uf  water, — then  filtering,  dissolving  the  residue  in  carbo- 
nate of  sodium,  diluting  with  a  large  quantity  of  water,  and  precipitating  with  hydro- 
chloric acid. 

Properties. — Terephthalic  acid  is  a  white,  tasteless,  crystalline  powder,  not  percep- 
tibly soluble  in  water,  alcohol,  ether,  chloroform,  or  acetic  acid.  When  warmed  with 
strong  sulphuric  acid,  it  dissolves  in  considerable  qiiantity,  without  formation  of  a 
sulphoterephthalic  acid,  and  is  separated  in  its  original  state  on  addition  of  water. 
When  heated,  it  sublimes  without  previous  fusion,  forming  an  indistinctly  crystalhne 
sublimate,  which  has  the  same  composition  and  properties  as  the  original  acid ;  tereph- 
thalic acid  is  not  therefore,  like  its  isomer,  phthalic  acid,  resolved  by  heal  into  water  and 
the  anhydride.  When  heated  with  potash,  it  is  resolved,  like  phthalic  acid,  into  ben- 
zene and  carbonic  anhydride  (D  e  1  a  R  u  e  and  Muller).  Hofmann's  insolinic  acid 
melts  at  a  very  high  temperature,  its  melting-  and  boiling-points  nearly  coinciding. 
When  distilled,  it  partly  sublimes  unaltered,  while  the  rest  is  decomposed,  with 
formation  of  benzoic  acid  and  benzene,  carbonic  anhydride  being  evolved,  and  a  carbo- 
naceous residue  remaining  in  the  retort.* 

Terephthalates. — Terephthalic  acid  dissolves  in  alkalis,  neutralising  them  com- 
pletely, and  is  precipitated  from  its  salts  by  phthalic  acid.  Althougli  dibasic,  it  does 
not  form  any  double  salts,  and  shows  but  little  tendeney  to  form  acid  salts.  Nearly 
all  the  terephthalates  are  soluble  and  crystallisable,  and  so  inflammable  that  they 
may  be  set  on  fire  by  a  spark  from  flint  and  steel,  and  bum  away  slowly  like  tinder, 
emitting  the  characteristic  odour  of  benzene.  Terephthalic  acid  forms  acid  and  neutral 
ethers  (p.  727). 

Tercphthalate  of  Animonmm,  CH^NH^)^©',  crystallises,  by  slow  evaporation,  in 
small  crystals  having  a  strong  lustre  (Beilstein). — The  barium-salt,  C"H'Ba"0'. 
4H-0,  obtained  by  mixing  the  concentrated  solution  of  the  ammonium-salt  with 
chloride  of  barium,  crystallises  from  water  in  concentrically-grouped  tablets,  which 
become  anhydrous  at  150°,  and  dissolve  in  355  pts.  water  at  5°. — The  calcium-sah, 
C*H^Ca"0^.3H-0,  prepared  in  like  manner,  dissolves  in  1213  pts.  water  .at  6°  (Beil- 
stein).— The  S!7yer-5rtft,  C*H^Ag"0',  separates  as  a  curdy  precipitate  on  mixing  the 
solution  of  the  ammonium-salt  with  nitrate  of  silver.    (De  la  Eue  and  Miiller.) 

N'ltrotereptatballc  Acid,  C''H''(NO-)0\  is  formed  by  the  action  of  a  mixture  of 
fuming  sulphuric  and  nitric  acids  on  terephthalic  acid,  and  separates  from  water  in 
cauliflower-like  aggregates.  It  dissolves  easily  in  hot  alcohol,  forms  well-ciystallised 
metallic  salts,  and  crystallisable  ethers,  which  dissolve  easily  in  alcohol  and  melt  at 
low  temperatures.  By  reducing  agents  it  is  converted  into  oxyterephthalamic  or 
amidoterephthalic  acid  {infra).    (De  la  Eue  and  Muller.) 

OxYTEREPiiTHALic  AciD,  CH'^O',  is  produced  by  the  action  of  nitrous  acid  on  oxy- 
terephthalamic acid.  It  forms  well-crystallised  salts,  less  soluble  than  the  corre- 
sponding terephthalates.    (De  la  Eue  and  Miiller.) 

TX:REPHTHil.X.XC  ASSISES.  1.  Terepfithalamide,  C'H*NW  - 
N-.H'.(C'H^O''')",  produced  by  the  action  of  ammonia  on  terephthalic  chloride,  is  a 
white  amorphous  body,  not  dissolved  by  any  solution. —  2.  ^'it  rot  crep/ttha  /  a?nid  t; 
C''H'(NO^)N-0^,  formed  by  the  action  of  fuming  nitric  acid  on  terephthalamide,  crys- 
tallises in  fine  prisms.— 3.  Terephthah/l-nitritc,  C^'H.''N-,  is  ohla'mtd  by  treating 
terephthalamide  with  phosphoric  anhydride,  distilling  over  as  a  liquid,  which  solidifies 
in  the  neck  of  the  retort.  It  forms  fine  prismatic  crystals,  colourless  and  scentless,  in- 
soluble in  water  and  in  benzene,  easily  soluble  in  cold  alcohol.  When  boiled  with 
caustic  alkalis,  it  is  gradually  converted  into  ammonia  and  terephthalic  acid. 

IN 

4.  Oxyterephthalamic  Acid,  CTI'NO*  =  (C^Il'^O-)"' (.qj,  or  Amidoterephtha- 
lic Acid,  C'H^(NH^)OS  is  produced  by  the  action  of  reducing  agents  on  nitrotereph- 
thalie  acid.  It  crystallises  in  thin  pri.sms,  and  often  in  mosslike  groups  of  crystals, 
sparingly  soluble  in  cold  water,  ether,  alcohol,  and  chloroform.  It  unites  both  with 
acids  and  with  bases ;  the  solutions  of  the  latter  compounds  are  highly  fluorescent. 

The  ethers  of  oxyterephthalamic  acid  are  formed  by  the  action  of  reducing  agents 
on  those  of  nitrotercphthalic  acid. — The  cthylic  ether  forms  large  crystals  resembling 

*  The  physical  charactprs  of  insolinic  acid  are  the  samp  as  tlmse  of  terephthalic  acid  ;  but  the 
analyses  of  the  acid  and  of  its  salts  .agree  very  nearly  with  the  numbers  reijuired  by  Hofmann's  for- 
mula C-'H"0^,  and  differ  considerably  from  those  required  by  the  formula  of  tereplithalic  acid. 
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urania  nitrate  ;  its  solutions  are  strongly  fluorescent.  Oxyterephtbalamic  acid  is  con- 
verted by  nitrous  acid  into  oxyterephtlialic  acid. 

TZ:REPHTHAI.IC  CHX.0RXQZ:,  C«H'0-C1-,  is  produced,  together  with  phos- 
phoric oxychloride,  by  tlie  action  of  phosphoric  pentachloride  on  terephthalic  acid  at 
40°.  It  forms  beautiful  crystals,  inodorous  at  ordinary  temperatiu-es,  but  smelling 
when  heated  like  benzoic  chloride,  which  it  resembles  in  its  reactions.  (De  la  Hue 
and  Mil  Her.) 

TEREPHTHAZiIC  ETHBHS.  Terephthalic  acid  forms  both  neutral  and  acid 
ethers.  The  neutral  ethers  are  toi'ined  by  the  action  of  terephthalic  chloride  upon 
alcohols,  or  by  that  of  alcoholic  iodides  on  the  silver- or  potassium-salt  of  terephthalic 
acid. — The  acid  ethers  are  usually  formed  in  small  quantity,  together  with  the  neutral 
ethers,  by  the  action  of  alcoholic  iodides  on  terephthalate  of  silver.  They  are  well- 
marked  monobasic  acids,  and  form  salts  insoluble  in  alcohol. 

Neutral  Amylic  Tmfhthalate,  C*'H'(C^H")^0^  forms  pearly  scales,  which  melt  at 
the  heat  of  the  hand. — The  neutral  cthylic  ether,  C'*H-'(C-H*)-OS  forms  long  prismatic 
crystals  resembling  urea,  and  easily  soluble  in  alcohol  (De  la  Rue  and  MiiUer). 
It  melts  at  44°,  solidifies  at  29^,  is  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether  (Beilstein).— The  neutral  metlujlic  ether,  C«H<(CIP)=0*,  forms  beautiful 
flat  prismatic  crystals,  several  inches  long,  which  melt  at  a  temperature  above  100°,  and 
subhmo  without  decomposition.  It  dissolves  easily  in  warm,  less  easily  in  cold  alcohol 
(De  la  Rue  and  Miiller).  According  to  Beilstein,  it  melts  at  140°,  and  solidifies 
again  at  130°. — The  neutral  fhenylic  ether,  C'^H'(C'H^)=0',  is  white,  crystalline,  and 
melts  at  a  temperature  aljove  100°.    (De  la  Rue  and  Miiller.) 

TEKEPHTHAX.-S-Z.-IVITRXXiE.    See  Terephthalic  Amides  (p.  726). 

TSROPIAniMONE.  Syn.  with  Triopianyiamide.  (See  Opianic  Acid,  AMiDEa 
OK,  iv.  20().) 

TERPXXiESTE.    See  Tukpentine-oil,  Hydeates  of. 
TEKPIWOI..S    Hydrates  of  turpentine-oil  (j.  v.). 
TERRA  CATECHU.    Syn.  with  Catechu  (i.  816). 

TERRA  3>I  SXEXXA.  A  ferruginous  clay,  occurring  near  Siena,  in  Italy,  in 
thick  brownish-yellow  masses,  often  light-yellow  in  the  middle,  and  yielding  a 
greenish-yellow  powder.  It  has  a  specific  gravity  of  3-46,  a  conchoidal  fracture,  and 
adlieres  strongly  to  tlie  tongue.  According  to  Rowney,  it  contains  76-3  per  cent, 
ferric  oxide,  9-o  alumina,  ITl  silica,  and  IS'O  water,  besides  small  quantities  of  lime 
and  magnesia.  AVhen  burnt,  it  becomes  brown-red,  and  jaelds  a  dark-red  powder.  It 
is  used  as  a  pigment,  both  iu  its  natural  state,  asraw  sietia,  and,  after  ignition,  as  burnt 
siena. 

TERRA  rOXiIATA  TARTARI.    A  name  of  potassium-acetate.  Sodium- 
acetate  is  sometimes  called  Terra  Jul.  teirt.  crystallisahilis, 
TERRA  JAPOarXCA.    Syn.  with  Catechu. 
TERRA  I.EMNIA.    L(  ninian  earth  (iii.  570). 
TERRA  miRACUIaOSA.    Obsolete  name  of  bole. 
TERRA  nSURXATXCA.    Obsolete  name  of  magnesia. 

TERRA  STOBXXaXS.    A  name  applied  by  Bergemann  to  the  diamond,  at  a  time 

wlien  its  real  nature  was  not  known. 

TERRA  POnSEROSA.  An  old  name  of  baryta.  Terra  pondtrosa  salita, 
old  iKinie  of  Vsirium-chloride. 

TERRA  ur<IBRA.    See  Umber. 

TERRA  VITRESCXBXXiXS.  One  of  the  three  elementary  earths  assumed  by 
Bechcr,  and  supposi-d  to  be  especiallj'  abundant  in  siliceous  minerals. 

TESSEZiXTE.    Syn.  with  Apophyllite  (i.  351). 

TESSERAIa  PYKXTES.  A  name  applied  to  the  native  arsenides  of  cobalt, 
smaltine  and  skutterudite,  both  of  which  crystallise  in  the  monometric  or  tesseral 
system  (i.  1041). 

TETARTXUE.    Syn.  with  Albite.    (See  Felspar,  ii.  621.) 
TETARTOHEBR7.    See  Ceystallooeaphy  (ii.  121,  144), 
TETRA.    A  prefix  applied  to  compounds  containing  4  at.  of  a  chlorous  element 
to  1  at.  of  a  basylous  element:  e.g.,  tetrachloride  of  tin,  SnCP;  also  to  sub.stitution- 
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compounds,  in  wliich  4  at.  hydrogen  are  replaced  by  a  radicle,  simple  or  compound: 
e.g.,  tetrachloroquinone,  tetramethylammonium,  &c. 
TETRACIiASZTE.    Syn.  with  Scapolite  (p.  203). 

TETRA.I>EC7Xi,  or  TETRADECATTZi.  CH^*  ;  also  called  Myristyl. — The 
fourteenth  term  of  the  series  of  alcohol-radicles,  C°H-°+'. — Tdradecylic  hydride, 
C"H^°,  is  one  of  the  constituents  of  American  petroleum  :  it  boils  between  236°  and 
240°,  and  is  converted  by  chlorine  into  the  corresponding  chloride,  C"H"C1. — Tetra- 
decylic  or  Myri.<<tw  Alcohol,  or  Methal,  C'^H^'O,  is  one  of  the  constituents  of  sper- 
maceti (iii.  1072). 

TETBADVniXTE.    Native  telluride  of  bismuth  (p.  707). 

TETRAHEDRITE.  Fahl-ore,  Grey  Copper,  Fahlerz,  Kupferfahlerz,  Panabase. 
— Varieties:  Polyt elite,  Weissgiltigerz  ov  SilberfaMerz;  Schwarzgiltigerz  and  Grau- 
giltigerz  ;  Spaniolite  or  QuecJcsilherfahlerz. 

The  name  tetrahedrite,  or  fahl-ore,  is  applied  to  a  group  of  isomorphous  minerals, 
crystallising  in  hemihedral  forms  of  the  monometric  or  regular  system,  and  consisting 
of  mixtures  of  sulphur-salts  (sulphantimonites  and  sulpharsenites),  in  which  the 
sulphur  of  the  base  is  to  that  of  the  acid,  for  the  most  part,  as  4  :  3.    The  general 

formula  of  the  group  is,  therefore,         .  a5)S^|  °'        ■'a.s^  [^''        symbol  M 

denoting  Cu  (cuprosum)  and  Ag,  and  N"  denoting  Fe,  Sn,  and  Hg  (=  200). 

The  forms  of  most  frequent  occurrence  are  the  regular  tetrahedron,  -  {fig.  190,  ii. 

202  O 

230),  the  triakis-tetrahedron         (fig.  796),  and  the  combinations  +  -    •  ooOoo 

2  ^ 

O                                          O         202  O  202 

(/^.197,ii.231),  +  ^  •  0.0  (/^.  203,  ii.  232),  +-  •  +  — (/^.797),  +  ^  ■  + • 

202  an 
ooO  (/^.  798),  -h  —  •  ooO  •  V>  and  Others. 

Fig.  796.  Fig.  797. 


Twin-crystals  occur,  with  octahedral  composition-face.     Cleavage  octahedral  in 
traces.    The  mineral  also  occurs  granular  to  impalpable,  and  compact.    Hardness  = 
Fig.  798.  3  to  4-5.    Specific  gravity  =  4-5  to  5-11.  Lustre 

metallic.  Colour  between  steel-grey  and  iron-black. 
Streak  generally  the  same  as  the  colour.  Opaque,  or 
subtranslucent  in  very  thin  splinters,  with  cherry- 
red  transmitted  colour.  Fracture  subconcho'idal,  un- 
even.   Kather  brittle. 

Before  the  blowpipe,  it  gives  oiF  fumes  of  antimony 
and  sometimes  of  arsenic,  then  melts,  and  after 
roasting  leaves  a  globule  of  copper.  When  pulverised, 
it  dissolves  with  little  residue  in  nitric  acid,  forming 
a  brownish-green  solution. 

The  best  mode  of  analysing  tetrahedrite  is  that  of 
H.  Eose,  which  consists  in  heating  the  mineral  in  a 
stream  of  chlorine;  the  metals  are  tliereby  converted 
into  chlorides,  some  of  which  are  volatile,  while  others  are  fi-xed,  a  di^-isiou  which 
greatly  facilitates  the  further  separation  (p.  537). 

Analyses: — 1,  2.  H.  Eose  (Fogg.  Ann,  xv.  576). — 3.  Svanberg  (Kongl.  Vetensk. 
Acad.  Forhl.  iv.  85). — 4.  Eammelsberg  {Mineralchemie,  p.  87). — 5,  6,  7.  H.  Eose, 
(Joe.  cit.)—8.  G  enth  (Sill.  Am.  J.  xvi.  83).— 9.  Schoidhauor  (Fogg.  Ann.  Iviii. 
161).— 10.  Von  Hauor  (Jahi-b.  Geolog.  Eeichs.  1852,  p.  98):-- 
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Be- 

.    .  =  100-24 

.    .  _  98-87 

.    .  Pb  0-04,  Co  0-49  gangiie  1-5P  = 
100  37 

.    .  Pb  (1-7S  =  100-00 

.    .  =  9'i-:i4 

.    .  =  W-li 

.    .  quartz  0  41  =  99-44 

.    .  =100 

7-52  quartz  2-73  =  97-86 
16-69  =  98-58 

Most  of  these  analyses  agree  nearly  -with  the  general  formula  above  given. 

When  the  mineral  contains  much  silver,  it  is  called  Poh/ielitc,  8ilhcrfahl-ore,  or 
Weissgiltigerz.  A  variety  of  this  mineral,  -which  occurs  massive  and  flne-granular,  of 
specific  gravity  5"438  and  5-465,  at  tlie  "Hoffnung  Gottes"  mine,  near  Freiberg,  con- 
tains 36  to  38  per  cent,  lead,  together  with  22-53  S,  22-39  Sb,  6-92—5-73  Ag,  3-72— 
3-83  Fe,  3-15— 6-7  Zn,  0-19- 0-32  Cu  =  100.  In  this  mineral  the  sulphur-ratio  for 
the  bases  and  acids  is  3  :  2 ;  but  it  may  be  regarded  as  tetrahedrite,  if  some  of  the  bases 
are  reckoned  as  impurities. 

An  ore  from  mine  Altar,  near  Coqxiimbo,  -was  found  by  Field  (Chem.  Soc.  Qu.  .1.  iv. 
332)  to  contain  30-35  per  cent.  S,  3-91  As,  20-28  Sb,  36-72  Cu,  7-26  Zn,  1-23  Fe, 
0-075  Ag,  and  0-008  Au.  It  is  soft,  of  greasy  appearance,  greenish-grey,  slightly 
reddish,  and  yields  a  bright-red  powder.  Domeyko  considers  it  impure,  containing 
blende,  pyrites,  and  galena.  Ettling  observes  that  it  is  analogous  in  constitution  rather 
to  enargite  than  to  tetrahedrite,  corresponding  to  the  formula  4M''^S.(Sb^  ;  As-')S^. 

Aphthonitc,  or  Aftonite,  from  Wermland,  Sweden,  has  a  steel-grey  colour,  and  black 
streak  ;  hardness  =  3  ;  specific  gravity  =  4'87.  It  gives  the  formula  7M-S. 
(Sb'' ;  As2)S-\ 

Annivite  is  a  massive  ore  from  the  Anniviersthal  in  the  Valais,  containing  (after 
deduction  of  9-4  per  cent,  of  quartz)  26-22  per  cent.S,  12-10  As,  9-71  Sb,  5-45  Bi, 
39-26  Cu,  4-15  Fe,  2-22  Zn  =  99-21,  which  agrees  nearly  with  the  formula  3M'^S. 
(Sb'';  As-;  Bi')S' ;  but  the  mineral  does  not  appear  to  have  been  completely  examined. 
Kenngott  {Uehcmicht,  1855,  p.  120)  regards  it  as  an  impure  tetrahedrite. 

Tennantite,  which  is  a  sulpharsenite  of  copper  and  iron,  isoniorphous  with  tetrahedrite, 
is  by  some  mineralogists  regarded  as  a  variety  of  the  latter  ;  but  its  composition 
does  not  agree  with  the  formula  4M'-'S.As'S^,  but  rather  with  7M-S.2As-S-'.  (See 
Tennautite,  p.  720.) 

For  a  full  discussion  of  the  formula  of  tetrahedrite,  see  Rammclshcrg's  Mincral- 
chemie  (pp.  90 — 99). 

Largo  tetrahedral  crystals  of  tetrahedrite,  having  mostly  a  rough  dull  surface,  are 
found  in  the  Cornish  mines  near  St.  Austel.  More  brilliant  and  highly  modified 
crystals  occur  at  Andreasberg  in  tlie  Harz,  Kremnitz  in  Hungai-y,  Freiberg  in  Saxony, 
Kapnik  in  Transylvania,  and  Dillenbevg  in  Nassau.    (Dana,  ii.  82.) 

TETRAMERCUKAnXMOM-XUMC.  See  Mercuby-bases,  Ammoniacal  (iii. 
917). 

TX:TRAIVIETHVX.AIViniONXUnX.  N(CH')'.— Most  of  the  compounds  of  this 
base  have  been  already  described  (iii.  999).  Stahlschmidt  (Pogg.  Ann.  cxix.  421  ; 
Jahresb.  1863,  p.  403),  by  treating  tri-iodide  of  nitrogi-n,  or  tri-iodamide,  NI', with 
an  excess  of  methylic  iodide,  lias  obtained  penta-iodido  of  tetramethyl- 
ammonium,  together  with  iodoform  : 

2NP  +  9CH=I  =  2N(GH5)^I»  +  CHP  +  2HI. 
The  bro-wn  liquid  re.sulting  from  the  reaction,  is  almost  wholly  soluble  in  boiling 
absolute  alcohol;  the  solution,  on  cooling,  deposits  green  crystals  of  the  pentaiodide; 
and  the  mother-liquor,  on  further  evaporation,  yields  iodoform. — If  the  liquid  con- 
tains free  ammonia,  protoiodide  of  tetramethylammoniuni  is  likewise  formed, 
and  unites  with  the  iodoform,  producing  the  crystalline  compound,  C''H"NI'  = 
]Sr(CH»)<I.2CHP. 

The  pentaiodide  of  tetramethylammonium  easily  gives  up  4  at.  of  its  iodine  to 
alkalis  and  reducing  agents.  With  aqueous  potash,  it  foi-ms  a  yellow  solution,  whiclx 
contains  the  protoiodide,  together  with  iodide  and  iodato  of  potassium,  and,  whi-u 
treated  with  acids,  again  yields  the  pentaiodide. 

*  Stahlschiridt  finds  that  when  a  solution  of  iodine  hi  absohite  alcohol,  saturated  at  ordinary  tem- 
peratures, is  mixed  witli  :i  or  4  vols,  of  strong  aqueous  ammonia,  the  resulting  precipitate,  after 
thorough  washing  with  cold  water,  has  the  composition  of  tri-iodamide,  NP  ;  but  if  the  iodine- 
solution  be  mixed  w-ith  2  or  3  vols,  of  a  saturated  solution  of  ammonia  in  i'.lisolute  alcohol,  the  precipi- 
tate, after  being  well  washed  with  absolute  alcohol,  consists  of  d  i  -  i  o  d  a  m  i  d  c,  N  H 1-'. 


1.  Clausthal  . 

2.  Freiberg  . 


3.  Aphthonite  J 


Wermland.  j 


24-73 
21-17 
30-05 


Sb.  As.  Ou.  Fc.  Zn.  Ap;. 

28-24  .    .  34-48  2-27  5-65  4-97 

24-1,3  .    .  J4-8I  .V98  0-99  31-29 

24-77  trace  32-91  I-3I  6'40  3-09 


4.  Meiseberg     .    .  24-80 

6.  Kapnik     .    .    .  2.V77 

6.  Gersdorf  .    .    .  2G'33 

7.  Alsace      .   .    .  26-83 

8.  Cabarras,     N.J  oc^o 

Carolina  J 

9.  Spimiolile,  Iglo,  I  cn  .,, 

Hungary        ]  ''^ 

10.  ,,    Poratsch,  1  .,, 
Hungary.  j 


2G-.'i6  .    .  30-47  3-.52 

2.1-04     2  88  37-98  0-86 

IG-.=i2     7-21  38-63  4-89 

12-46  10-19  40-60  4-66 

17-76  11  55  30-73  1-42 


3-39  10-48 

7-29  0-62 

-.i-76  2-37 

3-69  0-60 

2-53  10-53 


18-48  3-D8  35-90  4-90  1  01  trace 
2.5-48  trace  30-58   1  46  .    .  0-09 
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On  mixing  a  wann,  saturated,  alcoholic  solution  of  the  pentaiodide  with  aqueous 
ammonia,  or  heating  the  pulverised  compound  with  strong  aqueous  ammonia,  or 
mixing  an  alcoholic  solution  of  iodine  with  iodide  of  tetramethylammonium  and 
ammonia,  a  brown-black  or  dark-green  explosive  compound  is  formed,  consisting  of  a 
compound  of  tri-iodide  of  tetramethylammonium  with  di-iodamide:  CH'^N^P  = 
N(CH')*r.NHI^  or  less  probably  of  di-iodide  of  tetramethylammonium  and  tri- 
iodamide,  N(CH^)*P.NP.  Tliis  compound  may  be  dried  without  decomposition,  if  the 
drying  be  carefully  conducted  ;  but  it  explodes  easily  when  touched  with  a  feather,  or 
with  oil  of  vitriol,  or  when  heated  above  100°.  It  is  insoluble  in  water  and  in  dilute 
alcohol ;  but  hot  absolute  alcohol  dissolves  it,  apparently  with  decomposition,  and 
formation  of  tetramethykmmoniiim-pentaiodide. — Nitrate  of  silver  removes  all  the 
iodine  in  the  form  of  silver-iodide.  The  compound  is  decomposed  by  boiling  potash- 
ley,  with  formation  of  a  small  quantity  of  iodoform.  With  sulphydric  acid  it  decom- 
poses in  the  manner  shown  by  the  equation: 

C^H"NP  -I-  3H'S  =  N(CH')'I  -i-  NH<I  +  SHI  -^  S'. 
Hydrochloric  acid  also  decomposes  it,  with  separation  of  iodine.  (Stahlschmidt.) 

TETBAl«ETHYli-BTH-5ri.ENB.  When  1  vol.  ethylenic  bromide  is  heated 
with  2  vols,  methylic  sulphide  to  100°,  the  two  bodies  gradually  unite  into  a  crystal- 
line mass,  consisting  of  tetramethyl-ethylene-sulphobromide,  C'^H'^r-'S'  = 
(C^V  \  ^r' '  dissolves  easily  in  water,  and  separates  therefrom,  by  evaporation 

in  avacu  m,  in  well-detined  crystals.  This  compound  dissolves  in  aU  proportions  of  hot 
water,  le  s  freely  in  alcohol,  not  at  all  in  ether,  and  is  precipitated  by  ether  from  tlie 
alcoholic  solution,  in  white  prisms.  When  treated  with  a  silver-salt,  it  forms,  togr  ther 
with  bromide  of  silver,  a  crystalli sable  very  deliquescent  compound.  With  recently 
precipitated  silver-oxide,  it  yields  a  caustic  alkaline  solution,  containing  tlie  oxide 
(CH'')'(C^H^)S-0.  The  deliquescent  hydrochlorate  forms,  with  platinic  chloride,  the 
double  salt  (CH')'(C-H')S'Cl-.PtCl^  (Cahours,  Compt.  rend.  Ix.  620,  1U7  ;  Jahresb, . 
1865,  p.  477.) 

TETRAXfflTBON'APHTHAl.EirE.  C"'H\NO=)^— Triuitronaphthalene  (iv. 
15),  treated  with  fuming  nitric  acid  in  sealed  tubes,  is  converted  into  tetranitronaph- 
thalene  ;  and  both  nitro-compounds,  when  acted  upon  by  iodide  of  phosphorus,  yield 
iodides  of  polyatomic  bases,  analogous  to  iodide  of  picrammonium  (iv.  640).  (Laute- 
mann  andD'Ajuiar,  BuU.  Soc.  Chim.  1864,  i.  431.) 

TETRAPHOSPHAMIC  ACIDS.  (Gladstone,  Proc.  Eoy.  Soc.  isy.  515.) — 
These  are  amic  acids  derived  from  tetraphosphoric  acid,  P^H°0"  (the  acid  of  Fleit- 
niann  and  Henneberg's  phosphates,  iv.  537),  and  produced  by  the  action  of  water  on 
the  compounds  of  phosphoric  oxychloride  with  ammonia.* — Tciraphosphoteti-amic  acid, 

P<(NH-)^H-0^,  or      J  Q9,  is  a  solid  stable  body,  insoluble  in  alcohol,  but  soluble  in 

water,  and  combining  readily  with  bases,  the  amount  of  replaceable  hydrogen  appear- 
ing to  vary  from  1  to  6  atoms. 

p. 

Triammoniated  Tetraphosphodiamic  Acid,  PXNH2)'(NH')«H0"  =  H'' 

(NH')' 

a  viscid  liquid,  insoluble  in  alcohol,  but  very  soluble  in  water.  It  forms  a  liquid 
compound  with  ammonia,  but  metallic  salts  appear  to  break  it  up  into  a  variety  of 
bodies.  By  the  action  of  heat,  boiling  water,  strong  acids,  or  alkaline  carbonates,  it 
may  be  converted  into  tetraphosphotetramic  acid.  Among  the  bodies  formed  from  it 
when  heated  alone,  is  a  wliite  substance,  insoluble  or  nearly  so  in  cold  water,  and 
having  the  same  composition  as  ammonium-metaphosphate,  PNH^O' ;  this  substance 
is  at  once  transformed,  by  hot  water  or  dilute  acids,  into  pyrophosphodiamic  acid. 

2'etrapjhosphopc7itacoiic  Acid,  P'N^H'O',  is  formed  when  oxychloride  of  phosphorus 
is  fully  saturated  with  ammonia,  and  the  resulting  mass  is  heated  to  about  230°,  and 
washed  with  cold  water.  It  is  an  insoluble  body  capable  of  decomposing  metallic 
salts,  and  contains  1  at.  of  hydrogen  replaceable  by  potassium  or  ammonium. 
When  treated  with  slightly  acidulated  nitrate  of  silver,  it  yields  a  tetrazotic  salt, 
P'N'H^Ag-0';  which,  when  decomposed  by  mineral  acids,  yields  tetraphosphotetramic 
acid  and  other  compounds.  [For  the  discussion  of  the  rational  formulae  of  all  these 
compounds,  see  the  original  paper  above  cited.] 

TETRAPHOSPHATES.  This  name  may  be  applied  to  one  of  the  classes  of 
phosphates  discovertd  by  Fleitmaun  and  Ilenneberg,  namely  JPP'O'^  (iv.  537). 

*  Phosplinric  oxychloride  absorbs  either  2  or  4  molecules  of  nninionia,  forming  white  solids,  probably 
consisting  of  sal-ammoniac,  mixed,  in  the  one  case,  with  r(NH-)C120,  and  in  the  other  with 
l'(NH-!)-C10.  (Gladstone.) 
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TETRASUXiPHODZPHEM'VX.EirXC  ACID.  C'-H^.lH^SO^— An  acid 
formed,  together  with  trisulphodiphcnyleuio  acid,  C'-H".3H-S0',  by  heating  sulphate 
of  diazolieuzidine  (tetrazodiphcnyl)  with  strong  sulphuric  acid  (iv.  413). 

TETKATHlomc  ACIB.    See  Sulphur,  Oxygen-acids  of  (p.  G41). 

TSTSlAZOSIPHBKirVZ..    C'=H'=N^    Syn.  with  Diazobenz:dine  (iv.  412). 

TETRilZOr)IPHS:rJlrZ,-r».MIIJOBENZOI..  C'-'^n'-''N''.  Syn.  with  DlAZO- 
BENziDiNK- Aniline  (iv.  413). 

TSTIlAZODXPHSN'VX.in£II>£:.  N=IP(C'^H«N*)'''.— A  compound  produced  by 
the  action  of  iupieou."  aiiiuiuina  on  perbi'omide  of  diazobenzidine  (iv.  412). 

TBTBAPH'S'liZZJS.    Syn.  with  triphyline.    (See  PHOsrUATES,  iv.  572.) 

TETRSNi:.    Syn.  with  Tktkylene. 

TETRSTHYIiAMMONIUM.  N(C-H^)'.  Most  of  the  compounds  of  this  base 
have  been  already  described  (ii.  561 ). — A  chluriodidc,  N(C-IP)^C1^I,  is  produced  by 
adding  aqueous  protochloride  of  iodine  to  a  solution  of  chloride  of  tetrethylammonium 
in  dilute  hydrochloric  acid.  On  gently  heating  the  liquid,  and  leaving  it  to  stand,  the 
chloriodide  is  deposited  in  large  fern-leaf  crystals,  belonging  to  the  regular  system. 
It  is  more  soluble  in  dilute  hydrochloric  acid  than  in  water,  whicli  latter  causes 
decomposition.  The  solution  reacts  like  protochloride  of  iodine.  (W.  A.  Til  den, 
Chem.  Soc.  .1.  xix.  145.) 

The  following  compounds  of  tetrethylammonium  with  metallic  acids  have  been 
examined  by  A 1.  Classen  (J.  pr.  Chem.  xciii.  446;  Jahresb.  1864,  p.  420): 

Tungstate,  (C"H-''N)20.2WO^    ....  deliquescent. 

Molybdate,  (C''H-''N)-0.2MoOl3H-0        .       .  deliquescent. 

„.        ,      UC»H'-''Ny-0.6SnOMTO  >  (insoluble  quadratic 

Mannates,  j^^„jp„j^y,Q  ,^g^^Q2_jj5,^^        .       .  ^  octahedrons. 

Neutral  chromate,  (G»H'^''N)'0.Cr03  ...  not  crystallisable. 

Dichromate,  (C''H-"Ny-'0.2Cr03.       .       .       .  prismatic  crystals. 

Arsenate,  (C"H-"N)20.A,s-0'     ....  crystalline. 

Antimonate,  2(C'*H''''N)20.Sb''0^       .       .       .  deliquescent. 

Most  of  these  salts  are  obtained  by  treating  the  metallic  acid  with  a  solution  of  the 
base;  the  chromate  by  decomposing  chromate  of  silver  with  hydrate  of  tetrethylammo- 
nium. When  heated,  they  yield  ofifeusive-smelling  ijroducts,  the  dichromate  decom- 
posing explo.-ively. 

TETRYI.,  or  BUTYI..  C*H".— The  fourth  alcohol-radicle  of  the  series  C°H'°+'. 
In  the  free  state,  its  molecule  contains  CH'",  so  that  it  is  isomeric,  or  perhaps  identi- 
cal (iii.  182),  with  octylic  hydride,  CH'MI.  It  was  first  isolated  by  Kolbe(Chem. 
Soc.  Mem.  iii.  278  ;  Chem.  Soc.  Qu.  J.  ii.  157),  who  obtained  it  by  tlie  electrolysis  of 
valerianic  acid,  and  named  it  Vah/l;  Wurtz  (Ann.  Ch.  Pharm.  xciii.  112;  xcvi. 
364)  afterwards  obtained  it  by  the  decomposition  of  tetrylic  iodide,  and  examined  its 
properties  more  fully. 

F reparation. —  1.  By  the  action  of  Potassium  or  Sodium  on  Tetrylic  Iodide. — 100  pts. 
of  tetrylic  iodide  and  13  or  14  pts.  of  sodium,  are  introduced  into  a  flask,  provided  with 
an  upright  condensing-tube  kept  cool  by  ice-water.  The  action  begins  at  ordinary 
temperatures,  with  evolution  of  heat,  the  sodium  swelling  up,  and  gradually  be- 
coming covered  with  a  blue  crust.  As  the  action  slackens  it  must  be  accelerated  by 
external  heat,  and  the  liquid  kept  boiling  till  the  blue  colour  of  the  sodium  has  disap- 
peared, and  the  flask  contains  a  white  mass  of  sodium-iodide  saturated  with  tetryl. 
The  tetryl  is  then  distilled  from  the  flask,  and  the  distillate  rectified  over  sodium,  till 
the  metal  completely  retains  its  lustre  in  the  boiling  liquid,  and  is  no  longer  attacked. 
The  portion  which,  in  the  last  rectification,  distils  over  between  105°  and  108°  is  pure 
tetryl.  When  potassium  is  used,  a  considerable  quantity  of  the  tetryl  is  resolved  into 
tetrylic  hydride  and  tetrylene  :  C»H'«  =  C^H'"  +  C'H".  (Wurtz.) 

2.  By  the  Electrolysis  of  Valerianic  Acid : 

2C='H"'0-  =  C»H'8  +  2C0-  +  IP. 
— When  an  electric  current  of  four  Bunsen's  cells  is  passed  through  a  cold  saturated 
solution  of  potassic  valerate, — hydrogen,  carbonic  anhydride,  and  tetrylene  gases  are 
evolved,  and  an  oily  liquid  rises  to  the  surface,  consisting  of  tetryl  and  tetrylic  vale- 
rate. On  boiling  this  liquid  with  an  alcoholic  solution  of  potash,  valerate  of  potas- 
sium gradually  separates,  while  the  tetryl  remains  dissolved  in  the  alcoholic  liquid, 
and  may  be  purified  by  washing  with  water,  drying  over  chloride  of  calcium,  and 
rectification.  (Kolbe.) 

Properties. — Teti-yl  is  a  colourless  oily  liquid,  having  a  faint  but  agreeable  odour, 
and  a  slight  taste,  with  burning  aftertaste.     Specific   gravity    =    0'694  at  16° 
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(Kolbe);  0-7135  at  0°  (Kopp)  ;  0-7057  at  0°  (Wurtz).  Its  expansion-coefficient 
(between  11°  and  88°),  is,  according  to  Kopp: 

0-0012125<  +  0-00000027933;;''  +  0-000000016297<'. 
It  boils  at  108°  (Kolbe) ;  at  108-5°  (Wurtz) ;  at  106°  under  a  barometric  pressure 
of  745mm.  (Kopp),  and  distils  completely  without  decomposition.  Vapour-density 
=  4-053  (Kolbe);  4-070  (Wurtz);  4  07  and  3-88  (Gr.  Williams);  the  calculated 
value  (CH's  =  2  vols.)  is  3-95. 

Tetryl  is  insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and  ether. 
None  of  the  tetryl-compounds  can  be  directly  prepared  from  it. — Chlorine  and  bromine 
act  upon  it,  but  form  substitution-products. — Vfith.  pcntacMoride  of  antimony  it  yields 
hydrochloric  acid  and  chlorinated  products  not  yet  examined. — Pentachloride  of 
phosphorus  is  decomposed  by  it  only  after  long  boiling,  with  formation  of  trichloride 
of  phosphorus,  chlorinated  tetryl,  and  hydrochloric  acid.  When  the  vapours  of  iodmo 
and  tetryl  are  passed  together  over  spongij platinum  heated  in  a  tube  to  300°,  a  large 
quantity  of  hydriodic  acid  is  formed,  together  -with  a  small  quantity  of  an  iodised 
organic  substance,  probably  a  substitution-product. — Hydrochloric  acid  has  no  action 
upon  tetryl,  either  at  ordinary  temperatures,  or  at  a  temperature  near  that  of  boiling 
oil.  (Wurtz.) 

Tetryl  forms  compounds  with  other  alcohol-radicles. 

Tetryl-ethyl,  CH'*  =  OTI^C■H^  obtained  by  the  action  of  sodium  on  a  mix- 
ture of  tetrylic  and  ethylic  iodides,  has  been  already  described  (ii.  525). 

Tetryl-amyl,  C'H-"*  =  C^H'.C^H",  is  prepared  by  decomposing  a  mixture  of 
tetrylic  and  amylic  iodides  with  sodium,  in  the  manner  described  for  the  preparation 
of  tetryl.  The  greater  part  of  the  resulting  liquid  distils  over  between  130°  and  140°, 
and,  byrepeated  fractional  distillation,  pm-e  tetryl-amyl  is  obtained  as  a  colourless  liquid, 
boiling  at  132°,  having  a  specific  gravity  of  0-724  at  0°.  Vapour-density  =  4-46  (calc. 
=  4-42).  (Wurtz.) 

Tetryl-hexyl,  C'»H"  =  C^H'.C^H",  is  obtained  by  the  electrolysis  of  a  mixture 
of  oenantliylate  and  valerate  of  potassium.  The  oily  liqiiid,  which  collects  on  the  sur- 
face of  the  aqueous  solution,  is  a  mixture  of  several  hydrocarbons ;  and  when  subjected 
to  fractional  distillation,  yields,  between  100°  and  140°,  a  liquid  containing  tetryl-hexyl, 
■which,  -when  further  rectified,  boils  between  155°  and  160°,  and  exhibits  a  vapour- 
density  of  4-917  (calc.  =  4-907)  ;  but  it  has  not  been  obtained  piire. 

TETRTIi,  ACETATES  OP.  CH'^O'. — There  are  two  ethers  having  this 
composition,  the  one  corresponding  with  normal  tetrylic  alcohol,  the  other  with 
isotetrylic  alcohol  {infra). 

Normal  Tetrylic  Acetate,  C'H'.C"H'0^   =    Qjjjg  f  0,  is  produced  by  distilling 

equivalent  quantities  of  dry  acetate  and  tetrylsulphate  of  potassium,  or  by  heating 
normal  tetrylic  iodide  with  a  slight  excess  of  silver-acetate  in  a  glass  tube,  and 
distilling  oflT  the  resulting  liquid.  The  distillate  is  purified  by  washing  with  a  dilute 
solution  of  sodie  carbonate,  then  dried  over  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  agreeable  odour,  specific  gravity  =  0-844  at  16°,  and  boiling  at 
114°.  Vapour-density  =  4-073;  calc.  =  4-017.  By  prolonged  boiling  with  potash, 
it  is  resolved  into  acetic  acid  and  normal  tetrylic  alcohol.  (Wurtz,  Ann.  Ch.  Pharm. 
xciii.  121.) 

Isotetrylic  Acetate,  perhaps  CH*  j  C-H^O^'      produced,  together  -with  tetrylene,  by 

heating  isotetrylic  iodide  (obtained  from  erytlrroniannite,  p.  736),  with  acetate  of 
silver  in  sealed  tubes.  On  distilling  olF  the  tetrylene,  the  isotetrylic  iodide  remains, 
and  may  be  purified  like  the  normal  ether.  It  is  a  colourless  liquid,  boiling  at  111° 
to  113°,  and  ha-ving  a  strong,  agreeable,  aromatic  odour,  but  not  fruity,  like  the  normal 
acetate.    (De  Luynes,  Jahresb.  1864,  p.  501.) 

TETRYXi  AXiCOHOXiS.  CH'^O. — In  the  article  "  Secondary  and  Tertiary 
AxcoHOLS  "  (p.  216),  it  is  observed  that  there  are  three  possible  tetryl  or  butyl  alcohols, 
represented  by  the  following  formulae  : — 

H  pJCff  pICH' 

H  1   H  ^iCH' 

.OH  lOH  lOH 

Primary.  Secoiularj-.  Tertiary. 

An  alcohol  having  the  composition  CH'"©,  is  produced,  together  with  ethylic  and 
amylic  alcohols,  in  the  fermentation  of  sugar,  and  is  found  in  the  fusel-oil  obtained  from 
mangold--wurzel,  and  sometimes  in  that  obtained  from  potatoes.  This,  which  was  dis- 
covered by  Wurtz  in  1852  (Conipt.  rend.  xxxv.  210;  Ann.  Ch,  Pharm.  xciii.  10"), 
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and  is  distinguished  as  normal  tetrylic  orbutylic  alcohol,  is  supposed  to  be  the  primary 
alcohol.  An  alcohol,  most  probably  identical  with  it,  has  been  obtained  by  Schoyen 
(Ann.  Ch.  Pharm.  cxxx.  233  ),  by  lieating  chloride  of  tetryl  prepared  from  ethyl  (p.  734) 
with  acetate  of  potassium  and  glacial  acetic  acid,  whereby  it  is  converted  into  tetrylic 
acetate,  and  distilling  this  compound  ether  with  baryta-water. 

An  abnormal  tetrylic  alcohol  (whether  secondary  or  tertiary  has  not  yet  been 
ascertained)  is  produced  by  distilling  the  iodide  or  the  acetate  of  tetryl,  obtained  from 
erythromannite,  with  potash. 

o.  Normal  Tetrylic  Alcohol,  CH'^O  =         |o.    Hydrate  of  Tetryl.  TctryUo 

Hydrate.  (Wurtz,  loc.  cit.) — This  alcohol  was  first  obtained  from  potato-fusel-oil,  in 
which,  however,  it  is  not  always  present.  It  is  best  prepared  by  subjecting  the  fusel- 
oil  obtained  in  the  rectification  of  manguld-wurzel  molasses  to  fractional  distillation, 
the  portions  which  distil  over  between  80°  and  105^  105°  and  115",  115°  and  125°, 
being  collected  apart.  The  first  portion  is  washed  with  water,  and  the  separated  oily 
layer  repeatedly  rectified,  the  portion  whicli  passes  over  at  104°  being  each  time 
collected  apart.  The  latter  is  mixed  with  the  portion  which  distilled  over  between 
106°  and  115°,  and  with  that  part  of  the  last  fraction  (between  115°  and  125°)  which, 
when  the  latter  was  repeatedly  rectified,  passed  over  below  115°.  The  whole  of  the 
distillates  obtained  between  105°  and  115°  are  then  mixed  together,  and  boiled  for 
forty-eight  hours  with  a  concentrated  solution  of  caustic  potash,  in  such  a  manner  that 
the  vapours  may  be  condensed  and  allowed  to  run  back  again.  The  impure  tetrylic 
alcohol  is  then  distilled  over  ;  separated  from  the  water  which  passed  over  with  it ; 
afterwards  mixed  with  half  its  weight  of  quicklime,  to  dehydrate  it  more  completely,  and 
distilled  off  after  standing  for  twenty-four  hours  ;  this  distillate  is  repeatedly  rectified 
and  the  portion  which  passes  over  between  108°  and  110°  is  collected  apart:  if  the 
boiling-point  remains  within  these  limits  during  the  distillation,  the  tetrylic  alcohol 
thus  obtained  is  very  nearly  pure.  The  process  of  rectification  may  be  considerably 
abridged  by  interposing  between  the  flask  and  the  condensing  apparatus  an  upright 
tube  with  two  ljulbs,  and  having  a  thermometer  inserted  into  its  upper  part ;  the  less 
volatile  portions  then  condense  on  the  sides  of  the  tube,  and  run  back  into  the  flask, 
(vhereby  the  separation  of  the  more  volatile  portions  is  greatly  facilitated.  (Wurtz.) 

For  complete  purification,  the  tetrylic  alcohol  is  converted  into  iodide  of  tetryl, 
which  boils  at  121°,  and  is  easily  separated,  by  fractional  distillation,  from  iodide  of 
ethyl  boiling  at  74°,  and  iodide  of  amyl  at  146°  ;  the  iodide  of  tetryl  is  converted  into 
acetate  by  treating  it  with  acetate  of  silver  ;  the  acetate  of  tetryl  decomposed  by  con- 
tinued boiling  with  strong  solution  of  potash,  the  vapours  being  condensed  and  made 
to  run  back  ;  and  the  tetrylic  alcohol  thereby  separated,  is  deecanted  and  rectified 
over  caustic  baryta. 

Properties. — Tetrylic  alcohol  is  a  transparent  colourless  liquid,  more  mobile  than 
amylic  alcohol,  and  having  an  odour  similar  to  that  of  the  latter,  but  less  pungent  and 
more  vinous.  It  does  not  turn  the  plane  of  polarisation  of  light.  Specific  gravity  = 
0-8032  at  18-5°.    Boiling-point  =  110°  Vapour-density,  obs.  =  2-589;  calc.  =  2-565. 

Tetrylic  alcohol  dissolves  inlOj times  its  weight  of  water  at  18°,  and  is  precipitated 
therefrom,  as  an  oily  layer,  on  addition  of  chloride  of  calcium,  chloride  of  sodium,  or 
any  other  easily  soluble  salt.  It  dissolves  chloride  of  calcium,  forming  a  crystallisable 
compound ;  also  recently  fused  chloride  of  zinc,  forming  a  syrupy  liquid. 

Decompositions. — 1.  Tetrylic  alcohol  takes  fire  on  the  approach  of  a  biirning  body, 
and  burns  with  a  bright  flame. — 2.  Potassium  decomposes  it,  with  evolution  of  hydro- 
gen, forming  tetrylate  of  potassium,  CT3"K0. — 3.  Caustic  potash,  in  a  state  of  fusion, 
converts  it  into  butyric  acid,  with  evolution  of  hydrogen,  and  formation  of  a  butyrate, 
When  dropt  upon  soda-lime  heated  to  250°,  it  is  likewise  decomposed,  with  evolution  of 
hydrogen,  and  formation  of  a  butyrate. — 4.  Hydrochlori':  acid  hoated  in  a  sealed  tube 
with  tetrylic  alcohol,  converts  it  into  chloride  of  tetryl  (p.  724). — 5.  Pentachloride 
and  oxychloridc  of  phosphorus  likewise  convert  it  into  chloride  of  tetryl. — 6.  Bromine 
and  jikosphorus,  added  alternately  in  small  portions,  convert  tetrylic  alcohol  into 
bromide  of  teti^l,  with  evolution  of  hydrobromic  acid  (p.  734). — 7.  Similarly,  iodine 
and  phosphorus  give  rise  to  the  formation  of  iodide  of  tetryl  (p.  735). — 8.  Oil  of 
vitriol  acts  violently  on  tetrylic  alcohol,  the  mixture  becoming  very  hot  and  strongly 
coloured,  while  sulphurous  acid  is  evolved,  and  an  oily  layer  separates  out,  consisting 
chiefly  of  hydrocarbons  polymeric  -with  tetrylene.  AVhen  the  alcohol  is  rapidly  mixed 
with  excess  of  oil  of  vitriol,  great  heat  is  produced,  and  gas  is  given  oflT  in  small  quan- 
tity, which  may,  however,  be  increased  by  external  heating  ;  it  consists  chiefly  of 
tetrylene,  together  with  sulphurous  and  carbonic  anhydrides.  When  tetrylic  alcohol  is 
gradually  mixed  with  an  equal  volume  of  oil  of  vitriol,  anil  the  vessel  kept  cool,  tetryl- 
sulphurie  acid  is  produced. — 9.  Tetrylic  alcohol  heated  with  excess  of  zinc-chloride  is 
decomposed,  with  formation  of  tetrylene,  hydride  of  tetryl,  and  other  less  volatile 
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hydrocarbons. — 10.  With  chloride  of  cyanogen,  tefrylic  alcohol  forms  chloride  of  tc  trj-1 
and  tetrylic  urethane : 

2C^H'<'0  +  CNCl    =    C'H»C1  +  C^H"NO=. 

If  the  tetrylic  .ilcohol,  as  is  generally  the  case,  contains  a  little  water,  carbonate  of 
tetryl  and  sal-ammoniac  are  formed  at  the  same  time : 

2C*Hi"0  +  CNCl  +  ffO    =    (C<ff)'CO'  +  NH'Cl 

(E.  Humann,  Ann.  Ch.  Pharm.  xcv.  256). — 11.  Tetrylic  alcohol  obtained  by  fermen- 
tation yields,  by  distillation  with  sulphuric  acid  and  potassic  dichromate,  a  mixture  of 
butyric  and  propionic  acids  with  the  corresponding  aldehydes  (Michael son,  Jahresb.- 
1861,  p.  336).  The  alcohol  obtained  by  Schoyen  from  tetrylic  chloride,  as  above 
mentioned,  also  yields  butyric  acid  when  subjected  to  the  same  treatment. 

Isotetrylic  Alcohol.  (De  Luynes,  Ann.  Ch.  Pharm.  exxviii.  330,  cxxxii.  274; 
Jahresb.  1863,  p.  503  ;  1864,  p.  501.) — This  alcohol  is  produced  by  the  action  of  moist 
silver-oxide  on  isotetrylic  iodide  (obtained  by  the  action  of  hydriodic  acid  on  erythro- 
mannlte,  ii.  605),  or,  better,  by  heating  isotetrylic  acetate  (obtained  by  decomposing  the 
iodide  with  acetate  of  silver)  to  100°  for  thirty  hours.  The  alcohol  then  separates  as 
an  oily  layer  on  the  surface  of  the  liquid,  and  may  be  purified  by  drying  with  carbonate 
of  potassium,  and  rectification,  finally  over  lumps  of  sodium.  It  is  a  colourless  liquid, 
having  a  strong  odour  and  burning  taste,  a  speelflo  gravity  of  0  85  at  0°,  and  boiling 
at  95° — 98°  (about  10°  lower  than  the  normal  alcohol).  It  mixes  in  all  proportions 
with  alcohol  and  ether ;  dissolves  also  in  water,  and  is  precipitated  from  the  solution 
by  carbonate  of  potassium;  it  dissolves  chloride  of  calcium.  It  ahsorhs  hydriodic  acid, 
forming  isotetrylic  iodide,  identical  with  that  produced  by  the  action  of  hydriodic  acid 
on  erythromannite.— With  bromine  it  forms  a  heavy  liquid,  which  strongly  attacks  the 
eyes,  and  varies  in  boiling-point  from  110°  to  158"^. 

Isotetrylic  alcohol,  when  heated  for  some  hours  to  250°,  is  for  the  most  part  resolved 
into  water  and  tetrylene.  The  corresponding  iodide  gives  off  tetrylene  when  distilled 
with  alcoholic  potash.  These  isotetryl-compounds,  therefore,  like  the  /3-hexyl-com- 
pounds  (Hi.  152),  with  which  they  are  homologous,  show  a  great  tendency  to  give  up 
their  olefine.  In  this  respect  they  appear  to  react  more  like  compounds  of  tetrylene 
than  of  tetryl,  and  as  such  they  are,  in  fact,  regarded  by  De  Luynes, — the  alcohol  as 

C'mH''0  or  C'H'jgQ;  the  iodide  as  C'H'.HI.    But  the  property  of  readily  giving 

up  tlie  olefine  does  not  aiford  a  decisive  argument  in  favour  of  this  view,  inasmuch 
as  the  same  property  is  possessed,  though  in  a  less  marked  degree,  by  the  normal 
alcohols  C-H^""''''0,  all  of  which,  when  treated  with  oil  of  vitriol  or  other  strong 
dehydrating  agents,  are  resolved  into  water  and  the  olefine. 

TXSTRYXi,  BROnXXDZ:  OF.  C'H'Br.  (Wurtz,  Ann.  Ch.  Pharm.  xciii.  114.) — 
This  compound  is  prepared  by  the  action  of  bromine  and  phosphorus  on  tetrylic 
alcohol.  A  few  drops  of  bromine  are  added  to  tetrylic  alcohol ;  a  small  piece  of  phos- 
phorus thrown  in,  the  liquid  being  kept  cool  and  shaken  till  the  colour  of  the  bromine 
is  destroyed  ;  the  addition  of  bromide  and  phosphorus  then  repeated,  and  so  on  con- 
tinually, till  vapours  of  hydrobromic  acid  are  abundantly  evolved,  and  a  quantity  of 
bromine  has  been  added  at  least  equal  to  that  of  the  tetrylic  alcohol.  The  liquid  is 
then  distilled  at  a  temperature  not  exceeding  100°,  and  the  resulting  vapours  are  passed 
into  a  flask  containing  water,  which  dissolves  the  hydrobromic  acid,  while  the  impure 
bromide  of  tetryl  collects  at  the  bottom.  The  latter  is  washed  with  water,  dried  with 
a  little  chloride  of  calcium,  and  rectified ;  that  which  passes  over  at  89°  is  pure  bromide 
of  tetryl. 

It  is  an  oily  liquid,  having  an  ethereal  odour,  and  boiling  at  89°.  Specific  gravity 
=  1-274  at  16°.    Vapour-density,  obs.  =  4720  ;  calc.  =  4749. 

Potassium  decomposes  bromide  of  tetryl,  slowly  at  ordinary  temperatures,  but  vio- 
lently when  heated.  When  the  two  substances  are  heated  together  in  a  sealed 
tube,  decomposition  begins  as  soon  as  the  potassium  melts,  a  large  quantity  of  gas 
(probably  tetrylene  ancl  tttn  lic  hydride)  being  evolved,  and  the  tube  exploding  with 
violence. — Ammonia  acts  slowly  on  bromide  of  tetryl  at  ordinary  temperatures, 
forming  hydrobromatc  of  tetrylamiiie.  (Wurtz.) 

TETRTIi,  CARBOMATE  OF.    See  Carbonic  Ethers  (1.  801). 

TETRYXi,  CHIiORXSE  OP.  C^H'Cl.  (Wurtz,  Ann.  Ch.  Pharm.  xciii. 
113.) 

Prepared:  1.  By  the  action  of  hydrochloric  acid  on  tetrylic  alcohol.  When  the 
alcohol  is  saturated  with  hydrochloric  acid  gas,  and  the  liquid  sealed  up  in  a  glass 
tube  is  heated  in  the  water-bath,  a  large  quantity  of  chloride  of  tetryl  is  produced, 
and  may  bo  obtained  pure  by  washing  the  product  with  water,  distilling,  and  separating 
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the  portion  which  goes  over  between  70°  and  76°. — 2.  By  the  action  of  pentachloride 
or  oxychloride  of  phosphorus  on  tetrylic  alcohol.  The  alcohol  is  placed  in  a  flask 
with  a  long  neck,  which  must  be  kept  very  cool,  and  the  chloride  of  phosphorus  added 
by  small  portions.  Violent  action  takes  place,  attended  with  groat  evolution  ui  heat, 
and  the  pentachloride  is  converted  into  oxychloride,  which  then  acts  on  the  last  por- 
tions of  tetrylic  alcohol.  The  oxychloride  may  also  be  used  from  the  beginning 
instead  of  the  pentachloride,  in  which  case  the  action  is  less  violent.  In  eitlier  case, 
the  contents  of  the  flask  must  be  left  to  stand  for  24  houi-s,  and  then  distilled,  the 
portion  which  passes  over  below  100°  being  collected  apart ;  this  portion  is  then 
washed  with  water,  dried  over  chloride  of  calcium,  and  rectified,  collecting  separately 
the  portion  which  distils  over  at  70°. — 3.  By  the  action  of  chlorine  on  tetrylic  hydride. 
(Pclouzeand  Cahours.) 

4.  By  distilling  amylic  alcohol  with  calcic  hypochlorite  (120  grms.  amylic  alcohol 
with  1,000  grms.  bleaching  powder,  and  2,o00  grms.  water).  The  oily  distillate 
yields,  after  fractionation,  about  20  grms.  of  a  liquid  boiling  between  62°  and  64°  ;  and 
on  treating  this  with  oil  of  vitriol,  and  afterwards  with  potash  (to  remove  chloroform), 
pure  tetrylic  chloride  is  obtained.  (F.  Gerhard,  Ann.  Ch.  Pharm.  cxxii.  363; 
Jahresb.  1802,  p.  409.) 

Chloride  of  tetryl  is  a  liquid  lighter  than  water,  ami  having  an  ethereal  odour, 
recalling  also  that  of  chlorine:  specific  gravity  =  0'88  (Gerhard).  Boiling-point 
about  70°.  It  is  rapidly  decomposed  by  potassium,  with  rise  of  temperature  and 
evolution  of  gas  (Wurtz).  Chlorine  converts  it  into  trichloride  of  carbon. 
(Gerhard.) 

TETRTI.,  CYATTIUE  OP.    See  Cyanides  (ii.  272). 
TETRYXi,  FORSSATE  Or.    See  FouMic  Ethees  (ii.  695). 
TBTRYI.,  HYBBATE  OP.    Normal  tetrylic  alcohol,  C-'H'.H.O  (p.  732). 

TETRYIi,  HYBHIBE  OP.  CH'"  =  C^II'.H. —This  compound,  discovered  by 
Wurtz  (Ann.  Cli.  Pharm.  xciii.  112),  is  produced,  together  with  tetrylene,  by  heating 
tetrylic  alcohol  with  excess  of  zinc-chloride.  When  the  gaseous  mixture  thus  evolved 
is  passed,  first  through  a  tube  surrounded  with  ice  and  inclined  upwards,  to  condense 
the  less  volatile  hydrocarbons  formed  at  the  same  time,  and  allow  them  to  flow  back  again 
— then  through  a  tube  surrounded  with  a  freezing  mixture,  a  very  volatile,  mobile, 
colourless  liquid  condenses  in  this  tube,  and  on  being  removed  from  the  freezing  mix- 
ture, quickly  evaporates,  yielding  a  mixture  of  about  equal  volumes  of  tetrylene  and 
tetrylic  hydride.  The  tetrylene  may  be  absorbed  by  a  coke-ball  saturated  with 
sulphuric  anhydride,  and  tetrylic  hydride  then  remains  nearly  pure. 

Tetrylic  hydride  is  one  of  the  constituents  of  American  petroleiira,  being  found, 
according  to  Pelouze  and  Cahours  (Ann.  Ch.  Phys.  [4],  i.  .5),  in  the  most  volatile 
portion  of  the  oil,  boiling  between  5°  and  10°.  Ronalds  (Chem.  Soc.  J.  xviii.  64), 
by  subjecting  the  portion  which  distilled  between  0^  and  4°  (containing  tetrylic 
hydride  with  smaller  quantities  of  tritylic  and  ethylie  hydrides),  to  fractional  distilla- 
tion, and  collecting  the  distillate  in  a  well-cooled  receiver,  obtained  the  tetrylic  hydride 
in  a  state  of  purity.  It  is  a  very  mobile  liquid,  having  a  sweetish  odour,  a  specific 
gravity  of  0'60  at  0°  and  vapour-density  =  2-11  (calc.  =  2-006).  It  burns  with  a 
yellow,  faintly  luminous  flame,  is  insoluble  in  water,  but  dissolves  in  alcohol  and  in 
ether.  Alcohol  of  98  per  cent,  absorbs  11  or  12  times  its  volume  of  the  vapour.  When 
1  vol.  of  the  vapour  is  mixed  with  2  vols,  chlorine-gas,  chloride  of  tetryl  condenses, 
and  2  vols,  hydrochloric  acid  gas  are  produced. — The  portion  of  American  petroleum 
distilling  between  6°  and  8°  is  a  mixture  of  tetr3-lic  and  amylic  hydrides. 
(Ronalds.) 

TETKYIi,  IODISES  OP.  a.  Normal  tetrylic  iodide,  CHM,  is  produced  by 
the  action  of  phosphorus  and  iodine  on  tetrylic  alcohol.  I'o  pt.  iodine  is  added  to  1  pt. 
tetrylic  alcohol  in  a  vessel  surrounded  with  cold  water,  and  a  quantity  of  phosphorus 
equal  to  about  i  of  the  iodine,  added  in  successive  small  portions,  the  mixture  being 
heated  towards  the  end  of  the  process,  to  render  the  action  complete.  The  dark 
colour  of  the  liquid  then  gradually  changes  to  brownish-yellow,  whilst  hydriodic  acid 
is  abundantly  evolved,  which,  together  with  a  small  quantity  of  tetrylic  iodide  that 
passes  over  with  it,  is  received  in  a  small  quantity  of  cold  water.  As  soon  as  the 
colouring  produced  by  the  iodine  has  disappeared,  and  the  liquid  is  in  full  ebullition, 
it  is  left  to  cool,  and  that  which  remains  in  the  distillation-vessel  is  washed,  first  with 
the  aqueous  hj-driodicacid  previously  collected — wherebj-  a  small  quantity  of  undecom- 
posed  tetrylic  alcohol  is  dissolved — and  thru  with  pure  water;  it  is  then  dehydrated 
with  chloride  of  calcium,  and  freed  from  the  still  remaining  portion  of  tetrylic  alcohol 
by  treating  it  while  warm  with  pulverised  iodide  of  phosphorus,  till  the  latter  crystal- 
lises out  on  cooling.  The  liquid  is  then  distilled,  and  the  distillate  is  washed  with  water, 
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dehydrated  over  chloride  of  calcium,  and  rectified,  the  portion  which  passes  over 
between  118°  and  122°  being  collected. 

Tetrylic  iodide  is  colourless  when  recently  prepared,  but  soon  turns  brown  by  ex- 
posure to  light.  It  refracts  light  strongly;  boils  at  121°;  but  when  a  mixture  of 
water  and  iodide  of  tetryl  is  distilled,  the  thermometer,  at  the  beginning  of  the  distil- 
lation, when  the  tetrylic  iodide  chiefly  passes  over,  indicates  only  88°  to  89°.  Specific 
gi-avity  =  l  fi04at  19"".    Vapour-density  =  6-217  (calc.  =  6-344). 

Tetrylic  iodide  burns  vn\\\  difficulty,  and  only  in  contact  with  a  burning  body ;  the 
combustion  is  attended  with  evolution  of  iodine-vapours.  It  is  but  slowly  attacked 
by  aqueous  potash,  even  when  boiled  therewith  for  some  time ;  but  alcoholic  potash 
decomposes  it,  with  formation  of  tetrylic  alcohol  and  iodide  of  potassixun. — Potassium 
decomposes  iodide  of  tetryl,  yielding  tetryl  and  iodide  of  potassium. — With  tetrylate 
of  potassium,  CffKO,  it  foi-ms  tetrylic  ether  and  iodide  of  potassium  (p.  736). — With 
oxide  of  silver,  it  forms  tetrylic  ether  and  iodide  of  silver. — With  silver-salts  {e.g.  the 
carbonate,  sulphate,  acetate,  &c.)  it  forms  iodide  of  silver  and  a  compound  ether  {e.g. 
carbonate,  sulphate,  acetate,  &c.)  of  teti-yl.  A  solution  of  nitrate  of  silver  is  imme- 
diately precipitated  by  iodide  of  tetryl.  (Wurtz.) 

■J- .    (De  Luynes,  Jahresb.  1862,  p.  479; 

1863,  p.  503;  1864,  p.  500). — This  compound  is  produced  by  the  action  of  hydriodie 
acid  on  erythromannite  (ii.  506) : 

C4ja:'"0<  +  7HI    =    C'H'I  +  4H20  +  3P. 

Thirty  grms.  of  perfectly  dry  (fused)  erythromannite  are  slowly  distilled  with  350  to 
400  grms.  of  fuming  hydriodie  acid,  of  specific  gravity  1-99.  As  soon  as  the  liquid 
boils,  isotetrylic  iodide  distils  over,  together  with  undecomposed  hydriodie  acid.  It  is 
purified  by  washing  with  potash-ley,  then  with  water,  dried  over  chloride  of  calcium, 
and  rectified.  With  weaker  acid  (of  specific  gravity  1-70,  for  example),  a  greenish 
product  is  obtained,  which  decomposes  partially  during  rectification,  and  is  best  puri- 
fied by  a  second  distillation  with  hydriodie  acid. —  2.  By  the  action  of  hydriodie  acid 
gas  on  isotetrylic  alcohol,  &c. 

Isotetrylic  iodide,  when  recently  prepared,  is  colourless,  and  has  an  agreeable  ethereal 
odour.  Its  specific  gravity  is  1-632  at  0°,  1-600  at  20°  and  1-584  at  30".  It  boils  at 
about  118°.  Vapour-density  =  6-597  at  20°;  =  6  ol7  at  24°.  It  is  insoluble  in 
water,  but  soluble  in  alcohol  and  ether.  When  exposed  to  light  at  a  somewhat  high  tem- 
perature, it  becomes  coloured. — C/ifomie  decomposes  it,  separating  iodine,  and  forming 
an  aromatic  liquid,  which  boils  at  120°  (probably  C''H''C1-). — With  bromine  it  gives 
off  iodine,  and  yields  bromide  of  tetrylene,  C^H^Br'. 

TETRYXi,  NITRATE  OP.  CH^NO^  (Wurtz,  Ann.  Ch.  Pharm.  xciii.  120.)— 
Prepared  by  mixing  tetrylic  iodide  with  a  small  quantity  of  fused  urea,  and  a  slight 
excess  of  fused  silver-nitrate.  The  reaction  takes  place  immediately,  accompanied  by 
60  much  heat  that  part  of  the  product  distils  over ;  the  rest  must  be  afterwards 
volatilised,  by  heating  the  mixture  to  140° — 150°.  The  distillate  is  purified  by  washing 
with  slightly  alkaline  water,  drying  with  chloride  of  calcium,  and  rectification. 

TETRYI.,  OXIDE  OP.  C«H"0  =  (C<H');0.  (Wurtz,  Ann.  Ch.  Pharm. 
xciii.  117.) — Produced:  1.  By  the  action  of  tetrylic  iodide  on  tetrylate  of  potassium. 
The  product  tlms  obtained  is,  however,  difficult  to  purify  from  tetrylic  alcohol,  as  the 

boiling-points  of  the  two  liquids  diflTer  but  little  from  each  other  2.  A  purer  product 

is  obtained  by  the  action  of  tetrylic  iodide  on  oxide  of  silver. 

Ethjl-tetrylic  ether,  (C-H*)(C'H°)0,  is  produced  by  the  action  of  ethylic  iodide  on 
tetrylate  of  potassium.  It  is  a  colourless  fragrant  liquid,  ha\-ing  a  specific  gravity  of 
0-7507. 

TETRYXi,  SUIiPHATE  OP.    See  Sitlphueic  Ethers  (p.  629). 

TETRTIi,  SUI.PHYDRil.TE  OF.  C^H'°S  =  C^H'.H.S.  Tetrylic  or  BtUylic 
Mercaptan.  (E.  Hermann,  Ann.  Ch.  Pharm.  xev.  256  ;  Chem.  Soe.  Qu.  J.  viii.  274.) — 
Produced  by  distilling,  at  tlie  heat  of  the  water-bath,  a  mixture  of  aqueous  .-sulphydrate 
of  potassium  and  concentrated  aqueous  totrylsulphate  of  potassium,  the  product  being 
received  in  a  well-cooled  flask : 

C'H'KSO^  +  KHS  =  C'H'»S  +  K^SO^ 

The  oily  liquid  which  condenses  is  decanted,  placed  in  contact  with  chloride  of  calcium, 
and  distilled,  the  portion  which  passes  over  between  85°  and  90°  being  collected 
apart. 

Tetrylic  mercaptan  is  a  colourless  very  mobile  liquid,  liaving  the  peculiar  disagree- 
able odour  which  characterises  the  mercaptans.  Specific  gravity  =  0-848  at  11-5°. 
Vapour-density  —  3-10.    Boils  at  88°.    It  has  no  action  on  vegetable  colours,  is  very 
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sparingly  soluble  in  tvatcr,  but  freely  in  alcohol  and  ether ;  it  diasolvos  sulphur  and 
iodine.  It  is  very  intinminable,  and  burns  with  a  pale-blue  flame. — Dilute  nitric 
acid  acts  very  strongly  upon  it,  forming  an  oily  liquid  which  floats  on  the  surface. 

Potassium  decomposes  teti-j'lic  mcrcaptan,  with  evolution  of  hydrogen,  and  formation 
of  a  white  granular  tetrylmercaptide  of  potassium,  C'H''KS.  Tetrylic  mercaptan  is 
also  decomposed  by  several  metallic  oxides,  or  by  the  solutions  of  their  salts,  forming 
teti'j-lmereaptides  :  e.g.  with  mercuric  oxide  : 

2C*H'"S  +  Hg"0    =    C=H'*'Hg"S-  +  H'O. 

Tlie  mercury-compound  thus  obtained  forms  white  nacreous  scales,  which  aro 
unctuous  to  the  touch,  and  very  fusible.  It  is  decomposed  by  sulphydric  acid,  witli 
formation  of  mercuric  sulphide  and  tetrylic  alcohol. — The  Uad-compoimd,  CTI"^Pb"S-, 
is  a  yellow  crystalline  precipitate,  formed  on  evaporating  an  alcoholic  solution  of 
tetrj'lic  mercaptan  into  acetate  of  lead. — The  cupric  and  auric  scdts  are  white  precipi- 
tates. 

TETBT1.A1VIIWE.  C'II"N  =  N.H^C^H'.  Butylamine.  (Wurtz,  Ann.  Ch. 
Pharm.  xciii.  124.) — This  base,  produced  liy  the  action  of  potash  on  cyanate  or  cyanu- 
rato  of  tetryl,  is  metameric  with  diethylamine,  N.H.(C'-H^)-,  ethyl-dimethylamine, 
N.C-Hl(CH^)^  and  methyl-tritylamine,  N.H.CH-'.Cnr.  Petinine,  a  volatile  base 
obtained  by  Anderson  from  the  most  volatile  portion  of  bone-oil,  is  also  isomeric,  or 
perhaps  identical,  with  tetrylamine. 

To  prepare  tetrylamine,  2  pts.  of  potassic  tetrylsulphate  are  distilled  with  1  pt.  of 
recently  prepared  and  perfectly  dry  potassic  cyanate  ;  the  pasty  mixture  of  tetrylic 
cyanate  and  cyanurate,  which  distils  over,  is  dissolved  in  alcohol ;  and  the  solution  is 
boiled  with  fragments  of  caustic  potash.  Carbonate  of  potassium  is  then  formed,  and 
tetrylamine  distils  over,  and  is  condensed  in  a  small  quantity  of  cold  water  acidulated 
with  hydrochloric  acid.  The  boiling  is  continued  till  the  residue  fuses  completely, 
and  no  longer  gives  off  alkaline  vapours.  The  resulting  solution  of  hydrochlorate  of 
tetrylamine  is  evaporated  to  dryness ;  and  the  residual  salt,  freed  by  fusion  from  the 
water  which  it  retains,  is  pulverised  when  cold,  and  rapidly  mixed  with  an  equal  weight 
of  quicklime.  This  mixture  is  then  introduced  into  a  tube  of  hard  glass,  which  must 
be  filled  withrit  to  about  fom- -fifths  ;  the  upper  part  of  the  tube  is  filled  with  fragments 
of  caustic  baryta ;  a  gas-delivery  tube,  bent  at  right-angles,  is  adapted  to  the  larger 
tube,  and  made  to  pass  into  a  small  flask  suiTOunded  with  ice  ;  and  the  tube  is  care- 
fully heated  in  a  combustion-furnace,  from  the  closed  end  onwards.  The  evolved 
tetrylamine  is  then  completely  dehydrated  by  the  caustic  baryta,  and  condenses  iu  a 
cooled  flask. 

Tetrylamine  is  a  transparent  colourless  liquid,  having  a  strongly  ammoniacal  and 
somewhat  aromatic  odour,  and  producing  dense  white  fumes  with  hydrochloric  acid. 
It  boils  at  69° — 70^  (petinine  at  about  70'5°).  It  dissolves  in  all  proportions  of  water, 
alcohol,  and  ether  ;  the  aqueous  solution  smells  like  the  pure  base,  and  is  very  caustic  ; 
when  concentrated  it  is  somewhat  viscid. 

Salts  ofTetrylamin  e. — Most  metallic  solutions  are  precipitated  by  tetrylamine  in 
the  same  manner  as  by  ammonia. — The  zinc,  cadvmim,  and  copper  precipitates  dissolve 
in  excess  of  the  reagent ;  gelatinous  alumina  likewise  dissolves  in  excess  of  tetrylamine ; 
the  precipitates  formed  in  solutions  of  chro»iium,  nickel,  and  cobalt,  are  insoluble  in 
excess  of  tetrylamine. — With  nitrate  of  silver,  tetrylamine  forms  a  tawny  yellow 
precipitate,  easily  soluble  in  excess.  Gelatinous  silica  dissolves  in  tetrylamine, 
and  remains  in  the  pulverulent  and  amorphous  state  when  the  solution  is  evaporated. 

Hi/drochloratc  of  T'ctrylaininc,  C'II"N.HC1,  crystallises  in  deliquescent  needles, 
which  melt  below  100°  ;  when  exposed  to  the  air,  it  gives  off  thick  white  fumes,  and 
volatilises  without  residue. — The  chloroeairate,  (2C'H"N.HCl).AuCl-\  crystallises  on 
evaporation  in  rectangular  plates  of  a  pale-yellow  colour,  melting  and  changing  to 
orange-yellow  at  100°.— The  chloroplatinatc,  2(0^H"N.IICl).PtCl',  crystallises  by 
evaporation  in  beautiful  orange-yellow  laminae,  soluble  in  water  and  in  alcohol. 

TETRVXiESTE.  CH".  Bufi/lcne,  Bntyrcnc,  Buiene,  Vedylene,  Ditctrt/l—1h\s 
hydrocarbon  was  discovered,  in  182.5,  by  Faraday  (Phil.  Trans.  182.5,  p.  440),  who 
obtained  it  by  compressing  the  illuminating  gas  produced  liy  the  destructive  distilla- 
tion of  fixed  oils.  Some  years  later,  Kolbe  (Ann.  Ch.  Pharm.  Ixix.  269)  obtained  it 
by  the  electrolysis  of  valerianic  acid  ;  and  Wurtz  (Ann.  Ch.  Pharm.  xciii.  107)  has 
shown  that  it  is  a  frequent  product  of  the  decomposition  of  tetryl-compounds,  being 
frrmed  especially  in  the  dehydration  of  tetrylic  alcohol  by  strong  sulphuric  acid  or 
cldoride  of  zinc,  and  as  a  secondary  product  of  the  action  of  potassium  or  silver-oxide 
on  tetrylic  iodide,  part  of  the  tetryl  thereby  set  free  being  resolved  into  tetrylene  iind 
tetrylic  hydi-ide  (p.  735);  it  is  formed  also,  in  small  quantity,  in  the  decomposition 
of  amylic  alcohol  at  a  red  heat.  Lastly,  De  Luynes  (Compt.  rend.  Ivi.  1175;  Ann. 
Ch.  Phys.  [4].  ii.  355;  Jahresb.  1863,  p.  504;  i864,  p.  500)  has  shown  that  it  is 
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produced  by  decomposing  isotetrylic  iodide  (p.  736)  with  alcoholic  potash  or  acetate 
of  silver,  isotetrylic  acetate  being  also  produced  in  the  latter  case. 

Preparation. — 1.  From  Oil-gas. — Faraday  obtained  tetrylene  by  subjecting  the 
illuminating  gas,  which  was  prepared  in  London  some  years  ago  by  decomposing  fixed 
oils  at  a  moderate  red  heat,  to  a  pressure  of  30  atmospheres.  1,000  cubic  feet  of  the 
gas  thus  treated  yielded  about  4  litres  of  so-called  empyreumatic  oils,  consisting  chiefly 
of  tetrylene  and  benzene.  As  the  former  of  these  hydrocarbons  boils  below  0°,  it  may 
be  separated,  in  great  part,  by  gradually  warming  the  mixture  to  38-"  in  a  suitable 
distillatory  apparatus  connected  with  a  receiver  cooled  to  —18°;  and  by  subjecting  the 
distillate  several  times  to  the  same  treatment,  but  each  time  at  a  lower  temperature, 
the  tetrylene  may  be  obtained  nearly  pure. 

Tetrylene  is  also  formed  by  subjecting  acetate  of  sodium  or  oleate  of  calcium,  mixed 
with  soda-lime,  or  butyrate  of  barium,  or  by  itself,  to  destructive  distillation  ;  also  by 
heating  glucose  with  soda-lime ;  in  each  case,  however,  the  tetrylene  is  accompanied 
by  a  large  quantity  of  tritylene,  amylene,  and  other  hydrocarbons.  The  gases  thus 
evolved  are  fixed  by  passing  them  through  bromine,  whereby  they  are  all  converted  iuto 
bromides  ;  and  from  the  mixture  thus  obtained,  the  bromide  of  tetrylene  may  be  sepa- 
rated by  fractional  distillation.    (Bert helot,  Ann.  Ch.  Pharm.  cviii.  200.) 

2.  From  Valerianic  Acid. — A  concentrated  solution  of  potassic  valerate  is  subjected 
to  the  action  of  an  electric  current  with  platinum  electrodes.  Tetrylene  is  then  evolved 
at  the  positive  pole,  together  with  tetryl  and  carbonic  anhydride,  while  the  gas  evolved 
at  the  negative  pole  consists  -wholly  of  hydrogen ;  and  if  a  porous  diaphragm  be  inter- 
posed between  the  two  electrodes,  the  tetrylene  will  pass  off,  mixed  only  with  tetryl 
and  carbonic  anhydride.  To  separate  it,  the  gaseous  mixture  is  passed,  first  through  a 
tube  surrounded  with  afrigorific  mixture,  and  through  alcohol,  to  condense  and  absorb 
the  tetryl ;  then  through  water,  to  take  up  the  alcohol ;  and  lastly  tlirough  strong 
potash-ley  and  over  solid  potash,  to  absorb  the  carlionie  acid  and  water.  The  tetry- 
lene obtained  by  this  process  is  merely  a  secondary  product,  probably  formed  by 
oxidation  of  a  portion  of  the  tetryl,  which  is  the  immediate  product  of  the  electrolytic 
action  (p.  731): 

CH's  +  0    =    2C*H«  +  H'O. 

Tetryl.  Tetrylene. 

3.  From  Jetrylic  Alcohol. — When  this  alcohol  is  quickly  mixed  with  excess  of  sul- 
phuric acid,  the  mixture  gently  heated,  and  the  evolved  gas  freed  from  sulphurous  and 
carbonic  acids  by  absorption  with  potash,  tetrylene  is  obtained  nearly  pure,  being 
contaminated  only  with  a  small  quantity  of  a  hydrocarbon  of  higher  atomic  weight. — 
When  tetrylic  alcohol  is  heated  with  excess  of  zinc-chloride,  nearly  pure  tetrylene  is 
evolved  at  first,  afterwards  a  mixture  of  tetrylene  and  tetrylic  hydride. 

4.  From  Kryihromannitc. — This  substance  is  distilled  with  hydriodic  acid,  as  already 
described  (p.  736),  and  the  resulting  isotetrylic  iodide  (or  tetrylenic  hydriodate)  is 
treated  with  alcoholic  potash,  or,  better,  with  acetate  of  silver.  The  isotetrylic  iodide 
is  poured  upon  an  equal  weight  of  silver-acetate,  contained  in  strong  glass  tubes, 
which  can  be  quickly  sealed ;  and  after  the  violent  reaction  which  immediately  takes 
place  is  over,  the  tubes  are  cooled  in  a  mixture  of  ice  and  salt.  On  opening  them,  and 
exposing  them  to  a  gentle  heat,  gradually  raised  to  40^  or  50°,  the  whole  of  the  tetry- 
lene is  given  off,  and  may  either  be  collected  as  gas,  or  condensed  in  a  U-tube  cooled 
to  a  low  temperature.  Isotetrylic  acetate  (p.  734)  remains  behind  in  the  tubes.  (De 
Luynes.) 

I'ropcrties. — Tetrylene  at  — 18°  is  a  colourless  mobile  oil,  having  an  ethereal  but 
peculiar  and  penetrating  odour.  At  the  temperature  of  a  mixture  of  ether  and  solid 
carbonic  anhydride,  it  solidifies  to  a  white  crystalline  mass,  which  liquefies  again  as  soon 
as  it  is  taken  out  of  the  freezing  mixture  (De  Luynes).  The  liquid  boils  below  0° 
(Faraday);  at  -i- 3°  (De  Luynes).  The  tension  of  its  vapour  at  -(-15°  is  equal 
to  4  atmospheres  (Fa  rad  ay).  Vapoiu'-density  =  1'933  (Kolbe);  calc.  =  \  940. 
The  gas  burns  with  a  red,  blue-edged,  very  smoky  flame.  It  is  sparingly  absorbed  by 
«)ai!er,  easily  by  (i^co/ioZ,  and  still  more  by  cMfr :  the  alcoholic  solution  gives  up  the 
gas,  with  effervescence,  on  dilution  with  water;  so  likewise  does  the  ethereal  solution 
when  diluted,  first  with  alcohol,  then  with  water.  It  dissolves  easily  in  glacial  acetic 
acid,  and  completely  in  strong  sulphuric  acid,  without  formation  of  sulphurous  acid, 
producing  a  yellow  liquid,  from  which  water  separates  a  light  fragrant  oil  (Do 
Luynes);  according  to  Faraday,  the  product  of  this  reaction  is  a  conjugated  acid 
[?  homologous  with  ethionio  or  isethionic  acid],  which  forms  peculiar  salts.  The  gas 
is  likewise  absorbed  by  ails,  both  fixed  and  volatile,  olive-oil  taking  up  about  six  times 
its  own  volume.  It  unites  with  ctilorine  (Faraday;  Kolbe),  and  bromine  (Hof- 
mann),  forming  oily  products. — Aqueous  hydrindic  acid,  saturated  at  0°,  quickly 
absorbs  tetrylone-gas,  forming  isotetrylic  iodide  or  tetrylenic  hydriodate,  C'H^I, 
identical  with  that  produced  by  the  action  of  hydriodic  acid  on  erythromannite.  (De 
Luynes.) 
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TETR-S'l.EirE-BXA.MZirE.    C'H'-N^  =  N^j^^'^^.— A  base  produced  by 

the  action  of  nascent  hydrogpn  (evolved  from  tin  and  hydrochloric  acid)  upon  cyanide 
of  ethylene:  C'H'C-N'  +  H«  =  C^H'-m  It  boils  above  140°,  and  its  chloro- 
platinate  contains  39'45  per  cent,  platinum,  agreeing  with  the  formula  C^H''^NM['''C1'^ 
rtUl'.    (T.  Fairloy,  Chem.  Soc.  J.  xvii.  362.) 

TETRVX.ENXC  ACETATE.  eH'^O^  =  ^^^^^^2 1  0^— Prepared  by  dis- 
tilling bromide  of  tetrylene  with  acetate  of  silver.  The  distillate  is  purified  by 
repeatedly  rectifying  the  portion  which  distils  above  140°,  over  dry  acetate  of  silver, 
and  finally  by  itself,  the  portion  which  passes  over  above  190°  being  collected  apart. 
Acetate  of  tetrylene  is  a  colourless  oily  liquid,  inodorous  in  the  cold,  but  smelling 
slightly  of  acetic  acid  when  warmed.  Itboils  at  about  200°,  is  insoluble  in  water,  but 
dissolves  readily  in  alcohol  and  in  ether.  It  is  easily  decomposed  by  alkalis,  with 
separation  of  tetrylenic  ak'ohol.    (W  u r t z.) 

TETBYIENIC  AXiCOHOS..    C'Hi°0=  =  '■^'"^^jp' [        Tetrijl- QX  Butyl-ghjcol. 

(Wurtz,  Ann.  Ch.  Phys.  [3],  Ivi.  412.) — A  diatomic  alcohol,  homologous  with  ordi- 
nary glycol,  and  produced  in  like  manner,  by  heating  tetrylenic  acetate  with  potash. 
It  is  a  colourless,  viscid,  inodorous  liquid,  having  a  mild  aromatic  taste.  Specific 
gravity  =  1-048  at  0°.  Boiling-point  =  183°— 184°.  Vapour  density,  obs.  =  3-19; 
calc.  —  3-12.    It  dissolves  in  all  proportions  of  wrtifr,  rt/eo/zo/,  and  f^/if/-. 

Tetrylenic  alcohol  is  easily  oxidised  by  nitric  acid ;  when  heated  with  dilute  nitric 
acid,  it  yields  oxalic  acid.  When  dilute  nitric  acid  is  cautiously  poured  upon  the 
aqueous  solution  of  the  alcohol,  so  that  the  two  liquids  may  mix  and  react  slowly, 
butylactic  acid,  or  oxybutyric  acid,  C''H*0^  (i.  688),  is  formeil,  together  with  another 
acid,  whose  calcium-salt  is  insoluble  in  water  (the  silver-salt  of  the  latter  yielded 
9'2  per  cent,  carbon  and  I'l  hydrogen). — Tetrylenic  alcohol,  heated  with  hydrate  0/ 
potassium  or  sodium,  is  decomposed,  with  evolution  of  hydrogen,  but  not  so  readily  as 
ordinary  glycol.  Oxalic  acid  appeai-s  to  be  formed  in  this  reaction.  Succinic  acid  is 
not  found  among  the  products  of  oxidation,  either  by  nitric  acid  or  by  hydrate  of  po- 
tassium. 

Tetrylenic  alcohol  heated  with  hydriodic  acid,  is  converted  into  tetrylic  iodide,  the 
glycol  being  first  reduced  to  tetrylic  alcohol,  according  to  the  equation  : 

C'H"'0=  +  2HI    =    C^H'»0  +  H=0  +  1\ 

and  the  tetrylic  alcohol  converted  into  tetrylic  iodide  by  the  further  action  of  the 
hydriodic  acid.    (Wurtz,  Ann.  Ch.  Phys.  [3],  Ixiii.  124.) 

TETBirXiEnZC  BROnxiSE,  C'H''Br^  is  formed  on  mixing  tetrylene-gas 
with  bromine-vapour,  also  (according  to  De  Luynes)  by  the  action  of  bromine  on 
isoteti-ylic  iodide,  C^II^I,  the  reaction  being  attended  with  evolution  of  iodine  and 
hydrobromic  acid.  It  is  an  oily  liquid,  boiling  at  168°  (Wurtz  ;  De  Luynes),  and, 
according  to  Cahours  (Compt.  rend.  xlvi.  244),  is  resolved,  by  heating  with  alcoholic 
ammonia,  into  bromide  of  ammonium  and  bromotetrjdene,  C''H'Br. 

TETKVXiEM'IC  CH3.0RIISE.  C^H^CP. — Produced  by  the  direct  combination 
of  chlorine  and  tetrylene  gases  in  diffused  daylight,  the  tetrylene  being  kept  ia 
excess. 

The  oily  product,  after  being  freed  from  hydrochloric  acid,  by  washing  it,  first  with 
very  weak  potash,  then  with  pure  water,  is  dried  over  chloride  of  calcium,  and  distilled, 
the  portion  which  passes  over  below  130°  being  collected  apart;  and  this  portion  is 
subjected  several  times  to  fractional  distillation,  till  an  oil  is  obtained,  boiling  con- 
stantly at  125°  (Faraday  ;  Kolbe).  The  same  compound  is  probably  formed  by 
the  action  of  chlorine  on  isotetrylic  iodide  (p.  736),  the  liquid  thus  obtained  boiling  at 
120°.    fDe  Luynes.) 

Chloride  of  tetrylene  is  a  colourless  oil,  having  an  agreeable  sweetish  odour,  like 
that  of  Dutch  liquid,  and  a  burning  t;iste.  Specific  gravity  =  1'112  at  28°.  Boiling- 
point  =  123°.  Vapour-density  =  4-426  (Kolbe) ;  by  calculation,  4-39.  It  is  insoluble 
in  water,  but  mixes  with  alcohol  and  ether.  It  burns  brightly  in  the  flame  of  a  spirit- 
lamp  emitting  smoke  mixed  with  vapours  of  hydrochloric  acid.  It  is  decomposed 
by  heating  with  alcoholic  potash,  yielding  chloride  of  jjotassium  and  a  volatile  oily 
liquid,  probably  consisting  of  chlorotetrylene,  C'H'Cl. 

The  less  volatile  portions  of  liquid,  boiling  above  130°,  which  remain  behind  in  the 
rectification  of  tetrylenic  chloride,  are  probably  also  substitution-products,  formed 
simultaneously  with  the  tetrylenic  chloride.  The  s.arae  bodies  are  obtained  when 
chloride  of  tetrylene  is  exposed  to  sunshine  in  contact  with  excess  of  chlorine.  A 
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viscid  mass  is  then  formed,  which  still  contains  hydrogenated  products,  and  does  not 
yield  any  crystals  of  trichloride  of  carbon.  (Faraday.) 

Tetrylene-gas  is  likewise  absorbed  in  large  quantity  by  pentachloride  of  antimony; 
and  on  distilling  the  product,  a  chlorinated  oil  is  obtained,  having  the  composition 
C'H'Cl',  orC^IPCl.CP. 

TETKYZi-CIiYCOZi.    Syn.  with  Tetrylenic  Alcohol. 

TX:TRYZ.Zir-TRZAIUmE.  C^H'^N^  =  N»j^*^'^5^  .—A  triatomic  base  pro- 
duced by  the  action  of  nascent  hydrogen  (evolved  by  the  action  of  tin  on  hydrochloric 
acid)  upon  cyanoform : 

CH.C'N'  +  =  C^H'W. 

It  boils  at  a  temperature  above  150°,  and  forms  a  platinum-salt  containing  2(C*H"N'. 
3HCl).3PtCl^    (Fairlie,  Chem.  Soc.  J.  xvi.  362.) 

TETRYi-ffiWAWTHYI..  C<H^C'H"0.  Tdryl-oenanthoJ .  Butyl-cenanthyl. 
Butyl-buti/ronc.    (See  Butyrone,  i.  698.) 

TETRYI.SUZ.PHURXC  ACID.  C^HMI.SO'.  See  SuLPHTRic  Ethees  (p.  629). 

TETRYISULPHYDBIC  ACID.    C^H'.H.S.     Tetrylmercaptan  (p.  736). 

TETTCRITTBS.  The  herb  of  several  species  belonging  to  this  genus,  formerly  used 
in  medicine,  contains  a  peculiar,  resinous,  bitter  principle.  T.  PoUum  is  said  to  be 
used  in  Greece  as  a  remedy  against  the  bites  of  serpents.  (Landerer,  Buehn. 
Eepert.  xcii.  2i6). 

TETTTXiOSE  (from  nvTKov,  beet). — A  kind  of  sugar,  resembling  glucose,  said  to 
exist,  under  certain  circumstances,  in  the  juice  of  beet.  According  to  31  i ch a elis 
(J.  pr.  Chem.  Ixxiv.  397),  the  sugar,  sometimes  optically  inactive,  sometimes  Isevorota- 
tory,  produced  from  the  cane-sugar  of  beet,  especially  when  the  juice  is  acid,  is  different 
from  ordinary  inverted  sugar  (p.  465). 

TEXAXITE.  A  name  applied  by  E.  Hermann  (J.  pr.  Chem.  Ixxxii.  368)  to 
native  magnesium-hydrate,  Mg"H-0'^,  occurring  at  Woods  Mine,  Texas,  Lancaster 
County,  Pennsylvania,  in  monoclinic  forms  homceomorphous  with  epidote,  whereas 
the  ordinary  form  of  magnesium-hydrate  (brucite),  is  rhonibohedral ;  but,  according  to 
Auerbach's  observations  of  the  polarising  properties  of  theso-called  texalite  crystals, 
they  also  belong  to  the  hexagonal  system.    (Jahresb.  1861,  p.  979.) 

TEXASITE.  Ni"C0'.2Ni"H"0'.  Syn.  with  Emerald-nicxel.  (See  Carbonates, 
i.  789.) 

THAKCETOITE.  One  of  the  compounds,  or  rather  mixtures,  obtained,  according 
to  Zeise,  by  the  action  of  ammonia  and  sulphur  on  acetone  (i.  28). 

THAIiITE.  A  name  applied  by  D.  Owen  (Sill.  Am.  J.  xiii.  420),  to  an  altered 
soapstone  from  the  nortli  sliore  of  Lake  Superior,  which  he  supposed  to  contain  a 
peculiar  earth,  thalia  ;  this  however,  according  to  Smith  {ibid.  xvi.  95),  and  Genth 
\ibid.  xvii.  130),  was  merely  impure  magnesia. 

THAIiXiEIOCHXM',  or  DAXiXiEXOCHin'.  A  product  of  the  action  of  chlorine- 
water  on  sulphate  of  quinine  (p.  18). 

THAIiIalTE.    Syn.  with  Epidote. 

TH AIiLItriVI.  Atomic  weight,  204  ;  Symbol,  Tl. — An  elf>nient  discovered  by 
Crookcs,  in  1861,  in  a  seleniferous  deposit  fi-om  the  sulphuric  acid  manufactory  iu 
Tilkerode,  in  the  Harz.  In  the  distillation  of  some  impure  selenium  prepared  from 
this  deposit,  a  considerable  refidue  was  left,  which  was  at  first  supposed  to  contain 
tellurium,  till  spectrum-analysis  showed  that  a  new  element  was  present,  whose  spec- 
trum consisted  of  a  single  sharp  and  brilliant  green  line  (hence  the  name  thallium,  from 
BaWos,  a  green  bud).  Tliis  element  was  at  first  suspected  to  be  a  metalloid,  but  further 
examination  proved  it  to  be  a  true  metal.  It  was  first  obtained,  in  a  distinct  metalHc 
form,  by  Crookes,  towards  the  end  of  the  year  1861,  and  soon  aftcrnards  by  Lamy, 
whose  experiments  appear  to  have  been  made  without  previous  knowledge  of  Crookes's 
results.*  It  has  since  been  made  the  subject  of  numerous  researches,  and  a  great 
number  of  its  compounds  have  been  prepared  and  carcfulh-  examined.  A  full  account 
of  tlie  results  obtained  down  to  January  1864,  together  with  a  list  of  memoirs,  is 
given  by  Crookes,  in  the  Journal  of  the  Chc/uical  Suciiti/,  vol.  xvii.  p.  1 12.  The  most 
important  papers  on  thallium  and  its  compounds,  published  since  that  date,  are  the 
following : — 

On  the  Extraction  of  Thallium. — Schrotter,  Wien.  Akad.  Ber.  xlviii.  [2],  734. — 

*  Respmiiig  the  controversy  .-xbout  the  priority  of  the  discovery  of  the  met-illic  nature  of  thallium, 
see  Jahresb.  f.  Cliem.  18(12,  p.  177. 
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G.  Werther,  J.  pr.  Chem.  xci.  385.— Strciig,  Zeitschr.  f.  Chem.  1865,  p.  106.— 
Bunsen,  Anu.  Ch.  Pharm.  exxxiii.  108.— Willm,  Ann.  Ch.  Pliys.  [4],  v.  5. 

Crystalline  forms  of  Thallium-salts. — W.  II.  Miller,  Proe.  Eoy.  Soc.  xiv.  555. 

Solubility  of  Thallium-salts. — Crookes,  Cliem.  News.  x.  27. 

Chlorides  of  Thallium. — Werthor,  J.  pr.  Chem.  xci.  385. — Nicklfes,  Compt. 
rend.  Iviii.  637. — Hebberling,  Ann.  Ch.  Pharm.  cxxxiv.  11. — Willm,  loc.  cit. 

Bromides  arid  Iodides  of  Thallium. — Werther,  loc.  cit. — Willm,  ?oc.  e/<. —  On  the 
Bromides  also,  Willm,  Bull.  Soc.  Chim.  1864.  ii.  89.— Nick  Us,  loc.  cit. 

Fluorides  of  Thallium. — Kuhlmann,  Compt.  rend.  Iviii.  1037. — Bucliner,  J.  pr. 
Chem.  xcvi.  404. 

Oxides  and  Oxygen -.^alts  of  Thallium. — (Schcnbein,  J.  pr.  Chem.  xciii.  35. — 
Werther,  loc.  cit. — Kuhlmann,  loc.  cit. — Strecker,  Ann.  Ch.  Pharm.  cxxxv.  207. 
- — -Willm,  loc.  cit.:  also,  Bull.  Soc.  Chim.  1866,  ii.  165. —  O71  the  I'hosjyhatcs  of  Thal- 
lium, Lamy,  Ann.  Ch.  Phys.  [4],  v.  410. 

The  memoir  of  Willm,  above  referred  to,  contains  a  summary  of  the  results  relating 
to  thallium  and  its  compounds  down  to  1865.  (See  also  Jahresb.  f.  Chemie,  1864,  pp. 
245—257;  1865,  pp.  242—255.) 

Sources. — As  sulphide,  thallium  is  very  widely  distributed  as  a  constituent  of  irou- 
and  copper-pyrites.  Amongst  those  ores  in  which  it  occurs  most  abundantly  (although 
in  these  cases  it  does  not  constitute  more  than  from  the  lOO.OOOtli  to  the  4,000th  bulk 
of  the  ore),  may  be  mentioned  iron-pj'rites  from  Theux  near  Spa  in  Belgium,  from 
Namur,  PhilipviUe,  Alais,  the  South  of  Spain,  France,  Ireland,  Cornwall,  Cumberland, 
and  different  parts  of  North  and  South  America ;  in  copper-pyrites  from  Spain,  as  well 
as  in  crude  sulphur  prepared  from  this  ore;  in  blende  and  calamine  from  Theux;  in 
blende,  calamine,  metallic  zinc,  sulphide  of  cadmium,  metallic  cadmium,  and  cake-sul- 
phur from  Nouvelle-Montagne ;  in  native  sulphur  from  Lipari  and  Spain  ;  in  bismuth, 
mercury,  and  antimony  ores,  as  well  as  in  the  manufactured  products  from  these 
minerals  (frequently  in  so-called  pure  medicinal  preparations  of  these  metals);  in 
commercial  selenium  and  tellurium  (probably  as  selenide  and  telluride). 

Thallium  is  likewise  frequently  present  in  copper  and  in  commercial  salts  of  that 
metal.  In  Spain  a  very  impure  copper  is  prepared  by  allowing  copper- pyrites  to 
oxidise  in  the  air,  washing  out  the  resulting  sulphate  of  copper,  and  placing  scrap- 
iron  in  the  liquid,  which  causes  the  copper  to  precipitate  in  the  powdery  state.  Tlie 
metal  is  then  collected  together,  di'ied,  strongly  compressed,  and  heated  to  the  melting- 
point.  It  is  brought  over  to  this  country  in  the  form  of  rectangular  cakes,  weighing 
about  20  lbs.  each.  The  svdphide  of  thallium,  oxidising  to  sulphate  along  with  the 
sulphide  of  copper,  is  washed  out  by  the  water,  and  preciijitated  with  the  copper 
by  the  iron.    The  two  metals  readily  alloy  together. 

Thallium  is  also  present  in  tolerable  quantity  in  lepidolite  from  Moravia,  and  in 
mica  from  Zinnwald  (Schrcitter).  It  has  likewise  been  found  in  the  deliquescent 
"  Sel-a-Glace"  from  the  mother-liquors  of  the  saltworks  at  Nauheim.  This  consists 
of  a  mixture  of  the  chlorides  of  magnesium,  potassium,  and  sodium,  with  relatively 
considerable  quantities  of  rubidium-  and  CKsium-chlorides,  and  sensible  traces  of 
thai  lium-chloride.    (B  0 1 1  g  e  r.) 

Many  samples  of  commercial  sulphuric  acid  and  yellow  hydrochloric  acid  contain 
thallium.  The  source  in  these  cases  is  evidently  the  pyrites  used  in  the  sulphuric  acid 
works. 

Preparation. — o.  From  Iron  Pyrites. — The  pyrites  from  the  Societd  Anonyme  de 
Bocheux  et  d'Oneux,  Theux,  contains  about  1  pt.  of  thallium  in  4,000.  Two  tons  of 
this  ore  were  worked  in  the  following  manner: — 

The  pyrites,  broken  up  into  pieces  of  the  size  of  a  walnut,  is  distilled  in  hexagonal 
cast-iron  pipes,  closed  at  one  end,  and  arranged  in  a  reverberatory  furnace.  Conical 
sheet-iron  tubes  are  luted  on  to  the  open  ends,  and  the  retorts  are  kept  at  a  bright- 
red  heat  for  about  four  hours.  At  the  end  of  the  operation,  the  receivers  are 
found  to  contain  from  14  lbs.  to  17  lbs.  of  dark-gveeu  or  grey-coloured  sulphur  for 
every  100  lbs.  of  ore  used.  The  whole  of  the  thallium  originally  in  the  pyrites  is 
found  in  this  sulphur.  The  sulphur  may  be  dissolved  out  by  means  of  earlionic 
disulphide,  whicli  leaves  the  sulphide  of  thallium  behind  ;  or  it  may  be  extracted  by 
boiling  with  caustic  soda.  The  former  plan  occasions  less  loss  of  thallium,  but,  owing 
to  the  inconvenience  of  working  with  large  bulks  of  of  carbonic  disulphide  the  soda 
process  is  preferable.  12  lbs.  of  caustic  soda,  18  lbs.  of  the  tballiferous  sulphur,  and 
1^  gallon  of  water,  are  boiled  together  till  the  sulphur  has  disappeared  ;  6  gallons  of 
water  are  added;  and  the  clear  liquid,  wlien  cool,  is  decanted  from  a  voluminous  black 
precipitate,  which  has  been  separated  from  the  sulphui-.  The  precipitate  is  then 
collected  on  a  calico  filter  and  washed.  It  contains  the  greater  portion  of  the  thallium 
in  the  form  of  sulphide,  together  with  iron,  copper,  mercui-y,  zinc,  &c.  Some  thallium, 
however,  is  dissolved  in  the  alkaline  liquid  and  lost.    The  black  precipitate  is  then 
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dissolved  in  hot  dilute  sulphuric  acid,  to  whieh  a  little  nitric  acid  is  added,  and  the 
liquid  is  diluted  with  water  and  filtered.  Hydrochloric  acid  and  sulphite  of  sodium 
will  now  throw  down  the  nearly  insoluble  white  protochloride  of  thallium,  which  is  to 
be  filtered  oif  and  washed.    (Crook es.) 

p.  From  Sulphur  or  Pyrites  in  the  Wet  Way. — The  material  is  dissolved  in  nitrn- 
muriatic  acid,  until  nothing  but  bright-yellow  sulphur  is  left ;  water  is  then 
added,  and  the  filtrate  is  evaporated  with  sulphm-ic  acid,  until  it  is  nearly  dry, 
and  sulphuric  vapours  are  copiously  evolved.  The  residue  is  dissolved  in  a  large 
excess  of  hot  water,  and  carbonate  of  sodium  is  added  to  alkaline  reaction,  and  then 
cyanide  of  potassium  (free  from  sulphide  of  potassium).  The  liquid  is  then  heated 
gently  for  some  time,  and  filtered.  The  precipitate  contains  the  whole  of  the  lead 
(and  bismuth)  which  maj'  be  present,  as  carbonates,  whilst  the  thallium  remains  in 
solution.  A  current  of  sulphuretted  hydrogen  being  now  passed  through  the  liquid, 
precipitates  all  the  thallium,  whilst  the  copper,  antimony,  tin,  and  arsenic  remain 
dissolved.  The  precipitated  sulphide  is  filtered  off,  washed,  and  dissolved  in  dilute 
sulphuric  acid,  and  the  thallium  is  precipitated  as  chloride,  by  means  of  hydrochloric 
acid.  (Crookes.) 

7.  From  the  Flue-dust  of  Pyrites-bur^iers. — This  is  by  far  the  most  economical 
source  of  thallium  at  present  known.  In  burning  thalliferous  pyrites  for  the  purpose 
of  manufacturing  sulphuric  acid,  the  thallium  oxidises  together  w-ith  the  sulphur,  and  is 
driven  off  by  the  heat.  If  the  passage  leading  from  the  burners  to  the  leaden 
chambers  is  only  a  few  feet  long,  the  greater  portion  of  the  thallium  escapes  condensa- 
tion, and  volatilises  into  the  leaden  chambers  ;  it  there  meets  with  aqueous  vapour, 
sulphurous  and  sulphuric  acids,  and  becomes  converted  into  thallious  sulphate.  This 
being  readily  soluble,  both  in  water  and  dilute  sxdphuric  acid,  and  not  being  reduced 
by  contact  with  the  leaden  sides,  remains  in  solution,  and  accompanies  the  sulphuric 
acid  in  its  subsequent  stages  of  concentration,  &c.  If,  on  the  other  hand,  the  passage 
connecting  the  burners  and  chambers  is  10  or  15  (or  more)  feet  in  length,  nearly  the 
■whole  of  the  thallium  is  condensed,  together  with  a  considerable  number  of  other 
bodies  which  constitute  "tiue-dust," — namely  mercury,  copper,  arsenic,  antimony, 
iron,  zinc,  cadmium,  bismuth,  lime,  and  selenium,  together  ■n-ith  ammonia,  sulphuric, 
nitric,  and  hydrochloric  acids.  The  amoimt  of  thallium  in  these  flue-deposits  is  very 
variou.«,  seldom  amounting  to  as  much  as  \  per  cent.,  although  in  some  as  much  as 
8  per  cent,  has  been  found. 

The  following  is  the  plan  adopted  by  Crookes  for  extracting  the  metal  from  this 
dust  on  the  large  scale: — The  dust  is  first  mixed  in  wooden  tubs  with  an  equal  weight 
of  boiling  water,  and  is  well  stirred  ;  during  this  operation  a  considerable  quantity  of 
nitrous  acid  is  evolved ;  after  which  the  mixture  is  allowed  to  rest  for  24  hours  for 
the  undissolved  residue  to  deposit.  The  liquid  is  then  syphoned  off,  and  the  residue 
is  waslied,  and  afterwards  treated  with  a  fresh  quantity  of  boiling  water.  The  collected 
liquors,  which  have  been  syplioned  oiF  from  the  deposit,  are  allowed  to  cool,  precipi- 
tated by  the  addition  of  a  considerable  excess  of  strong  hydrochloric  acid,  and  the 
precipitate,  consisting  of  very  impure  chloi-ide  of  thallium,  is  allowed  to  subside.  The 
chloride  obtained  in  this  way  is  then  well  washed  on  a  calico  filter,  and  afterwards 
squeezed  dry.  Three  tons  of  the  dust  yielded  68  pounds  of  this  rough  chloride 
(Crookes).    For  the  further  treatment  see  below. 

Worth er  boils  the  flue-dust  repeatedly  with  carbonate  of  sodium;  precipitates  the 
filtrate  with  excess  of  ammonium-sulphide  ;  converts  the  precipitate  into  sulphate  by 
boiling  it  with  sulphuric  acid,  with  addition  of  a  little  nitric  acid ;  pi-ccipitates  the 
ammoniacal  solution  of  the  latter  with  iodide  of  potassium  ;  and  reduces  the  iodide  of 
thallium  by  fusion  with  cyanide  of  potassium. 

S.  Froyyi  Covimcrcial  Hydrochloric  Acid. — Many  samples  of  yellow  hydrocliloric  acid 
contain  thallium.  It  may  be  separated  by  neutralising  with  ammonia,  and  adding 
sulphide  of  ammonium.  The  black  precipitate  contains  the  thallium,  together  with 
iron  and  some  other  metallic  impurities  of  the  acid.  It  is  to  be  dissolved  in  sulphuric 
acid,  and  the  thallium  precipitated  by  hydrochloric  acid  as  protochloride. 

The  crude  protochloride  of  thallium  obtained  by  either  of  the  above  methods  is  added, 
by  small  portions  at  a  time  to  half  its  weight  of  hot  oil  of  vitriol  in  a  porcelain  or 
platinum  dish,  the  mixture  being  constantly  stirred,  and  the  heat  continued  till  the 
whole  of  the  hydrochloric  acid  and  the  greater  portion  of  the  excess  of  sulphuric 
acid  are  driven  oflf.  The  fused  acid  sulphate  is  now  to  be  dissolved  in  an  excess 
of  water,  and  an  abundant  stream  of  sulphuretted  hydrogen  passed  through  the  solu- 
tion. The  precipitate,  which  may  contain  arsenic,  antimony,  bismuth,  lead,  mercury, 
and  silver,  is  separated  by  filtration,  and  the  filtrate  is  boiled  till  all  free  sulphydric  acid  is 
removed.  The  liquid  is  now  to  bo  rendered  alkaline  with  ammonia,  and  boiled ;  the 
precipitate  of  inn  and  alumina,  which  generally  appears  in  this  place,  is  filtered  off; 
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and  the  clear  solution  evapoi'iited  to  a  small  bulk.  Sulphate  of  tliallium  tlion  separates 
out  on  cooling,  in  long,  clear,  prismatic  crystals.  As  sulphate  of  ammonium  is  much 
more  soluble  than  sulphate  of  thallium,  the  latter  can  readily  be  separated  from  the 
small  quantity  of  the  former  salt  present.   The  two  salts  do  not  crystallise  together. 

In  order  to  avoid  the  inconvenience  of  driving  off  the  excess  of  oil  of  vitriol  in  tlio 
decomposition  of  chloride  of  thallium,  it  may  in  some  cases  be  preferable  to  p  oeeed  as 
follows: — Boil  the  chloride  of  thallium  in  solution  of  sulphide  of  ammonium  for  nve 
minutes:  decomposition  takes  place  readily.  Filter,  and  wash  with  hot  sulphuretted 
water  till  no  more  cliiorine  can  be  detected  in  the  filtrate  ;  then  dissolve  the  sulphide 
on  the  filter  in  dilute  sulphuric  acid,  and  treat  the  solution  with  ammonia,  &c.,  as 
above  directed.  (Crookes.) 

6.  From  the  Saline  Residues  of  the  SaltworJcs  at  'Nauheim. — The  strong  solution  is 
mixed  with  a  quantity  of  platinic  chloride  not  suflicient  for  complete  precipitation, 
and  the  precipitate  is  boiled  five  or  six  times  with  three  times  its  weight  of  water ; 
the  insoluble  residue,  consisting  of  the  platinum-salts  of  csesium,  rubidium,  and  thal- 
lium, is  boiled  with  a  weak  solution  of  potash  and  a  little  hyposidphite  of  sodium,  till  a 
clear  solution  is  obtained  ;  and  this  sohition  is  treated  with  cyanide  of  potassium  and 
sulphydric  acid,  whereby  the  thallium  is  precipitated  as  sulphide.  The  liquid  is  then 
to  be  filtered,  and  the  residue  washed  and  dissolved  in  sulphuric  acid.  (Bottger.) 

f.  From  Lepidolite  and  Mica. — The  residue  obtained  by  reduction  of  the  platinum- 
salts  of  rubidium,  csesium,  and  thallium,  as  described  under  Kubidium  (p.  128),  is 
carefully  washed  with  water,  to  dissolve  the  chlorides  of  caesium  and  rubidium  ;  the 
washed  platinum-black  is  dissolved  in  nitromuriatic  acid,  and  evaporated  to  drive  ott'  the 
excess  of  acid  ;  and  the  dry  mass  is  digested  with  water,  which  leaves  the  whole  of  the 
thallium-chloroplatinate  (still  containing  a  little  rul)idium)  undissolved.  This  residue, 
after  addition  of  a  few  drops  of  hydrochloric  acid,  is  boiled  with  finely  granulated 
zinc  ;  the  excess  of  zinc  is  dissolved  out  of  the  precipitated  metals  by  hydrochloric  acid 
(which  does  not  take  up  any  thallium) ;  and  the  washed  residue  is  heated  with  nitric 
acid,  which  dissolves  the  thallium,  and  leaves  the  platinum.  (Sclirotter.) 

From  the  Mother-liquors  of  Zinc-sxdjjhate. — The  mother-liquor  of  zinc-vitriol,  ob- 
tained at  Goslar,  in  the  Harz,  by  working  pyrites  from  the  Rammelsbei-g.  is  (according 
to  Bunsen)  a  very  convenient  source  of  thallium.  When  boiled  down  to  a  specific 
gravity  of  1  •441  at  24°,  it  contains  (accoi-ding  to  an  analysis  by  Neuhoff)  U'05  per 
cent,  chloride  of  thallium,  together  with  the  sulphates  of  zinc,  cadmium,  manganese, 
copper,  and  many  other  salts.  When  mixed  with  an  equal  volume  of  hydrochloric 
acid,  it  yields  a  precipitate  of  thallium-chloride  ;  and  with  iodide  of  potassium,  in  pre^ 
sence  of  a  sufficient  quantity  of  sodic  hyposulphite,  a  precipitate  of  thallium-iodide  free 
from  copper.  The  simplest  method  of  obtaining  the  thallium  is  to  precipitate  it,  together 
with  copper  and  cadmium,  by  immersing  plates  of  zinc  in  the  coW  liquor.  The  metallic 
powder  thereby  precipitated,  after  being  quickly  rinsed,  is  digested  with  water  con- 
taining sulphuric  acid  ;  and  the  resulting  solution,  containing  thallium  (together  with 
cadmium),  is  precipitated  with  iodide  of  potassium.  A  cubic  metre  of  the  liquor  thus 
treated  yielded  0'6  kilogrm.  thallium.  (Bunsen.) 

9.  To  recover  the  thallium  remaining  in  the  mother-liquor  of  any  of  the  preparations 
above  described,  Willm  precipitates  the  solution  (reduced,  if  necessary,  by  sulphurous 
acid)  with  iodide  of  potassium,  decomposes  the  precipitated  iodide  of  thallium  with 
nitric  acid  (in  a  distillatory  apparatus,  arranged  so  as  to  condense  the  volatilised 
iodine),  and  evaporates  the  resulting  solution  of  thallium-nitrate  to  the  crystallising 
point.  Insoluble  residues  are  treated  with  nitromuriatic  acid,  the  neutralised  solution 
is  precipitated  with  sulphide  of  ammonium  ;  and  the  precipitated  sulphide  of  thallium  is 
converted  into  sulphate  by  treatment  with  sulphuric  acid. 

Preparation  of  Metallic  Thallium. — The  metal  is  reduced  from  its  solution,  gene- 
rally from  the  sulphate,  either  by  electrolysis,  or  by  the  action  of  zinc. —  1.  AVhen 
an  electric  current  trom  two  or  three  Grove's  cells,  with  platinum  terminals,  is  passed 
through  an  acidulated  solution  of  thallium-sulphate  in  its  own  weight  of  water,  the 
metal  is  deposited  on  the  negative  pole,  in  brilliant  plates  and  long  needle-shaped 
crj-stals,  stretching  out  towards  the  positive  pole,  and  presenting  an  appearance  like 
that  known  as  the  tin-tree.  The  reduction  is  complete  when  hydrogen  begins  to 
escape  at  the  negative  pole.  The  crystalline  metallic  sponge  may  then  be  squeezed 
into  a  compact  mass  round  the  platinum  terminal,  well  rinsed  with  water,  removed 
from  the  platinum,  and  kneaded  by  the  fingers  into  a  solid  lump.  (Crookes.) 

2.  For  reducing  considerable  quantities  of  thallium,  it  is  best  to  employ 
metallic  zinc.  Plates  of  pure  zinc  (which  should  leave  no  residue  whatever  when  dis- 
solved in  sulphuric  acid)  are  arranged  vertically  round  the  sides  of  a  deep  porcelain 
di-sh  holding  a  gallon.    Crystallised  sulphate  of  thallium,  in  quantities  of  about  seven 


741 


THALLIUM. 


poxuifis  at  a  time,  is  then  placed  in  the  dish,  and  water  poured  over  to  cover  the  salt. 
Heat  is  applied,  and,  in  the  course  of  a  few  hours,  the  whole  of  the  thallium  will  be 
reduced  to  the  state  of  a  metallic  sponge,  which  readily  separates  from  the  plates  of 
zinc  on  slight  agitation.  The  liquid  is  poured  oif,  the  zinc  removed,  and  the  spongy 
thallium  washed  several  times.  It  is  then  strongly  compressed  between  the  finger.s, 
and  preserved  under  water  until  it  is  ready  for  fusion.  In  this  manner  upwards  of  a 
hundredweight  of  metallic  thallium  may  be  reduced  in  the  course  of  twenty-four  hours. 
(Crookes.) 

The  metal  is  readily  obtained  in  the  coherent  form  by  fusing  the  sponge.  This  is 
most  conveniently  performed  under  cyanide  of  potassium  on  the  small  scale,  and 
under  coal-gas  when  working  with  large  quantities.  In  the  former  case,  the  sponge, 
strongly  compressed  and  quite  drj',  is  broken  into  small  pieces,  which  are  dropt  one 
by  one  into  cyanide  of  potassium  fused  in  a  porcelain  crucible.  They  instantly  melt, 
forming  a  brilliant  metallic  button  at  the  bottom.  When  cold,  the  cyanide  of  potas- 
sium may  be  dissolved  in  water,  when  the  thallium  will  be  left  in  the  form  of  an 
irregidar  lump,  owing  to  its  remaining  liquid  and  contracting  after  the  cyanide  has 
solidified. 

On  the  large  scale,  the  fusion  is  best  eflFeeted  in  an  iron  crucible.  This  is  placed 
over  a  gas-burner,  and  a  tube  is  arranged  so  that  a  constant  stream  of  coal- 
gas  may  flow  into  the  upper  p;irt  of  the  crucible.  Lumps  of  the  compressed  sponge 
are  then  introduced,  one  after  the  other  as  they  melt,  until  the  crucible  is  full 
of  metal.  It  is  then  stirred  up  with  an  iron  rod,  and  the  thallium  may  either  be 
poured  into  water  and  obtained  in  a  granulated  form,  or  cast  into  an  ingot.  Thirty  or 
forty  fusions  have  been  performed  in  the  same  crucible  without  the  iron  being  acted 
upon  in  the  least  by  the  melted  thallium.  (Crookes.) 

According  to  Willm,  pure  thallium  is  best  obtained  by  heating  the  oxalate  in  a 
glass  tube,  the  metal  then  remaining  in  the  fused  state. 

Properties. — Thallium  is  a  perfect  metal,  with  high  metallic  lustre.  In  colour  it 
most  resembles  cadmium,  not  being  so  brilliantly  white  as  silver,  but  free  from  the 
blue  tinge  of  lead.  The  true  colour  can  scarcely  be  seen  by  cutting  or  scraping  the 
surface,  as  it  tarnishes  too  quickly.  It  is  best  observed  by  scraping  the  metal  under 
water,  or  by  fusing  it  in  hydrogen,  and  allowing  the  melted  globule  to  flow  away  from 
the  dross.  When  fused  under  coal-gas,  the  liquid  metal  in  the  crucible  can  hardly  be 
distinguished  from  mercury.  It  takes  a  very  high  polish  by  friction  with  appropriate 
materials,  under  water.  Thallium  tarnishes  at  ordinary  temperatures,  quickly  be- 
coming coated  with  a  film,  which  almost  entirely  protects  it  from  further  action  of  the 
air.  The  specific  gravity  of  thallium  varies  according  to  the  treatment  it  has  under- 
gone. A  lump  melted  and  slowly  cooled  under  cyanide  of  potassium  was  found  to 
have  a  density  of  ITSl,  increasing  by  strong  pressure  to  ir88.  Wlien  squeezed 
into  wire,  a  portion  was  found  to  have  a  density  as  high  as  11 '91.  Lamy  gives  it  as 
11-86.  Dc  la  Kive  states  it  to  be  ir85  after  fusion,  and  11-80  after  being rfraira  into 
wire.  Thallium  is  the  softest  known  metal  admitting  of  free  exposure  to  the  air.  The 
finger-nail,  and  even  a  piece  of  lead,  scratch  it  readily.  It  marks  paper  like  plumbago, 
forming  a  streak,  blue  at  first,  then  tiu-ning  yellow,  and  in  a  day  or  two  fading  nearly 
out.  Sulphide  of  ammonium  or  sulphuretted  hydrogen  at  any  time  temporarily 
restore  the  dark  streak.  Thallium  has  less  tenacity  than  lead,  and  does  not  become 
brittle  at  any  temperature  between  — 18°  C.  (0°  F.)  and  its  melting-point.  It  is  very 
malleable,  and  can  be  hammered  into  foil  as  thin  as  tissue-paper ;  its  hardness  is  not 
sensibly  increased  by  hammering.  It  can  be  drawn  into  wire  only  with  difficidty,  but  it 
is  squeezed  into  wire  very  readily,  by  the  process  technically  known  as  "  squirting." 
Thallium-wire  is  almost  devoid  of  elasticity,  retaining  anj'  form  into  which  it  is  bent, 
with  scarcely  a  tendency  to  spring  to  its  original  position.  When  first  prepared,  the 
wire  appears  amorphous,  and  will  remain  so  if  kept  at  the  ordinary  temperature  in 
carbonic  anhydride,  or  in  petroleum  free  from  air.  In  water  it  gradually  becomes 
crystalline,  resembling  the  moire  of  tinplate;  this  effect  is  immediately  produced  when 
thallium  in  wire,  ingot,  or  plate,  tarnished  or  clean,  is  boiled  in  water. 

Thallium  is  a  very  crystalline  metal,  and  crackles  almost  as  much  as  tin  when  bent. 
When  several  pounds  of  it  are  fused,  and  allowed  to  cool  slowly,  and  the  interior 
liquid  portion  poured  off'  from  that  which  has  solidified,  well-defined  crystals,  in  octa- 
hedrons and  fernlike  forms,  are  produced.  The  melting-point  of  thallium  is  290°, 
according  to  Lamy;  293-9°  according  to  Crookes,  who  determined  it  by  fusing 
about  two  pounds  of  the  pure  metal.  Thallium  does  not  become  pasty  before  melting ; 
it  expands  considerably  before  complete  fusion,  and  contracts  strongly  on  cooling. 
Two  pieces  of  the  metal  weld  together  under  strong  pressure  at  the  ordinary  tempera- 
ture, and  after  filling  the  steel  die  with  scraps  and  cuttings,  they  may  be  readily 
squeezed  into  a  solid  rod,  apparently  as  tenacious  as  when  obtained  by  fusion. 

The  most  characteristic  property  of  thallium  is  the  intense  green  colour  which  the 
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metal  or  any  of  its  eompoimda  communicates  to  a  colourless  flame.  This  colour,  when 
oxaiuineJ  in  the  spectroscope,  is  seen  to  be  absolutely  monochromatic,  appearing  as 
one  intensely  brilliant  and  sharp  green  line,  coinciding  with  the  number  1442  6  on 
Kirchhoff's  spectrum-chart.  The  thallium-spectrum  is  simpler  than  that  of  any 
other  element  yet  examined.  An  amplifying  power  as  great  as  has  ever  been  applied 
to  the  spectrum  (16  heavy  glass  prisms),  does  not  affect  the  integrity  of  the  line,  and 
the  high  temperature  of  the  hydrogen-  or  o.xyhydi'ogen- flame  shows  no  new  lines; 
thallium  has  therefore  a  simpler  spectrum  than  sodium  or  lithium,  which  stand  next  to 
it  in  this  respect.  The  spectral  reaction  of  thallium  is  very  delicate,  the  5-millionth 
part  of  a  frain  of  thallium-sulphate  being  sufficient  to  produce  it. 

The  length  of  the  wave  of  the  green  thallium-line  is  0"0005348  millimetre.  (J.  Miill  er, 
Pogg.  Ann.  cxviii.  641.) 

When  sparks  from  an  induction-coil  are  passed  between  two  pieces  of  thallium- 
wire,  the  light  ceases  to  be  purely  monoclironiatic.  On  viewing  it  by  the  spectroscope, 
several  new  lines  make  their  appearance  ;  besides  the  usual  intense  line  in  the  green, 
five  others  are  particularly  observable:  first,  a  very  faint  one  in  the  orange;  next, 
two  of  nearly  equal  intensity  in  the  green,  more  refrangible  than  TI  a,  with  a  third  much 
fainter,  these  three  lines  in  the  green  being  nearly  equidistant ;  and,  lastly,  a  bright 
well-defined  line  in  the  blue.  The  photographic  spectrum  contains  several  very 
characteristic  groups  of  lines,  recalling  the  features  of  the  spectra  of  cadmium  and  zinc, 
and  less  strongly  that  of  lead  (W.  A.  Miller,  Proc.  Eoy.  Soc.  xii.  407).  The  thalliura- 
line  has  no  counterpart  in  the  black  lines  of  the  solar  spectrum. 

Thallium  is  strongly  repelled  by  both  poles  of  an  electromagnet,  being  nearly  equal 
to  bismuth  in  diani.agnetic  character.  In  resj)ect  of  electric  conductivity,  it  lies  between 
tin  and  lead.  Taking  the  condxicting  power  of  silver  at  100,  that  of  thallium  is  9-16 
accordingtoMatthiossen,  8-64  according  to  De  la  Rive.  Matthiessen  andVogt 
find  that  the  conducting  power  of  thallium  decreases,  between  0°  and  100°,  by  31'420 
per  cent.,  which  is  a  larger  percentage  decrement  than  that  obtained  for  many  other 
pure  metals — namely,  2.5'307  per  cent.  The  specific  heat  of  thallium  is  given  by  Laniy 
at  0-0325,  and  by  Ecgnault  at  0-03349  and  0-03361. 

Thallium,  when  heated  in  the  air,  begins  to  volatilise  at  a  red  heat,  evolving  brown 
vapours  of  oxide ;  it  boils  below  a  white  heat,  and  may  be  distilled  in  a  current  of 
hydrogen.  The  hydrogen  takes  up  mechanically  a  litle  thallium,  which  is  not  deposited 
upon  traversing  five  feet  of  cold  glass  tubing,  as  the  emergent  gas,  when  ignited, 
burns  witli  a  bright-green  flame. 

When  heated  to  redness  and  plunged  into  oxygen,  thallium  burns  brilliantly 
(Lamy).  Before  the  blowpipe,  on  charcoal,  it  melts  instantly,  evolving  copious  brown 
fumes.  The  bead,  if  heated  to  redness,  glows  for  some  time  after  the  source  of  heat  is 
removed,  continually  evolving  vapours  which  appear  to  be  a  mixture  of  metal  and 
oxide.  On  cooling,  the  adjacent  parts  of  the  charcoal  are  found  to  be  coated  with 
small  globules  of  volatilised  metal,  surrounded  with  a  reddish  amorphous  sublimate 
of  mixed  protoxide  and  sesquioxide.  The  principial  globiile  of  metal  is  also  coated 
with  a  fused  layer  of  protoxide,  resembling  lead  in  this  respect.  When  thallium  is 
heated  in  an  open  glass  tube,  it  melts,  and  becomes  rapidly  converted  into  the  more 
fusible  protoxide,  which  strongly  attacks  the  glass.  This  oxide  is  of  a  dark-red 
colour  when  hot,  solidifying  to  a  brown  crystalline  mass. 

Some  of  the  compounds  of  thallium  are  very  volatile,  the  chloride,  for  instance,  dis- 
tilling with  the  vapour  of  water,  and  volatilising  when  heated  to  a  temperature  below 
rediiess.  Other  compounds,  such  as  the  sulphate  and  phosphate,  will  bear  a  full  red 
heat  without  loss. 

Thallium  is  easily  reduced  to  the  metallic  state.  In  aqueous  solution,  the 
metal  is  readily  obtained  by  the  electric  current,  or  liy  the  reducing  action  of  metallic 
zinc.  In  the  dry  state,  its  salts  may  be  reduced  at  a  high  temperature  by  charcoal  and 
carbonate  cf  sodium,  or  by  cyanide  of  potassium,  or  from  the  cliloride  by  an  alkali- 
metal.  The  pure  metal  is  scarcely  attacked  by  hydrochloric  acid,  even  when  boiling. 
It  is  dissolved  somewhat  more  readily  by  .sulphuric  acid,  especially  if  it  be  in  contact  with 
a  piece  of  platinum  ;  nitric  acid  attacks  it  violently. 

In  electro-chemical  position,  thallium  is  very  near  cadmium,  being  precipitated  from 
the  .sulphate  by  zinc  and  iron,  but  not  by  cadmium,  tin,  or  copper. 

Several  th.-iUium-salts  are  sensitive  to  light ;  the  protoohloride  darkens  readily, 
though  by  no  means  so  rapidly  as  chloride  of  silver. 

Thallium-salts  are  highly  poisonous,  producing  sjTuptoms  like  those  of  load-poisoning. 
(Lamy,  Uompt.  rend.  Ivii.  442;  Jahresb.  1803,  p.  265.) 

Thallium  forms  two  classes  of  compounds — namely,  the  thallious  compounds, 
in  whieh  it  is  uni-equivalent ;  and  the  thallic  compounds, in  which  it  is tri-equiva- 
Ic  nt.  Thus  it  forms  two  oxides,  Tl-O  and  Tl-O',  with  corresponding  chlorides,  bromides, 
iodides,  -«d  oxygen-salts.    In  some  of  its  chemical  relations  it  resembles  the  alkali- 
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metals,  forming  a  readily  soluble  and  highly  alkaline  protoxide,  a  soluble  and  alkaline 
carljonate,  an  insolublt^  chloroplatinate,  and  a  thallio-aluminic  sulphate,  similar  in 
form  and  composition  to  common  potash-alum.  In  most  respects,  however,  it  is 
more  nearly  allied  to  the  heavy  metals,  especially  to  lead,  which  it  resembles  closely 
in  appearance,  density,  melting-point,  specific  heat,  and  electric  conductivity.  Its 
relationship  to  the  heavy  metals  is  further  shown  by  its  high  atomic  weight  ;  the 
complexity  of  its  photographic  spectrum,  which  contrasts  strongly  with  the  simplicity 
of  those  of  the  alkali-metals  (Miller);  the  highly  poisonous  character  of  its  com- 
pounds; its  easy  reduction  from  solution  by  zinc;  the  production  of  a  brown  inso- 
luble peroxide  by  electrolytic  action  (p.  7.53);  the  complete  or  nearly  complete  insolu- 
bility of  its  sulphide,  phosphide,  iodide,  bromide,  chloride,  chromate,  and  phosphate. 
Thallium  differs  also  essentially  from  the  alkali-metals  in  the  slight  affinity  of  i:s 
protoxide  for  water,  this  oxide  not  only  being  non-deliquescent,  but  remaining  in  the 
anhydrous  state  when  its  aqueous  solution  is  evaporated  at  ordinary  temperatures  in 
a  vacuum  over  oil  of  vitriol.  The  argument  in  favour  of  its  relationship  to  the  alkali- 
metals,  derived  from  the  formation  of  a  thallium-alum,  can  no  longer  be  considered 
valid,  now  that  a  silver-alum  of  similar  form  and  composition  has  been  shown  to 
exist  (p.  680). 

THAIiIiIUIVT,  iHiXiOTS  OP,  These  compounds  have  not  been  much  studied. 
When  thallium  is  projected  into  a  crucible  containing  meltedcopper,  it  boils,  and  in 
great  part  volatilises,  some  however  uniting  with  the  copper.  By  repeated  additions  of 
thallium,  a  hard,  brittle,  white  alloy  may  be  formed.  With  a  still  smaller  quantity  of 
thallium,  the  mixture  is  gold-coloured  ;  and  with  95  per  cent,  of  copper,  it  forms  a 
hard  button,  flattening  somewhat  under  the  hammer,  but  soon  cracking  at  the  edges. 
In  small  quantities,  thallium  appears  to  diminish  the  malleability  and  ductility  of 
copper.  Copper  prepared  in  Spain,  by  the  cementation-process  already  described,  fre- 
quently contains  considerable  quantities  of  thallium,  which  may  perhaps  account  for 
its  pre-eminently  bad  quality. — With  lead,  thallium  melts  readily,  forming  a  malle- 
able alloy. — With  mercury  it  unites  easily,  forming  a  solid  crystalline  amalgam. — ■ 
Platinum  and  thallium  unite,  with  incandescence.  When  a  piece  of  metallicthalliumis 
placed  on  a  platinum-wire  loop,  and  held  in  the  flame  of  a  spirit-lamp,  the  two  metals 
rapidly  melt  together,  becoming  nearly  white  hot,  and  evolving  abundant  fumes  of 
thallium  ;  the  resulting  alloy  is  highly  crystalline,  very  hard,  and  almost  as  brittle  as 
glass.  The  most  convenient  way  of  obtaining  the  green  light  of  thallium  is  to  alloy  a 
platinum-wire  loop  in  this  manner.  When  this  loop  is  introduced  into  a  spirit-lamp, 
or  heated  before  the  blowpipe,  a  green  tint  of  extraordinarj'  splendour  is  communi- 
cated to  the  flame. — An  alloy  of  thallium  and  tin  is  easily  obtained  by  fusion  under 
cyanide  of  potassium,  or  coal-gas.  With  5  per  cent,  of  thallium,  the  alloy  is  perfectly 
malleable. 

TH  AliXXirnx,  BROMIDES  OP.  The  protobr  omide,  OT  Thall  ious  bromide, 
TlBr,  is  formed  by  adding  thallium  to  bromine,  or  by  double  decomposition.  It  forms 
a  very  pale-yellow  precipitate,  fusible  below  redness,  and  is  intermediate  in  solubility 
between  the  chloride  and  iodide  (Lamy).  According  to  Willm  (Bull.  Soc.  Chim.  1864, 
ii.  89),  it  is  nearly  insoluble  in  cold,  and  very  slightly  soluble  in  boiling  water.  In 
contact  with  bromine  and  a  small  quantity  of  water,  it  gradually  dissolves,  with  rise 
of  temperature,  to  a  liquid,  which,  when  evaporated  in  a  vacuum,  solidifies  to  a  pun- 
gent, yellow,  deliquescent,  crystalline  mass  of  impure  tribromidc,  or  thallie  bro- 
mide, TlBr'  (containing  rather  less  bromine  than  that  required  by  the  formula).  On 
mixing  the  aqueous  solution  of  the  tribromide  with  the  protobromide,  or  subjecting  it  to 
partial  reduction,  the  hot  liquid  yields  long,  siskin-yellow,  shining  needles,  appearing 
under  the  microscope  as  quadratic  prisms,  and  consisting  oi  the  dibr  omide,  Tl'Br*  = 
TlBr.TlBr'.  They  are  decomposed  by  water  into  a  protobromide  which  separates, 
a  tribromide  which  remains  dissolved,  and  a  scsqiiibromide,  TPBr"  =  TlBr'.3TlBr, 
which  crystallises  in  translucent,  orange-red,  six-sided  laminae.  This  last  compound 
is  likewise  decomposed  by  treatment  with  water,  with  separation  of  protobromide. 
(Willm.) 

The  tribromide  forms,  with  bromide  of  ammonium,  a  double  salt,  NH''Br.TlBr'.5II^0, 
crystallising  in  long,  yellow,  transparent  needles,  which  easily  give  off  their  water  in  a 
vacuum.  A  concentrated  alcoholic  solution  of  the  tribromide  mixed  with  ammonia, 
yields  a  white  precipitate  of  the  compound  TlBr^.SNH",  which  quickly  turns  yellow, 
and  is  easily  decomposed  by  water,  with  separation  of  black  sesquioxide  of  thallium. 
(Willm.) 

A  compound  of  thallie  bromide  with  ethylic  oxide,  2TlBr'.3(C-H*)^0,  is  prod\iced  by 
adding  bromine  to  anhydrous  ether  in  which  metallic  thallium  or  the  protobromide  is 
Buspended.  This  compound  dissolves  in  bromide  of  ammonium,  yielding  the  double 
salt  NH'Br'.TlBr',  with  2  at.  and  3  at.  water,  the  former  hydrate  crystallising  in 
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rhomlsoi'dal  or  six-sided  tables,  the  second  in  needles  ;  both  melt  in  their  water  of 
crystallisation  below  100°.    (Nieklos,  Compt.  rend.  Iviii.  537.) 

THAIiIiXUnX,  CHIiOBISES  OI".  Thallium  forms  four  chlorides  analogoiis 
to  tiie  bromides  : — 

Frotochlorideof  Thallium,  or  Thallious  CA^or?rff,TlCl.— Metallic  thallium 
is  attacked  at  ordinary  temperatures  by  chlorine ;  when  heated  in  the  gas,  it  burns 
and  forms  a  yellow  liquid,  which  solidifies  on  cooling  to  a  pale-yellow  or  white  crys- 
talline mass.  If  excess  of  clilorino  has  been  present,  the  product  consists  almost 
entirely  of  higher  chlorides ;  but  in  presence  of  an  excess  of  thallium,  the  white  pro- 
tochloride  is  the  only  compound  formed.  Boiling  hydrochloric  acid  attacks  thallium 
but  slowly,  the  action  soon  ceasing,  owing  to  tlie  formation  of  a  layer  of  difficultly 
soluble  chloride  of  thallium.  When  hydrochloric  acid,  or  a  soluble  chloride,  is  added 
to  a  solution  of  thallious  oxide  or  a  thallious  salt,  a  white  curdy  precipitate  of  proto- 
chloride  is  thrown  down,  scarcely  to  be  distinguished  at  first  sight  from  chloride  of 
silver.  When  boiled  in  water,  it  dissolves  like  chloride  of  lead,  and  separates  again 
on  cooling;  the  crystals,  however,  are  much  smaller  and  less  brilliant  than  those  of 
chloride  of  lead.  Protochloride  of  thallium  is  also  precipitated  when  sulphm-ous  acid 
or  an  alkaline  sulphite  is  added  to  one  of  the  higher  chlorides. 

One  part  of  the  protochloride  dissolves  in  283-4  pts.  of  water  at  15-6°,  and  in  52-5 
pts.  of  boiling  water.  It  is  insoluble  in  alcohol,  and  scarcely,  if  at  all,  more  soluble 
in  aqueous  ammonia,  cyanide  of  potassium,  or  hydrochloric  acid,  than  in  water. 
When  boiled  in  nitric  or  nitromuriatic  acid,  it  is  converted  into  a  higher  chloride.  It, 
may  be  heated  to  260°  without  loss  of  weight ;  at  a  slight  increase  of  heat,  it  suddenly 
melts  to  a  thin  brown  liquid,  white  vapours  being  simultaneously  evolved.  On  cooling, 
it  solidifies  to  a  white,  shining,  crystiilline,  somewhat  flexible  mass.  The  specific 
gravity  of  the  fused  chloride  is  7'02  (Lamy).  The  fused  lump  isreducod  to  the  metal- 
lic state  by  zinc  and  dilute  acid,  like  fused  chloride  of  silver.  According  to  Lamy, 
chloride  of  thallium  is  unalterable  by  light;  but  according  to  Crookes,  it  undergoes 
a  considerable  darkening  when  exposed  either  to  sunlight  or  diffused  daylight. 

Protochloride  of  thallium  forms  double  salts  with  trichloride  of  gold  and  tetrachloride 
of  platinum. — The  chtoroaicratc  separates  from  the  hot  aqm  ous  solution  containing  a 
slight  excess  of  auric  chloride,  in  brilliant  gold-coloured  crystals  ;  it  is  sliglitly  soluble 
in  water,  and  when  ignited  leaves  an  alloy  of  gold  and  thallium. — The  chloroplatinafe, 
STICl.PtCl',  is  precipitated  as  a  pale-yellow  crystalline  powder,  very  sparingly  soluble 
in  water,  much  less  so  than  the  corresponding  potassium-,  rubidium-,  or  ca>sium-salts 
(q-v.\  1  pt.  of  it  requiring  for  solution  15,586  pts.  water  at  15'5°,  and  1,948  pts.  at  100°. 
(Crookes.) 

Sesquichlorideof  Thallium,  TPCP  or  TPC1''  =  T1CP.3T1C1.— This  compound  is 
produced  by  dissolving  thallium  or  the  protochloride  in  nitromuriatic  acid,  and  separates 
on  cooling  in  yellow  crystalline  scales.  It  may  also  be  prepared  by  heating  the  tri- 
chloride till  it  melts,  and  no  longer  gives  off  chlorine  (p.  748).  [Werther  obtained  by 
these  processes  only  variable  mixtures  of  the  protochloride  and  trichloride ;  but  other 
experimenters  have  obtained  a  definite  product.]  The  sesquichloride,  when  heated, 
melts  below  redness,  forming  a  dark-brown  liquid,  which  solidifies  to  a  lighter- 
coloured  mass.  It  is  soluble  in  380-1  times  its  weight  of  water  at  15-5°,  and  in 
52-9  pts.  of  boiling  water.  Pure  water  produces  a  slight  decomposition  into  sesqui- 
oxide  and  protochloride,  which,  however,  may  be  prevented  by  the  addition  of  a  drop 
of  nitric  or  hydrochloric  acid.  When  slowly  crystallised  from  slightly  acidulated 
boiling  water,  it  separates  in  brilliant  orange-yellow  hexagonal  plates,  considerably 
darker  than  when  it  is  obtained  by  more  rapid  crystallisation,  and  presenting  the 
closest  resemblance  to  iodide  of  lead.  Sesquichloride  of  thallium  is  also  precipitated 
by  the  cautious  addition  of  sulphite  of  sodium  to  one  of  the  higher  chlorides.  AVhen- 
ever  it  separates  from  a  liquid,  it  shows  remarkable  ci-j'stalliue  characters,  and  when 
just  precipitated,  produces  amagnificent  satiny  lustrein  theliquid.  Solution  ofammonia, 
potash,  or  even  thallious  oxide,  added  to  the  sesquichloride,  produces  instant 
decomposition  into  sesquioxide  and  protochloride,  according  to  the  following  equation : 

4Tr-CP  +  3(NH<)=0    =    TPO»  +  6T1C1  -I-  6NH'C1. 

When  pure  dry  ammoniacal  gas  is  passed  over  the  sesquichloride,  beat  being  applied 
■with  a  spirit-lamp,  the  salt,  first  assumes  a  deep  orange  tint,  without  fusing,  and  loses 
its  brilliant,  almost  metallic  lustre.  On  increasing  the  heat,  the  chloride  fuses,  and 
at  the  same  time  sal-ammoniac  vapours  are  abundantly  evolved.  The  melted  com- 
pound froths  up,  and  assumes  a  deeper  tint,  idtimately  becoming  brown,  and  then 
gradually  paler,  until  there  finally  remains  perfectly  w-hite  protnchloride  of  thallium. 

The  reaction  between  ammonia-gas  and  sesquichloride  of  thallium  is  represented  by 
the  following  equation  : — 
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STl'CV  +  =    6T1C1  +  3NH^C1  +  K 

The  sesquicliloride,  heated  in  a  stream  of  sidph/dric  acid  gas,  is  converted  into  black 
sulphide  of  thallium,  with  evolution  of  hydrochloric  acid  and  volatilisation  of  sulphur. 
Its  aqueous  solution  yields,  with  sulphydric  acid,  a  slight  red  precipitate,  which  disap- 
pears on  boiling,  leaving  only  a  small  quantity  of  sulphur. — Sulphide  of  arnmonium 
or  pofassimii  produces  complete  precipitation.  (Ilebberling,  Jahresb.  1865, 
p.  250.) 

Platinic  chloride  added  to  the  aqueous  solution  throws  down  thallious  chloroplati- 
nate,  2TlCl.PtCIS  while  thallic  chloride  remains  in  solution.  (Werther,  ibid. 
p.  246.) 

Bichloride  of  Thallium,  TVCl*  =  TICP.TICI,  is  formed  by  carefully  heating 
either  thallium  or  the  protochloride  in  a  slow  current  of  chlorine,  the  resulting  chloride 
being  kept  liquid.  The  dichloride  is  pale-yellow,  rather  hygrometric,  and  decidedly 
more  fusible  than  the  sesquichloride.  It  is  reduced  to  sesquiohloride  by  heat. 
(Lamy.) 

Trichloride  of  Thallium,  or  Thallic  Chloride,  TICP. — This  compound  is 
formed  by  dissolving  the  trioxide  in  hydrocliloric  acid,  or  by  acting  upon  thallium  or 
a  lower  chloride  with  a  large  excess  of  chlorine  at  a  gentle  heat.  According  to  W  er- 
ther  (Jahresb.  1864.  p.  247),  it  is  most  easily  prepared  by  treating  thallium  or  the 
protochloride  with  chlorine-gas  under  water,  till  the  residting  solution  is  no  longer 
precipitated  by  platinic  chloride.  The  solution  freed  from  excess  of  chlorine  by  a 
stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  yields  a  crystalline  mass 
composed  of  long  colourless  prisms  of  the  hydrated  trichloride,  TICP.H^O,  sometimes 
also  long  deliquescent  needles,  containing  2T1CP.15H-0.  It  melts  easily,  and  decom- 
poses with  loss  of  chlorine,  the  residue  consisting,  according  to  Lamy,  of  the  sesqui- 
cliloride; according  to  Werther,  of  mixtures  of  the  trichloride  and  protochloride. 

Trichloride  of  thallium  unites  with  the  chlorides  of  the  alkali-metals,  forming  colour- 
less crystallisable  double  salts,  which  easily  decompose  with  separation  of  thallic 
oxide  (Nieklis,  J.  Pharm.  [4],  i.  26).— The  ammonium-salt,  3NH^C1.T1CP.2H''0,  is 
produced  (with  simultaneous  formation  of  chloride  of  nitrogen)  by  passing  chlorine 
into  a  solution  of  thallious  chloride  containing  a  large  qxiantity  of  sal-ammoniac  ;  more 
readily  by  digesting  the  ether-compound  of  thallic  chloride  (infra)  with  sal-ammoniac; 
it  then  separates  in  large  six-sided  tables,  belonging  to  the  trimetric  system,  easily 
|Boluble  in  water  and  in  alcohol  (Nickl^s). — The  j)otassii(m-sa/t,  SKCl.TlCl.jH'O, 
crystallises  from  a  mixed  solution  of  the  component  chlorides  in  modified  cubes 
(Willm). — The  cupric  salt,  Cu"Cr-.2TlCP,  separates  from  the  mixed  solution  of  its 
constituent  salts,  in  opaque  green  crystals,  simultaneously  with  coloiu-less  transparent 
prisms,  whichhave  not  been  examined.  (Willra.) 

A  compound  of  thallic  chloride  with  ct?ii/lic  oxide,  T1CP.(C2H*)=0.B:C1  +  H-0,  is 
obfciined,  according  to  Nieklfes  (Jahresb.  1864,  p.  252),  bypassing  chlorine  into 
anhydrous  ether,  in  which  metallic  thallium  or  the  protochloride  is  suspended.  Two 
layers  of  liquid  are  then  formed,  the  lower  containing  the  ether-compound,  which 
remains  behind  on  evaporating  the  product  at  100°  in  a  stream  of  carbonic  anhydride. 
It  dissolves  in  ether  and  in  water  containing  hydrochloric  acid,  decomposes  alkaline 
carbonates,  and  when  treated  with  an  excess  of  the  latter,  deposits  sesquioxide  of 
thallium.    With  sulphurous  acid  it  yields  protochloride  of  thallium. 

TKAXiIiZUIMC,  CYAWIDE  OP.  Obtained  by  mixing  the  concentrated  solutions 
of  potassic  cyanide  and  thallious  carbonate,  or  by  neutralising  thallious  oxide  with 
prussic  acid  (Kuh  Ima  n  n) ;  more  easily  hy  mixing  strong  solutions  of  potassic  cyanide 
and  thallious  nitrate  (Crookes).  It  separates  in  shining  crystalline  plates,  not  very 
soluble  in  water.  When  heated,  it  decrepitates  and  melts  easily,  and  when  intensely 
heated  on  platinum-foil,  volatilises  without  reduction,  or  alloying  with  the  platinum. 

Fcrroso-thallious  Ci/anide,  or  Firrocyanide  of  Thallium,  precipitated  on  mixing 
ferrocyanide  of  potassium  with  thallious  nitrate,  forms  yellow  crystals,  slightly  soluble 
in  water. 

THAIiXXUni,  DETECTION  AITD  ESTIMCATIOIT  OF.  ].  Bcactions  in 
the  Dry  — The  behaviour  of  niotallie  thallium  before  the  blowpipe,  and  the 

peculiar  characters  of  its  spectrum,  have  been  already  described  (p.  745).  The  green 
liup  Tla  is  alono  sufficient  to  distinguish  thallium  from  all  other  elements.  Thallium- 
salts,  when  ignited,  generally  fuse  below  redness,  and  then  volatilise;  some  of  them, 
however,  as  the  sulphate  and  phosphate,  will  stand  a  bright-red  heat  without  change  ; 
the  chlorides,  on  the  other  hand,  distil  over  with  vapour  of  water.  On  charcoal 
before  the  bhjwpipe  thoy  volatilise,  communicating  an  intense  green  colour  to  the 
flame. 

2.  Read  ions  in.  Sol  ut  ion. — a.  Thallious  salts  are  forthe  most  part  colourli  ss, 
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unless  the  acid  itself  is  coloured.  Thoy  are  mostly  soluble  in  water,  neutral  to  test- 
paper,  and  have  a  sliglit  metallic  taste.  Their  aqueous  solution  is  rapidly  precipitated 
in  metallic  crystals  by  zinc,  and  slowly  by  iron. — Phosphorettcd  hijdrvgen  precipitates  a 
black  phosphide. — Sulphydric  acid  added  to  a  solution  of  a  thallious  salt  containing  a 
weak  acid,  such  as  carbonic  or  acetic,  separates  the  whole  of  the  metal  in  the  form  of 
a  deep  brown  sulphide;  from  solutions  of  thallium-salts  of  the  stronger  acids,  such  as 
the  sulphate  or  nitrate,  sulphydric  acid  precipitates  nothing  if  the  acid  is  in  excess, 
and  ouly  a  small  portion  of  the  metal  if  the  solution  is  neutral. — Sidphidc  of  ammo- 
niinn  precipitates  thallium-salts  completely,  tlie  precipitated  sulphide  being  insoluble 
in  sulphide  of  ammonium,  in  caustic  alkalis,  their  carbonates  and  cyanides,  and  only 
slightly  soluble  in  acetic  acid. — Hydrochloric  acid  and  soluble  chlorides  precipitate  a 
diflSeultly  soluble  white  chloride ;  hydrohromic  acid  and  bromides  precipitate  a  white 
nearly  insoluble  bromide ;  and  hydriodic  acid  and  iodides  precipitate  an  insoluble 
yellow  iodide. — Alkalis,  alkaline  carbonates,  or  bicarbonatcs  produce  no  change  in 
thallious  salts  ;  pfwsphafc  of  sodium  gives  a  white  precipitate,  nearly  insoluble  in  am- 
monia, easily  soluble  in  acids. —  Chromate  of  potassium  gives  a  yellow  precipitate  of 
thallious  chromate,  insoluble  in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on 
boiling  in  tlie  acid  solution. — Plutinic  chloride  precipitates  a  very  pale-yellow  insoluble 
double  salt. 

From  these  reactions  it  appears  that,  in  examining  a  mixed  metallic  solution, 
according  to  the  ordinary  method  of  qualitative  analysis  (i.  217),  thallium  will  be 
found  in  the  precipitate  thrown  down  by  sulphide  of  ammonium,  together  with  iron, 
nickel,  manganese,  &c.  From  these  metals  it  may  be  easily  separated  by  precipita- 
tion with  iodide  of  potassium  or  platinic  chloride,  or  by  reduction  to  the  metallic  state 
with  zinc.  According  to  Hebberling,  iodide  of  potassium  is,  next  to  the  spectral 
reactions,  tlie  most  delicate  of  all  tests  for  the  presence  of  thallium,  producing  a  visible 
precipitate  in  a  solution  of  thallious  sulphate,  containing  only  O'OlOo  pt.  of  the  salt  in 
1,000  pts.  of  the  liquid. 

3.  Thallic  salts  are  easily  distinguished  from  thallious  salts  by  their  behaviour 
with  alkalis,  and  with  soluble  chlorides  or  bromides.  Their  solutions  give  with 
ammojiia,  and  with  fixed  alkalis  and  their  carbonates,  a  brown  gelatinous  precipitate  of 
thallic  oxide,  containing  the  whole  of  the  thallium.  Hydrochloric  acid  and  soluble 
chlorides  or  bromides  produce  no  precipitate  in  solutions  of  pure  thallic  salts  ;  but  if  a 
thallious  salt  is  likewise  present,  a  precipitate  of  sesquichloride  or  sesquibromide  is 
formed.  Oxalic  acid  fonns  in  solutions  of  thallic  salts  a  white  pulvenilent  precipi- 
tate, phosphoric  acid  a  white  gelatinous  precipitate,  and  arse?ric  cwid  a  yellow  gelati- 
nous precipitate  :  these  three  precipitates,  however,  are  sparingly  soluljle  ouly  in 
presence  of  a  large  quantity  of  free  acid,  so  that  they  are  not  always  produced  by  the 
corresponding  alkaline  salts. — Siil phocyanate  of  potassium  forms  in  acid  solutions  of 
thallic  salts  a  black-grey  precipitate,  in  very  slightly  acid  solutions  a  yellow  precipi- 
tate, which  is  dissolved  by  boiling  water,  and  at  the  same  time  reduced  to  a  thallious 
salt. —  Chromate  of  potassium  does  not  precipitate  thallic  salts  (Willm,  Jahresb. 
1865,  p.  255).  According  to  Streckor,  on  the  contrary  {ibid.  p.  253),  chromate  of 
potassium  forms,  in  a  solution  of  thallic  sulphate,  a  yellow  precipitate,  which  turns 
brown  in  contact  with  water.  ThaUic  nitrate  gives  with  fcrrocyanide  of  potassium  a 
siskin-green,  with  the  fcrrocyanide  a  yellow  precipiitate.  A  solution  of  thallic  sul- 
phate or  nitrate,  mixed  with  tartrate  of  sodium,  gives,  with  ammonia,  a  white  curdy 
precipitate,  soluble  in  excess  of  ammonia,  to  a  liquid  which  deposits  the  brown  sesqui- 
oxide  on  boiling.  But  when  the  sesquioxide  is  boiled  with  tartaric  acid,  carbonic 
anhydride  and  formic  acid  are  evolved,  and  a  solution  is  formed,  which  deposits  crys- 
tals of  thallious  tartrate.  The  ammoniacal  solution  of  thallic  oxide  funned  in 
presence  of  tartaric  (or  phosphoric)  acid,  gives  with  sulphide  of  ammonium  or  sulphy- 
dric acid,  a  brown  precipitate,  molting  at  the  boiling  heat  to  a  metallically  lustrous 
ball,  which  dissolves  in  hot  dilute  sulphuric  acid,  with  evolution  of  sulphydric  acid 
and  deposition  of  sulphur. — Iodide  of  piotassium  added  to  the  same  ammoniacal  solu- 
tion, forms  a  black  precipitate,  which  changes  on  boiling  to  thallious  iodide  mixed 
with  a  small  quantity  of  iodoform.  (Strecker.) 

3.  Estimation  and  Separation. — Thallium,  when  it  occurs  in  solution  as  a 
thallious  salt,  is  most  conveniently  estimated  as  protoiodide,  Til,  in  which  state 
it  is  obtained  by  precipitation  with  iodide  of  potassium.  The  precipitate  is  quite 
permanent  in  the  air,  and  at  the  temperature  at  which  it  is  weighed.  It  is  but  very 
slightly  soluble  in  water,  insoluble  or  nearly  so  in  saline  solutions,  alcohol  of  92  per 
cent.,  and  aqueous  ammonia,  but  perceptibly  soluble  in  water  containing  free  acids  or 
fixed  alkalis.  On  mixing  the  hot  ammoniacal  solution  of  a  thallious  salt  with  iodide 
of  pota.ssium,  the  thallious  iodide  separates  immediately  as  a  curdy  precipitate,  which, 
after  standing  for  several  hours,  may  be  collected  on  a  weighed  filter,  and  washed  with 
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alcohol,  or,  if  this  is  inadmissible,  with  ammouia.  It  is  then  dried  at  115°,  and 
weighed:  it  contains  49-40  per  cent,  thallium.  (Gr.  Werther,  Zeitschr.  Anal.  Chem. 
iii.  1  ;  Jahresb.  1864,  p.  712.) 

Thallium  may  also  be  estimated  in  the  form  of  thai  lious  sulphate,  Imt  not  quite 
BO  exactly  as  by  the  method  just  described.  The  sulphate  bears  a  dull  red  heat  with- 
out perceptible  Tolatilisation,  but  it  is  volatilised  at  a  bright-red  heat.  Thallium  is 
very  completely  precipitated  from  solutions  of  thallium-salts  by  pJatinic  cMoride ; 
but  the  precipitated  chloroplatiuate  is  troublesome  to  manage,  as  it  is  very  finely 
divided,  and  is  apt  to  run  through  the  filter  when  vrashed  with  water  or  with  alcohol. 
(Werther.) 

In  solutions  of  thallic  salts,  the  thallium  may  be  estimated  by  reducing  the  thallic 
to  thallious  salts  with  an  alkaline  sulphite,  and  then  precipitating  with  iodide  of  potas- 
sium (Crookes),  or,  by  precipitating  the  thallium  with  ammonia,  as  sesquioxide, 
and  collecting  the  precipitate  on  a  weighed  filter.  The  separation  of  thallious  from 
thallic  salts  may  be  effected — at  least  in  the  case  of  the  chlorides  or  sulphates, — by 
first  precipitating  the  sesquioxide  with  ammonia,  and  then  throwing  down  the  re- 
maining portion  of  thallium  from  the  hot  dilute  filtrate  by  iodide  of  potassium 
(Werther).  The  separation  may  also  be  effected  by  platinic  chloride,  which  precipi- 
tates only  the  tliallious  salt. 

The  method  of  precipitation  with  iodide  of  potiissium  serves  also  to  separate  thallium 
from  most  other  metals,  the  solution  being  first  mixed  with  an  alkaline  sulphite  to 
ensure  the  reduction  of  any  thallic  salt  that  may  be  present  to  the  state  of  thallious 
salt.  If  copper  is  present,  the  iodide  of  potassium  wiU  throw  down  cuprous  as  well  as 
thallious  iodide;  but  by  treating  the  washed  precipitate  with  ammonia,  in  contact  with 
ithe  air,  the  coj'per  will  be  dissolved  out,  and  the  thallium  will  remain  as  thallious 
iodide.  The  separation  of  copper  from  thallium  may  also  be  effected,  though  not  so 
exactly,  by  precipitating  the  copper  with  sulphuretted  hydrogen  in  an  acid  solution. 
The  same  method  serves  also  to  separate  thallium  from  lead  and  silver.  The  pre- 
cipitated sulphides  are  apt,  however,  to  carry  down  small  quantities  of  thallium- 
sulphide. 

Small  quantities  of  thallium  often  occur  in  bismuth  minerals  and  preparations  made 
from  them,  especially  the  carbonate.  To  detect  the  thallium,  the  dilute  solution  of  the 
substance  is  mixed  with  a  slight  excess  of  sodium-carbonate,  and  a  small  quantity  of 
potassium-cyanide,  then  gently  warmed  and  filtered.  If  the  bismuth-compound  con- 
tained only  1  pt.  of  thallium  in  100,000,  the  addition  of  a  few  dropis  of  ammonium- 
sulphide  will  produce  a  dark-brown  precipitate  of  thallium-sulphide,  which  gradually 
collects  together,  and  may  be  further  examined  by  the  spectroscopic  method.  From 
carbonate  of  bismuth,  thallium  may  be  easily  dissolved  out  by  digestion  with  cyanide 
of  potassium,  less  completely  with  carbonate  of  sodium.  (Crookes.) 

Volumetric  EstivMtion. — Thallium  may  be  estimated  volumetrically  with  perman- 
ganate of  jiutassium  in  the  same  manner  as  iron.  For  this  purpose  it  must  be  in  the 
state  of  thallious  chloride,  or  of  a  thallious  oxygen-salt  mixed  with  hydrochloric  acid, 
and  the  solution  must  not  contain  more  than  1  gramme  of  thallium  in  500  c.c. ;  the 
permanganate-solution  should  also  be  more  dilute  than  for  the  estimation  of  iron.  The 
titration  of  the  permanganate  may  be  made  with  pure  iron,  with  thallium,  or  with  a 
thallious  salt  (the  alum,  for  example);  2  at.  iron  (112  pts.),  correspond  to  1  at. 
thallium  (204  pts.),  inasmuch  as  the  protochloride  TlCl  is  converted  by  oxidation  into 
the  trichloride  TlCl',  so  that  1  at.  thallium  takes  up  the  same  quantity  of  oxygen 
as  2  at.  iron.  The  solution  of  the  thallious  salt,  diluted  as  above  mentioned,  is  mixed 
with  a  few  drops  of  hydroclilorie  and  a  few  drops  of  sulphurous  acid,  and  heated  to 
the  boiling-point  to  expel  the  latter ;  then  left  to  cool,  and  mixed  with  the  permanganate. 
(Willm,  Zeitschr.  Ch.  Pharm.  1863,  p.  479  ;  Jahresb.  1863,  p.  689.) 

4.  Atomic  Weight  of  Thallium. — Lamy,  by  decomposing  the  sulphate  with 
nitrate  of  barium,  and  the  chloride  with  nitrate  of  silver,  obtained  numbers  varying 
between  203'5  and  2(14'6  ;  mean,  201-2.  Crookes  found,  as  a  mean  of  five  experi- 
ments, the  number  202-96.  Werther  also  estimates  it  at  somewhat  lower  than  204, 
namely,  about  203-5  or  203-7.    The  number  204  is,  however,  generally  adopted. 

THJUiXiIUnX,  FI.UORII>X:S  or.  Thallium  forms  two  fluorides,  TIF  and 
Tll'^ — Metallic  thallium  is  but  shiwly  attacked  by  hydrofluoric  acid.  The  carbonate, 
however,  dissolves  easily  in  the  acid,  and  the  solution  deposits  thallious  fluoride, 
in  white  hydrated  crystals  derived  from  an  oblique  rhombic  prism,  with  adamantine 
facets ;  they  are  not  altered  by  light.  On  heating  these  crj-stals,  the  anhydrous 
fluoride,  TIF,  volatilises  as  a  white,  crystalline,  anhydrous  mass,  which  blackens  like 
chloride  of  silver  on  exposure  to  light.  Thallium-fluoride  forms  an  acid  solution,  even 
after  repeated  crystallisation.  The  crystallisMl  compound  decomposes  slowly  on  expo- 
sure lo  the  air,giving  off  hydrofluoric  acid(Fr.  Kuhlmann,  Bull.  Soc.  Chini.  [1864], 
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i.  57;  Jahresb.  1864,  p.  253).  Willm  (Jalirosb.  1865,  p.  244),  by  dissolving  car- 
bonate of  tluillium  in  aqurous  hydro fiiioric  acid,  and  evaporating,  obtained  thallious 
fluoride,  in  liydrated,  very  deliquescent,  six-sided  tallies,  wliich  gave  off  their  water  al 
10(1°,  with  partial  decomposition.  According  to  M.  Buchner  (J.  pr.  Chem.  xlvi. 
404),  tliallious  fluoride  separates  from  its  solution,  by  slow  evaporation,  in  colourless 
cubo-oetahedrons,  having  a  strong  vitreous  lustre.  Itdissolves,  with  alkaline  reaction, 
in  1-25  pt.  water  at  15°,  more  easily  in  boiling  water,  sparingly  in  alcohol.  When 
heated,  it  melts,  volatilises,  and  solidifies  again  in  the  crystalline  form.  A  solution 
containing  excess  of  hydrofluoric  acid  deposits,  by  evaporation  over  oil  of  vitriol, 
hyd rotkallious  jluoridc,  HF.TIF,  in  crystals  having  the  same  form  as  those  of  thallious 
fluoride.  This  compound  has  an  acid  reaction,  dissolves  in  an  equal  weight  of  water, 
and  decomposes  above  100°  into  hydrofluoric  acid  and  fluoride  of  tiiallium  (Buchner). 
Kuhlmanu,  by  treating  carbonate  of  thallium  with  silicofluuric  acid,  obtained  a 
silicojhiuride  of  tludlium,  2TlF.SiF^.2H'0.  It  crystallises  in  cubic  forms,  dissolves 
easily  in  water,  forming  an  acid  solution,  distils  without  decomposition,  and  attacks 
glass  after  some  time  only.  Werther,  bj-  treating  carbonate  of  thallium  with  hydro- 
fluoric acid  containing  a  large  quantity  of  silica,  obtained  the  anhydrous  silicc- 
fluoi'ide,  2TlF.SiF^,  in  reguliu-  octahedrons,  distorted  so  as  to  resemble  hexagoniU. 
prisms. 

Thallic  Fluoride,  TIF^  is  obtained,  by  the  action  of  strong  hydrofluoric  acid  on 
thallic  oxide,  as  a  dark-green  precipitate,  insoluble  in  water  and  in  cold  hydrochloric 
acid.  When  heated,  it  turns  brown,  melts,  and,  at  a  higher  temperature,  volatilises, 
probably  as  thallious  fluoride.  (Willm.) 

THALIiIUES,  lOBXBSS  OF.  Tao 'protoiodid e,  Thallious  iodide,  IW, 
is  fornu  d  by  direct  combination  of  its  elements,  or  by  double  decomposition.  It  forms 
a  beautiful  yellow  powder,  rather  darker  than  sulphur,  and  melting,  below  redness,  to 
a  scarlet  liquid,  which,  as  the  mass  cools,  remains  scarlet  for  some  time  after  solidifica- 
tion, then  changes  to  bright-yellow.  The  dried  precipitate,  when  spread  on  paper  with 
a  little  gum-water,  undergoes  a  similar  but  opposite  change  to  that  experienced  by 
mercuric  iodide  when  heated,  the  yellow  surface  when  held  over  a  fianie  suddenly 
becoming  scarlet,  and  frequently  remaining  so  for  several  days  after  cooling;  hard 
friction  with  a  glass  rod,  however,  changes  the  scarlet  colour  b;ick  to  yellow  (Crookes). 
According  to  Werther,  thallious  iodide  precipitated  from  dilute  solutions,  is  lemon- 
yellow;  but  when  precipitated  from  hot  concentrated  solutions,  it  is  orange-yellow  at 
first,  and  afterwards  becomes  lemon-yellow.  W^hen  precipitated  from  a  hot  solution 
of  thallious  acetate,  it  retains  its  orange-yellow  colour,  and  forms  anhydrous  microscopic 
cubes,  or  cubo-octahedrons,  which,  when  heated,  melt  to  a  black  liquid,  and  partially 
sublime.  Thallious  iodide  is  very  sparingly  soluble  in  water,  requiring,  according  to 
Crookes,  4,453  pts.  of  water  at  17'2°,  and  842-4  pts.  at  100°,  to  dissolve  it  ;  according 
to  Hebberling,  1  pt.  of  it  dissolves  in  11,676  pts.  of  water  at  16°  to  17°,  in  864  pts. 
at  100°,  and  in  18,934  pts.  of  98  per  cent,  alcohol  at  19°;  according  to  AVerther,  in 
20,000  pts.  water  at  13-5°  in  10,000  pts.  at  23-4°,  in  5,400  pts.  at  45",  and  56,330  pts. 
of  85  per  cent,  alcohol  at  13-5.  According  to  Crookes,  it  is  somewhat  mure  soluble  in 
aqueous  iodide  of  potassium  than  in  pure  water ;  according  to  Hebberling,  onthecon- 
trary,  it  is  less  soluble  in  saline  solutions,  especially  in  iodide  of  potassium,  than  in  puro 
water. 

Thallic  Iodide,  Til'. — By  the  action  of  iodine  on  thallium  and  ether,  a  brown 
solution  is  formed,  which  gradually  deposits  crystals  of  thallic  iodide,  easily  soluble 
in  ether_  containing  ic2dine.  They  are  rhombic  prisms,  exhibiting  the  combination 
ooP  .  ccPoo  .  Pec  _.  nPoo  .  Angle  ooP  :  ooP  (macr.)  =  79°  45' ;  c»P  :  ooPoo  = 
140°  38';  Poo  :  ooP«  =  160°  35'.  (Nickles.) 

Anviionid-thaUic  iodide,  3NH'I.T1I',  forms  red  rhombic  plates,  which,  when  heated, 
give  off  water  and  iodine  without  melting.  (Nickles.) 

AAHien  1  at.  thallious  iodide  is  treated  with  a  solution  of  2  at.  iodine,  in  alcoholic 
iodide  of  potf.ssium,  the  liquid  deposits,  on  evaporation,  large  crystals  of  potassio- 
iliallic  iodide,  KI.TIP,  which  are  black  by  reflected,  garnet-red  by  transmitted  light, 
and  yield  a  bright-red  powder.  This  compound  is  resolved  at  56° — 60°,  and  more 
completely  at  100°,  into  iodide  of  potassium,  thallious  iodide,  and  free  iodine;  it  is 
also  decomposeil  by  water.    (Willm,  Jahresb.  1864,  p.  251.) 

THAIiXiXUm,  OXIBES  OF.  Thallium  forms  two  oxides— namely,  a  protoxide, 
TX-O,  and  a  scsquioxide,  Tl-'O^.  It  oxidises  in  the  air  almost  as  rapidly  as  an  alkali- 
metal,  the  surface  soon  becoming  covered  with  a  thin  film  of  oxide,  whicli  protects  the 
metal  from  further  oxidation.  The  superficial  tarnish  consists  of  the  protoxide  con- 
taining a  minute  quantity  of  the  sesquioxide.  If  the  metal  has  been  oxidised  at  100° 
rather  more  sesquioxide  is  formed,  and  at  the  melting-point  of  the  metal,  the  protoxide 
which  forms  is  mixed  with  a  large  quantity  of  sesquioxide.    Tiiallium,  wh.-n  nielled. 
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behaves  like  lead,  the  oxide  fusing  like  lithargf  ;  the  fused  oxide  is  absorbed  by  bone- 
ash,  and  a  silver-thallium  alloy  can  be  cupelled  like  silver-lead.  Thallium  does  not  decom- 
pose pure  water,  either  at  the  common  temperature,  or  when  boiling  ;  but  at  a  red  heat 
the  vapour  of  water  is  decomposed  by  thallium,  with  formation  of  oxide  and  separation 
of  hydrogen,  which  burns  with  a  green  flame.  Alcohol  appears  to  be  decomposed  by 
the  metal  more  readily  than  water. 

(Respecting  Schonbein's  observations  on  the  reactions  of  thallium  with  ordinary 
oxygen,  ozone,  and  hydric  peroxide,  see  J.  pr.  Chem.  xciii.  35  ;  Bull.  Soc.  Chim.  1864, 
i.  180;  Jahresb.  1864,  p.  170.) 

Protoxide  of  Thallium,  or  Thallious  Oxide,  Tl-0. — This  oxide  may  be 
prepared  by  allowing  granulated  tliallium  to  oxidise  in  warm  moist  air,  and  then 
boiling  in  distilled  water.  By  repeating  this  operation  two  or  three  times,  a  saturated 
hot  solution  of  the  oxide  is  formed.  Upon  filtering,  the  small  quantity  of  carbonate 
which  may  have  formed  separates  at  first  in  white  needles,  whilst,  upon  further 
cooling,  the  hydrated  oxide  crystallises  out  in  yellow  needles. 

Anhydrous  protoxide  of  thallium  is  formed  by  exposing  these  yellow  crystals  in  a 
vacuum  over  sulphuric  acid;  it  then  forms  a  reddish-black  mass,  retaining  the  shape 
of  the  crystals.  When  heated  to  about  the  melting-point  of  the  metal,  it  melts  to  a 
brown  limpid  liquid,  which,  at  a  higher  temperature,  evolves  reddish-brown  vapours, 
partially  oxidising  at  the  same  time  to  the  sesquioxide.  On  cooling,  the  brown  liquid 
solidifies  to  an  almost  black  crystalline  mass.  The  fused  oxide  attacks  glass  and 
porcelain,  removing  the  silica.  Protoxide  of  thallium  is  decomposed  bj'  hydrogen  at 
a  red  heat,  forming  water  and  metallic  thallium.  The  decomposition,  however,  is 
never  perfect,  because  the  oxide  melts  and  volatilises.  When  fused  with  sulphur,  it 
forms  sulpliide  of  thallium,  and  in  aqueous  solution  it  is  reduced  to  the  metallic  state 
by  zinc,  or  by  the  electric  current. 

Hydrated  Oxide  of  Thallium,  or  Thallious  Hydrate,  TFO.H-O  or  TIHO,  is  prepared 
as  above  described,  or  it  may  be  obtained,  as  recommended  by  Lamy,  by  decomposing  a 
solution  of  the  sulphate  with  baryta-water,  and  evaporating  the  alkaline  solution  in  a 
vacuum.  This  method,  however,  is  somewhat  tedious,  and  there  is  great  difficulty  in 
getting  the  oxide  free  from  baryta.  The  best  method  of  obtaining  perfectly  pure 
thallious  hydrate,  is  to  add  water  to  the  oily  compound  of  oxide  of  thallium  and  alcohol 
(p.  757).  This  at  once  separates  the  hydrate  in  the  form  of  a  bright-yellow  crystalline 
mass,  which  may  be  separated  from  water  and  alcohol  by  exposure  to  warm  dry  air. 

Thallious  hydrate  forms  pale-yellow,  long,  prismatic  crystals,  which  lose  water,  and 
become  almost  black  and  anhydrous  by  exposure  to  the  temperature  of  a  water-bath 
in  air,  or  over  sulphuric  acid  in  a  vacuum  at  the  common  temperatm'e.  On  the  addition 
of  water,  the  dark  oxide  immediately  becomes  liydrated  and  yellow.  It  has  a  slight 
tendency  to  absorb  oxygen,  and  after  evaporation  and  re-solution,  it  always  leaves  a 
slight  residue  of  sesquioxide. 

Willm,  by  a  method  which  he  does  not  describe,  once  obtained  thallious  hydrate  in 
rather  large  rhombic  crystals,  containing  TlHO.H-0. 

Aqueous  Solution. — Protoxide  of  thallium  is  a  powerful  base,  dissolving  readilj'  in 
water,  and  forming  a  colourless  strongly  alkaline  solution.  It  has  a  slight  odour, 
similar  to  that  of  potash,  dissolves  the  skin  and  feels  greasy,  acts  strongly  on  the 
hair  and  nails,  staining  them  a  deep  and  very  permanent  broTO  colour.  It  blues 
litmus-paper,  browns  turmeric-paper,  has  a  metallic  alkaline  taste,  and  neutralises 
acids  perfectly.  It  eliminates  ammonia  from  chloride  of  ammonium,  and  reacts  with 
hydrochloric  acid,  iodide  of  potassium,  sulphide  of  ammonium,  &c.,  in  the  character- 
istic manner  of  a  thallium-salt.  An  aqueous  solution  of  thallious  oxide  has  a 
greater  similarity  to  potash  than  to  ammonia  in  its  reactions  with  metallic  salts. 
When  added  to  solutions  of  salts  of  magnesium,  cerium,  manganese,  zinc,  cadmium, 
lead,  iron  (ferrous  or  ferric),  cobalt,  nickel,  copper,  mercury,  or  silver,  or  to  thallic 
salts,  it  precipitates  the  respective  oxides,  without  redissolving  them  in  excess.  From 
saks  of  aluminium  and  chromium  it  precipitates  the  hydrated  oxides,  and  easily 
reilissolves  them  when  in  excess,  forming  with  alumina  a  sohition  which  is  not  altered 
by  boiling,  but  is  precipitated  by  a  current  of  carbonic  anhydride;  and  with  chromium 
a  green  solution  precipitated  on  boiling. 

Sesquioxide  of  Thallium,  or  Thallic  Oxide,  Tl-0'.  Peroxide  of  Thallium. — 
This  oxide  is  always  formed  when  metallic  thallium  is  heated,  or  even  when  a  sohition 
of  the  protoxide  is  evaporated  in  the  air.  When  the  metal  is  burnt  in  oxygen,  the 
product  is  chiefly  sesquioxide.  This  oxide  is  best  prepared  by  adding  potash,  am- 
monia (or  even  "protoxide  of  thallium)  to  a  solution  of  a  thallic  salt,  and  drying  the 
washed  precipitate  at  about  260°.  It  is  also  formed  when  a  voltaic  current  from  two 
cells  of  Grove's  batteries  is  passed  through  a  solution  of  thallious  sulphate,  platinum 
terminals  being  used.  If  the  solution  is  perfectly  neutral,  thallium  slowly  makes  its 
appearance  at  the  negative  pole,  whilst  the  positive  pole  becomes  coated  with  a  film, 
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presenting  at  first  the  most  brilliant  colours  of  thin  pl.itos,  and  gradually  increasing 
in  thickness  until  it  becomes  a  cako  of  tballic  oxido.  As  the  sulphuric  acid  accumulates 
in  the  liquid,  the  thallic  oxide  at  first  formed  gradually  dissolves.  If  the  solution  of 
thallious  sulphate  is  rendered  alkaline  by  ammonia,  the  thallic  oxide  is  formed  in 
la.ger  quantity,  scaling  off  and  falling  to  the  bottom  of  the  liquid.  (Crookes.) 

Thallic  oxide  is  also  precipitated  in  the  anhydrous  state,  on  adding  sodic  hypo- 
chlorite to  a  solution  of  thallious  chloride  in  sodic  carbonate.  (Strecker.) 

Anhydrous  thallic  oxide  is  adark-brown  powder,  fusing  with  difficulty,  and  evolving 
oxygen  at  a  red  heat,  wheroliy  it  is  reduced  to  thallious  oxide.  It  is  neutral  to  test- 
paper,  insoluble  in  water  and  in  alkalis,  but  dissolves  readily  in  acids,  forming  hypo- 
metric  and  unstable  salts,  from  the  solutions  of  which  the  sesquioxide  is  completely 
precipitated  by  alkalis.  According  to  Wert  her,  the  sesquioxide  is  partially  reduced 
to  protoxide  in  drying. 

T/iall ic  hi/di-ate,  Tl-O^.H-O  =  Tr"IIO-,  is  obtained  by  drj'ing  the  precipitated  sesqui- 
oxide at  100'^.  It  forms  a  brown  powder,  a  shade  lighter  than  the  anhydrous  oxide. 
Deoxidising  agents,  such  as  sulphurous  or  oxalic  acid,  convert  it  into  a  thallious  salt ; 
])artial  reduction  also  takes  place  on  evaporating  its  solution  in  hydrochloric  acid. 
(Wirthor.) 

THAIiXiIunr,  OXVGX:Kr-SAX.TS  or.  Both  the  oxides  of  thallium  dissolve 
readily  in  acids,  forming  definite  crystallisable  salts,  soluble  in  water;  there  are  also 
a  few  insoluble  thallium-salts,  which  are  obtained  by  double  decomposition.  The 
general  characters,  both  of  the  thallious  and  of  the  thallic  salts,  have  been  already 
described  (p.  749). 

o.  Thallious  Salts. 

Acetate,  C'H'TIO'. — This  salt  is  obtained,  in  white  silky  needles,  by  dissolving 
thallious  carbonate  in  a  slight  excess  of  strong  acetic  acid,  evaporating,  fusing  the 
residue,  dissolving  it  in  water,  and  again  evaporating.  It  begins  to  decompose  at  171°, 
disselves  easily  in  water  and  in  alcohol,  and  deliqxiesces  in  moist  air.  From  its 
solution,  the  thallium  is  immediately  and  completely  precipitated  by  sulphydric  acid 
(Crookes).     It  crystallises  from  alcohol  in  silky  needles.  (Kulilmann.) 

Arsenates. — Dihydro-thallious  arsenate,  TlH'^AsO'',  is  obtained  by  boiling  thallic 
oxide  with  arsenious  acid  and  water,  and  crystallises  from  the  concentrated  solution 
in  hard  shining  needles,  unalterable  at  150°.  It  dissolves  readily  in  water,  and  the 
solution,  on  addition  of  ammonia,  solidifies  to  a  magma  of  slender  crystals,  consisting 
of  the  trithallious  salt,  TPAsO'.    (Wi  11  m.) 

Bbnzoate. — Crystallises  in  pearly  plates,  and  is  not  volatile.  (Kuhlmann.) 

Borate. — Boric  acid  added  to  a  solution  of  thallious  carbonate,  or  borax  added  to 
the  suljjhate,  throws  down  a  white  granular  precipitate  of  thallious  borate,  insoluble 
in  an  excess  of  the  precipitant,  and  in  cold  dilute  sulphuric  acid  ;  soluble  in  boiling 
water. 

Bromate,  TlBrO'. — Resembles  the  iodate. 

Carbonate,  Tl'-'CO^. — The  film  of  oxide  which  forms  iipon  the  surface  of  metalhc 
thallium,  when  exposed  to  the  air,  gradually  absorbs  carbonic  acid,  and  becomes  con- 
verted into  carbonate,  wliieh  frequently  appears  in  the  form  of  crystalline  needles.  A 
saturated  aqueous  solution  of  thallious  oxide  absorbs  carlionic  acid  rapidly,  and 
deposits  the  carbonate  in  crystals.  Thallious  carbonate  may  be  prepared  in  quantity 
by  allowing  granulat.i'd  thallium,  slightly  moistened  with  water,  to  oxidise  in  a  warm 
atmosphei-e.  Upon  boiling  out  with  water  containing  an  excess  of  ammonium- 
carbonate,  and  filtering,  thallious  carbonate  is  deposited,  as  the  solution  cools,  in 
yellowish  crystals  which  may  be  rendered  colourless  by  recrystallisation. 

Thallious  carbonate  crystallises  in  groups  of  prisms,  exhibiting  faces  comprised  in 
one  zone,  and  apparently  belonging  to  the  trimetric  .system.  Oliserved  faces  oof  oo, 
coP,  00P2,  _coP2.  Angle  «t  oo  :  ooP  =  128°  32'  ;  cofoo  :  oof'2  =  147°  -53'; 
ooPoo  :  oor2  =  111°  3' ;  ooP  :  ooP  =  102°  56'.  The  crystals  appear  to  be 
twins  with  the  combination-face  ooP  ;  they  cleave  parallel  to  the  same  face  (W.  11. 
Miller,  Proc.  Roy.  Soe.  xiv.  6o6). — The  crystals  are  brilliant,  highly  refractive,  and 
very  heavy,  resembling  those  of  a  lead-salt.  The  salt  is  anhydrous  ;  its  taste  is 
mildly  caustic  and  somewhat  metallic,  remaining  on  the  tongue  for  a  considerable 
time.  When  heated,  it  melts  much  below  redness  to  a  clear  liquid,  which  solidifies  to 
a  dark-grey  crystalline  mass.  It  may  bo  kept  fused  for  a  considerable  time  without 
decomposition  or  loss  of  weight,  but,  when  heated  to  dull  redness,  evolves  white 
vapours  and  bubbles  of  gas.  The  specific  gravity  of  the  fused  salt  is  7-OG  (Lamy). 
It  is  not  very  soluble  in  cold  water;  100  pts.  of  water  dissolve  4-02  pts.  at  15-5°, 
1 17  pts.  at  60°,  and  27'21  pts.  at  the  boiling-point    The  specific  gravity  of  a  cold 
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saturated  solution  is  1-0377  (Crookes).  The  solution  has  a  slightly  caustic, 
metallic  taste  and  alkaline  reaction,  which  is  not  completely  removed  by  supersatura- 
tion  with  carbonic  acid.    (Crookes;  compare  W art h er,  Jahresb.  1864,  p.  249.) 

Chlorate,  TICIO'. — Prepared  by  dissolving  thallium  in  chloric  acid,  or  by  mixing 
the  saturated  solutions  of  potassium-chlorate  and  thallious  nitrate.  It  is  sparingly 
soluble  in  water,  and  crystallises  in  long  anhydrous  needles.  Its  solution,  when 
heated,  turns  yellow,  and  gives  oiF  oxygen-compounds  of  chlorine ;  and  the  liquid, 
evaporated  to  a  syrup,  deposits  small,  brilliant,  colourless  crystals,  which  are  instantly 
decomposed  by  water,  alcohol,  or  ammonia,  with  formation  of  brown  thallic  oxide. 
(Crookes.) 

Chromatbs. — Thf^nnitml  salt,  TlCrO'  orTPO.Cr'O',  is  a  pale-yellow  precipitate, 
obtained  by  adding  yellow  chromate  of  potassium  to  a  neutral  solution  of  a  thallious 
sah,  rendered  sliglitly  alkaline  by  ammonia.  It  is  very  sparingl}'  soluble  in  water. — 
The  dichromate,  Tr-0.2Cr20»  =  2TlCrO-.Cr-0^  is  obtained  as  an  orange-yollow  preci- 
pitate, on  adding  dichromate  of  potassium  to  a  neutral  thallious  salt  (Crookes). 
According  to  Willm,  it  is  deposited,  in  microscopic  orange-yellow  ciystals,  from  a 
solution  of  the  neutral  salt  in  boiling  dilute  sulphuric  acid. 

By  boiling  either  of  the  preceding  salts  with  moderately  strong  nitric  acid,  a  solu- 
tion is  obtained,  which  on  cooling  deposits  cinnabar-coloured  crystals,  probably  consist- 
ing of  the  trichromate,  T1^0.3Cr-0',  or  TlCrO-.Cr'O'.  They  are  very  sparingly  soluble 
in  water,  100  pts.  of  water  dissolving  only  0-0354  pts.  at  lo  o°,  and  0-2279  pts.  at 
100°  (Crookes).— A  sesquichromate,  2Tr-'0.3Cr=0^  or  4TlCl■O^C^20^  separates  from 
a  solution  of  the  neutral  salt  in  moderately  concentrated  sulphuric  acid.  (Willm.) 

All  the  chroraates  of  thallium  are  decomposed  by  sti-ong  hyilrochloric  acid,  with 
evolution  of  chlorine,  and  formation  of  soluble  chromic  and  thallious  chlorides:  on 
treating  them  with  hydrochloric  acid  and  alcohol,  the  whole  of  the  thallium  is  separated 
as  insoluble  protochloride,  while  chromic  chloi-ide  passes  into  the  solution.  Sulphate 
of  sodium  likewise  separates  the  whole  of  the  thallium  as  protochloride.  (Crookes.) 

Citrate,  C'H^TPO'. — Very  deliquescent ;  crystallises  with  difficulty;  soluble  in 
alcohol.  (Kuhlmann.) 

Ctanate. — Precipitated  on  mixing  the  alcoholic  solutions  of  potassium-cyanate 
and  thallious  acetate,  in  small  brilliant  plates,  very  soluble  in  water,  slightly  soluble 
in  alcohol.  (Kuhlmann.) 

Formate,  CHTIO^. — Prepared  by  dissolving  the  carbonate  in  formic  acid.  It  is 
very  soluble  in  water,  and  melts,  without  decomposition,  below  100°.  (Kuhl- 
mann.) 

Hyposulphate  or  Dithionate,  T1-S-0^ — Very  soluble  in  water,  from  wliicli 
it  separates  in  vitreous  tabular  crystals,  probably  isomorphous  with  the  corresponding 
potassium-salt.  (Werther.) 

Hyposulphite. — Sodio-thal lions  hyposulphite,  3Na-S-0^.2Tl-S-0',  obtained  by 
dissolving  thallious  chloride  in  a  boiling  solution  of  sodic  hyposulphite,  crystallises  in 
long,  silky,  interlaced  needles,  containing  10  at.  water;  or  from  a  small  quantitv  of 
water  in  small  grains,  the  quantity  of  crystallisation-water  in  which  has  not  been 
determined.  At  a  red  heat  it  is  resolved  into  sulphide  and  sulphate  of  sodium,  and 
fused,  brightly  glowing  sulphide  of  thallium.    (Wert  her.) 

Iodate,  TlIO'. — Precipitated,  on  mixing  iodide  of  potassium  with  nitrate  of  thal- 
lium, as  a  white  powder,  slightly  soluble  in  cold,  more  easily  in  warm  water.  (Oet- 
tinger.) 

Malate. — Deliquescent;  crystallises  with  difficiJty ;  melts  below  100°.  (Kuhl- 
mann.) 

Moi.ybdate,  TlMoO^  or  Tl'O.Mo^O'. — Obtained  by  double  decomposition  with 
molybdate  of  sodium  and  nitrate  of  thallium,  ami  separates  in  nacreous  scales,  which 
dissolve  sparingly  in  pure,  easilj'  in  amnioniacal  water.  (Oettinger,  Zeitschr.  Ch. 
Pharm.  1864,  p.  440.) 

Nitrate,  TINO'. — Crystallises  from  a  solution  of  thallium  in  nitric  acid,  in  dull 
white  needles,  which  melt  at  205^,  with  separation  of  a  small  quantity  of  thallic  oxide. 
The  salt  thus  purified  gives  no  precipitate  with  ammonia.  It  has  a  specific  gravity  of 
5-8,  is  insoluble  in  alcohol,  but  soluble  in  water,  tlie  saturated  solution  containing  9-7 
per  cent,  of  the  salt  at  18°,  43-7  per  cent,  at  58",  and  55  per  cent,  at  100°  (Crookes). 
The  crystals  are  trinietric,  exhibiting  the  several  combinations  ootoo  .  P;  ooP  .  P  . 
2f'2;  "ocfoo  .Poo  .  P  .  2f2;  ccPoo  .  coP  .  oct2  .  P  .  2p2:  ocfoo  .  Pco  .  ocP  . 
00^-2  .  P  .  2^2.  Angle  o=Poo  :  Poo  =  141°  519';  ocPoo  :  ocP  =  117°  3  7';  P» 
:  Poo  (macr.)  =  76°  16';  P:  P  (brach.)  =  136°  13';  P:  P  (macr.)  =  86°  15-2'; 
P  :  P  (basal)  =  110°  6'.    No  distinct  cleavage.    The  index  of  refraction,  for  the 
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brightest  part  of  the  epectrnm,  in  the  plane  of  the  basal  principal  section,  and  for  the 
ray  polarised  in  tliis  plane,  is  about  r817.    (W.  H.  Miller.) 

OxAi,A.TES,  C'TPO'  and  CHTIO'. — Already  described  under  Oxalic  Acid  (iv. 
266). — C'uprico-tkallious  oxalate,  C'Cu"TP0''.2H-0,  crystallises  from  a  solution  of 
cupric  carbonate  in  acid  thallious  oxalate,  or  from  a  mixed  solution  of  cupric  oxalate 
and  neutral  thallious  oxalate,  in  slender  flattened  needles  ;  it  is  partly  decomposed  by 
recrystallisation.  (Willm.) 

PiiENATE,  CH^TIO. — Precipitated  as  a  crystalline  powder,  on  mixing  a  thallious 
salt  with  phenic  acid.  It  is  sparingly  soluble  in  cold  water,  and  crystallises  from  hot 
water  in  beautiful  slender  needles;  melts  without  decomposition  (F.  Kuhlmann, 
Jun.,  Bull.  Soc.  Chira.  [186-1],  i.  330). — The  p/if  iii/hu/jihainate,  or  sulphanilate,  ]s  deli- 
quescent, slightly  soluble  in  alcohol,  insoluble  in  ether,  and  crystallises  very  easily 
from  a  mixture  of  water,  alcohol,  and  ether. 

Phosphates  (Lamy,  Ann.  Ch.  Phys.  [4],  v.  410). — The  phosphates  of  thalliuni 
form  a  series  nearly  as  complete  as  those  of  the  alkali-metals,  which  they  also  resem- 
ble in  their  behaviour  wlien  heated.  They  are  all  colourless,  nearly  all  easily  soluble 
in  water,  and  insolulile  in  alcohol.  Their  concentrated  aqueous  solutions  yield,  with 
nitric  acid,  a  precipitate  of  thallious  nitrate,  and  with  caustic  alkalis  (but  not  with 
alkaline  carbonates,  or  even  with  caustic  alkalis  in  presence  of  carbonates),  a  precipi- 
tate of  sparingly  soluble  trithallious  orthophosphate. 

Mefaphos'iihate,  TIPO^. — This  salt  exists  in  two  different  modifications.  The 
first  remains  on  igniting  monotliallious  orthophosphate,  (TIH^PO*),  as  a  vitreous 
opaline  mass,  very  slightly  soluble  in  water;  its  solution  does  not  precipitate  albumin 
directly,  but  only  after  addition  of  orthophosphoric  acid.  The  second  modification  is 
obtained  by  igniting  ammonio-thallious  orthophosphate,  as  an  easily  soluble  glass, 
whose  solution  is  strongly  acid,  yields  no  crystals,  but  precipitates  albumin  imme- 
diately. It  is  also  produced  by  fusing  the  insoluble  modification  with  a  few  di-ops  of 
orthophosplioric  acid. 

Orthophosphatcs. — The  monoikallious  salt,  TIH-PO',  is  formed  on  mixing  the 
ditliallious  salt  with  a  quantity  of  phosphoric  acid  sufficient  to  give  it  an  acid  reaction. 
It  crystallises  from  a  solution  concentrated  by  evaporation,  in  nacreous  laminae,  easily 
soluble  in  water,  insoluble  in  alcohol.  It  melts  without  alteration  at  190*^,  and  is 
converted,  at  a  stronger  heat,  first  into  acid  pyrophosphate,  then,  at  a  red  heat,  into 
motaphosphate. 

The  dithalUons  salt,  Tl-HPO',  is  produced  by  neutralising  dilute  phosphoric  acid,  at 
the  boiling  heat,  with  carbonate  of  thallium.  The  solution  evaporated  to  a  syrup 
first  deposits  crystals  of  the  anhydrous  salt,  then  otlier  crystals  containing  2T1HP0*. 
H-0. — a.  This  hydrate,  on  account  of  its  easy  solubility,  is  difficult  to  obtain  in  well- 
defined  crystals.  It  melts  at  145^,  without  loss  of  weight,  gives  off  its  crystallisation- 
water  with  timiefaction  at  170°  (becoming  also  less  soluble),  and  is  converted,  at-a 
dull  red  heat,  into  vitreous  pyrophosphate. — j3.  The  anhydrous  salt,  Tl-HPO',  is 
easily  soluble  iu  tlie  warm  concentrated  mother-liquor,  but  very  sparingly  in  puro 
water,  apjiarcntly  suffering  partial  decomposition  at  the  same  time  into  mouothallious 
and  trithallious  orthophosphate. 

The  trUkaUinus  or  normal  salt,  TPPO',  first  obtained  by  Crookes,  is  formed  as  a 
crystalline  precipitate  having  a  silky  lustre,  on  mixing  the  saturated  solutions  of 
ordinary  disodic  phosphate  and  thallious  sulphate  (probably  together  with  double 
phosphates  of  sodium  and  thallium,  inasmuch  as  the  liquid,  afler  precipitation,  exhibits 
an  alkaline  rcactiou) ;  also,  together  with  ammonio-thallious  pliosphate,  on  treating 
the  mono-  or  di-thallious  salt  with  excess  of  ammonia.  By  fusing  1  at.  thallious  meta- 
phosphate  with  2  at.  thallious  carbonate,  as  long  as  gas  continues  to  escape,  and 
pouring  out  the  mass  before  it  is  quite  solidified,  trithallious  orthophosphate  is  ob- 
tained, in  needle-shaped  crystals,  one  or  two  centimetres  long.  It  melts,  at  a  red  heat, 
to  a  yellowish-red  liquid,  which  solidifies  at  10°  to  a  white  crystalline  mass,  of  specific 
gravity  6'89.  It  is  but  sparingly  dissolved  by  water,  even  at  the  boiling  heat. 
According  to  Crookes,  100  pts.  water  dissolve  0-497  pt.  of  it  at  16'5°,  and  0-6712  pt. 
at  100°. 

Ammonio-thallious  orthophosphate  crystallises  from  the  mother-liquor  of  the  trithal- 
lious salt  in  largo  transparent  prisms.  Wlicn  ignited  it  leaves  thallious  metaphosphate. 

Pi/roi^hosphatrs."  The  dithalliovs  or  acid  salt,  Tl-'H'-'P^O',  produced  by  carefully 
heating  mouothallious  orthophosphate,  is  extremely  soluble  in  water,  and  crystallises 
from  the  acid  solution  iu  sliort  prisms. — The  tctratha/lioiis  or  neutral,  salt,  Tl'P-0', 
remains,  on  strongly  heating  hydratcd  dithallious  orthophosphate  (a),  as  a  vitreo-,is 
mass  very  soluble  in  water,  and  crvstallises  from  the  .solution  evaporated  to  a  syrup,  in 
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confused  needles,  which  are  decomposed  by  ■water,  with  separation  of  a  white  precipi- 
tate. The  anhydrous  dithallious  orthophosphate  (/3)  yields  the  pyrophosphate  with 
different  properties — namely,  as  an  opaque  crystalline  mass,  whose  solution  yields,  by 
evaporation,  large  prisms  which  are  likewise  decomposed  by  pure  water.    (La my.) 

PiCEATE,  C'=H-Tl(NO-)'0. — Soluble  in  water,  nearly  insoluble  in  alcohol;  crystal- 
lises, like  the  potassinm-salt,  in  yellow  needles,  which  have  a  silky  lustre,  and  deto- 
nate strongly  when  heated. — The  fwramate,  C''HTl(NH-)(NO-)-0,  is  a  black-red 
crystalline  precipitate,  nearly  insoluble  in  alcohol,  and  separating  from  boiling  water 
in  small  regular  crystals.    (F.  Kuhlmann,  Jun.) 

Eacematb  or  Parataeteate,  C^H'TPO". — Very  solnble  in  water;  forms 
groups  of  crystals  apparently  belonging  to  the  dimetric  system.  (Kuhlmann.) 

Selenates  and  Selenites. — See  pp.  229,  231. 

Sulphates. — Seep.  614. 

Taetbates. — See  p.  680. 

Tungstate. — "White  powder,  sparingly  soluble  in  water  ;  obtained  like  the  molyb- 
date.  (Oettinger.) 

U  RATE. — Obtained  by  double  decomposition  ;  almost  insoluble  in  water.  (Kuhl- 
mann.) 

Valerate,  C^H'TIO. — Very  soluble  in  water  and  in  alcohol;  resembles  the 
acetate.  (Kuhlmann.) 

/8.  Thallic  Salts. 

Acetate,  TP0'.C'H'=0'.3H''0,  or  Tr'(C-H^O')'.2Tr"ffO^^-H'0.— Crystallises  by 
spontaneous  evaporation  of  a  solution  of  thallic  oxide  in  strong  acetic  acid  prep.ired 
at  the  boiling  heat,  in  colourless  plates  belonging  to  the  rhombic  system  (sometimes 
accompanied  by  small  prismatic  crystals,  probably  of  thallious  acetate).  These 
crystals,  when  exposed  to  the  air,  quickly  turn  brown  on  the  surface  ;  and  are  decom- 
posed more  quickly,  at  a  gentle  heat,  into  acetic  acid  and  thallic  oxide,  the  decomposi- 
tion being  nearly  complete  at  100°.  The  salt  is  also  immediately  resolved  into  its 
constituents  by  water.  (Willm.) 

Arsenate,  Tr"AsO*.2H-0. — Obtained,  like  the  phosphate,  as  a  lemon-yellow 
gelatinous  precipitate,  soluble  in  hydrochloric  acid.  Ammonia  added  to  the  solution 
throws  down,  first  a  bulky  crystalline  salt,  which  appears  to  differ  from  the  preceding 
by  its  amount  of  cry.stallisation-water ;  on  further  addition,  a  j'ellow  dithallic  salt,  and 
finally  a  brown  precipitate.  (Willm.) 

Nitrate,  Tr"(NO^)',  separates  from  a  concentrated  solution,  in  colourless  well- 
defined  crystals  containing  3  at.  water  (Strecker),  4  at.  (Willm).  The  salt 
decomposes  at  100°,  with  separation  of  brown  thallic  oxide. 

Oxalate,  CTPO'-. — Obtained  (mixed  with  thallious  salt)  as  a  white  crystalline 
powder,  nearly  insoluble  in  water,  by  heating  thallic  oxide  with  aqueous  oxalic  acid 
or  by  precipitating  a  solution  of  a  thallic  salt  with  oxalic  acid.    (W  ill  ni.) 

Ammonio-ilialUc  oxalate,  C'Tl'") NII^)0*.3ir-'0,  is  formed,  on  mixing  thallic  .sulphate 
with  ammonium-oxalate,  as  a  white  precipitate,  quite  insoluble  in  cold  water,  and 
converted,  by  boiling  with  water,  into  thallious  salt,  with  evolution  of  carbonic  anhy- 
dride ;  when  ignited  it  leaves  fused  metal.  (Streckei'.) 

Phosi^hate,  T1"'P0'.2H-0.  Separates,  on  diluting  the  solution  of  the  nitrate  mixed 
with  phosphoric  acid,  "as  a  gelatinous  precipitate,  having  a  crystalline  aspect."  It  is 
insoluble  in  water,  but  dissolves  in  strong  nitric  and  dilute  hydrochloric  acid. 
Ammonia  added  to  the  latter  solution  throws  down  a  green  basic  salt,  Tl'-'0'.2Tr"P0'. 
6H'0  ;  afterwards  brown  thallic  oxide. 

SuLPiiATF.,  already  described  (p.  614). 

THAIiIiIunr,  PHOSPHIDE  or.  Phosphoretted  hydrogen  passed  throui;h 
an  ammoniaeal  solution  of  thallious  sulphate,  precipitates  phosphide  of  thallium,  as  a 
bhuk  insoluble  powder  permanent  in  the  air  at  ordinary  lemperalnres. 

THAIiItlVIVI,  SEZiESriSE  OF.  Tl-Se. — Obtained  as  a  greyisli-black  mass,  by 
fusing  the  two  elements  together  in  equivalent  proportions  (Lamy).  By  passing  selenhy- 
dric  acid  gas  into  a  solution  of  thallious  carbonate,  the  same  compound  is  precipitated 
in  grey  shining  lamiuw,  which  turn  black  on  drying.  It  melts  at  340°,  and  gives  off 
selenhydric  aeid  when  treated  with  sulphuric  or  hydrochloric  acid.  (Kuhlmann, 
Jahresb,  18G4,  p.  20;;.) 

THA.XiI.XUni,  SUXiPHISE  OF.  TPS. — This  compound  is  precipitated  from 
all  thallious  salts  by  sulphide  of  ammonium,  and  from  the  acetate,  carbonate,  or 
oxalate  by  sulphydric  acid  (incompletely  also  from  the  nitrate,  sulphate,  or  chloride). 
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in  dense  flocks  of  a  greyish  or  brownish-black  colour.  The  precipitate  oxidises  in 
the  air,  and  must  therefore  be  washed  with  water  containing  sulphydrie  acid.  It 
dissolves  easily  in  dilute  sulphuric  or  nitric  acid,  but  is  insoluble  in  sulphide  of  am- 
monium and  cyanide  of  potassium.  A  cold  (not  too  dilute)  solution  of  thallious 
sulphate  acidulated  with  a  trace  of  sulphuric  acid,  yields,  with  sulphydrie  acid,  shining 
black-blue  laminae  of  pure  thallium-sulphide,  appearing  undrr  the  microscope  to  be 
made  up  of  tetrahedrons,  and  more  permanent  than  the  amorphous  sulphide 
(Hebbe rli ng).  Thallic  salts  appear  to  be  reduced  to  thallious  sulphide  by  boiling 
with  sulphide  of  ammonium.  Sulphate  of  thallium  projected  into  fused  cyanide  of 
potassium,  is  reduced  to  sulphide,  which  then  forms  a  brittle  metallic-looking  mass, 
liaving  the  lustre  of  plumbago,  and  fusing  more  readily  than  metallic  thallium. 

THALilUM-BEKTZAKIIIJE.  C'H"T1N0.— Benzamide  dissolves  freely  in 
a  hot  aijueous  solution  of  thallious  oxide,  the  excess  crystallising  out  on  cooling  ;  and 
on  adding  a  large  excess  of  absolute  alcohol  to  the  filtrate,  thallium-benzamide  sepa- 
rates in  fine  needles,  soluble,  with  alkaline  reaction,  both  in  hot  and  in  cold  water.  It 
melts  without  decomposition.  When  moderately  heated,  it  becomes  dark  at  a  higher 
temperature,  and  evolves  white  inflammable  vapours,  burning  with  a  smoky  greenish 
flame,  and  decomposes  completely  at  a  red  heat,  leaving  fused  oxide  of  thallium. 
Ilydrcjchloric  acid  added  to  the  aqueous  solution,  throws  down  protochloride  of 
thallium,  together  with  benzamide.  (Church  and  Crookes,  Chom.  Soe.  J.  xvii. 
lol.) 

THA1.I<XUIVE-ETHZ:RS.  ThaUium-alcohoh.  (Lamy,  Compt.  rend.  Iv.  286; 
Ann.  Ch.  riiys.  [4],  iii.  373  ;  Jahresb.  18C4,  p.  463.) — Compounds  formed  by  the 
action  of  thallium  upon  alcohols,  analogous  to  those  produced  in  like  manner  by  the 
alkali-metals. 

Thalli  um  -amyla  te,  C'H"T10,  is  produced,  though  slowly,  by  the  action  of 
thallium  on  amylic  alcohol  ;  more  readily  by  heating  equivalent  quantities  of  thalltum- 
ethylate  and  amylic  alcohol  to  — 160°,  whereupon  ethylic  alcohol  passes  over  first, 
then  the  excess  of  amylic  alcohol,  leaving  the  thallium-amylate  in  the  form  of  a 
heavy  oil,  smelling  like  amylic  alcohol,  and  having  a  specific  gravity  of  2-465  to  2'.518. 
Its  index  of  refraction  for  the  line  B  is  r572  at  20°.  It  does  not  solidify  at  20*^; 
dissolves  easily  in  (j?«7//(c,  less  easily  in  cthi/liv  alcohul ;  chloroform  sxA  ether,  \t 
behaves  like  the  ethyl-compound  (infra).  When  heated,  it  first  gives  off  hydrogen, 
then  amylic  alcohol,  and  leaves  a  mixture  of  metallic  thallium  with  thallious  carbonate 
and  valerate.  It  also  decomposes,  but  less  quickly,  in  contact  with  air  or  water.  It 
burns  with  a  white,  moderately  luminous  flame. 

Thallium-ethylate,  C-H^TIO. — Produced,  with  evolution  of  hydrogen,  when 
thallium  and  ethylic  alcohol  are  heated  together  to  100°  in  a  sealed  tube  (Church). 
Lamy  prepares  it  by  suspending  thin  plates  of  thallium  within  an  exhausted  bell-jar, 
over  a  shallow  dish  containing  absolute  alcohol,  and  passing  pure  oxygen-gas  (free 
from  water  and  carbonic  anh3'dride)  into  the  jar.  At  20° — 25°,  the  thallium  is  con- 
verted, within  24  hours,  with  simultaneous  formation  of  water,  into  ethylate  of  thal- 
lium, which  collects  in  the  dish.  After  being  freed  from  excess  of  alcohol,  by  heating 
to  100°,  it  remains  as  an  oil  of  specific  gravity  3'480 — 3'.553,  being,  next  to  mercury, 
the  heaviest  liquid  known.  Its  expansion-coefficient,  between  0°  and  100°,  is  0'072. 
At  —3°  it  solidifies,  with  considerable  contraction  of  volume.  By  prolonged  heating, 
or  by  keeping  in  a  vacuum,  it  suffers  partial  decomposition,  becoming  brown,  increasing 
in  density  to  3'685,  and  requiring  a  greater  degree  of  cold  to  solidify  it.  In  refrac- 
tive and  dispersive  power,  it  exceeds  all  other  liquids,  as  shown  by  the  following 
numbers  (determined  for  a  temperature  of  20°) : — 


Refractive  power.  Dispersive 

f  *  ^  power. 

Line  B.       I/neD.       Line  II. 

Thallium-ethylate,  specific  gravity  3-550      1-6615      1-6676      1-7159  0-0975 

3-612      1-6725      )-7170      1-7678  0-0958 
Carbonic  disulphide       .       .        .    .       1-6140      1-6330      1-6935  0-0795 

Thallium-ethylate  dissolves  in  about  5  pts.  of  absolute  alcohol ;  if  the  alcohol  is  not 
quite  anhydrous,  white  thallious  hydrate  is  deposited.  With  pure  elher  free  from  air, 
it  forms  a  clear  solution ;  with  ether  containing  water,  the  liquid  soon  becomes 
yellowish  or  brown,  and  deposits  radio-crystalline  thallious  hydrate,  which  gradually 
turns  brown.  This  reaction  is  so  delicate,  that  it  may  be  used  as  a  test  for  tlie  purity 
of  ether.  Thallium-ethylate  likewise  dis.'iolves  freely  in  chloroform  ;  but  the  solution 
soon  becomes  turbid,  and  deposits  crystallised  protochloride  of  thallium,  together  with 
A  sub^lanee  whicli  colours  the  latter  dark-red,  and  is  very  sensitive  to  light ;  the 
liquid,  which  has  become  strongly  acid,  contains  a  salt  of  formic  acid. 
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Tliallium-ethylate,  when  heated,  gives  off  hydrogen  slightly  at  130°,  regularly 
between  170°  and  180°,  alcohol  distilling  over  at  the  same  time,  thaUium  being  de- 
posited in  shining  laminae,  and  a  strongly  alkaline  residue  being  left  containing  thal- 
lious  carbonate  and  acetate.  Above  200°,  carbonic  oxide  and  carbonic  dioxide  are 
given  off,  together  with  small  quantities  of  acetone  and  acetic  acid.  Thallium-ethvhite 
decomposes  when  exposed  to  the  air,  and  still  more  quickly  in  contact  with  water, 
yielding  alcohol  and  thallious  hydrate.  On  keeping  it  (best  under  a  laver  of  absolute 
alcohol),  the  sides  of  the  vessel  become  gradually  coated  with  black  thallious  oxide. 
When  set  on  fire  by  the  flame  of  a  candle,  it  burns  with  a  green,  slightly  luminous 
flame,  leaving  black  thallic  oxide  and  metallic  thallium. — Poiassium  and  sodium 
slowly  separate  metallic  thallium  from  it,  but  it  is  not  decomposed  by  iron,  zinc,  lead, 
or  even  by  the  electric  current. — AYith  sulphuric  or  hydrochloric  acid,  it  yields  alcohol 
and  a  thallious  salt;  dry  carbonic  dioxide  unites  directly  with  it,  forming  a  white  solid 
body,  which  is  resolved  by  heat  into  metallic  thalliiun  and  empyreumatic  products. 
"When  thallium-ethylate  is  suddenly  mixed  with  carbonic  disidphide,  a  violent  action 
takes  place,  resulting  in  the  formation  of  a  black  sulphur-compound;  but  if  the  thal- 
lium-ethylate be  slowly  dropt  into  the  carbonic  disiilphide,  a  bulky,  yellowish,  gelati- 
nous mass  is  formed.  (Lamy.) 

Thallinm-methylate,  CH^TIO,  is  formed,  in  small  quantity  only,  by  the  process 
which  yields  the  ethyl-compound,  but  it  is  very  easily  obtained  by  treating  ethylate  or 
amylato  of  thallium  with  excess  of  methylic  alcohol.  Considerable  rise  of  temperature 
then  takes  place,  and  methylate  of  thallium  separates  as  a  white  solid  substance, 
which,  by  fusion  and  cooling  under  the  liquid,  may  be  crystallised  in  thick  oblique 
prisms.  When  quickly  pressed  between  filter-paper,  and  dried  in  a  vacuum  in  contact 
with  a  few  lumps  of  sodium,  it  forms  a  white  solid  mass,  alterable  in  contact  with  the 
air,  about  five  times  as  heavy  as  water,  slightly  soluble  in  methylic  alcohol  and  in  ether, 
somewhat  more  soluble  in  chloroform.  Wlien  heated,  it  gives  off  a  large  quantity  of 
carbonic  oxide,  together  with  hydrogen  and  methylic  alcohol ;  and  when  set  on  fire,  it 
burns  with  a  flame  strongly  tinged  with  green. 

On  thallium-phcnylatc,  see  p.  755  ;  on  the  compounds  of  thallious  chloride  and  bromide 
with  ethers,  pp.  747,  7-18. 

THAXXiXUIMC-GXiASS.  By  substituting  thallium  for  lead,  or  for  potassium,  in 
the  preparation  of  flint-glass,  glasses  are  obtained  of  great  density  and  refracting  power. 
By  fusing  together  300  pts.  of  sand,  200  of  minium,  and  333  carbonate  of  thallium,  a 
perfectly  homogeneous  glass  was  obtained,  having  an  agreeable  yellow  tint,  and  very 
brilliant.  Its  density  was  4-233,  and  its  index  of  refraction  (for  the  yellow  ray)  171  ; 
it  is  therefore  denser  and  more  refractive  than  any  glass  hitherto  known.  By  altering 
the  proportions  of  thallium,  glasses  have  been  obtained,  varying  in  density  from  4-235 
to  5  025.  and  having  indices  of  refraction  ranging  from  I-71  to  1-965.  (Laniv,  Bull. 
Soc.  Chim.  [1866],  i.  104.) 

TH&I.I.Iuni-TaZillVXXN'E.  N'TrB^— Thallic  oxide  dissolves  in  sal-ammo- 
niac at  the  boiling  heat,  and  the  cold  concentrated  solution  yields  with  ammonia  a 
heavy  white  precipitate,  consisting  of  T1CF.3!NH',  or  probably  hydroch/orate  of  thal- 
li.um-triamine,  N^Tr"H"'.3HCl.  It  is  decomposed  by  water,  yielding  thallic  oxide  and 
sal-ammoniac : 

2(T1CP.3NH')  +  ZWO    =    Tl-0'  +  GNH'Cl. 
When  heated  in  a  sealed  tube,  it  is  resolved  into  ammonia,  an  ammonium-salt,  and  a 
chloride  of  thallium,  probably  Tl-CP.    Its  solution  in  hydrochloric  acid  yields  cubic 
or  octahedral  crystals  of  the  double  salt,  3NH'CI.T1CP.    (Willm,  Jahresb.  1863, 
p.  251 ;  1864,  p.  251.) 

THAIiXiOCHXiORE.  A  name  applied  by  Knop  and  Schn  edermann  (Ann. 
Ch.  Pharm.  Ivi.  147,  154)  to  the  green  colouring-matter  of  hcheus,  which  they  regard 
as  different  from  ordinary  chlorophyll. 

THARANDXTE.    S)-n.  with  BrrXEB  SpAB  (i.  600). 

THSBAXNE.  C'H^'NO'.  Paramorphinc.  (Pelle tier,  J.  Pharm.  sxi.  569.— 
Couerbe,  Ann.  Ch.  Phys.  [2],  lix.  155. — Kane,  Ann.  Ch.  Pharm.  xix.  9. — Ander- 
son, Hiid.  Ixxxvi.  179.) — An  organic  base  existing  in  opium.  It  was  discovered  in 
1835  by  Pelletier,  who  obtained  it  by  treating  the  extract  of  opium  with  milk  of  lime 
in  excess,  washing  the  calcareous  precipitate  with  water,  and  exhausting  it,  after 
drying,  with  boiling  alcohol.  The  alcoholic  solution  leaves  on  evaporation  a  residue, 
from  which  thebaine  may  be  dissolved  out  by  ether. 

Anderson  obtains  thebaine  from  the  mother-liquors  of  the  preparation  of  narcotine. 
The  alcoholic  liquor  from  which  the  first  strongly-coloured  cryst^ils  of  narcotine  have 
been  deposited,  yields  by  evaporation,  an  amorphous  residue  consisting  of  a  large 
quantity  of  resin,  a  little  narcotine,  and  all  the  thebaine  contained  in  the  opium.  This 
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residue  is  treated  with  boiling  dilute  acetle  iieid,  wliirh  dissolves  the  alkaloids,  together 
with  a  small  quantity  of  rosin  ;  and  on  adding  basic  acetate  of  lead  to  this  solution,  in 
suflicient  quantity  to  render  it  distinctly  alkaline,  all  the  narcotine  and  resin  are  pre- 
cipitated, while  the  thebaine  remains  in  solution.  The  liquid  is  filtered  ;  the  excess 
of  lead  removed  by  sulphuric  acid;  the  thebaine  contained  in  the  filtered  liquid  is 
precipitated  by  ammonia  ;  this  precipitate,  after  being  waslied,  is  dissolved  in  boiling 
alcohol,  and  the  solution  is  treated  with  animal  charcoal.  It  then,  on  cooling,  deposits 
thebaine  in  shining  scales,  which  may  bo  purified  by  recrystallisation. 

Thebaine  crystallises  from  solution  in  alcohol  or  ether,  in  square  scales  having  a 
silvei-y  lustre.  Its  taste  is  acrid  and  styptic  rather  than  bitter.  It  is  extremely 
poisonous  ;  Magoudie  found  that  5  centigrammes  of  it  injected  into  the  jugular  vein  of 
a  dog  produced  tetanic  convulsions,  quickly  followed  by  death.  Thebaine  is  insoluble 
in  water,  very  soluble  in  alcohol  and  ether,  especially  when  warm,  insoluble  in  aqueous 
potash  and  ammonia ;  it  dissolves  rapidly  in  acids.  It  contains,  according  to  the  mean 
of  closely-agreeing  analyses  by  Kane  and  Anderson,  73'10  per  cent,  carbon,  G-96 
hydrogen,  and,  according  to  Anderson,  4  43  per  cent,  nitrogen.  The  fornnila 
C'"IP'NO'',  requires  73'31  per  cent,  carbon,  6  75  hydrogen,  4'50  nitrogen,  and  15'44 
oxygen. 

Thebaine  melts  at  12'5^,  and  decomposes  at  higher  temperatures.  It  is  coloured 
deep  red  by  strong  5«^^j/(«)v'c  ac;y.  According  to  Dragendorff  (Jahresb.  1864,  p. 
728),  sulphuric  acid,  whether  pure  or  containing  nitric  acid,  colours  it  deep  red  to 
orange,  gradually  changing  to  olive-green  at  160-'.  Sulphuric  acid  of  specific  gravity 
1'3  dissolves  it  in  the  cold  ;  but  the  solution,  when  gently  heated,  deposits  a  resinous 
substance,  which  dissolves  slowly  on  boiling  with  water,  and  is  deposited  on  cooling  in 
microscopic,  slightly  soluble  crystals,  apparently  a  product  of  decomposition  (Ander- 
son).— Concentrated  nitric  acid  acts  strongly  on  thebaine,  oven  in  the  cold,  giving  off 
red  vapours,  and  forming  a  solution,  which,  when  mixed  with  potash,  becomes  dark- 
coloured  and  gives  oif  a  volatile  alkali. — Thebaine  also  dissolves  easily  in  hydrochlurio 
acid ;  the  solution  becomes  dark-coloured  when  evaporated,  and  leaves  a  resinous 
residue  no  longer  quite  soluble  in  water. — Chlorine  and  bromine  act  strongly  on  the- 
baine, forming  resinous  products. 

Thebai ne- salts  do  not  crystallise  from  aqueous  solution. 

The  hydrochlorate,  C'''H''''NO^.HCl.H'-0,  is  obtained  by  mixing  thebaine  with  a 
small  quantity  of  strong  alcohol,  and  adding  alcoholic  hydrochloric  acid  till  complete 
solution  is  effected,  avoiding  an  excess  of  acid;  it  then  separates  on  standing  in 
rhombic  crystals.  It  is  very  soluble  in  water,  the  solution  resinising  on  evaporation ; 
sliglitly  soluble  in  alcohol,  and  insoluble  in  ether. — The  cidoroaurate  is  an  orange-red 
precipitate,  which  melts  to  a  resinous  mass  at  100°. — The  chloromereurate  is  a  white 
crystalline  precipitate,  obtained  with  hydrochlorate  of  thebaine  and  mercuric  chloride; 
with  free  thebaine  a  btdky  precipitate  is  obtained,  which,  as  well  as  the  crystalline 
precipitate,  is  of  variable  composition. — The  chloroplatinate,  2(C'''II-'N0^.HCl).PtCl*. 
2ir-'0,  is  precipitated  on  adding  platinic  chloride  to  hydrochlorate  of  thebaine.  It  is 
slightly  soluble  in  boiling  water,  the  solution  depositing  a  salt,  which  appears  to  be  a 
product  of  decomposition. 

The  sul2)hate  is  obtained  by  adding  sulphuric  acid  to  an  ethereal  solution  of  the- 
baine, partly  in  the  crystalline  state,  partly  as  a  resin,  which  becomes  crystalline  on 
standing. 

THEBOliACTXC  ACID.  This  name  is  applied,  byT.  and  H.  Smith,  to  an  acid, 
isomeric  or  identical  with  lactic  acid,  discovered  by  them  in  the  mother-liquors  of 
morphine.  To  prepare  it,  the  mother-liquor  of  morphia,  after  having  been  freed  from 
all  organic  bases  by  precipitation  with  an  alkali,  is  digested  with  oxide  of  lead;  llie 
evaporated  liquid  is  mixed  with  a  large  quantity  of  alcohol  and  sulphuric  acid;  and  the 
solution  filtered  from  the  precipitated  sulphates,  and  saturated  with  milk  of  lime,  is 
evaporated  to  a  syrup;  this,  after  some  time,  solidifies  to  a  crystalline  mass  of  calcic 
thebolaetate.    Turkey  opium  yields  about  2  percent,  of  this  salt. 

Thel)olactic  acid  appears,  from  an  analysis  of  the  silver-salt  by  Dr.  Stenhous  e,  to 
have  exactly  the  same  percentage  composition  as  lactic  acid ;  but  (according  to  T.  and 
H.Smith)  its  copper-  and  morphine-salts  differ  in  crystalline  character  from  tlie 
corresponding  lactates,  and  the  behaviourof  ferric  thebolaetate  with  ammonia  is  different 
from  that  of  ferric  lactate.  (Pharm.  J.  Trans.  [2],  vii.  50  ;  also  private  communication 
from  Messrs.  T.  and  H.  Smith.) 

TBEINE.  Syn.  with  Caffeine  (i.  707).— According  to  Attfield  (Pharm.  J. 
Trans.  [2]  vi.  457),  the  nuts  of  the  kola-tree  {Cola  acuminata),  which  in  the  fresh 
state  are  used  in  the  western  part  of  Central  Africa  as  food  and  medicine,  contain 
tlii'ine,  tlu-  dried  nuls  yielding  about  2  per  cent. 

THEIOTHERnXIN-.    Syn.  with  Eareuin  (i.  oOO). 
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THESTAIISZTE.  Native  anhydrous  sulphate  of  sodium.  (See  Sulphates 
p.  610.) 

TBETTARS'S  BXiT7E.  A  blue  colour  prepared  by  igniting  a  mixture  of  cobalt 
pliosphitte  or  arsenate  and  alumina.    (See  Phosphates,  iv.  600.) 

THEOBROIWA.  See  Cacao  (i.  700). —  The  ash  of  several  parts  of  the  cacao- 
tree,  from  the  phintations  of  Manado,  in  Celebes,  lias  been  examined  by  Rost  van 
Ton  nin  ge  n  (Kip.  Chim.  app.  ii.  261),  with  the  following  results  : 


Ash  per  cent,  of  the  dried  substance  (?  at  100") 
Composition  of  the  ash  : 

Silica  

Sulphuric  anhydride  

Chlorine  ....... 

Phosphoric  anhydride  

Lime  ........ 

Magnesia  ....... 

Carbonate  of  calcium  ..... 

Carbonate  of  sodium  


Bark. 

Leaves. 

Fruit. 

Seed. 

12-86 

14-58 

13-34 

3-87 

34-60 

42  65 

trace 

0-99 

4-85 

10-22 

3-50 

4-30 

0-63 

0-25 

0-30 

e-45 

23-01 

6-21 

7-14 

38-18 

11-65 

14-38 

3-76 

1-94 

4-56 

6-19 

3-21 

tr.ice 

19-63 

20-13 

69-70 

44-44 

trace 

trace 

8-66 

7-83 

98-83 

99-03 

96-27 

98-13 

TBEOBROBXIirE.  CH^IST^O^  (Woskresensky,  Ann.  Ch.  Pharm.  [1841], 
xii.  125. — Glasson,  ibid.  Ixi.  335. — Kelle r,  iiirf. xcii.  71. — Rochleder,  ihid.  xx\. 
9  ;  Ixxxix.  124. — Strecker,  ihid.  cxviii.  151.) — An  organic  base  existing  in  cacao- 
beans.  To  prepare  it,  the  beans  are  treated  with  water  for  some  time  at  the  heat  of  the 
water-bath ;  the  solution  is  strained  through  linen,  and  carefully  precipitated  by  neu- 
tral acetate  of  lead  ;  the  precipitate,  which  is  abundant,  is  separated  by  filtration  ; 
and  the  filtered  liquid  is  freed  from  excess  of  lead  by  sulphuretted  hydrogen.  The 
filtrate  then  yields  by  evaporation  a  brown  residue,  which  is  boiled  with  alcohol,  and 
filtered  at  the  boiling  heat ;  the  liquid,  on  cooling,  deposits  a  reddish-white  crystalline 
powder,  which  is  obtained  colourless  by  repeated  crystallisation  (Woskres  en  sky ; 
Glasson).  Keller  heats  the  theobromine,  obtained  as  above,  between  two  watch- 
glasses,  whereby  a  small  quantity  of  charcoal  is  separated,  and  a  dazzling  white  sub- 
limate formed. 

Properties. — Theobromine  is  a  colourless  crystalline  powder,  composed  of  microsco- 
pic trimetric  crystals,  exhibiting  the  combination  ocP2  .  P,  and  arranged  in  club- 
shaped  groups  (Keller).  It  tastes  very  bitter,  but  the  fiavour  is  very  slowly 
developed.  Sublimes,  without  decomposition,  between  290°  and  295°.  Its  composition 
is  shown  by  the  following  analyses : — 


Calculation. 

Woskresensky. 

GInsson. 

Keller. 

c  . 

.  84 

46-67 

46-33 

47-13 

46-28 

w  . 

.  8 

4-44 

4-55 

4-60 

4-80 

N*  . 

.  56 

31-11 

36-38 

31-27 

30-86 

02  . 

.  32 

17-78 

13-74 

17-00 

18-06 

C'H^N'O" 

.  180 

100-00 

100-00 

100-00 

100  00 

Theobromine  is  sparingly  soluble  in  hot  water,  still  less  soluble  in  alcohol  and  in 
ether.  The  aqueous  solution  forms,  with  mercuric  chloride,  a  white  crystalline  precipi- 
tate, slightly  soluble  in  water  and  in  alcohol.  (Woskresensky.) 

Decompositions. — 1.  Theobromine  heated  with  pcroridc  of  lead  and  dilute  sulphuric 
acid,  gives  off  carbonic  anhydride,  the  decomposition,  when  once  bo<;un,  going  on  with- 
out further  application  of  heat ;  and  if  the  right  quantity  of  peroxide  of  lead  be  advied, 
and  the  heating  not  too  long-continued,  there  is  obtained,  after  separating  the  sulphate 
of  lead  by  filtration,  a  transparent  colourless  liquid,  wliich  gives  off  ammonia  when 
treated  with  potash,  separates  sulphur  from  sulphuretted  hydrogen,  colours  the  skin 
purple-red,  and  immediately  turns  blue  when  treated  with  magnesia.  An  excess  of 
magnesia  destroys  this  colour,  which  may,  however,  be  restored  by  cautious  addition  of 
sulphuric  acid.  The  liquid,  mixed  with  excess  of  magnesia,  becomes  reddish,  and  gives 
off  ammonia  during  evaporation  to  dryness ;  boiling  alcohol  extracts  from  the  residue 
a  body  which  crystallises  from  the  solution  in  rhombic  prisms,  is  soluble  in  alcohol, 
has  an  acid  reaction,  and  does  not  precipitate  chloride  of  mercury,  nitrate  of  silver,  or 
tetrachloride  of  platinum.  (Glasson.) 
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2.  It  dissolves  in  boiling  baryta-water  -without  evolution  of  ammonia  ;  the  solution, 
on  cooling,  solidifies  to  a  white  jelly. 

3.  With  chlorine,  iu  presence  of  water,  it  forms  amalic  acid  and  hydrochlorate  of 
methylamine  (Rochledor  and  Hlasiwetz,  AVien.  Akad.  Ber.  1850,  i.  266). — 
4:  Heated  with  ^otoA,  it  gives  off  methylamine. 

5.  The  silver-compound  of  theobromine,  heated  to  100°  with  iodide  of  methyl,  yields 
silver-iodide  and  caffeine  : 

C'H^AgN'O^  +  CIPI    =    Agl  +  C»H'"N'0-. 

Hence  caffeine  may  be  regarded  as  metliylated  theobromine.  (Strecker.) 

Argentic  Theobromine,  C'H'AgN*0-. — When  theobromine  is  dissolved  in 
ammonia  (in  which  it  dissolves  much  more  easily  than  in  water),  and  nitrate  of  silver  is 
added,  a  gelatinous  precipitate  is  obtained,  which  dissolves  easily  in  warm  ammonia. 
On  boiling  the  solution  for  some  time,  ammonia  escapes,  and  a  colourless  granular  pre- 
cipitate of  argentic  theobromine  is  formed,  which  is  neai-ly  insoluble  in  water.  The 
precipitate  contains  water,  which  is  given  oflf  slowly  over  oil  of  vitriol,  or  at  100°,  more 
quickly  at  120°— 130°.  The  residue  may  be  heated  to  160°  without  alteration;  at  a 
higher  temperature  it  does  not  melt,  but  decomposes,  and  gives  off  vapours,  which  con- 
dense to  unaltered  theobromine.  (Strecker.) 

Theobromine  Salts. — Theobromine  is  a  weak  base,  but  nevertheless  forms 
salts  which  crystallise  well,  though  tluy  are  somewhat  unstable,  the  neutral  salts  being 
decomposed  by  v/ater,  .and  converted  into  basic  salts. 

Hydruchlurate,  C'H'N'O-.HCl. — Theobromine  dissolves  readily  in  concentrated 
hydrochloric  acid;  and  as  the  warm  solution  cools,  the  s.alt  separates  in  crystals, 
which  may  be  dried  over  oil  of  vitriol  and  caustic  potash.  It  gives  off  all  its  hydro- 
chloric acid  at  100°,  and  decomposes  with  water,  forming  a  basic  salt  (Glasson). 
—The  chJoroplaiinate,  2(C'H''N'0-.HCl).PtCP.4H-0,  separates  from  a  mixture  of  the 
hydrochlorate  and  platinic  chloride,  in  monoclinic  prisms,  exhibiting  the  faces  ccP 
and  oP.  It  is  efflorescent,  gives  off  its  wivter  of  ci-ystallisation  at  100°,  decomposes  at 
a  stronger  heat,  and,  when  ignited  iu  the  air,  leaves  pure  platinum. 

The  nitrate,  C'H"N^O■-.HNO^  separates  from  a  solution  of  theobromine  in  warm 
nitric  acid,  on  cooling,  in  monoclinic  prisms,  which  give  off  their  acid  at  100°,  and  are 
easily  decomposed  by  water. 

The  argeniie  nitrate,  C'H'N'O^.AgNO^  separates  from  a  very  dilute  solution  of 
nitrate  of  theobromine  mixed  with  nitrate  of  silver,  in  shining  silver-white  needles, 
very  sparingly  soluble  in  water.  It  does  not  undergo  any  perceptible  loss  F.t  100°, 
but  at  a  higher  temperature,  it  melts  and  gives  off  nitrous  acid,  and  on  ignition  leaves 
mi  tallic  silver. 

THERIUOBAROIVISTSR.  This  name  was  applied  byBellani  to  a  syphon-baro- 
mcter  having  its  two  wide  legs  united  by  a  narrow  tube,  so  that  it  conld  be  used  either 
in  its  ordinary  position  as  a  barometer,  or  in  the  reversed  piosition  as  a  thermometer, 
the  wide  scaled  leg  of  the  barometer  then  serving  as  the  bulb  of  the  thermometer. 

The  same  name  is  sometimes  applied  to  a  thermometer  which  indicates  the  atmo- 
spheric pressure  by  the  boiling-point  of  water. 

THERIVIO-ELECTRICITY.    See  Electricity  (ii.  412). 

THEHmOMETER  (0epM<is,  hot;  fierpov,  measure). — The  thermometer  measures 
tlie  /( iiqii  nifiire,  or  dcyree  of  hvtncss,  of  a  body  ;  it  tlms  determines  one  dimension,  so  to 
speak,  of  the  quantity  of  heat  within  the  body — the  specific  heat  and  the  weight  of  the 
body  being  the  other  dimensions.  The  measiu'ement  is  founded  on  the  law,  that  per- 
fect gases  tend  to  expand  with  equal  increments  of  volume  for  equal  increments  of 
heat.  Mercury,  being  compared  with  gases,  is  found  to  follow  nearly  the  same  law  at 
ordinary  temperatures.  It  is  likewise  almost  perfectly  adapted  for  thermometric  pur- 
poses, from  its  wide  range  of  liquidity  (390°  C),  its  low  specific  heat,  its  high  conducting 
power,  and  its  uniform  purity. 

As  the  thermometer  is  the  most  important  and  indispensable  of  all  instruments  in 
roost  physical  researches,  too  much  attention  cannot  be  paid  to  attaining  perfection  in 
its  manufacture  and  use. 

Thermometer  Tulte. — In  making  a  mercurial  thermometer,  a  capillary  glass- 
tube,  usually  of  flat  or  elliptical  bore,  is  first  to  be  selected,  as  free  as  possible  from  all 
visible  defects.  It  must  be  of  almost  perfectly  uniform  bore  throughout.  That  it  is 
so  is  to  be  ascertained  by  introducing  enough  mercury  to  fill  about  one  inch  of  the  tube, 
and  observing  if  the  length  of  this  mercurial  column  remains  almost  unchanged  as  the 
mercury  is  forced  through  the  tube.  If  the  tube  be  not  perfectly  clean  internally,  nitric 
acid  01-  other  solvents  may  be  introduced,  the  interior  of  the  tube  being  afterwards 
tlioroughly  washed  with  distilled  water,  and  dried  by  drawing  air  through  it  when 
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A  bulb  is  now  to  he  formed  by  sealing  and  softening  the  tube  at  one  end,  in  th'^ 
blowpipe-flame,  and  then  forcing  dry  air  in  by  means  of  a  small  elastic  bottlo  fixed  to 
the  open  end,  and  compressed  by  the  fingers.  Much  skill,'of  course,  is  reqitired  in  this 
operation,  and  the  ultimate  character  of  the  instrument  will  vary  with  every  particular 
manner  of  heating  the  glass. 

The  form  of  the  bulb,  too,  is  a  matter  for  much  consideration.  Its  capacity  must 
have  such  a  ratio  to  the  capacity  of  the  tube,  that  the  degrees  may  be  long  enough  to 
read  with  the  required  precision,  and  not  much  longer.  Thus,  thermometers  intended 
to  show  the  ^  of  a  degree  (Fahr.),  should  have  degrees  not  less  than  ^  inch  in  length. 

The  required  capacity  of  the  bulb 
Fiff.799.  Fiff. 800.  Ficf.  801.  Figi.  802.  Fiff.  SOS.  may  be  caloulated  as  afterwards 

shown.  The  ordinary  shape  of  the 
bulb  is  spherical  (/^.  799),  and  this  is 
the  best  suited  to  bear  the  pressui-e 
of  the  atmosphere  without  shrinking. 
But  an  elongated  bulb,  either  pear- 
shaped  (fys.  800  and  801),  or  tubu- 
lar (fys.  802  and  803),  exposes  a 
much  larger  surface  for  the  conduc- 
tion of  heat,  in  proportion  to  its 
capacity,  and  is  therefore  favourable 
to  sensitiveness.  A  bulb,  too,  of  no 
greater  diameter  than  the  tube,  is 
less  liable  to  be  broken,  and,  for 
chemical  purposes  especially,  is  convenient  and  neat.  The  thickness  of  the  glass  is  an 
important  point ;  if  too  thin,  it  may  yield  to  the  atmospheric  pressure,  so  as  to  raise 
the  zero  of  the  instrument ;  if  too  thick,  the  instrument  will  be  insensitive.  In  all 
these  points  a  thermometer  should  be  specially  adapted  to  its  intended  employment. 

E.\tremely  sensitive  and  j'et  exact  ther- 
Ficf.  804.  Fiff.  805.  Fig.  806.  mometers  have  lately  been  prepared  by 

the  best  London  makers.  In  these,  either 
the  bore  of  the  tube  is  very  minute,  and 
the  bulb  consequently  small  (as  in  Jiff.  801), 
or  the  bulb  is  made  to  contain  much  mer- 
cury, and  shaped  into  a  long  cylindrical 
tube,  bent  into  some  convenient  form,  as  in 
the  Gridiron  thermometer  of  Negretti  and 
Zambra  (Jiff.  805).  In  /iff.  806  is  shown 
a  suggestion  of  ]\Ir.  Beckley,  of  the  Kew 
Observatory,  for  increasing  the  surface  of 
thermometer-bulbs  without  impairing  their 
inflexibility.  The  mercury  is  contained 
between  two  concentric  glass-cylinders,  of 
which  tho  inner  one  is  open  at  the  bottom. 
Fillitiff  the  Tiihe. — The  following  is  the  most  perfect  mode  of  tilling  the  ther- 
mometer with  mercury: — A  sufficient  length  of  tho  tube,  a  h,  is  marked  off  to  form 
the  stem  of  the  thermometer,  and  a  second  bulb,  rather  lai-ger  than  the  first,  is 

roughly  blown  at  b.    When  the 
Fig.  807.  bulb  is  half-cooled,  the  open  end 

of  the  tube  is  held  in  pure  and 
well-boiled  mercury,  which  gradu- 
j  ally  rises  into  the  first  bulb.  By 

inverting  the  position  of  tho  tube, 
and  alternately  heating  and  cool- 
ing the  lower  bulb  [a),  sufficient 
mercurj'  may  be  made  to  pass  from 
h  into  a,  almost  to  fill  a,  a  little  remaining  over  in  h.  The  whole  tube  is  now  held  by 
tho  wire-handle  shown  in  Jig.  80",  over  a  oharcoal-fire  or  a  series  of  powerful  gas- 
burners,  so  as  to  be  strongly  and  uniformly  heated  tliroughout  its  whole  length.  The 
mercury  boils  easily,  and  its  vapour  drives  out  every  trace  of  air  or  moisture.  AVhen 
this  is  thoroughly  accomplished,  and  tlie  mercury  yet  boiling,  the  open  end  of  the  tube, 
which  must  not  be  very  hot,  is  thrust  against  a  piece  of  sealing-wax,  and  then  at  once 
withdrawn  from  tho  heat.  As  the  tube  cools,  a  little  wax  is  drawn  in,  and,  in  time 
becoming  solid,  prevents  the  entrance  of  any  air.  Wien  quite  cool,  the  mercury  per- 
fectly fills  tho  whole  of  llie  lower  bulb  and  tube.  Lei  the  tidie  be  now  inclined,  and 
the  lower  bulb  raised  to  a  tompeniture  rather  higher  thau  the  thermometer  is 
intended  ever  to  indicate.    A  part  of  (he  mercury  is  tlius  expelled,  and  as  the  column 
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begins  to  rfitreat  again  on  cooling,  the  tube  is  to  be  melted  and  hermetically  sealed, 
just  below  the  bulb  b,  which  is  drawn  off.  The  perfection  of  the  vacuum  thus  pro- 
duced within  part  of  the  tube,  may  be  known  by  the  mercm-y  running  freely  up  and 
down,  especially  if  the  tube  be  not  very  fine.  This  process  is  more  simply  Imt  h  ss 
perfectly  performed  by  some  makers,  who  omit  the  second  bulb,  anil  place  the 
mercury  in  a  little  funnel  of  glass  or  paper  affixed  to  the  open  end  of  the  tube. 

Graduation. — A  common  thermometer  is  usually  graduated  by  determining  two 
points  of  the  scale,  by  comparison  with  a  standard  thermometer,  and  dividing  the  in- 
terval into  the  proper  number  of  equal  parts.  The  thermometric  scales  usually  em- 
ployed are  well  known  to  be  three  in  number,  and  are  thus  defined  : — 

Temperature  of  Temperature  of 

meltuig  ice.         lulerval.       boiling  water. 

Centigrade  scale  (C.)     .       .       .    0-0°  100-0°  100-0° 

Fahrenheit's  scale  (F.)  .       .       .32-0°  180-0°  212-0° 

Eeaumur's  scale  (R.)    .       .       .    0-0°  80-0°  80-0° 

Of  these,  the  Centigrade  is  in  general  use  on  the  Continent,  and  is  so  far  superior  to 
our  own  Fahrenheit's  scale,  that  all  scientific  chemists  should  at  once  adopt  it.  It  is 
already  adopted  in  many  English  scientific  treatises.  Reductions  from  one  scale  to 
the  other  are  easily  made  by  the  following  formulae  :— 

Fahrenheit  to  Centigrade  .  .  .  |(F.°  -  32)  =  C.° 
Centigrade  to  Fahrenheit  .  .  .  ''tO°  +  32°  =  F.° 
Reaumur  to  Falu-enheit      .       .       .    |R.°  +  32°  =  F.° 

The  Reaumur  scale  being  seldom  met  with,  the  numbers  5,  9,  and  32,  which  are  suffi- 
cient for  the  reduction  of  Fahrenheit  and  Centigrade,  may  be  easily  remembered  and 
applied. 

Mouniin  g  of  the  Thermometer. — For  chemical  purposes,  the  simple  tube- 
thermometer,  with  the  divisions  etched  upon  it,  is  by  far  the  best.  For  accurate  pur- 
poses, indeed,  divisions  upon  the  glass  are  alone  to  be  trusted;  and  if  an  ivory  scale 
is  attached  at  all,  it  must  only  be  used  to  show  the  whole  degrees  with  quickness  and 
security  from  mistake. 

For  meteorological  use,  the  degrees  should  still  be  etched  on  the  glass,  but  may  be 
repeated  on  the  metal  scale.  In  this  respect  the  Kew  Observatory  common  ther- 
mometer leaves  nothing  to  be  desired.  It  may  be  had  from  the  best  opticians,  with  a 
certificate  ofits  comparison  at  Kew,  at  the  price  of  about  half-a-guinea.  More  sensi- 
tive instruments  are  mentioned  in  describing  the  Di-y  and  Wet  Bulb  Hygrometer.  (See 
Hygrometer,  iii.  228.) 

Standard  Thermometer. — We  shall  describe  the  graduation  of  a  standard 
thermometer  as  it  was  practised  by  Mr.  Welsh  at  the  Kew  Observatory  of  the  British 
Association,  on  the  principles  proposed  by  Regnault,  and  described  at  considerable 
length  by  Pierre  (Ann.  Ch.  Phys.  [3],  v.  428).— Welsh.  {liqjori  to  Eoyal  Sociitn 
Phil.  Mag.  [4],  iv.  306.) 

Calihration  of  the  Tube. — A  tube,  having  been  selected  as  tolerably  free  from  all 
-visible  defects,  a  short  column  of  mercury,  generally  less  than  one  inch  long,  is  intro- 
duced. The  tube  is  then  attached  to  a  dividing-engine,  and  either  end  put  in  commu- 
nication with  an  elastic  bag  compressed  by  a  screw,  by  which  means  the  mercury  can 
be  moved  at  will.  Commencing  at  one  end  of  the  desired  scale,  the  mercury  is  made 
to  coincide  with  cross-wires  in  the  focus  of  a  microscope  carried  by  the  cutting  slide 
of  the  engine.  By  turning  the  screw  until  the  wires  correspond  witli  the  other  end  of 
the  column,  we  learn  the  length  of  the  column  in  revolutions  of  the  screw.  The 
mercm-y  is  now  moved  until  its  other  end  exactly  coincides  with  the  cross-wires 
which  have  remained  stationary.  The  length  of  the  columu  is  again  measured,  the 
dilference,  if  any,  indicating  inequality  of  the  tube.  Tlie  same  process  is  repeated, 
until  the  column  has  been  measured  for  each  length  of  itself  through  the  whole  extent 
of  the  proposed  scale.  Permanent  marks  are  made  on  the  glass,  at  the  points  of 
commencement  and  ending  of  the  calibration. 

Graduation. — Tlie  measured  lengths  of  the  column  of  mercury,  in  its  successive 
steps  along  the  tube,  corresponding  to  equal  volumes,  we  may  assume,  unless  the  tube 
is  a  very  faulty  one,  that  the  calibre  of  the  tube  is  uniform  throughout  each  length. 
Hence  we  may  divide  the  length  of  each,  as  expressed  in  revolutions  of  the  screw,  into 
any  convenient  number  of  parts,  and  proceed  to  the  graduation,  starting  from  one  end, 
and  successively  adding  on  the  requisite  number  of  revolutions.  Tlie  divisions  are 
cut  with  a  fine  needle-point  upon  a  coating  of  engravers'  wax,  and  afterwards  etched 
witii  hydrofluoric  acid.  By  weighing  a  measured  column  of  mercury,  we  have  data  to 
calculate  the  capacity  of  the  biilb  most  suitable  for  our  intended  thermometer. 
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.  Beterinination  of  the  Scale-coefficient. —  The  thermometer  having  been  filled  •with 
mercury,  the  divisions  of  the  scale  will  represent  equal  increments  of  temperature, 
but  are  entirely  arbitrary  in  value.  As  described  below,  we  now  determine  the 
freezing-point  to  be,  say  u,  of  the  arbitrary  scale-reading,  and  the  boiling-point  to  be, 
say  b.  Then  the  true  temperature  in  deg.  Fahr.  corresponding  to  any  arbitrary  scale- 
reading  «,  is  obviously  ^ — ^  X  180°  +  32°.    The  values  of  this  formula  should  be 

tabulated  for  every  degree  of  the  arbitrary  scale  which  is  likely  to  be  used :  in  refer- 
ence to  the  table,  of  course,  proportional  parts  of  the  differences  of  these  values  are 
to  be  taken  for  the  fractional  parts  of  the  arbitrary  scale-readings.' 

A  calibrated  standard  thermometer  may  be  graduated  with  a  correct  Fahrenheit's 
scale,  as  described  by  Welsh  {Op.cit.'p.  312),  but  the  necessary  calcxdations  are  rather 
intricate.  It  is  needless,  too  :  for  he  who  requires  great  accuracy  can  always  use  an 
arbitrary  scale  with  its  formula,  or  table,  and  he  who  does  not  had  better  employ  an 
ordinary  compared  thermometer.  It  should  be  remembered,  that  the  highest  degree  of 
accuracy  is  always  attained  by  pure  or  passive  observation,  the  error  of  which  can 
be  calculated  and  applied,  while  instrumental  adjustment  is  always  a  clumsy  and 
uncertain  operation. 

Freezing-point. — To  determine  the  melting-point  of  ice,  which  is  32°  Fahr.,  and 
the  zero  of  the  Centigrade  scale,  the  thermometer  is  placed  upright,  in  finely-pounded 
melting  ice,  contained  in  any  vessel  which  will  allow  the  water  to  drain  away  from  tlie 
ice  as  it  melts.  Snow  is  stiU  better  than  ice  for  this  purpose.  The  whole  of  the 
mercury,  both  in  the  bulb  and  tube,  must  be  covered,  and  had  better  be  so  left  for  at  least 
half  an  hour.  The  ice  may  then  be  removed  just  sufficiently  to  allow  a  mark  to  be 
made  at  the  top  of  the  mercurial  column,  or  (which  is  far  better)  its  position  noted 
with  reference  to  graduation-marks  already  there,  all  proper  precautions  being  taken 
as  elsewhere  stated. 

Boiling-point. — The  boiling-point  is  ascertained  by  placing  tlie  thermometer 
vertically  in  a  cylindrical  metal  vessel,  so  that  the  bulb  shall  be  close  above  the  surface 
of  distilled  water  in  rapid  ebullition,  the  whole  of  the  mercurial  column  being  like- 
wise raised  to  the  same  temperature  as  the  bulb  by  the  rising  vapour.  The  best 
form  of  boiler  is  that  of  Eegnault's  (Jig.  808),  with  double  sides,  between  which  the 
Fig.  808.  vapour  circulates  before  issuing  into  the  open  air.  In  this  boiler 
«  the  cold  of  the  exterior  air  cannot  possibly  reach  the  thermomo- 

ter.  Care  must,  however,  be  taken  that  the  steam  may  issue 
with  perfect  freedom,  else  the  pressure  and  temperature  within 
the  boiler  will  rise  irregularly.  Thus  the  aperture  a  should 
~T  have  a  diameter  of  an  inch  or  more,  and  a  small  manometer  or 
*  Byphon-guage,  b,  containing  water,  and  communicating  with  the 
interior  of  the  boiler,  may  be  used  to  indicate  the  least  excess  of 
pressure  within.  The  water  having  been  thoroughly  boiled  for 
a  length  of  time,  and  the  mercury  standing  quite  stationary,  the 
reading  of  the  upper  end  of  the  mercurial  column,  which  may 
extend  just  above  the  cork,  is  to  be  noted  as  before,  while  the 
boiling  continues  uninterruptedly. 

A  common  flask,  with  a  glass  tube  fitted  to  its  mouth,  to  con- 
^  tain  the  stem  of  the  thermometer,  may  serve  for  the  rough  deter- 
mination  of  the  boiling-point.  It  is  well  known,  however,  that 
water  does  not  readily  boil  from  a  vitreous  surface,  so  that 
mercury,  scraps  of  platinum,  or  bits  of  charcoal,  must  be  placed  in 
the  flask  to  prevent  any  irregular  rise  of  the  temperature. 

Owing  to  the  displacement  of  the  zero  (see  p.  766),  Pierre 
directs  that  the  boiling-point  should  be  taken  before  tho  freezing- 
point,  but  we  think  that,  for  most  purposes,  the  order  shoidd  be 
reversed.  It  is  best,  however,  to  take  the  freezing-  and  boiling- 
points  with  as  long  an  interval  between  as  possible,  the  ther- 
mometer being  left  undisturbed  at  the  ordinary  temperature  of  the 
air  before  each  determination. 
As  the  boiling-point  of  water  depends  entirely  on  tho  pressure  of  tlie  air  at  the 
time,  the  barometer  must  be  properly  read.  If  it  stand  at  0-760  millimetre  (or  30 
English  inches)  when  properly  corrected  (see  BAiiOnrETKR,  i.  512),  the  temperature  of 
boiling  water  is  exactly  100^  C.  (212°  Fahr.).  If  not,  the  temperature  must  be  calculated, 
allowing  a  change  of  ±  1"^  C.  for  every  divergence  of  pressure  equal  to  ±  26-7  millime- 
tros  (or  1-71°  Fahr.  for  every  inch  of  pressure).  It  is  better,  however,  to  use  tho 
following  table,  which  gives  the  barometer  reading  (corrected)  corresponding  to 
every  tenth  of  a  degree  near  100°  Centigrade : — 


THERMOMETER. 


765 


Boiling- 

RendinR  of 

Boiling- 

Reading  of 

point 

Barometer. 

iHiint 

Barometer, 

oCent. 

Milliin. 

'^Cent, 

Millim. 

98-8 

727'96 

99-5 

746-50 

98-9 

730-O8 

99-6 

749-18 

99-0 

733-21 

99-7 

751-87 

99-1 

73.V85 

99-8 

754-57 

99-2 

738-50 

99-9 

757-28 

99-3 

741-16 

100-0 

760-00 

99-4 

7-13-83 

100-1 

762-73 

To  obtain  a  still  nearer  approximation,  proportional  parts  of  the  differences 
may  be  taken.  Thus,  suppose  a  thorniometer  with  an  arbitrary  scale  to  read  ]  87-5 
in  the   boiler  with  the  barometer  at  755-03  ;   the  corresponding  temperature  is 

90-8  +  ^'-^Y  -^S  ~7'""l  i)^   X  '1  =  99-82.    Suppose  the  freezing-point  on  the  arbitniry 

scale  to  be  25-4:  then  187-5  — 25-4,  or  162-1  arbitrary  divisions,  are  equal  to  99-82° 
Cent.,  or  162  4  divisions  to  100°.  Thus,  25-4  +  162-4,  or  187-8,  is  the  true  degree  100,  or 
the  boiling-point  for  tlie  pressure  760  millim. ;  and  the  value  of  any  arbitrary  degree  n  is 

(.-25-4) 

Examination  o f  a  Thermometer. — Any  good  thermometer,  of  which  the  scale  ex- 
tends from  32°  to  212°,  may  be  made  to  serve  as  a  correct  standard  thermometer,  by  direct 
experiment,  if  it  be  -worth  while  to  take  the  necessary  trouble.  We  will  suppose  the- 
thermometer  to  be  already  graduated.  By  placing  it  in  melting  ice  and  above  boiling 
water,  with  the  precautions  already  described,  we  first  ascertain  the  errors  of  the  degree 
32°,  and  of  some  point  near  212°.  At  the  interniediate  points,  the  error  is  then  found 
by  the  following  process  of  Professor  Forbes  (Phil.  Trans,  cxxvi.  [1836],  p.  578), 
which  is  that  of  Bessel  (Tilloch's  Phil.  Mag.  [1824],  Ixiii.  307)  simplified  and 
improved : — ■ 

Detach  a  column  of  mercury  from  the  rest,  of  such  a  length  as  to  bo  nearly  an 
aliquot  part  of  180°.  In  a  tube  of  moderately  wide  bore,  the  length  of  the  column 
may  be  adjusted,  with  great  acciiracy,  by  bringing  it  just  into  contact  with  the  re- 
mainder of  the  mercury,  and  at  the  same  time  heating  or  cooling  the  bulb.  A  part  of 
the  mercury  will  then  slowly  pass  over,  one  way  or  the  other.  This  column  is  then 
caused  to  along  the  tube,  beginning  at  32°,  the  one  end  being  brought  to  the  exact 
point  which  the  other  had  previously  occupied,  this  point  being  carefully  noted  in 
respect  to  the  nearest  graduation-mark.  The  capacity  of  the  tube  is  thus  measured 
out  into  exactly  equal  portions,  just  as  a  length  is  measured  by  a  carpenter's  rule. 
The  column  may  bo  moved  and  adjusted  to  its  position,  with  any  degree  of  accui-acy, 
by  tapping  one  end  or  other  of  the  tube  or  scale. 

The  end  of  the  measuring  column  will  finally  fall  near  to  212°.  Let  it  fall  at 
212  -H  f,  in  which  is  either  -h  or  — .  Also  let  the  number  of  intervals  measured  be 
w,  and  the  corrections  for  32°  and  212°,  already  determined,  be  a  and  i  (  +  or  — ) 
Then,  neglecting  the  veiy  .slight  error  which  may  exist  in  the  portion  of  the  tulio 
by  which  the  small  quantity  c  was  measm-ed,  the  true  interval  corresponding  to 

the  length  of  the  column  will  be  — —  a.  +  h  +  c  _  ^^^^  temperti- 

n 

tures  corresponding  to  the  divisions  noted  in  the  scale  at  the  successive  steps  will  bo 
32°  +       -(-  I,  32°  -t-  a  +  21,  and  so  on  up  to  32°  +  a  -i-  nl. 

Several  determinations  may  be  made  in  this  way  -n  ith  columns  of  different  lengths. 
The  results  may  then  be  projected  into  a  cm-ve. 

This  process  of  Professor  Forbes  may  be  performed  in  two  or  three  hours,  the 
freezing-  and  boiling-points  having  previously  been  determined,  and  the  Professor 
considers  it  ejisier  than  comparison  with  a  standard.  It  is  scarcely  applicable,  how- 
ever, to  thermometers  of  very  fine  bore. 

Comparison  of  Thermometers. — The  mode  in  which  thermomcfric  accuracy 
will  doubtless  be  most  generally  attained,  is  by  comparing  each  tliermometer  used 
against  a  standard  one,  or  oven  against  a  good  thermometer,  pre^^ously  carefidly  com- 
pared with  a  standard.  This  comparison  is  very  easily  pierformed  at  all  ordinary 
temperatures,  as  follows  : — -The  standard  thermometer  and  that  which  is  to  be  com- 
pared, are  firmly  tied  to  a  cross-piece  of  wood  or  other  support,  in  such  a  manner  that 
the  bulbs  shall  hang  in  exactly  the  same  level  plane,  and  as  near  each  other  as  is 
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safe.    They  are  then  placed  in  the  axis  of  a  cylindrical  glass  vessel  12  or  15  inches 
deep,  and  6  or  8  in  diameter.    Sufficient  water  is  poured  in  to  cover  the  whole  of  the 
Fig.  809.  mercurial  columns,  and  it  must  be  of  the  highest  tempe- 

rature at  which  it  is  desired  to  make  the  comparison.  As 
O  water  tends  to  arrange  itself  in  layers  of  different  tem- 

perature, agitation  must  be  actively  maintained,  by  mov- 
ing up  and  down  within  the  vessel,  the  ring-shaped  agi- 
tator shown  in  fig.  809.    This  may  be  formed  of  stout 

 .      wire,  with  a  strip  of  calico  roughlj-  twisted  round  the 

 i     ring  part,  which,  being  made  nearly  of  the  same  diame- 
ter as  the  glass  vessel,  cannot  touch  the  thermometer. 

After  brisk  agitation,  the  readings  of  the  thermometers 
are  rapidly  taken  through  the  water,  almost  in  the  same 
moment,  and  at  once  recorded.  In  doing  this,  the  observer 
should  give  his  chief  attention  to  the  decimal  parts  of 
degrees,  for  the  number  of  whole  degrees  can  be  taken 
afterwards  at  leisure,  and  any  mistake  in  these  will  easily 
bo  apparent  on  taking  the  differences.  The  purpose  of 
this  haste  is,  of  course,  to  avoid  any  error  from  the  cool- 
ing of  the  water  between  the  two  readings.  This  error 
may  be  further  eliminated  by  inverting  the  order  of  the 
readings  each  time.    The  water  having  been  allowed  to 

\cool  a  few  degrees,  it  must  again  be  briskly  agitated 
before  the  next  pair  of  readiugs  are  taken,  and  so  on  with 
each  successive  step.    Error  might  be  still  fui'ther  elinii- 

  nated,  if  necessary,  by  repeating  the  whole  operation  with 

a  rising  instead  of  a  falling  temperature,  produced  either  by  successive  additions  of  hot 
water,  or  by  a  source  of  heat  placed  under  the  glass  vessel. 

It  is,  of  course,  possible  to  compare  two  or  more  thermometers  with  the  standard  at 
the  same  operation ;  but  the  chances  of  mistake  and  error  from  cooling  increase  in  such 
a  high  degree  with  the  number  compared,  that  we  strongly  recommend  the  reader 
never  to  read  more  than  two  thermometers  and  the  standard  at  the  same  time.  In  the 
Kew  Observatory,  indeed,  where  large  numbers  of  thermometers  are  constantly  com- 
pared for  meteorological  purposes,  Mr.  Welsh  has  de\-ised  a  revolving  vessel  and  stand, 
by  which,  with  the  aid  of  an  assistant,  he  was  able  to  read  six  thermometers  at  once. 
(Phil.  Mag.  [4],  iv.  309.) 

We  think  that  the  results  of  this  process,  performed  rigorously  as  we  have  described 
it,  are  capable  of  almost  any  degree  of  accuracy,  from  the  boiling  point  of  water  down 
to  low  temperatures,  at  which  solutions  or  other  liquids  cooled  by  freezing  mixtures 
may  be  used.  Professor  Forbes,  however,  objects  to  it  (Brit.  Assoc.  Eeport,  18-10, 
p.  49),  and  remarks  that  where  the  investigation  is  an  important  one,  constant  sources 
of  heat,  natui-al  or  artificial,  cannot  be  too  carefully  sought.  Bark-pits,  natural  hot 
springs,  waste  hot  water  of  steam-engines,  and  the  boiling-points  of  some  liquids,  such 
as  alcohol,  may  be  usefully  employed. 

When  some  determinations  of  especial  importance  and  exactness,  as  of  a  meltiug- 
or  boiling-point,  have  to  be  made  at  or  about  a  particular  temperature,  the  best 
mode  is  to  compare  the  thermometers  used  with  one  or  more  standards,  in  media  of  tlio 
constant  but  reqiii red  temperature,  such  as  boiling  alcohol  diluted  up  to  a  certain 
point.  Herschel  (Admiralty  Manual  of  Scientific  Enquiry,  p.  293)  states  that  the 
best  mode  of  ensiu-ing  perfect  identity  of  temperature  in  comparisons  is  long  rest  of 
the  thermometers  in  contact,  in  a  box  stuffed  with  cotton,  the  parts  of  the  scales  to  be 
read  off  being  occasionally  uncovered  for  Ihiit  purpose.  This  process  would  be  a  very 
slow  one,  but  otherwise  unexceptionable.  It  is  almost  needless  to  mention  that  com- 
parisons of  thermometers  in  the  open  air  are  useless  for  exact  purposes. 

Mr.  Welsh  gives  a  mode  of  examining  the  lower  part  of  a  thermometer «crt/c  wit lioiit 
the  use  of  freezing  mixtures,  but  it  is  open  to  exception. 

Change  of  the  Zero-point. — A  serious  difficulty  is  thrown  in  the  way  of  ther- 
momotric  accuracy  by  the  fact,  that  the  zero  of  the  instrument,  by  which  may  be 
meant  any  determinato  point  selected  for  verification,  but  generally  the  position  of  the 
mercury  iu  melting  ice  ( 32  °I""ahr.),  can  seldom  be  considered  invariable  in  the  best  instru- 
ments, and  is  more  properly  described  by  Dcsprotz  as  in  continual  o.'sciUatioii.  These 
movements  are  of  two  kinds: — 1.  A  gradual,  continued,  and  permanent  rise  of  the 
zero-point.  This  phenomenon  has  been  studied  by  Despretz  (Ann.  Ch.  Phys.  [2], 
Ixiv.  312),  who,  among  other  experiments,  frequently  dcteruiincd  the  freezing-point  of 
a  thermometer  during  five  years.  Wo  have  sliown  the  results  graphically  in  fig.  810, 
and  in  spite  of  irregularities,  due  to  the  fact  tliat  the  thermometer  was  in  constant  and 
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various  use  during  the  period,  tlio  curve  produced  is  sensibly  a  parabola.  Professor 
W.  H.  Miller,  in  correcting  the  ro;idings  of  a  standard  thermometer,  found  that 
the  rise  of  the  zero-point  was  represented  with  sutRcient  accuracy  by  a  formula 

Fig.  810. 


I 


(0'004-t  X  which  would  give  a  hyperbolic  curve.  It  is  generally  supposed  that  the 
rise  of  the  zero-point  is  due  to  the  atmospheric  pressure,  although  Legrand  (Ann. 
Ch.  Phys.,  &e.,  [2],  Ixiii.  372)  disputes  this,  and  attributes  it  to  molecular  changes. 

In  consequence  of  this  rise  of  the  zero,  it  is  usual  for  thermometer-makers  to  keep 
the  tubes  of  standard  thermometers  for  a  year  or  more  before  graduating  them.  It  is 
obviously  necessary  that  all  tliormometers  used  in  accurate  researches  should  be  veri- 
fied and  recompared  at  their  zero-points,  or  at  parts  of  tlicir  scales,  from  time  to  time. 

2.  The  second  kind  of  movement  of  tlie  zero  is  a  temporary  fall  when  the  thermo- 
meter has  been  much  heateil,  and  a  temporary  rise  when  much  cooled.  Legrand 
considers  that  at  the  temperature  of  boiling  mercury,  the  zero-point  remounts  tem- 
porarily to  its  position  just  after  the  thermometer  was  completed,  but  the  details  of  his 
observations  are  not  given.  Despretz  makes  the  curious  remark,  that  every  thermo- 
meter must  read  rather  too  low  in  summer,  and  too  high  in  winter.  Different  ther- 
mometers are  affected  in  very  different  degrees,  as  shown  in  the  following  observations, 
tlio  thermometer-makers'  n.ames  being  enclosed  in  brackets.  The  degrees  are  Centigrade. 
Legrand  [Bunten],  0-3°  to  0'5°  ;  Despretz,  0-23°  to  0-6°  ;  Lament,  9  thermometers, 
0-25<^  to  0-45°,  and  one,  0-62°;  Forbes  [Troughton],  0-3°  and  0-2°,  [Adic]  0-23°, 
[Crieliton]  0-3°  [Collardeau]  0'2°;  Sheepshanks,  average,  ()•  17°  ;  Welsh,  average, 
0'09°  to  0-11°.  In  making  the  above  observations,  the  thermometers  were  boiled,  and 
soon  afterwards  placed  in  melting  ice. 

The  position  of  a  thermometer,  especially  a  very  long  one,  when  a  reading  is  taken, 
is  not  always  a  matter  of  indifference,  for  at  a  hi^h  temperature  the  column  of  mer- 
cury may  exert  such  a  pressure  as  to  expand  the  bulb  slightly,  and  lower  the  reading. 
As  thermometers  are  generally  compared  and  graduated  when  vertical,  it  is  obvious 
that  the  vertical  reading  will  generally  be  the  correct  one.  Professor  Forbes 
(Phil.  Trans.  [1830],  p.  577)  detected  a  difference  from  this  cause  by  placing  the 
thermometer  in  a  cylindrical  vessel  filled  with  sand,  the  bidb  being  protected  from 
external  pressure  by  a  small  stiff  paper  tube,  and  the. upper  part  of  the  scale  pro- 
jecting out  of  the  vessel.  The  whole  having  been  very  gradiuilly  raised  to  as  high  a 
temperature  as  is  thought  desirable,  readings  may  be  taken  many  times  in  succession, 
horizontally  and  vertically.  A  standard  thermometer  of  Troughton,  thus  tested,  gave 
a  differenoe  of  0-15°  Fahr.  If  in  making  a  standard  thermometer  it  be  known  that  it 
will  have  to  be  used  both  in  the  vertical  and  horizontal  positions,  it  will  be  best  to  take 
the  determinations  of  the  freezing-  and  boiling-points  in  both  positions. 

As  the  mercury  in  a  thermometer-tube  is  always  removed  some  little  distance  from 
the  scale  to  which  we  refer  it,  an  obvious  error,  called  parallax,  will  arise,  unless  tlie 
line  of  sight  be  perpendicular  to  the  scale.  With  a  little  care,  p.arallax  may 
be  avoided  by  moving  the  head  backwards  and  forwards  till  the  eye  is  opposite  the 
right  point.  But,  in  making  frequent  or  important  readings,  especially  comparisons, 
it  is  best  to  use  a  telescope,  fixed  or  moving  at  right-angles  to  the  plane  of  the  scale. 
M.  Valz,  of  Marseilles,  ingeniously  proposed  to  plunge  two-thirds  of  the  thickness  of 
the  tube  info  the  substance  of  the  scale,  so  that  the  plane  on  which  graduation  is  made 
is  advanced  in  front  of  the  mercurial  column  to  the  amount  of  one-third  of  the  radius  of 
the  tube,  in  which  case  the  error  of  refraction  will  exactly  correct  the  error  of  parallax. 

A  light  frame  m;iy  easily  be  contrived  to  slide  upon  the  scale  or  tube,  and 
prevent  parallax.  Thus  Professor  Miller  (Phil.  Trans.  [1856],  cxlvi.  779), 
describes  thermometers  with  arbitrary  scales  divided  to  j~  inch,  subdivided  by  a  sliding 
glass  scale  to  ^J,-;  inch,  the  division  of  the  sliding  scale  which  is  brought  into  apparent 
coincidence  with  the  extremity  of  the  tliread  of  mercury  being  viewed  through  a  hole  in 
a  plate  of  brass  attached  to  the  very  light  bi-ass  frame  which  carries  the  scale,  so  that 
the  line  of  sight  may  be  at  right-angles  to  the  axis  of  the  tube. 

Capaciiy  and  Bit  at  a  tio7i  of  the  Bulb. — It  is  necessary  in  certain  researches  to 
determine  the  coefficient  of  dilatation  of  the  glass  employed.  This  may  be  found, 
after  the  luethod  of  Pierre  (Ann.  Ch.  Phys.  [3],  xv.  332),  by  constructing  a 
thermometer  of  the  same  kind  of  glass,  the  tube  being  calibrated  and  graduated  before 
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it  is  filled,  and  the  capacity  of  every  part  being  ascertained  by  introducing  mercury 
several  times  into  the  tube,  and  comparing  the  weight  of  this  mercury  with  the  number 
of  degrees  occupied.  The  thermometer  having  been  completed,  we  easily  determine, 
from  the  known  capacity  of  its  degrees,  and  the  coefficient  of  dilatation  of  mercury,  the 

capacity  of  the  bulb.    Taking  the  expansion  of  mercury  from  32'^  to  212°  as  after 

OO'O 

Dulong  and  Petit,  we  shall  find  7c,  the  coefficient  of  dilatation  of  the  glass  from  the 
equation : — 

^3^(1  +        =  r,i,(i  +  180  X  k)  . 

m  which  F32  is  the  actual  space  occupied  by  mercury  at  tne  temperature  of  32°  Fahr., 
and  foij  the  apparent  volume  at  the  temperature  of  boiling  water.  . 

The  coefficient,  A,  of  the  apparent  dilatation  of  mercury  in  the  glass  is,  then,  ap- 
proximately for  each  degree  Fahr. 

^        55-5  X  180  ~ 

The  values  which  ■wiU  thus  be  generally  found  are,  for  k  about  '000012  for  each 
degree  Fahr  ;  and  for  A  about  -000088. 

Spirit  Thermometers  are  required  for  measuring  temperatures  which  approach 
or  sink  below  the  freezing-point  of  mercury  (  —39°  Fahr.).  In  their  graduation  we  en- 
counter the  difficulty  that  the  increments  of  volume  of  alcohol  for  equal  increments  of 
temperature,  cannot  be  assumed  equal,  as  in  the  case  of  mercury.  Welsh,  however 
{Op.  cit.  p.  315),  shows  how  to  deduce  a  law  of  expansion,  by  -which  an  approximately 
correct  scale  may  be  graduated. 

Alcohol  is  also  used  in  many  register  thermometers  ;  but  it  is  an  objection  to  such 
that  the  spirit  often  distils  over  from  the  end  of  the  column,  collecting  in  the  other 
parts  of  the  tube,  leading  an  observer  who  is  not  very  vigilant  into  error. 

Register  Thermometers  are  mercurial  or  spirit  instruments  furnished  with 
a  small  index  sliding  in  the  tube,  which  for  this  purpose  must  have  a  large  bore,  and 
therefore  also  a  large  bulb.    The  figures  (811  to  816)  will  sufficiently  exhibit  the 
various  registering  contrivances.    In  fff.  811,  a  is  a  small 
Fiff.  811.  piece  of  steel  wire,  and  b  the  end  of  the  mercurial  column, 

,  —  -,      which  forces  it  forward,  and  then  leaves  it  at  the  maximum 

{-^   — I — I      point.    The  tube  must  remain  nearly  horizontal,  and  the  steel 

'  '  ■y''     '      ^  A    index  is  moved  hack  by  means  of  a  small  magnet.    The  chief 


  defect  of  this  maximum  thermometer  is,  that  a  qiiantity  of  air 

must  be  left  in  the  tube,  to  prevent  the  mercury  flowing  about ; 
and  the  mercury  in  time  becoming  foul,  the  whole  is  thrown  out  of  order.    In. fig.  812 
the  index  is  of  wire,  covered  w'lth  enamel,  and  is  witliii!  tlie  column  of  a  spirit  ther- 
mometer, the  end  of  which  column  carries  it  back  by  force 
Fig,  812,  of  adhesion,  but  does  not  carry  it  forward.    It  thus  gives  a 

.  1     minimum  temperature.    This  thermometer  works  vervwell, 

v« fei'-faiKK/  H     ^'1*'      open  to  all  the  objections  against  a  .'spirit  ihernio- 

KT'lifv^i^-a-'^y  -r >A  _1    meter.    The  above  two  instruments  are  known  as  Ruther- 

  ford's,  and  have  till  lately  been  generally  used. 

Six's  M axiniU7n  and,  Minimum  Thermometer  consists  of  a  large  bulb  full 
of  alcohol  joined  to  a  tube  in  the  form  of  an  inverted  syphon,  in  the  lower  part  of 
which  lies  a  short  column  of  mercury.  The  extreme  point  reached  either 
Fig.  813.  yf/a.y  by  the  mercury,  as  it  is  moved  by  the  expansions  and  contractions  of 
the  alcohol,  is  marked  by  a  small  enamelled  wire  index  sliding  in  the  leg  of 
the  bent  tube  {fig.  813),  but  secured  against  falling  from  its  owu  weight  by 
a  small  spring.  This  instrument  is  veiy  convenient  for  many  purposes, 
but  cannot  be  rendered  very  accurate  or  sure. 

The  Mercurial  Maximum  Thermometer  „. 
of  Negretti  and  Zambra  seems  to  be  the  best  yet 
invented.    In  this  the  tube  is  horizontal,  and  but 
little  wide  in  bore  than  that  of  an  ordinary  thermo- 
meter.   The  bulb  is  bent  downwards,  and  at  the 
ag,        bend,   the  bore  of  the  tube  is  nearly  stopped  up 
^■^^      with  an  enamelled  plug  (.//(/.  814),  which  prevents 
the  mercury  from  running  back,  as  the  temperature 
falls,  provided  the  tube  remains  nearly  level.    The  maximum  reading  is  thus  given  by 
the  end  of  the  mercurial  column  remaining  in  the  tube,  and  the  instrument  is  reset, 
simply  by  inclining  it  until  the  mercury  runs  back  and  fills  the  bulb. 
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The  Mercurial  Minimum  Thermometer,  invented  by  Casella,  is  a  highly 
ingenious  instrument.  The  bulb  is  provided  with  a  small  overflow-chamber,  into 
which  the  mercury  freely  expands  during  a  rise  of  temperature.  When  the  tem- 
perature falls  again,  the  mercury  is  still  retained  in  the  chamber  by  adhesion  to  a 
flat  surface  of  glass  provided  for  the  purpose.  The  minimum  reading  at  the  end  of 
any  period  is  given  by  the  extremity  of  the  mercurial  column  in  the  stem  of  tlio 
instrument.  To  reset  the  thermometer,  it  is  inclined  until  all  the  mercury  runs  out 
of  the  overflow-chamber. 

A  very  similar  instrument  has  been  devised  by  Negretti  and  Zambra.  The  bulb  is 
shown  in  fig.  815,  in  which  a  is  the  overflow-chamber,  and  the  mercury  is  retained 
in  it,  after  once  entering,  by  adhesion  to  a 

phitinum-plug,  which  nearly  stops  up  the  ^V-  ^l^- 

narrow  communication  at /).    These  instru-  ce 
ments  are  so  recently  invented  that  their 
relative  excellence  is  yetimknown,  but  they 
are  far  superior  to  any  of  the  old  spirit 
thermometers.    It  is  not  necessary  here  to 

describe  a  form  of  mercurial  minimum  thermometer  patented  by  Negretti  and  Zambra 
several  years  since.  Although  ingenious,  it  is  a  large  costly  instrument,  open  to 
several  important  objections. 

The  indications  of  a  registering  thermometer  can  never  be  c^uite  so  accurate  as  those 
of  an  ordinary  instrimient.  The  usual  process  of  comparison  is  scarcely  applicable  to 
many  such  thermometers,  and  Sir  J.  Herechel  directs  us  to  record  the  errors  thus 
determined,  but  not  to  apply  them. 

The  maximum  thermometer  of  Walferdin  is  well  adapted  for  taking  the  p-  gjg 
temperature  of  the  sea,  or  of  hot  springs.  It  consists  of  an  ordinary  tube- 
thermometer,  the  upper  end  of  which  is  furnished  with  an  overflow-bulb 
{fig.  816).  A  corresponding  but  less  satisfictory  minimum  thermometer, 
containing  alcohol  instead  of  mercury,  is  also  described.  (Pouillet, 
Elements  de  riiysiqiie,  7mc  ed.  tome  ii.  p.  689 ;  Compt.  rend,  xxxviii.  770.) 

A  number  of  maximum  and  minimum  thermometers,  suited  for  taking 
the  temperature  of  the  sea,  are  described  by  Aime.  (Ann.  Ch.  Phys.  [3], 
XV.  1.) 

Tcmjierature  of  the  Air. — To  plaeo  a  thermometer,  so  that  it  shall  accu- 
rately show  the  temperature  of  the  atmosphere,  is  an  exceedingly  difficult 
pi'oblem.  It  must  be  shielded  from  radiant  heat  of  the  snn,  sky,  and 
earth's  surface;  also  from  nocturnal  radiation,  from  rain,  and  the  influence  of  any  large 
neighbouring  masses  of  matter,  and  yet  must  be  freely  exposed  to  the  air.  Meteora- 
logists  have  devised  various  kinds  of  screens  (Drew,  Practical  Meteorology,  pp.  79 — 
81).  The  ditficulty  might  always  be  quite  overcome,  however,  by  placing  the  ther- 
mometers {Dry  and  Wet  Bulb,  see  Hygkometeb,  iii.  227),  in  a  bright  metal  tube  or 
e-ase,  and  drawing  a  constant  stream  of  air  through  it  mechanieally,  a  method  tried  by 
Welsh.    (Pliil.  Trans.  [1863],  cxliii.  313.)  '  W.S.J. 

THERMOnCETRIC  AXTAXiYSIS.  This  term  is  applied  to  certain  approxi- 
mative methods  of  quantitativeanalysis,  dependingon  the  observation  of  the  temperature 
at  which  a  phenomenon  takes  place,  or  of  the  changes  of  temperature  accompanying 
chemical  reactions.  The  following  examples  will  be  suflicient  to  illustrate  the  nature 
of  these  methods: — 

1.  The  temperature  at  which  a  salt  begins  to  crystallise  from  solution  varies  witli 
the  quantity  of  salt  dissolved :  hence,  by  observing  the  temperature  at  which  crystalli- 
sation begins,  the  quantity  of  salt  present  in  a  given  quantity  of  the  solution  nwy  be 
inferred.  This  method  is  applied  in  Austria  for  the  purpose  of  testing  the  purity  of 
saltpetre.  A  known  weight  of  the  ammoniacal  salt  is  dissolved  in  a  certain  quantity 
of  water,  and  the  temperature  at  which  it  begins  to  crystallise  from  the  solution  is 
compared  with  a  table  containing  the  crystallising  temperatures  of  solutions  of  pure 
nitrate  of  potassium  of  various  strengths.    (See  Nitrates,  iv.  102.) 

2.  Many  salts,  in  dissolving  in  water,  produce  a  depression  of  temperature,  the 
amount  of  refrigeration  being  dilForent  for  each  salt.  Hence,  when  this  amount  is 
known  for  two  pure  salts,  the  proportions  of  them  present  in  a  mixture  may  be  found 
from  the  fall  of  temperatiu'e  which  takes  place  in  the  solution  of  that  mixture.  This 
method  has  been  applied  by  Gay-Lussac  (Ann.  Ch.  Phys.  [2],  xii.  11 ;  xxxix.  3o6) 
to  mixtures  of  the  chlorides  of  potassium  and  sodiiun. 

This  particular  application  is  based  upon  the  observation  that  50  grms.  of  chloride  of 
potassium,  on  being  dissolved  in  2-00  grms.  of  water,  contained  in  a  glass  vessel  whose 
weight  is  185  grms.  and  capacity  300  cubic  centimetres,  produce  a  fall  of  temperature 
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amouuting  to  11'4°  C,  while  the  same  quantitj'of  chloride  of  sodium,  dissolved  under 
exactly  similar  circumstances,  lowers  the  temperature  only  r9^  C. 

Now  let  a  mixture  of  the  two  salts,  weighing  50  grms.,  be  dissolved  in  water  under 
exactly  the  same  conditions ;  and  let  x  be  the  quantity  of  chloride  of  potassium  therein 
contained,  and  consequently  50  — x  the  quantity  of  chloride  of  sodium.    Then  the  fall 

1 1  '4 

of  temperatm-e  produced  by  the  J-  parts  of  chloride  of  potassium  is  -r—-  x,  and  that 

1'9 

produced  by  the  50— X  grms.  of  chloride  of  sodium  is  77- (50 -x).    The  observed  de- 

ou 

pression  of  temperature  (t)  is  the  sum  of  these  quantities ;  hencff  the  equation : 
11-4  1-9  , 

To-^     lo  = 

which  gives,  for  the  amount  of  chloride  of  potassium  in  the  mixture  : 

t  -  V9  60  t  -  95°. 


X    =  50 


11-4-1-9  9-5 


To  obtain  good  results,  it  is  necessary  to  use  a  delicate  thermometer,  capable  of 
indicating  tenths  of  a  degree  ;  to  pulverise  the  mixture  very  finely,  and  accelerate  the 
solution  by  shaking  the  flask,  holding  it  only  by  the  neck  in  so  doing,  in  order  that 
as  little  extraneous  he.it  as  possible  may  be  communicated  by  the  hand ;  and,  lastly, 
to  observe  exactly  the  preceding  stipulations  as  to  the  weights  of  the  salt  and  the 
water,  and  the  weight  and  size  of  the  vessel.  The  original  temperature  of  tlio  water 
has  likewise  some  influence  on  the  result.  Gay-Lussac  used  water  of  20'4°C.  AVith 
these  precautions,  the  method  may  be  depended  upon  for  giving  results  of  sufficient 
accuracy  for  manufacturing  purposes — as,  for  example,  in  testing  samples  of  commercial 
chloride  of  potassium  used  for  the  preparation  of  alum  or  of  saltpetre.  To  minute 
scientifie  accuracy  it  has  of  course  no  pretensions. 

The  same  method  maybe  applied  to  other  mixtures  of  salts  which  depress  the  tempe- 
rature in  dissolving,  and  likewise  to  such  as  raise  it.  It  is  more  exact  in  proportion 
as  the  amounts  of  depression  produced  by  the  two  salts  differ  more  widely  from  one 
another. 

3.  Fixed  oils  (c.  ff.,  olive-,  poppy-,  and  rape-oil)  evolve  different  degrees  of  heat  when 
treated  with  strong  sulphuric  acid,  and  the  temperatures  thus  produced  may  be  applied, 
in  like  manner,  to  determine  the  proportions  of  two  of  them  existing  in  a  mixture, 
especially  when  one  is  atlrying  and  the  other  a  non-drying  oil.  According  to  Mau- 
mene  (Compt.  rend.  xxxv.  572),  50  grms.  olive-oil  mixed  with  10  cub.  cent,  sulphu- 
ric acid  of  60°  Baum6,  become  heated  from  25^^  to  67°,  that  is  42°;  and  50  grms. 
poppy-oil  similarly  treated  are  heated  from  26°  to  100°,  or  74°. 

According  to  Faisst  and  Knauss  (Dingl.  polyt.  J.  cxxxix.  53),  15  grms.  of  diffe- 
rent fixed  oils  mixed  with  5  grms.  strong  sulphuric  acid  (freed  from  excess  of  water  by 
boiling)  exhibited  the  following  degrees  of  heating : 

Olive-oil     from  1 6°— 54°,  therefore  38°. 

Almond-oil    „    12°— 52°       „  40°. 

Kapo-oil        „    14°— 69°       „  55°. 

Poppy-oil      „    17°— 87°       „  70°. 

With  linseed-oil  the  rise  of  temperature  was  more  than  100°,  but  not  constant, 
because  decomposition  took  place  at  the  same  time.  When  15  grms.  of  oil  were 
treated  with  7  5  grms.  of  sulphuric  .acid  containing  90  per  cent.  H'SO*,  the  following 
rises  of  temperature  were  observed  : 

Olive-oil     from  12°— 40°  therefore  28° 

Eape-oil        „    17°— 54°       „  37° 

Linseed-oil    „     16^—91°       „  75°; 

mixtures  of  olive-oil  and  poppy-oil,  and  of  linseed-oil  and  rape-oil  or  palm-oil,  exhibiting 
a  rise  of  temperature  nearly  equal  to  the  means  of  the  numbers  given  by  the  individual 
oils.  This  method  might  therefore  be  applied,  in  default  of  a  bcttei-,  for  examining 
mixtures  of  fixed  oils  ;  it  reqiiires,  however,  that  the  process  be  always  conducted  in  the 
same  way,  and  especially  that  the  glasses  used  shall  be  of  the  same  size  and  thickness. 
It  would  bo  neeessiu-y  also  to  ascertain  whether  the  same  oil,  linseed-oil  for  example, 
exhibits  the  same  rise  of  temperature,  when  recently  expressed,  as  when  old,  and  under 
other  conditions. 

TBERMO-BXUXiTXPXiXIiR.  A  thermo-electric  pile  connected  with  a  delicate 
galvanometer  for  indicating  slight  cliangcs  of  temperature  by  the  thermo-electric 
currents  produced  on  exposing  one  end  of  the  pile  to  a  source  of  heat  or  cold.  (Euso- 
TUiciTY,  ii.  413.) 
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THERiaOKTATBITB.  Mouoliydnitcd  earbonutfi  of  sodimn,  Na^CO'.H^O.  (See 
Oakhcinates,  i.  ~d-').) 

THERKOPHVXfXiITE.  A  mineral  occurring  at  Hopoovaara,  in  Finland,  in 
grains  or  rounded  indistinct  crystals,  cleaving  easily  in  one  direction,  white  to  yellow- 
isli-brown,  soft,  of  specific  gravity  2-56  (Hermann).  When  heated,  it  exfoliates, 
and  swells  np  to  a  greater  bull^,  but  melts  only  on  the  thin  edges.  It  is  decomposed, 
but  with  difficulty,  by  sulphuric  acid. 

Analyses:  a.  liy  Arppe  (Analyser  af.  finska  min.  p.  27). — h.  By  Hermann  (.J.  pr. 
Chim.  Lxxiii.  213). — c.  By  Northcote  {ibid.  Ixxvi.  253)  : 


SiO-. 

1\0. 

MgO. 

K-'O. 

N.T^O. 

H'O. 

Sn02. 
n.CuO. 

a. 

41-20 

1-71 

1-20 

39-08 

3-19 

0-46 

10-84 

1-00  = 

99-18 

h. 

43-12 

4-91 

1-79 

34-87 

1  33 

1314 

99-16 

c. 

41-48 

6-49 

1-59 

37-42 

2-84 

10-88 

99-70 

According  to  the  first  analysis,  the  mineral  consists  essentially  of  2(3Mg0.2SiO-').3n'0 ; 
that  is  to  say,  it  differs  from  serpentine  only  in  its  amount  of  water.  The  second 
analysis  leads  nearly  to  the  formula  6Mg0.5SiO'^.5H-0,  and  the  third  to  4Mg0.3SiO'. 
2H''0.  According  to  this  last  formula,  the  mineral  is  related  to  hydrophite  and  gym- 
nite. 

THEBSXOSTAT.  An  apparatus  serving  to  maintain  a  body  at  a  constant  tem- 
perature. Contrivances  of  this  sort  were  invented  by  Ure,  in  wliich  two  rods  of  dif- 
ferent metals  soldered  together,  being  bent  by  change  of  temperature,  were  made  to 
act  upon  a  valve  or  stopcock,  so  as  to  regulate  tlio  draught  of  a  furnace,  the  rate  of 
escape  of  steam,  or  the  influx  of  cold  water  into  a  boiler.  (See  lire's  Dictionary  of 
Arts,  &c.,  iii.  880  ;  also  Handw.  d.  Chem.  viii.  129.) 

THEKYTBRXN'.  One  of  the  products  obtained,  according  to  Zeise,  by  the 
simultaneous  action  of  ammonia  and  sulphur  upon  acetone. 

THIACSTIC  ACID.     C'H^OS  =  *"'jj'*^|s.    Sidphydratc  i,f  Acetyl.  (Ke- 

kule,  Ann.  Ch.  Pharm.  xc.  311. — Ulrich,  ibid.  cix.  272. — Kekuli^  and  Lin- 
nomann,  ibid,  cxxiii.  273.) — This  acid,  discovered  by  Kekulo  in  1854,  is  related  to 
acetic  acid  in  the  same  manner  as  mereaptan  to  alcohol,  or  sulphydric  acid  to  water. 
It  is  produced:  1.  By  the  action  of  trisulphide  or  pentasulphide  of  phosphorus  on 
glacial  acetic  acid,  in  which  ease  the  typical  oxygen  of  tlie  acetic  acid  is  replaced  by 
sulphur : 

Z^'^^lo  +  P-S'    =    P=0'  +  3^'5'0|S. 

2.  By  the  action  of  acetic  chloride  on  sulphydrate  of  potassium,  in  which  case  the 
acetyl  takes  the  place  of  the  potassium  : 

C=H^0C1  +  KHS    =    KCl  +  C^H-'O.H.S. 

3.  By  the  action  of  water  or  alkalis  on  disulphide  of  acetyl  (Kekule  and  Lin  nemann). 
— 4.  By  the  action  of  nascent  hydrogen  on  suiphacetvlic  chloride  fVi  zet,  Ann. 
Ch.  Pharm.  cxix.  142): 

C-H'CISO'  +  =    C^H'OS  +  HCl  +  3H-0. 

Preparation. — 300  grms.  pentasulphide  of  phosphorus  and  108  grms.  glacial  acetic 
acid  are  heated  in  a  retort  as  nearly  as  possible  half-filled  witli  the  mixture,  till  reac- 
tion commences ;  and  the  portion  of  the  product  driven  over  by  the  heat  resulting 
from  the  action  is  collected  apart.  650  grms.  acetic  acid  and  1,800  grms.  pentasulphide 
of  phosphorus,  thus  treated,  yield,  after  one  rectification  of  the  product,  250  grms.  of 
pure  thiacetic  acid.    (Kekule  and  Linnemann.) 

Properties. — Thiacetic  acid  is  a  colourless  liquid,  which  becomes  yellow  by  keeping, 
has  an  unpleasant  odour  like  that  of  acetic  and  snlphydi-ic  acids  together,  boils  at  95  ', 
and  dissolves  in  alcohol  and  cthe^\  It  is  decomposed  by  sti-ong  nitric  acid,  at  a  genth- 
heat  and  by  the  fuming  acid,  even  in  the  cold,  with  explosion. — With  pintachloride  of 
phosphorus  it  yields  chloride  of  acetyl  and  sulphochloride  of  ^''hosphorus  : 

C^H'O.H.S  +  PCI*    =    C'H'OCl  +  HCl  +  PSCP. 

Thiacctates. — Thiacetic  acid  is  monobasic,  the  general  foi-mula  of  its  salts 
lieing  CTI^MOS  for  monatomic,  and  C^II'^M"0-S-'  for  diatomic  metals.  Most  of  the 
thiacetates  dissolve  easily  in  water  and  in  alcohol,  and  may  be  oljlained  by  dissolv- 
ing an  oxide  or  carbonate  in  thiacetic  acid,  or  by  decomposing  the  bariura-salt  w-ith 
solublo  sulphates.  The  load-salt,  which  is  but  slightly  .soIuIjIo  in  water,  is  obtained 
by  precipitation.     Thiacetic  acid  dissolves  potassium,  ^^■ith  evolution  of  hvdroo-en  • 
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also  zinc  when  heated    thorowith.     Thiacetates  arc  deoomposed  by  iodine,  with 
formation  of  metallic  iodide  and  acetic  disulphido  (Kokule  and  Linnemann): 
2C-H»M0S  +  P    =    2MI  +  (C=H='OpS-. 

The  'potassium-salt,  C'-'H^NaOS,  the  sodium-salt,  C-H='NaOS.iH-0,  the  barium-salt, 
C*H«Ba"S=0-.3H-0,  tlie  strontium-salt,  C'H''Sr''S=0-.2H-0,  and  the  cak-ium-saH, 
C<H"Ca"S^0-.2H-0,  are  crystaUisable  (Ul rich).— The  lead-salt,  C'ffPb"0-S»,  ob- 
tained by  precipitating  acetate  of  lead  with  thiacetic  acid,  crystallises  from  hot  water 
or  alcohol,  in  coloui'less  silky  needles.  It  is  very  unstable,  decomposing  quickly,  both 
in  the  dry  state  and  in  solution,  with  separation  of  Icad-sulphidc  (Kckule).  Tho 
mercuric  salt  is  obtained,  by  double  decomposition  with  mercuric  chloride  and  potassic 
tliiacetate,  as  a  white  precipitate  which  soon  turns  black. — Tlie  silver-  and  copper-salts 
are  still  more  unstable. — Recently  precipitated  ferric  hydrate  dissolves  in  thiacetic 
acid,  forming  a  greenish  solution,  which  deposits  sulphide  of  iron  -w  hen  warmed. 

Ethylic  thiacetate,  C'R'^OS  =     c-ip|^'  Obtained  by  the  action  of  phosphoric  pcn- 

tachlorido  on  ethylic  acetate.  It  is  a  liquid  lighter  than  water,  and  insoluble  therein  ; 
smells  like  ethylic  acetate  and  sulphydric  acid.    Boils  at  about  80°.  (Kckule.) 

THIACETIC  ANH-X-SRXDE.  (C2H'0)-S.  Acetic  Monosidphide  or  Protosul- 
phid( .  (Kekule,  loc.  cif.) — Produced  by  tho  action  of  phosphoric  pentasulphide  on  acetic 
anhydride.  On  gently  heating  the  mixture,  a  ^^olcnt  reaction  takes  place,  and  thi- 
acetic anhydride  distils  over.  When  purified  by  redistillation,  it  forms  a  colourless 
liquid,  having  a  peculiar  odour,  and  boiling  at  121°.  It  sinks  in  water  at  first,  with- 
biit  decomposition,  but  afterwards  decomposes,  yielding  acetic  and  sulphydric  acid.s. 

Acetic  Disul pkide,  (C-H^O)-S-.  (Kekule  and  Linnemann,  loc.  cit.) — Prodnccd 
by  the  action  of  iodine  on  metallic  thiacetates  (p.  771).  Iodine  is  gradually  added  to 
the  slightly  acidulated  solution  of  a  thiacctate,  till  the  liquid  becomes  brown,  and  tho 
excess  of  iodine  is  removed  by  adding  a  little  more  of  the  tliiacetate.  Acetic  disul- 
pliide  then  separates  as  a  yellow  liquid,  which  may  be  purified  by  washing  with  cold 
water,  drying  over  chloride  of  calcium,  filtering,  and  leaving  it  in  a  cold  place,  where- 
upon it  solidifies  in  the  crj'stalline  state.  The  last  trace  of  admixed  sulphur  may  bo 
removed  by  dissolving  tho  crystals  in  tho  smallest  possible  quantity  of  carbonic 
disulphido,  and  mixing  the  woll-coolod  solution  with  a  small  additional  quantity  of 
solid  acetic  disulphide;  the  liquid  then  gradually  deposits  tho  pure  compound  in  large, 
colourless,  well-defined  crystals. 

Pure  acetic  disulphido  melts  at  20° ;  it  has  a  peculiar,  slightly  hepatic  odour,  is 
insoluble  in  water,  but  dissolves  readily  in  alcohol,  ether,  and  carbonic  disidphide.  Yiy 
water  it  is  decomposed,  gradually  in  the  cold,  quickly  at  the  boiling  heat,  into  sulphur 
and  thiacetic  acid  ;  with  alkalis  the  same  decomposition  takes  place  immediately.  It 
is  violently  attacked  by  strong  nitric  acid ;  with  moro  dilute  nitric  acid,  it  yields 
sulphuric  and  acetic  acids.  AVhen  distilled,  it  gives  off  thiacetic  acid  at  93°;  after- 
wards, at  160°.  a  dark-coloured  distillate  resembling  the  last  portion  of  liquid  obtained 
in  tho  rectification  of  thiacetic  acid.  Acetic  disulphido  is  decomposed  by  mercury, 
even  at  temperatures  below  100°,  but  tho  removal  of  the  sulphur  is  not  complete. 

f  C-H'.SH 

TBXAI.]>mE.    C'H'W  =  N]  C-H'.SH.  (Wohler.ind  Liebig  [1817].  Ann. 

Ch.  Pharm.  Ixi.  1. — Hofmann,  ibid.  c\\\.  93. — Brusewitz  and  Cathander,  Bull. 
Soc.  Chim.  [1867],  i.  450. — Schif  f,  Laboratory,  i.  404.) — An  oi^auic  base  obtained  by 
the  action  of  sulphydric  acid  on  an  aqueous  solution  of  aldehydate  of  ammonium  : 

3CTP(NH')0  +  3H-S    =    C^H'^NS'  -i-  (NH')=S  +  3H-0. 

To  prepare  it,  aldehydate  of  ammonium,  free  from  ether  and  alcohol,  is  dissolved  in 
12  to  16  pts.  of  water;  10  or  15  drops  of  ammonia  ari^  added  to  every  30  grms.  of 
the  solution;  and  a  gcntlo  current  of  sulphydric  acid  gas  is  passed  through  tho 
mixture,  which  then  becomes  milky  in  about  half  an  hour,  and  deposits  thialdine  in 
large  crystals,  having  the  appearance  of  camphor ;  in  four  or  five  hours,  it  the  liqu"! 
becomes  clear  again,  and  the  operation  is  fiuisliod.  Tho  crystals  are  collected  on  a 
filter,  washed  with  cold  water,  dried,  and  dissolved  in  other  mixed  with  a  third  of  its 
volume  of  alcohol,  which,  when  left  to  evaporate,  deposits  thialdine  in  rhombic 
tilbles  often  half  an  inch  in  diameter. — Sometimes  this  process  yields  no  crystals,  b\it 
a  colourless  fetid  oil,  consisting  for  the  most  part  of  thialdine  kept  in  the  liquid 
state  by  an  oily  body.  To  obtain  the  thialdine  from  this  liquid,  it  is  shaken  up  with 
half  its  volume  of  ether  in  a  stoppered  bottle,  and  then  mixed  with  hydrochloric  acid, 
whereupon  the  mL\ture  solidifies  to  a  crystalline  mass  of  hydrochlorate  of  thialdine, 
which  is  to  be  washed  with  ether,  to  remove  the  last  portions  of  oil,  then  dried, 
moistened  with  a  little  ammonia,  and  rcdissolved  in  ether. 
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Thialdine  is  likewise  olit.aiiiod  by  passing  ammonia-gas  into  the  compound  of 
acctyl-raorcaptan  with  sulphydric  acid  (i.  107): 

^  8NH'    =    2C«H"NS=  +  3(NH')"S. 

Thialdino  forms  large,  strongly  refracting  crystals,  having  tho  form  of  gypsum,  and 
a  density  of  1'191  at  18°.  It  has  an  aromatic  odovir,  becoming  disagreeable  after  a 
while ;  molts  at  43°,  and  volatilises  without  residue  at  ordinary  temperatures.  Wlien 
distilled  with  water,  it  passes  over  without  alteration ;  but  when  distilled  alone,  it 
decomposes,  giving  off  a  fetid  oil,  which  partly  concretes,  after  a  while,  into  a  brown 
syrupy  residue  containing  sulphur. 

Thialdine  is  very  slightly  soluble  in  water,  but  dissolves  very  easily  in  alcohol  and 
ether.    It  does  not  act  on  vegetable  colours,  but  dissolves  easily  in  acids. 

An  alcoholic  solution  of  thialdine  is  not  immediately  precipitated  by  acetate  of  lead, 
but,  after  some  time,  a  yellow  precipitate  is  formed,  which  changes  to  red,  and  ulti- 
mately to  black. — Nitrate  of  silver  forms  a  white  precipitate,  changing  to  yellow  and 
black;  mercuric  chloride  a  white  precipitate,  changing  to  yellow;  platinic  chloride 
gradually  forms  a  dingy  yellow  precipitate. 

Thialdine  and  its  salts,  heated  with  a  solution  of  silvcr-mtratc,  are  decomposed,  with 
formation  of  silver-sulphide.  Thialdine  calcined  with  calcic  hydrate,  yields  an  oily 
alkali  having  the  chai'uctcrs  of  chinolinc.  It  is  quickly  decomposed  by  chloric  acid. 
According  to  Gossmann,  thialdine  treated  with  silver-oxide  and  water,  is  converted 
into  the  analogous  compound,  leucine,  C'-H'^NO^;  but  Hofmann  has  shown  that  in 
this  reaction,  the  whole  of  the  nitrogen  iu  the  thialdine  is  converted  into  ammonia, 
acetic  acid  being  formed  at  the  same  time. 

Salts  of  Thialdine. — Thialdine  imites  with  acids,  forming  soluble  and  crystal- 
lisablo  salts.  The  acid  salts  decompose  when  dried  in  a  vacuum  over  oil  of  vitriol,  tho 
sides  of  tho  vessel  becoming  covered  with  slender  needles,  perhaps  consisting  of 
allylic  sulphide,  formed  according  to  the  equation,  C'H'^NS^  -  NH'  =  'iC'ffS. 
(Brusowitz  and  Cat  bander.) 

Hi/driodate  of  Thialdine,  C'H'^NS'.HI,  separates  in  small  prisms  or  laminae,  on 
mixing  tho  solutions  of  potassium-iodide  and  thialdine-sulphato.  It  is  slightly  soluble 
in  cold  water,  but  dissolves  easily  in  boiling  water,  alcohol,  and  other. — The  hydro- 
hromaic,  C''H"NS-.HBr,  crystallises  in  rhomboidal  prisms,  resembling  the  hydriodato 
(Brusewitz  and  Cathander). — The  hydrochloratc,  C'lI'^NS-'.HCl,  obtained  by 
dissolving  thialdine  iu  hydrochloric  acid,  crystallises  in  fine,  colourless,  highly 
lustrous  prisms,  moderately  soluble  in  cold  water,  less  soluble  in  alcohol,'  insoluble  in 
other,  decomposed  by  heat  (Wohler  and  Liebig). — The  hydrocyanate  is  formed 
on  adding  cyanide  of  potassium  in  sufficient  quantity  to  sulphate  of  thialdine,  partly 
as  a  white  precipitate,  partly  as  an  oil  which  floats  on  the  surface  of  the  liquid ;  the 
precipitate  and  tlie  oil  gradually  form  into  crystals,  which  may  be  purified  by  recrys- 
tallisation  from  other.    (Brusewitz  and  Cathander.) 

The  nitrate,  C''H'^NS^.HNO^  is  easily  obtained  by  agitating  the  ethereal  solution  of 
crude  thialdine  with  moderately  strong  nitric  acid,  the  mixture  solidifying  to  a  crys- 
talline pulp,  which  may  bo  purified  by  recrystallisation.  It  forms  coloiu-less  needles, 
more  soluble  in  water  than  the  hydrochloratc,  soluble  in  alcohol,  insohible  in  ether. 
(Wohlerand  Liebig.) 

Tho  oxalate,  probaljly  an  acid  .'^alt,  separates  from  a  solution  of  thialdine  in  oxalic 
acid,  in  large  quadrangular  prisms,  which  are  easily  decomposed  by  evaporation. 
(Brusewitz  and  Cathander.) 

The  acid  phosphate,  C''H'''NS^.H'POS  is  obtained  like  tho  sulphate,  and  its  solution 
is  decomposed  by  heat  nearly  in  tho  same  manner.  It  crystallises  in  slender  needles, 
very  soluble  in  water,  alcohol,  and  ether,  and  melting  at  a  high  temperature.  Phosphate 
of  sodium,  added  to  a  solution  of  sulphate  of  thialdine,  throws  down  a  white  precipi- 
tate, consistingof  free  thialdine.    (Brusowitz  and  Cathander.) 

Acid  sulphate,  C"H"NS-.H-SO'. — A  solution  of  thialdine  in  excess  of  sulphuric  acid, 
is  decomposed  by  heat,  jaolding  a  number  of  products,  among  which  are  sidphate  of 
thialdine  and  needle-shaped  crystals,  probably  consisting  of  sulphide  of  all3'l  (sujjra). 
The  solution,  evaporated  in  a  dry  vacuum,  yields  tho  acid  sulphate  in  large  prisms, 
soluble  in  water,  alcohol,  and  ether.  When  sulphoeyanate  of  potassium  is  added  to 
the  solution  of  this  salt,  a  precipitate  is  formed,  and  a  gas  is  given  off,  not  consisting 
either  of  carbonic  anhydride  or  of  sulphydric  acid.    (Brusewitz  and  Cathander.) 

Tartrate  of  thialdine  crystallises  in  large  prisms. 

Derivatives  and  Analogues  of  Thialdine. 

Ethyl-thialdinc,Cm"'S?>-  =  C''H'-(C-H^)]S\S-.— Obtained,  though  not  in  tlie 
pure  state,  by  saturating  aldehyde  with  ethylaminc,  and  treating  llie  syrupy  liquid 
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■with  sulphydric  acid ;  it  then  separates  as  a  neutral,  easily  decomposible  oil.  (Flficki- 
ger,  Jahresb.  1856,  p.  ol9.) 

Methyl-thialdine,  C''H'^(CH')NS',  is  obtained  in  a  similar  manner,  by  the 
action  of  sulphydric  acid  on  aldehydate  of  methylamine.  (Fliickiger.) 

Methyl-thial dammonium,  C'lI'^NS'. — Thialdine  unites  directly  -^ith  iodide  of 
methyl  (mixed  with  an  equal  volume  of  ether),  forming  the  compound  C^H'^NS'.CH'I 
=  C'H"'NS'-.I,  which  solidifies  in  a  crystalline  mass.  This  compound,  when  purified 
by  washing  with  ether,  and  reci^j'stallisation  (avoiding  a.  boiling  heat),  behaves  like 
iodide  of  tetramethylammonium.  It  is  insoluble  in  ether,  soluble  in  alcohol,  some- 
what soluble  in  water,  and  is  precipitated  therefrom,  without  decomposition,  by  cold 
caustic  potash ;  by  boiling  potash,  however,  it  is  completely  decomposed,  forming  a 
brown  resinous  substance,  smelling  of  aldehyde,  which  is  likewise  produced  when 
thialdine  is  strongly  heated  with  iodide  of  metliyl.  The  acid-reacting  aqueous  solution 
of  the  iodide,  treated  with  recently  precipitated  silver-oxide,  becomes  alkaline,  and  gives 
a  precipitate  of  silver-iodide  ;  but  quickly  vindergoes  complete  decomposition,  yielding 
silver-sulphide,  aldehyde,  ammonia,  and  hydrate  of  tetramethylammonium : 

iC'H'^NS^I  +  lOAg'O  +  3H^0    =    4AgI  -i-  SAg'S  +  12C'H^0  -i-  SNH^ 

+  N(CIP)^j0 

From  its  behaviour  with  iodide  of  methyl,  Hofmann  infers  that  thialdine  is  a  nitrile 
base,  N(C''H"S^)"'.  But,  from  recent  experiments  by  Sehiff  (the  details  of  which  are 
not  yet  published),  it  appears  most  probable  that  thialdine,  and  its  homologues  and 

fC"H^°.SH 

analogues,  may  be  represented  by  the  general  formula  N-J  C'E-'-SH.    By  the  action 

(.C°H-— ' 

of  ammonium-sulphide  on  acrylic  and  oenanthic  aldehydes,  Sehiff  has  obtained 
acrothialdine,  C»H''NS2  =  nJC'H'.SH,  and  cenanthothialdine,  C^'H^NS- 

=  jC'H".SH. 

THXAiaSTKAIiDZirz:.    Syn.  with  JIethyl-thialdine. 

THXANXSOXC  ACXD.  C'^H'^SO'  =  C'°H'=O.H-SO^  (Stadeler  and 
Wachter,  Ann.  Ch.  Pharm.  cxvi.  163.) — An  acid  containing  the  elements  of  anethol 
or  anise-camphor  (i.  297)  and  sulphurous  acid,  and  (according  to  Stadeler  and 
Wachter)  identical  with  Limpricht  and  Bitter's  anisoic  acid  (i.  30.5).  To  prepare 
it,  anethol  is  boiled  with  nitric  acid  of  specific  gravity  1*1 ;  the  oil  thereby  produced 
(together  with  oxalic  and  a  small  quantity  of  anisic  acid)  is  rectified  ;  and  the 
distillate,  which  passes  over  between  215''  and  245°,  is  left  for  some  time  in  contact 
with  a  concentrated  solution  of  acid  sodium-sulphite  and  a  small  quantity  of  alcohol ; 
the  sodium-salt  of  thianisoic  acid  then  crystallises  out. 

The  pure  acid  is  separated  from  the  barium-salt  by  addition  of  sulphuric  acid,  and 
remains  in  the  crystalline  form,  when  the  filtered  solution  is  left  to  evaporate.  It  has 
a  strongly  acid  and  astringent  taste,  with  sweet  .aftertaste,  dissolves  easily  in  water, 
alcohol,  and  ether  ;  its  dilute  solution  may  be  boiled  without  decomposition. 

The  crystals,  which  contain  C'»H'^S0'.2H^,  melt  below  200°,  and  the  acid,  if  not 
more  strongly  heated,  solidifies  again  in  the  crystalline  form  on  cooling ;  but  on 
raising  the  temperature  to  100°,  the  water  of  crystallisation  is  given  off,  and  the  acid 
then  solidifies  in  the  amorphous  state  on  cooling.  At  a  stronger  heat,  it  blackens  and 
decomposes,  giving  off  sulphurous  anhydride,  with  an  odour  somewhat  like  that  of 
anise,  but  of  a  fetid  oharacter. 

Thianisoates. — Thianisoic  acid  is  monobasic,  .and  mostly  forms  crystallisable 
salts,  easily  soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  other. 

The  ammojiium-salt  forms  crystals  resembling  those  of  the  sodium-salt,  and  contain- 
ing 1  at.  water. 

The  harmm-salt,  C-''H™Ba"S'0".3H-0,  separates  on  mixing  the  concentrated  solution 
of  the  sodium-salt  with  barium-chloride,  in  delicate  lamin.'e,  and  crystallises  from  a 
hot  aqueous  solution  in  beautiful  stellate  groups  ;  it  may  be  recrystallised,  without 
alteration,  from  hot  hydrochloric  acid.  It  dissolves  in  12  pts.  of  cold  water.  The 
crystals  give  off  2  at.  water  at  103°,  and  the  remainder  at  130°. — The  calcium-salt, 
C'»H-'*Ca''S^0'.2IP0,  separates  from  a  mixture  of  the  concentrated  solution  of  the 
sodium-salt  with  chloride  of  calcium,  in  shining  needles,  which  dissolve  in  water  more 
readily  than  the  barium-salt,  and  are  moderately  soluble  in  warm  alcohol. 
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The  cupric  salt  crystallises  from  a  mixture  of  the  sodium-salt  with  cupric  sulphate, 
in  black  shining  laminae. 

The  lecul-salt  crystallises  from  a  solution  of  the  sodium-salt,  mixed  with  neutral 
acetate  of  lead,  in  thick  woll-defiued  tables  and  prisms. — A  basic  lead-salt  separates,  as 
a  white  amorphous  precipitate,  on  mixing  the  sodium-salt  with  basic  acetate  of  lead. 

The  7nagncsimn-saU,  C™H-''Mg"S'0'.oH-0,  is  likewise  obtained  by  double  decompo- 
sition, and  crystallises  in  rectangular  tables,  moderately  soluble  in  water  and  in 
alcohol.    They  give  off  3  at.  water  at  100°,  and  the  remaining  2  at.  at  130°. 

The  silver-salt  forms  delicate  prismatic  laminae,  moderately  soluble  in  water,  and  not 
decomposed  by  boiling  water. 

The  sodium-sal'',,  C'Tl'^SO'.H-O,  prepared  as  above  described,  crystallises  in  warty 
groups  of  shining  laminse,  or  in  thin  rhombic  tables.  It  dissolves  in  6'5  pts.  water  at 
mean  temperature,  sparingly  in  cold,  easily  in  boiling  alcohol.  The  crystals  are  slightly 
efflorescent,  and  give  off  their  water  at  10U°. 

THXAITIS03..  CH^SO.  Hi/dridc  of  Snlpkanisi/l.—A  white  pulverulent  sub- 
stance, formed  by  the  action  of  ammonium-sulphide  on  anish3'dramide  (i.  299). 

THIERSCHITB.  The  name  applied  by  Liebig  to  a  deposit  of  calcic  oxalate 
found  on  some  parts  of  the  Parthenon  at  Athens.    (See  Oxalates,  iv.  254.) 

THZETHAI.DINZ:.    Syn.  with  Ethyl-thialdine  (p.  773). 

THIET-SIS.  A  resinous  substance  used  as  a  varnish  by  the  Burmese.  It 
exudes  from  a  tree  in  the  form  of  a  light-brown,  very  viscid  liquid,  of  the  consistence  of 
treacle,  but  on  expo.sure  to  the  air  for  a  few  minutes,  becomes  quite  black,  and  hard 
on  the  surface.  The  same  change  takes  place  instantly  in  contact  with  caustic  potash. 
Tlie  resin  spread  in  a  thin  layer,  ou  wood  or  other  solid  bodies,  quickly  forms  a  hard 
deep-black  coating  of  great  brilliancy. 

On  digesting  the  unaltered  substance  with  alcohol  of  80  per  cent,  at  a  gentle  heat, 
the  greater  part  gradually  dissolves ;  and  on  decanting  the  clear  liquid  from  the  in- 
soluble residue,  and  distilling  off  the  alcohol,  there  remains  a  very  tenacious  gummy 
residue  of  a  rich  brown  colour,  which  undergoes  no  change  of  colour  on, exposure  to  the 
air,  but  very  slowly  hardens.  In  contact  with  caustic  potash,  however,  it  blackens 
like  the  original  substance. 

The  i-osidue,  insoluble  in  alcohol,  dissolves  for  the  most  part  in  ordinary  ether, 
forming  a  dark-brown  solution,  and  leaving  a  light-brown  solid  resin.  The  ethereal 
solution,  when  evaporated,  leaves  a  residue  which,  on  exposure  to  the  air,  instantly 
becomes  quite  black,  and  after  a  short  time  nearly  solid.  This  then  is  the  portion  of 
the  original  substance  to  which  the  property  of  blackening  on  exposure  to  the  air  is 
due. 

The  solid  resin,  insoluble  in  alcohol  and  ether,  which  forms  but  a  small  part  of  the 
original  substance,  is  quite  unalteralile  in  the  air.  When  heated  with  nitric  acid, 
it  yields  a  crystalline  sublimable  acid,  exhibiting  the  characters  of  succinic  acid. 
(H.  Watts,  Unpublished  E.rpcrimcnts.) 

THIOBEN'ZAIiDIN'x:.    Syn.  with  Hydeide  of  Sulphazobenzoyi,  (p.  481). 
TBXOBENZOIC  ACID.    CR'-QQ  =  |  S.  (Cloez,  Ann.  Ch.  Pharm.  cxv. 

27.) — This  acid,  analogous  to  thiaeetic  acid,  is  produced  by  mixing  an  alcoholic  solu- 
tion of  potassium-monosulpliide  with  chloride  of  benzoyl  till  the  liquid  no  longer 
blackens  lead-paper.  A  brisk  action  then  takes  place,  chloride  of  potassium  is 
deposited,  and  thiobenzoato  of  potassium  remains  in  .solution,  together  with  ethylic 
sulphide,  ethylic  benzoate,  and  other  products.  On  distilling  off  the  alcohol  over  the 
water-bath,  and  mixing  the  aqueous  solution  of  tlie  residue  with  dilute  hydrochloric 
acid,  an  oily  liquid  separates,  which  smells  of  mercaptan,  and,  when  left  to  stand  in  a 
cool  place,  deposits  thiobenzoic  acid  in  colourless  crystals. 

Thiobenzoic  acid,  when  purified  by  recrystallisation  from  carbonic  disulphide,  fonns 
small  rhombic  tables,  inodorous  and  tasteless.  It  melts  at  120'',  becomes  rose- 
coloured  and  gives  off  sulphydrie  acid  between  160°  and  180^,  and  decomposes 
further  at  300^,  yielding  an  oily  distillate  which  solidifies  on  cooling.  The  acid  is 
quite  insoluble  in  water,  slightly  soluble  in  alcohol  and  ether,  easily  soluble  in  mer- 
captan, ethylic  sulphide,  and  carl)onie  disulphide.  It  dissolves  without  decomposition 
in  alcoholic  potash,  soda,  or  ammonia,  and  forms  definite  salts  with  bases.  The  alka- 
line thiobonzoates  precipitate  ferric  salts.  —The  lead-salt  is  a  white  precipitate. — 
Ethylic  thiobrn:oatc  appears  to  be  contained  in  the  oily  liquid  from  which  the  acid  is 
deposited  in  the  course  of  preparation  above  described. 

THIOBENZOX,  or  TBIOBEDTZOTXi-BYDRXSE.  See  Debivatiyes  OF  Een- 

ZOYL-HYDKIDE  (i.  671). 


776  THIOBUTYRIC  ACID— THIODIGLYCOLLIC  ACID. 


THIOBXTTTRXC  A.CZD.  C'H'OS. — An  acid  homologous  with  thiacetic  acid, 
produced  by  the  action  of  phosphoric  protosulphide  on  butyric  acid  (i.  694). 

TBIOCAPRIirAXSZiarE.  A  compound,  analogous  to  thialdine,  formed,  accord- 
ing to  Waguer  (Pharm.  Centr.  1861,  p.  32),  by  the  action  of  sulphydric  acid  on  the 
ammonia-compound  of  capric  or  rutic  aldehyde  (i.  742). 

TBXOCHROITZC  ACID.  A  product  of  the  action  of  sulphurous  acid  on  tetra- 
chloroquinone  (p.  29). 

THIOCnriarOXi.  C"H*S. — A  pulverulent  substance  formed,  together  with  sul- 
phide of  ammonium,  by  the  action  of  sulphydric  acid  on  hydrocinnamide  (Cahours, 
Compt.  rend.  xxv.  458): 

C-'H^'N^  +  4H-S    =    SCmS  +  (NH<)'S. 

THXOCUnxOIi,  or  TaxOCUItXIN'OXi.    C'»H'=S.— A  body  produced  from  cumi- 

nol  (euminic  aldehyde,  C'H'-O)  by  the  action  of  ammonium-sulphide  (ii.  183). 

THXOCTAnrXDES,  or  Ht/droikiocyanatcs. — Salts  formed  by  boiling  persulphocya- 

nogen  with  alkalis.   (See  Persulphocyanogen,  iv.  381.) 

THXODXACETXC  ACXD.    See  Thiodiglycollic  Acm. 

H= 

THXOBXCX|-rCOX.X.AMXC  ACXB,  C'H'NSO^  =  ^Qzgjo}' 

H 

JJ2  \ 

■Q.  (E.  Schuize,  Zeitschr.  f.  Chem.  1866,  p.  181;  Jahrcsb.  1865, 


N 

O,  or  Thiodiacetamic 
S 


^ci<i,(C'H'S02)" 
H 

p.  345.)— The  barium-salt  oi  this  acid,  C«H' WN=S'0«.H'0,  produced  by  treating  thio- 
diglycollimide  with  cold  baryta-water,  crystallises,  by  evaporation  over  sulphuric  acid, 
in  needles,  or  forms  a  gummy  mass  if  quickly  dried.  The  acid,  C^H'NSO^  separated 
from  the  barium-salt  by  sulphuric  acid,  or  obtained  by  heating  the  acid  ammonium- 
salt  for  several-days  to  145°,  crystallises  in  colourless  prisms,  permanent  in  the  aix", 
melting  at  125°,  and  converted  at  higher  temperatures  into  thiodiglycoUiraide.  It 
dissolves  slowly  in  cold,  easily  in  boiling  water,  forming  an  acid  solution  which  is 
not  precipitated  by  lead-  or  silver-salts. — The  calcium-salt,  C*H'-Ca"ls-S-0''.H-0, 
crystallises  from  a  sjTupy  solution  in  small  needles. — The  silver-salt,  C^H'^AgNSO', 
may  be  crystallised  from  hot  water. 

(C=H'0)"jj^, 

TBXODXCI.-S-COX.XA9XXXIE,    C'H»N=SO^   =  (C^H'0)"i.i  ,  or  Thiodiaccto- 

diamidc,^     -Q^    '  j  N^.  (Schul  ze,  foe.  «'<.) — This  compound  is  obtained  by  the  action 

of  neutral  sulphide  of  ammonium  on  chloracetamide  in  alcoholic  solution.  The  reac- 
tion, which  consists  in  the  substitution  of  1  at.  S  for  2  at.  CI  in  a  double  molecule  of 
chloracetamide,  seems  to  show  that  the  second  of  the  above  formulae  is  the  more  correct 
expression  of  the  composition  of  the  product : 

C^H'CPO^|j,,  ^  ^j^3,),S    ^    2NH'C1  +  (C'H^SO=)"|j,,_ 

2  mol.  chlorace-  Thiodi;iceio- 
tamide.  di.-imide. 

The  product,  after  washing  with  alcohol  and  recrystallisation  from  water,  forms  small, 
white,  quadratic  octahedrons,  which  melt  when  heated,  and  then  decompose,  giving  off 
the  odour  of  ammonium-sulphide. 

TRXOOXCK'X'COX.XiXC  or  THXOSXACETXC  ACID.    C'lI^SO'  =  C=H-0  V^, 

or  (^'^g^'^'  jo^    (Schuize,  Zeitschr.  f.  Chcm.  1865,  p.  73;   1866,  p.  181; 

Jahresb.  1864,  p.  325;  1865,  p.  345.— Wisliconus,  Zeitschr.  f.  Chom.  1865, 
p.  621 ;  Jahresb.  1865,  p.  344.) — This  acid,  which  has  the  composition  of  diglycollic 
acid  (ii.  912),  with  1  at.  o.xygen  replaced  by  sulphur,  or  of  a  double  molecule  of  acetic 
acid  (C'H'O')  in  which  2  at.  hydrogen  are  replaced  by  1  at.  sulphur,  is  produced : 
1.  By  boiling  thiodiglycollaraide  with  barj-ta- water  as  long  as  ammonia  is  evolved: 

C'H''N-SO=  +  2H^0    =    2KH=  -i-  C'H'BO'. 
By  precipitating  the  solution  of  the  resulting  barium-salt  with  acetate  of  lead,  decom- 
posing the  load-salt  with  sulphydric  acid,  and  evaporating  the  filtr.atc,  thiodiglycollic 
acid  is  obtained  iu  crystals.  (Schuize.) 
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2.  Etliylic  thioiliglycollate,  C'H'(C-H^)-SO',  is  produced  by  the  action  of  potassinm- 
Biilpliydrate  on  cthylic  eliloracetate : 

2C=HXC2ff)C10=  +  KHS    =    C<HXC-ff)2S0<  +  KCl  +  IICl. 

This  ether,  treated  with  alcoholic  potash,  yields  thiodiglj'collato  of  potassium,  which 
may  be  converted  into  a  lead-  or  silver-salt  by  precipitation,  and  from  this  the  acid 
may  be  obtained.    (W i  s  1  i  c o  n u s.) 

Tliiodiglycollio  acid  crystallises  in  large,  thin,  rhombic  plates  (Schulzo).  It 
molts  at  129°  (Schulze),  at  126°  (Wisliconus),  volatilises  completely  when  cau- 
tiously heated,  dissolves  in  2'37  pts.  of  water  at  18°,  and  is  soluble  in  alcohol.  The 
aqueous  solution  is  precipitated  by  lead-  and  silver-salts.  The  acid  is  not  attacked 
by  fuming  hydrochloric  acid,  even  at  150° — 180°;  but  when  heated  to  150°,  with 
excess  of  hi/driodic  acid  (boiling  at  125°),  it  is  reduced  to  acetic  acid : 

C'ffSO^  +  4HI  =  2C-H'0=  -I-  H-S  +  2I-. 
The  thiodiglyeollates  are  mostly  soluble  in  water,  insoluble  in  alcohol,  and  easily 
crystallisable. — The  acid  ammonium-salt,  obtained  by  treating  monoehloracetate  of 
ammonium  with  alcoholic  sulphide  (?  suljihydrato)  of  ammonium,  crystallises  in  octa- 
hetlral  forms,  mostly  prismatically  distorted.  Whenheatodto  180° — 200°,  it  gives  oif 
water  and  ammonia,  and  leaves  thiodiglycollimido,  C^H^NSO'  (Schulze). — The  neutral 
2Mtnssiam,-salt  crystallises  in  broad  colourless  prisms,  which  give  off  1  at.  water  at 
120°  (Schulze).  Wislicenus,  by  the  action  of  alcoholic  potash  on  ethylic  thiodigly- 
collate,  obtained  it  in  thin  needles,  containing  C'H*K-SO*.H-0. — The  acid  j^oiassium- 
salt  is  anhydrous,  permanent  in  the  air,  and  less  soluble  than  the  neutral  salt. 
(Schulze.) 

The  4«n«t»i-««/i',  C^H^Ba"SO^  in  the  anhydrous  state,  forms  sparingly  soluble  crys- 
talline crusts.  By  leaving  it  for  some  time  in  contact  with  the  mother-liquor,  a  hydratcd 
salt,  C''H'Ba"S0^5H''^0,  is  obtained  in  prismatic  ei-ystals,  which  are  piormancnt  in  the 
air,  but  become  opaque  and  anhydrous  when  immersed  in  hot  water.  (Schulze.) 

The  cupric  salt,  C''H^Cu"SOMI-0,  is  formed,  on  mixing  moderately  concentrated 
solutions  of  the  ammonium-salt  and  cupric  sulphate,  as  a  bhiish-white  crystalline 
precipitate,  which,  on  heating  the  liquid,  is  converted  into  blue  crystals  of  the  anhydrous 
salt.  (Schulze.) 

The  neutral  lead-salt,  C'H'Pb"SO',  is  crystalline,  soluble  in  hot  water  and  in  dilute 
nitric  acid. — A  basic  lead-salt,  C'H*Pb"SO^Pb"0,  is  formed  when  the  ammonium-salt 
is  mixed  with  basic  lead-acetate  at  the  boiling  heat. — The  silver-salt  is  a  fiocculcnt 
precipitate. — The  sinc-scdt  crystallises  with  4  at.  water  in  sparingly  soluble  rhombic 
plates. 

Ethylic  ThiodiglijcolJate,  C'WiCWf&O',  is  obtained :—  1 .  By  saturating  the  .alcohf)lic 
solution  of  the  acid  with  hydrochloric  acid  (Schulze). —  2.  Together  with  other  pro- 
ducts, by  the  action  of  potassium-sulphydrate  on  ethylic  monoehloracetate.  On  treating 
the  product  of  this  reaction  with  water,  a  fetid  oil  is  separated,  which,  when  rectified, 
yields  ethylic  thiodiglycollato  between  267°  and  268°(Wi slicenus).  This  ether  is  a 
colourless  liquid,  which  has  a  faint  ethereal  odour,  is  insoluble  in  water,  distils,  for  the 
most  part  undocomposed,  at  240° — 250°,  and,  when  treated  with  alcoholic  ammonia, 
yields  thiodiglycoUamide.  (Schulze.) 

THIOSICI.VCOX.X.XC  CHX.OIIXSE.  Thiodiglycollic  acid,  treated  with  penta- 
chloride  of  phosphorus,  forms  a  colourless  chloride,  difficult  to  purify,  which  yields 
with  alcohol  a  sulphuretted  oil,  insoluble  in  water,  and  apparently  not  identical  with 
ethylic  thiodiglycollato,  inasmuch  as  it  is  decomposed  by  ammonia,  \vith  formation  of 
ammonium-sulphide.  (Schulze.) 

THIOSIGXiVCOXiXXC  ETHER.  Syn.  with  Ethylic  Thiodiglycoixate  {vid. 
sup.). 

THZOI>XCX.VCOZ.I.iniXDE,   C'ffNSO^  =  (C=H■-0)"^t^  or  THIODXACE- 

H     )  * 

(CH^SO'-'V  ) 

TXMXI>E,  ^  '  SN,  is  formed  by  the  dehydi'ation  of  acid  thiodiglycoUate  of  am- 

monium, and  is  deposited  from  a  hot  aqueous  solution,  decolorised  by  animal  charcoal, 
in  thin  prismatic  needles  or  laminae.  It  is  sparingly  soluble  in  cold  water,  melts  at  128°, 
andsublimes  undecomposed  at  a  higher  temperature.  On  mixing  its  slightly  ammoniacal 
solution  with  nitrate  of  silver,  argo uto-thiodigly coll i m i de,  G"'II'AgNSO-,  is 
pirecipitated  in  white  flocks,  which  are  decomposed  by  boiling. — By  bari/ta-wafer,  at 
tho  boiling  heat,  the  imido  is  converted,  with  evolution  of  ammonia,  into  thiodigly- 
coUate  of  barium  ;  in  cold  baryta-water,  ou  tho  other  hand,  it  dissolves  as  thiodigly- 
collamato  of  barium  (p.  77G).  (Schulze.) 
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THIOFOSMZC  ACID.  A  comi-iound,  iirolmbly  homologous  with  thiacctic  ncid, 
produced  in  sm:\ll  quantity  by  the  action  of  sulphydric  acid  on  formate  of  lead,  at 
200^ — 300°.  It  forms  small  transparent  crystids,  -n-hich  have  an  alliaceous  odour,  are 
insoluble  in  -water,  may  be  recrj'stallised  from  alcohol,  melt  at  120^,  and  sublime  at  a 
lower  temperature.  They  are  insoluble  in  sulphide  of  ammonium,  and  dissolve  but 
slightly  in  boiling  potash-ley.  Their  alcoholic  solution,  which  does  not  redden  litmus, 
forms  with  acetate  of  lead  a  yellowish,  and  -with  silver-salts  a  whitish  precipitate, 
both  of  which  are  blackened  and  decomposed  by  heat.  (Limpricht,  Ann.  Ch. 
Pharm.  xcvii.  361.) 

THXOFUCUSOIi.  A  body  analogous  and  very  similar  to  thiofurfurol,  pro- 
duced by  treating  fucusol  in  alcoholic  solution  with  sulphydric  acid.  By  dry  distilla- 
tion, it  yields  a  product  of  decomposition  called  pyrofucusol,  which  crystallises  in 
needles,  and  has  probably  the  same  composition  as  pyrofiu-furol,  C^H^O-.  (Stcnhouse, 
Ann.  Cli.  Pharm.  Ixxiv.  293.) 

THIoruilFOI.,  or  THIOFURFVROX..  C^H^OS.— A  compound  formed  by 
the  action  of  ammonium-sulphide  on  furfurol,  or  of  sulphydric  acid  on  furfuramide 
dissolved  in  alcohol.    (See  Ftjrfukol,  ii.  7o3.) 

THXOTCEXiAXI'IC  ACID.  The  black  mass  produced  by  heating  alcohol  \nth 
excess  of  sulplnirie  acid.  It  was  formerly  supposed  to  consist  of  carbon,  but,  according 
to  Erdmann  (J.  pr.  Chem.  xxi.  291),  it  is  a  sulphuretted  acid,  capable  of  foi-ming 
salts  with  potash  and  other  bases.  It  has  not  been  obtained  in  a  sufBciently  definite 
state  to  enable  its  composition  to  be  determined  with  accuracy,  and  is  probably  a 
mixture.    (See  Gmdiiis  Handbook,  viii.  240.) 

THXOMETHAIiDZn'E:.    Syn.  with  Methyl-thiaxdine  (p.  774). 


THZONAiazc  ACXS.    NffSO^  =  (SO)"lt^.  SwZ/il-awwo!;.— This  acid,  which 


differs  from  acid  sulphite  of  ammonium  (NH'.H.SO')  by  the  want  of  1  at.  water,  is  pro- 
duced by  the  action  of  dry  ammonia-gas  on  an  excess  of  sulphurous  anhydride.  It  is  a 
crystalline  volatile  subsfcmoe.  of  a  j'ellowish  colour  (perhaps  duo  to  impurity),  and  very 
soluble  in  water.  In  the  moist  state,  or  in  solution,  it  quickly  undergoes  a  complete 
decomposition  into  sulphate  of  ammonium,  trithionate  of  ammonium,  and  other  pro- 
ducts. When  sulphurous  anliydride  is  mixed  with  excess  of  dry  ammonia-gas,  two 
vokunes  of  the  former  unite  with  four  volumes  of  the  latter,  forming  thionaraate  of 


ammonium.  (SO)"  t  i,,  which  is  an  amorphous,  volatile,  neutral,  deliquescent  salt, 


speedily  decomposing  in  solution.  (H.  Eosc,  Pogg.  Ann.  xxxiii.  275;  xlii.  425; 
Ci  m.  ii.  455.) 

THZOSTAMZSEi    N*H''(SO)". — Produced  by  the  action  of  sulphurous  chloride 


The  sulphurous  chloride  should  be  well  cooled,  and  the  ammonia-gas  passed  in 
slowly.  The  product  is  a  white,  pulverulent,  non-crystalline  solid,  from  which  the  sal- 
ammoniac  may  be  extracted  by  cold  water.  Thionamido  is  converted  by  hot  water 
into  neutral  sulphite  of  ammonium,  from  which  it  differs  by  2  at.  water:  (NH')-SO'  — 
2H'0  =  N'H^SO.  It  is  instantly  decomposed  by  alkalis  with  evolution  of  ammonia, 
and  by  acids  with  evolution  of  sulphtirous  anhydride.    (Schiff,  Ann.  Ch.  Pharm.  eii. 


THZONAPHTHAXiXC  ACZB.  Syn.  with  Naphthylsulphurous  Acid.  (See 
Sulphurous  Ethers,  p.  500.) 

THZOTTAPHTHABIZC  ACZD,  more  properly,  TIAPHTHVZ.SUI.PHAMZC 


acid  is  produced,  together  with  naphthionic  acid,  with  wliich  it  is  isomeric,  by  the 
action  of  ammonium-sulphite  on  nitronaphthalone.  The  orange-yellow  crystals  ob- 
tained in  the  preparation  of  naphthionic  acid  (iv.  17).  consist  of  naphthylsulpham- 
atc  of  ammonium.  The  acid  has  not  been  obtained  in  the  free  state  ;  on  attempting 
to  decompose  a  thionaphthamate  with  an  acid,  even  with  acetic  acid,  it  is  resolved  into 
n;\phthylamino  and  sulphuric  acid. 

The  naphthylsulphamates  are  generally  prepared  by  double  decomposition  from  the 
ammonium-salt.  Tliey  are  all  soluble,  and  resemble  each  other  in  appearance  and  colour. 
They  usually  crystallise  in  large  nacreous  lamina;  of  an  amethyst  or  reddish  colour. 


on  dry  ammonia : 


4NIP  +  SOCP    =    2NH<C1  -i-  N^H'SO. 


111.) 


(Piria,  ^Vnn.  Ch.  Phys.  [3],  xxxi.  217.)— This 
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They  undergo  dpcomposition  by  exposure  to  the  air,  tlieir  solutions  becoming  reddish- 
brown.  Heat  and  light  assist  this  decomposition,  while  the  presence  of  alkalis  confers 
stability  on  the  solutions.  Distilled  with  lime  in  excess,  the  naphthylsulphamates 
yield  naphthylamine  in  the  form  of  an  oil  which  crystallises  on  cooling. 

The  ammonium-salt  is  obtained  ia  crystals  by  dissolving  the  crude  salt,  prepared  as 
above  deseri'bed,  in  2  pts.  of  boiling  water  containing  a  few  drops  of  ammonia,  and 
cooling  the  solution.  It  forms  small,  reddish,  nacreoTis'laminse,  the  solution  of  which 
becomes  more  rapidlj'  coloured  than  those  of  the  other  salts.  It  dissolves  very  easily 
in  water,  and  in  alcohol.  When  its  perfectly  neutral  solution  is  heated  between  80'' 
and  90^^,  the  water  being  replaced  as  it  evaporates,  it  becomes  coloured,  and  strongly  acid, 
deposits  a  brown  resin,  and  yields  sulphate  of  naphthylamine. 

The  potassiNiii-salt,  C"'H"KNSO',  is  obtained  by  boiling  the  ammonium-salt  with 
excess  of  potassium-carbonate,  till  it  ceases  to  evolve  ammonia.  On  cooling,  large 
nacreous  laminae  crystallise  out,  resembling  boric  acid.  The  salt  is  very  soluble  in 
water,  but  only  slightly  soluble  in  alcohol,  and  in  aqueous  potash  or  carbonate  of 
potassium. — The  sodium-salt,  C'^H^NaSO',  prepared  in  like  manner,  forms  reddish 
laminae,  easily  soluble  in  hot,  but  sparingly  in  cold  water,  especially  in  presence  of 
sodium-carbonate. 

The  barium-salt,  C-"Il"'Ba"N'S'0°.GlI-0  (?),  is  prepared  by  double  decomposition 
with  chloride  of  barium  and  naphthionate  of  potassium.  —  The  calciam-salt, 
C"'H"'Ca"N'-'S-0^  and  the  magnesium-salt,  C-''H'«Mg"N-S20»,  are  very  soluble. 

The  lead-salt,  C-"n"'Pb"N-S^O'',  is  prepared  by  decomposing  a  boiling  solution  of 
the  potassium-salt  ■n'ith  nitrate  of  lead,  taking  care  that  the  potassium-salt  is  in  excess.' 
AVhen  the  nitrate  of  lead  is  in  excess,  a  double  salt  is  produced,  which  appears  to  contain 
equal  numbers  of  atoms  of  thionaphthamate  and  nitrate  of  lead.  The  thionaphthamate 
of  lead  is  deposited  from  its  boiluig  solution  in  crj'stalline  grains,  which  may  be  purified 
by  a  second  crystallisation.  It  then  forms  a  light,  crystalline,  reddish  powder,  vei'y 
slightly  soluble  in  water,  and  almost  insoluble  in  alcohol. 

Acctato-thionaphthamate  of  lead,  C^H'''Pb"0'.C-''H'"Pb"N=S=0''.— When  concentrated 
and  nearly  boiling  solutions  of  potassium-thionaphthamate  and  lead-acetate  are  mixed, 
the  latter  being  in  excess  and  acidified  with  acetic  acid,  there  is  deposited  on  cooling  a 
double  salt,  crystallising  in  reddish  micaceous  laminae  grouped  around  a  common 
centre.    It  is  very  slightly  soluble  in  cold,  more  soluble  iu  hot  water. 

THIOTTESSAZ.,  C-"H"S.  Schwcf d cssal.  Schwefdesyl.  (Laurent,  Ann.  Ch.  Phys.' 
[3],  i.  292). — A  compiound  produced,  together  with  stilbene,  by  the  dry  distillation  of 
thiobenzol : 

8C"irS    =    C^^H'^S  -t-  2C'-'H'2  +  2CS-  -^  3H=S. 

Thiobenzol.        Thionessal.  Stilbene. 

It  is  obtained,  from  the  portion  of  the  distillate  insoluble  in  ether,  by  solntion  in 
I'efroleum,  and  crystallises  from  the  hot  solution  in  silky  needles.  It  is  very  sparingly 
soluble  in  alcohol  and  ether,  more  soluble  in  petroleum.  It  melts  at  178°,  often 
remains  liquid  till  cooled  down  to  the  ordinary  temperatiu-e  of  the  air,  and  then 
solidifies  without  assuming  a  crystalline  structui-e.  AVhen  heated  to  233°,  it  crystallises 
as  soon  as  a  crystal  is  thrown  into  the  liquid  mass.  It  is  decomposed  by  potassium, 
with  formation  of  potassium-sulphide.  Alcoholic  potash-solution  does  not  decompose 
it,  even  at  the  boiling  heat.  By  boiling  ii itric  acid .\t  is  slowly  converted  into  a  yellow 
crust  of  tetranitrothionessal,  C-''H"(NO^)^S.  —  Bromine  attacks  it  violently, 
forming  a  solid  mass  of  te t  rabromothion essal,  C-''H'''Br'S,  insoluble  in  alcohol, 
ether,  and  petroleum. 

TKIONUBXC  ACXD,  Alloxanosidphirous  acid  (LawT  enf).  C'H^N^SO".  (Liebig 
and  Wohler,  Ann.  Ch.  Phai-m.  xsvi.  268,  314,  331.) — An  acid  formed  by  the  simul- 
taneous action  of  ammonia  and  .sulphurous  acid  on  alloxan  (i.  137).  It  is  obtained  by 
decomposing  its  lead-salt  with  sulphuretted  hydrogen,  and  evaporating  the  filtrate  at 
a  gentle  heat.  It  forms  a  crystalline  mass,  consisting  of  fine  needles:  it  is  permanent 
iu  the  air,  reddens  litmus  strongly,  and  has  a  very  sour  ta.ste.  It  is  readily  soluble  in 
water ;  when  the  solution  is  boiled,  it  is  decomposed  into  dialuramide,  which  separates 
out,  and  sulphui-ic  acid : 

C'IPN'SO'*  -t-  IPO    =    C^H^N^O^  +  H-SO*. 

It  is  a  dibasic  acid. 

The  normal  ammonium-salt,  C'H'(NII^)''N^SO''.H-0,  is  obtained  by  boiling  for  some 
time  a  mixture  of  aqueous  alloxan  and  sulphurous  acid,  saturated  with  ammonia;  or  a 
mixture  of  aqueous  sulphite  and  carbonate  of  ammonium,  and  alloxan  ;  the  salt  cry.s- 
tallises,  on  cooling,  in  four-sided  tables,  which  lose  6  per  cent.  (1  at.)  water  at  100-^, 
assuming  a  rose-colour.  It  is  sliglitly  .soluble  in  cold,  readily  in  hot  water;  the  solu- 
tion reduces  metallic  silver  from  nitrate  of  silver,  in  the  specular  form.    When  fused 
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■with  solid  potash,  it  yields  sulphite  of  potussium.  Minenil  acids  deconiposc  it  at  a 
boiling  heat  (not  in  the  cold),  into  dialuramido  and  sulphuric  acid.  By  prolonged 
hpiiting  to  200°,  it  is  for  the  most  part  resolved  into  sulphate  of  ammonium  and  xau- 
thinine,  C'lPN'O-  (Finck,  Ann.  Ch.  Pharm.  cxxxii.  29S) : 

The  acid  ammonmm-salt,  [C'HXNH'JN^SC],  is  obtained  iu  fine  -vrhite  needles,  by 
evaporating  in  a  water-bath  an  aqueous  solution  of  the  normal  salt  with  a  sm;ill 
quantity  of  sulphuric  acid:  if  the  sulphuric  acid  is  in  excess,  dialuramide,  urarailio 
acid,  and  finally  dialuric  acid,  is  formed.  The  aqueous  solution  of  this  salt  is  decora- 
posed  by  boiling  into  sulphate  of  ammonium  and  dialuric  acid  : 

C'H'N'SO«  +  2H-0    =    C^H^N'O^  +  (NH')-SO*. 

Dialuric  acid. 

The  harium-salt  is  obtained  as  a  flocculent  precipitate,  -which  gradually  becomes 
crystalline,  when  the  ammonium-salt  is  added  to  chloride  of  barium.  It  is  readily 
soluble  in  hydroeliloric  acid  ;  boiled  with  nitric  acid,  it  yields  sulphate  of  barium,  but 
no  free  sulphm-ie  acid. 

The  lead-salt  is  obtained  by  adding  thioniixate  of  ammonium  to  neutral  acetate  of 
lead.  It  is  a  gelatinous  precipitate,  which,  on  cooling,  aggregates  into  tufts  of  white  or 
rose-coloured  needles.  By  dry  distillation,  it  yields  urea,  and  another  crystalliuo 
product. 

Withsidphate  ofcopper,thionurate  of  ammonium  gives  a  yellowish-brown  precipitate, 
whith  is  probably  a  cuprous  salt. 

Gregory  (Compt.  ehim.  1845,  p.  IIS)  mentions  a  peculiar  acid,  containing  the 
elements  of  thionuric  acid  minus  ammonia.  F.  T.  C. 

THION"S'K.  SO. — The  radicle  of  tho  sulphurous  compounds :  e.g.,  sulphurous 
chloride,  (SO)"Cr-  =  chloride  of  thionyl  (p.  6-12). 

THlONYXaAMZC  ACXD.    Syn.  with  Thionamic  Acid  (p.  778). 

THION-VXiATCZDE.    Syn.  with  Thionamide  (p.  778). 

THXOPBOSFKAiaXC  ACID.  PH^NSO-   =    (PS)"'  -Jfj    =  P(NH=)H=SO=. 

JJ2      J  ^ 

Sulphoxi/phosphamic  Acid.  (Grladstone  and  Holmes,  Chem.  Soe.  J.  xviii.  7.) — This 
acid  is  formed  by  the  action  of  aqueous  ammonia  on  sulphochloride  of  phosphorus. 
(Respecting  the  mode  of  formation  of  this  and  the  following  acid,  see  iv.  GOG.)  Tlie 
.sulphochloride  added  to  strong  aqueous  ammonia  diluted  witli  an  equal  bulk  of  water, 
dissolves  slowly  on  agitation,  and  forms  an  acid  liquid  containing  sal-ammoniac  and 
thiophosphamic  acid.  The  latter  has  not  been  isolated,  but  its  neutralised  solution 
yields,  with  solutions  of  heavy  metallic  salts,  a  series  of  salts  resembling  the  thiophos- 
phodiamates  {ii\fra),  and  represented  by  the  formula  PNH-M"SO-.  No  precipitates 
are  obtained  with  solutions  of  nickel,  cobalt,  iron,  aluminium,  barium,  calcium,  or  mag- 
nesium. A  solution  of  potassio-stannous  chloride  forms  a  white  bulky  precipitate, 
soluble  in  hydrochloric  acid.  Merciu-ic  chloride  throws  down  yellow  mercuric  sulpho- 
chloride, which,  in  presence  of  excess  of  thiophosphamic  acid,  turns  black — a  reaction 
which  may  servo  to  distinguish  this  acid  from  the  following. 

THIOFHOSPHOOXAMXC  ACXS.    PH^N^SO  =  (PS)'"  \}^    =  P(NII^)=IISO. 

H  )^ 

Sulphoxypliosphodiamic  Acid.  (Gladstone  and  H  o  I  m  e  s,  loc.  cit.) — A  mnnnbasic  acid 
formed,  together  with  sal-ammoniac,  hy  the  action  of  ammonia-gas,  or  of  the  strongest 
aqueous  solution  of  ammonia,  on  sulphochloride  of  phosphonis.  The  sulphochloride 
takes  up  about  4  at.  ammonia  (40  per  cent,  of  its  weight),  and  is  convcvled  into  a 
white  mass,  easily  soluble  in  water,  and  fonning  an  acid  solution,  wliioh,  when 
neutralised,  yields  thiophosphodiamates,  P(NII-)=M"SO  and  P-(NII-')'M".S'-0-, 
by  double  decomposition.  These  salts  decompose  when  heated,  giving  off  ammonia 
and  sulphide  of  ammonium. — The  ciqiric  salt,  F'N'WCu'S-O-,  is  a  yellowish-whilo 
precipitate,  insoluble  in  dilute  hydrochloric  acid  and  in  ammonia,  soluble  in  cyanide 
of  potassium,  and  turning  brown  when  heated. — The  ::i)!c-fal/,  P-N'II''Zn"S'd-,  is  a 
white  flocculent  precipitate,  easily  soluble  in  dilute  acids  and  in  ammonia. — Tho 
cadmiuon-salt,  P-N^H^Cd"S^O^  exhibits  similar  properties. — Tho  lead-salt  is  obtained, 
on  adding  chloride  of  lead  to  the  neutralised  solution  of  the  acid,  as  a  white  precipi- 
tate, soluble  in  dilute  nitric  acid,  and  turning  black  when  heated  with  water. — The 
silver-salt  was  obtained,  mixed  witLi  silver-chloride,  as  a  white  precipitate,  insoluble  in 
dilute  nitric  acid,  turning  black  in  presence  of  excess  of  silver. — Stannous  chloride 
and  mercuric  chloride  form  white  precipitates,  the  latter  of  which  quickly  passes 


THIOSALICOL— THIOSINAMINE. 


781 


into  the  yellow  compound,  HgS.HgCF,  but  is  not  under  any  circumstances  convortcd 
into  black  sulphide  of  mercury — a  character  which  distinguishes  thiophosphodianiic 
from  thiophosphamic  acid.  The  filtered  solution  contains  an  acid  not  yet  examined. — 
Cobalt-salts  give  a  bluish-white,  nickd-salts  a  greenish-white  precipitate,  both  of  whicli 
are  soluble  in  dilute  acids  and  in  ammonia. — Barhmi-,calciu)n-,magnesium-,atuminiu>n-, 
and  ferric  salts  give  no  precipitate.  On  attempting  to  isolate  the  acid  from  its  silver- 
or  copper-salt,  a  liquid  was  obtained,  which,  when  evaporated  over  oil  of  vitrinl, 
decomposed  with  separation  of  sulpliur. 

THIOSAXiICOIi.  C'EfOS.  Sulplwsalinjlic  Hydride. —  A  compound  produced 
by  the  action  of  sulphydric  acid  on  hydrosalicylamide  (iii.  218). 

((OS)" 

THIOSIKTAMITJE.    C'H'N^S  =         C^H\  Allyl-sulphocarhamidc.  rJiodalUnc. 

[  H^' 

— This  compound  is  formed  by  the  union  of  the  elements  of  1  at.  allylic  sulphocyauafo 
with  1  at.  ammonia,  just  as  allyl-carbamide  is  formed  by  the  union  of  ammonia  and 
allylic  cyanato.  It  was  discovered,  in  1834,  by  Dumas  and  Pelouzo  (Ann.  Ch.  Phys. 
[2J,  liii.  181),  afterwards  examined  by  Aschoff  (J.  pr.  Chem.  iv.  314),  Lowig  and 
Weidmann  iihid.  xix.  218),  Robiquet  and  Bussy  {ibid.  xix.  232),  and  more  com- 
pletely by  Will  (Ann.  Ch.  Pharm.  lii.  1). 

rrcparatioii. — By  saturating  oil  of  mustard  with  ammonia-gas,  or  mixing  it  with 
3  or  4j  times  its  bulk  of  strong  aqueous  ammonia,  and  leaving  the  mixture  to  stand  till 
it  is  converted  into  a  crystalline  mass.  If  the  mother-liquor  filtered  from  these 
crystals  bo  evaporated,  to  expel  the  excess  of  ammonia,  and  boiled  with  animal  char- 
coal, a  coloui'less  liquid  is  obtained,  which,  on  evaporation,  yields  crystals  of  puro 
thiosinamine  to  the  last  drop.  It  is  best  to  use  pure  mustard-oil  in  the  preparation, 
as  the  crude  oil,  when  treated  with  ammonia,  likewise  forms  a  yellow  resinous  sub- 
stance, which  cannot  bo  removed  without  loss. 

Projicrties. — Thiosinamine,  purified,  if  necessary,  by  recrystallisation,  forms  white 
shining  prisms,  which  (according  to  Schabus)  belong  to  the  monoclinic  system,  and 
are  cleavable  parallel  to  +  Pco  and  oP.  It  is  inodorous,  but  has  a  bitter  taste.  Melts 
at  70-6°  (Dumas  and  Pelouze),  at  74°  (Wertheim),  forming  a  colourless  liquid, 
which  cannot  be  volatilised  without  decomposition.  In  moderate  doses,  it  does  not 
exert  a  poisonous  action  on  the  human  organi.sm,  but  nevertheless  produces  sleepless- 
ness, palpitation  of  the  heart,  &c.  (Wohler  and  Frerichs,  Ann.  Ch.  Pharm.  Ixv. 
342).  It  is  neutral  to  vegetable  colours,  but  nevertheless  exhibits  some  of  the 
characters  of  ammonia,  especially  in  the  facility  with  which  it  dissolves  oxide  and 
chloride  of  silver.  It  dissolves  in  hot  much  more  readily  than  in  cold  water,  and  is 
easily  soluble  in  alcohol  and  ether. 

Thiosinamine  exhibits  the  same  properties,  whether  prepared  from  natural  or  from 
artificial  mustard-oil. 

Decompositions. — 1.  Thiosinamine  is  completely  decomposed  at  higli  temperatures, 
sulphocyanic  acid  and  other  volatile  products  being  formed,  and  charcoal  remaining 
behind. — 2.  By  electrolysis,  it  yields  sulphurous  and  hydi'ocyanic  acids,  and  a  yellow 
.'iulphurotted  organic  compound,  which  is  deposited  at  the  negative  pole  (Schlagden- 
hauffen,  J.  Pharm.  [3],  xliv.  100). — 3.  CA/or/we  decomposes  it  in  aqueous  solution, 
forming  largo  quantities  of  hydrochloric  and  sulphuric,  but  no  sulphocyanic  acid 
(Aschoff). — 4.  Bromine  (according  to  Aschoff)  forms  a  white  precipitate  with 
thiosinamine;  but,  according  to  Ma  ly  (Bull.  Soc.  Chim.  [1867],  ii.  129),  this  takes 
place  only  when  the  thiosinamine  is  impure.  An  alcoholic  solution  of  pure  thiosina- 
mine dissolves  bromine,  without  elimination  of  hydrobromic  acid,  and  the  solution 
yields,  by  evaporation,  crystals  of  hydrobromate  of  bromothiosinamine. — 
.').  Iodine  addedin  suificient  quantity  to  aqueous  thiosinamine  separates  a  brown  oil ;  the 
watery  liquid  then  exhibits  acid  reaction,  and  when  boiled  deposits  a  white  substance 
containing  iodine  and  sulphur. — 6.  Dilute  phosiihoric  and  sulphuric  acids,  heated  with 
thiosinamine,  evolve  sulphocyanic  acid. — 7.  Nitric  acid  oxidises  it. — 8.  Potassium, 
heated  with  it  to  the  melting-point,  decomposes  it  with  explosion. — 9.  Baryta-water 
decomposes  thiosinamine  at  the  boiling  lieat,  forming  sulphide  and  carbonate  of 
barium.  But  little  ammonia  is  evolved,  and  the  filtrate,  when  evaporated,  leaves  a 
non-crystalline  and  scjircely  alkaline  syrup,  which  appears  to  be  a  base  diflferent  from 
sinamine.  The  other  fixed  alkalis  act  like  baryta. — 10.  The  protcridcs  of  lead  and 
mercury  abstract  from  thiosinamine  sulphur  and  hydrogen,  a  metallic  sulphide  and 
water  being  formed,  together  with  sinamine: 

C^H'-N^'S  +  Ilg'O    =    C'H'-N2  +  Hg"S  +  H^O. 

Tliiosiiiamiiie.  Sinaminc. 
11.  The  aqueous  solution  of  thiosinamine  forms  a  white  precipitate  with  mercuric 
salts,  gTcy  with  mercurous  salts,  brown ish-yeUow  with  trichloride  of  gold,  white  with 
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nitrate  of  silver,  &c.  It  gradually  decolorises  ferric  chloride,  and  forms  a  flocculent 
precipitate  on  boiling.  It  likewise  decolorises  a  moderately  strong  solution  of  ciipric 
tmlphate,  the  liquid  then  depositing  blue  flocks  on  addition  of  alcohol.  When  warm, 
it  dissolves  recently  precipitated  chloride  of  silver,  the  liquid  becoming  milky  as  it 
cools,  and  depositing  a  pitchy  substance,  containing  thiosiuamiue  and  chloride  of 
silver. 

Combinations. — Thiosinamine  does  not  form  cry stalli sable  salts  with  sulplniric,  nitric, 
acetic,  or  oxalic  acid. 

The  hydrocldorate,  C'H'N-S.HCl,  is  produced  by  passing  dry  hydrochloric  acid  gas 
over  dry  thiosinamine  at  a  gentle  heat.  The  product  gives  off  vapours  of  hydrochloric 
acid  when  exposed  to  moist  air.  (Will.) 

The  cMoroplatinate,  2(C'H^N^S.HCl).PtClS  is  obtained  by  saturating  thiosinamine 
with  hydrochloric  acid  gas,  and  mixing  the  cold  aqueous  solution  of  the  resulting 
hydrochlorate  with  platinic  chloride.  It  is  a  yellowish-red  precipitate,  consisting  of 
needle-shaped  rhombic  crystals  ;  melts  and  blackens  at  a  gentle  heat,  and  decomposes 
at  higher  temperatures,  leaving  sulphide  of  platinum.  If  the  liquids  are  mixed  hot, 
or  if  the  platinic  chloride  contains  nitric  acid,  or  if  a  dark-coloured  solution  of  thio- 
sinamine in  aqueous  hydrochloric  acid  is  used,  precipitates  of  variable  composition  are 
formed.  (Will.) 

(CS" 

A  chloromercurate,  containing  2Hg"Cl%C'H'N=S,  or  Hg"Cl-  +  2HC1  .       C'W  , 

is  obtained,  as  a  curdy  white  precipitate,  by  mixing  the  aqueous  solutions  of  mercuric 
chloride  and  hydrochlorate  of  thiosinamine.    It  is  soluble  in  acetic  acid.    (Wil  1.) 

A  compound  of  thiosinamine  with  nitrate  of  silver,  NO'Ag.C*H*N-S,  is  produced, 
by  mixing  the  concentrated  aqueous  solution  of  thiosinamine  and  nitrate  of  silver,  as 
a  white  crystalline  precipitate,  which,  after  washing  with  water,  and  drying  at 
100'^,  forms  a  greenish-white  mass,  slightly  alterable  on  exposure  to  light.  Boiling 
water  decomposes  it  into  sulphide  of  silver,  and  other  products  not  yet  examined. 
Aqueous  sulphydric  acid  converts  it  into  thiosinamine  and  sulphide  of  silver. 
(Will.) 

Derivatives  of  Thiosinamine. 

Bromothiosinamine,  C'H'BrN-S.  (Maly,  J.  pr.  Chem.  c.  321  ;  Bull.  Soc.  Chim. 
[1867],  ii.  129.)— The  hydrobromate  of  this  base,  C^H'BrN-S.HBr,  is  formed,  as  al- 
ready observed,  by  the  direct  addition  of  bromine  to  thiosinamine  in  alcoholic  solution, 
1  at.  thiosinamine  taking  up  2  at.  bromine  without  evolution  of  hydrobromic  acid.  It 
separates,  on  evaporation,  as  a  crystalline  mass,  soluble  in  water  and  in  alcohol.  It 
melts  at  116° — 147°,  and  at  a  higher  temperature  gives  off  vapours  having  the  irritat- 
ing odour  of  allyl-compounds,  and  leaves  a  very  porous  cinder.  Its  aqueous  solution 
forms,  with  nitrate  of  silver,  a  copious  precipitate  of  chloride  of  silver,  and  with  platinic 
chloride,  brilliant  orange-yellow  scales  of  the  chloroplatinate,  2(C'H'BrN-S.HBr). 
PtCl*. 

Chloride  of  silver  added  to  the  aqueous  solution  of  the  hydrobromate  removes  half 
the  bromine,  forming  bromide  of  silver  and  hydrochlorate  of  bromothi osi n a- 
m in e,  C'H'BrN'S.HCl,  which  is  soluble  in  water  and  in  alcohol,  and  is  deposited 
from  the  aqueous  solution  in  crystals  grouped  like  wavelHte, — from  the  alcoholic  solu- 
tion in  more  bulky  crystals,  apparently  belonging  to  tlio  monoclinic  system.  It  melts 
at  129° — 130°. — yiiih.  platinic  chloride,  it  forms  orange-yellow  shining  scales  of  the 
chloroplatinate,  2(C'H'BrN-S.HCl).PtCl',  insoluble  in  boiling  alcohol,  soluble  in 
boiling  water,  and  partly  decomposed  thereby  ;  and  with  auric  chloride  a  dark  red- 
pm'ple  precipitate  of  a  chloroaurate,  together  with  bromide  of  gold. 

Hydrate  of  bromothiosinammonium,  C'II"BrN-S  H.O. — A  solution  of  hydrobromate 
of  bromothiosinamine,  treated  with  oxide  of  silver,  yields  bromide  of  silver  and  a 
Btrongly  alkaline  bitter  liquid,  which  may  be  evaporated  to  a  syrupy  consistence  ;  and 
when  treated  with  hydrochloric  acid,  yields  hydrochlorate  of  biomothiosinamine. 

iVmyl-thloslnaminei  obtained  by  the  direct  combination  of  allylic  sulj'hocya- 
uate  with  amylamine,  is  an  unci-j'stallisable  syrup,  which  yields  a  crystalline  eliloro- 
platinate.    (Hinterbcrger,  Ann.  Ch.  Pharm.  Ixxxiii.  346.) 

f(CS)- 

Ethyl-thlosinamlne,  C'H'^N-S  =  tfU^.^^.—  mosincfhi/lamijie.  (Hinter- 

(  H= 

berger,  loc.cil. — Weltzicn,  Ann.  Ch.  Phai-m.  .xciv.  103.) — Formed  by  the  direct  com- 
bination of  allylic  sulphocyanate  or  sulphocarbimide,  N(C8)"(C^H''),  with  ethylamine, 
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N(C-H'')'IP  (Hint,  erliprger),  or  as  a  hydriodate,  by  the  action  of  cthylic  iodide  on 
thiosiiianiine.  (Weltzien.) 

Oil  of  mustard  absorbs  gaseous  cth)'lamine  witli  considerable  rise  of  temperature. 
Liquid  ethylamine  hisses  when  dropt  into  mustard  ;  and  on  adding  the  oil  to  liquid 
ethylamine,  it  is  thrown  out  by  the  violence  of  the  action.  Wlion  ethylamine  wiii 
passed  in  excess  into  mustard-oil  cooled  with  ice,  a  thin  syrupy  liquid  was  formed, 
having  the  odour  of  ethylamine,  and  a  bitter  aromatic  taste.  This  liquid,  after  stand- 
ing for  some  time,  became  red-brown,  but  did  nut  yield  crystals,  or  form  erystallisable 
salts  with  acids  ;  when  heated,  it  gave  off  white  fumes,  which  condensed  to  oily  alka- 
line drops,  exhibiting  a  blood-red  colour  with  ferric  chloride.    (H i n to rb erger.) 

The  hydriodatr,  C"H'-N^S.HI,  is  obtained  by  heating  thiosinamine  with  ethylie  iodide 
in  alcoholic  solution,  and  evaporating,  as  a  white,  feathery,  crystalline  mass,  resembling 
sal- ammoniac.  It  dissolves  in  water,  alcohol,  and  ether,  and  turns  yellow  in  the  ;iir 
from  separation  of  iodine  (Weltzien). — The  hijdroMorate  is  obtained  by  decom- 
posing the  hydriodate  witii  oxide  of  silver,  precipitating  the  excess  of  the  silver  from 
the  filtrate  with  hydrochloric  acid,  and  evaporating  the  filtered  solution.  The  residue 
i.s  a  syrupy  uncrystallisable  mass,  soluble  in  water  and  in  alcohol.  (Weltzien.) 

Platinum-salt,  2(C«H"N-S.HCl).PtCP.— On  saturating  the  syrupy  liquid  obtained 
by  the  action  of  mustard-oil  on  ethylamine  Math  dry  hydrochloric  acid  gas,  dissolving 
the  resulting  viscid  mass  in  absolute  alcohol,  and  adding  an  alcoholic  solution  of 
platinic  chloride,  yellow  needle-shaped  crystals  of  the  platinum-salt  quickly  separated  ; 
the  m.other-liquor,  when  left  to  itself  for  some  time,  yielded  crystals  of  more  definite 
shape  (11  i  n  t  erberger).  Weltzien's  hydroehlorate  mixed  with  chloride  of  platinum, 
yielded  a  yellow,  easily  soluble,  indistinctly  crystalline  mass. 

Metbyl-tblosinaxniiie,  obtained  like  the  ethyl-compound,  is  a  brown  uncrys- 
tallisable syrup,  which  yields  a  crystalline  chloroplatinate.  (Hinterberger.) 

Waphthyl-tHiosmamine,  C  '11'  'N-S  =  N-'(CS".C^IP.C'°H'.H').  Thiosin-naphthi/l- 
amine.  (Zinin,  J.  pir.  Chem.  Ivii.  173.) — This  compound  is  produced  by  adding  30  pts. 
of  niustard-oil  to  a  solution  of  43  pts.  of  naphthylamine  in  eight  times  that  weight  of  1)0 
per  cent,  alcohol,  and  separates  after  awhile  in  crystals,  grouped  in  small,  white,  radiated 
hemispheres,  the  mother-liquor  yielding  an  additional  quantity  when  ev;iporated.  It 
is  white,  insoluble  in  water,  sparingly  soluble  in  ether  and  in  cold  alcohol,  more  easily 
in  boiling  alcohol.  It  melts  at  130'-",  forming  a  clear  liquid,  which  solidifies  again  in 
the  crystalline  form.  By  careful  heating,  a  portion  of  it  may  be  distilled  without 
alteration. 

Naphthyl-thiosinamine  is  decomposed  by  hydrate  of  lead,  yielding  sulphide  of  lead, 
together  with  a  substance  which  crystallises  from  boiling  alcohol  in  silky  grains,  and  an 
unctuous  substance,  still  more  soluble  in  alcohol. 

AVith  acids,  naphthyl-thiosinamine  behaves  like  the  phenyl-compound. 

Pbenyl-tbiosinamine,  or  Thioslnanillne,  C'lI'-N'S  =  N-(CS".CTI^C''nMI"). 
(Zinin.  loc.  cit.) — Obtained  by  pouring  oil  of  mustard  into  an  equivalent  qu;intity  of 
aniline  dissolved  in  about  four  times  its  weight  of  alcohol  of  90  per  cent.  The  mix- 
ture becomes  hot,  and,  on  cooling,  deposits  the  compound  in  foliated  crystals.  If  a 
weaker  solution  of  aniline  be  used,  the  crystals  sometimes  attain  the  length  of  four 
millimetres,  and  exhibit  the  form  of  tables  with  four  or  six  faces. 

Thiosinaniline  is  colourless,  transparent,  destitute  of  taste  and  smell,  insoluble  in 
water,  very  solulile  in  alcohol  and  ether.  It  melts  at  95°,  forming  a  colourless  liquid, 
which  solidifies  in  a  radiated  mass  on  cooling.  When  distilled  it  yields  an  oil,  which 
lias  the  odour  of  leeks,  and  does  not  solidify.  It  is  desulphurised  by  hydrate  of  lead, 
yielding  a  substance  which  is  very  soluble  in  alcohol,  and  crystallises  in  silky  needles  ; 
also  as  an  uncrystallisable  resinous  body. 

Thiosinaniline  does  not  show  much  tendency  to  combine  with  acids.  It  dissolves  in 
hot  concentrated  hydrochloric  acid,  but  is  precipitated  by  water  in  its  original  state. 
It  likewise  crystallises  unaltered  from  an  alcoholic  solution  of  sulphuric  or  hydro- 
chloric acid.    Heated  with  nitric  acid,  it  is  decomposed,  forming  a  resinous  substance. 

THIOSXWAN'IXiIN'E.    Syn.  with  PHF,NYi,-THiosiN.\MrNE  (see  above). 
TBIOSXM'-irAPHTH'S'XiAKni'E.     Syn.  with  NAPHTHyL-THiosiNAMiNE  (see 
above). 

THXOTOX.VXC  ACXD,  C'H'NSO',  more  properly,  BEIffZYI.SUI.I»HAMXC  or 


xev.  80.) — .-Vn  acid  related  to  toluene  (benzylic  hydride,  C•I^^  i.573),  in  the  same  manner 
as  naphthylsulphamic  acid,  C'lI'IStSO'  (the  so-called  thionaphthamic  acid,  p.  778),  is 
related  to  naphthalene,  C'°H"'.    To  prepare  it,  60  gi-ms.  of  nitrotoluene  are  boiled,  for 
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eight  or  ten  liours,  with  400  f!;rnis.  of  a  concentrated  sohition  of  ammonium-sulphite,  a 
small  quantity  of  ammonium-carbonate,  and  a  litre  of  absolute  alcohol,  the  ammouiaeal 
distillate  being  continually  poured  back,  till  the  liquid  assumes  an  acid  reaction  ;  and 
the  cooled  solution,  filtered  from  the  crystals  which  separate,  is  concentrated,  with  ad- 
dition of  ammonium-carbonate.  The  red  solution, on  cooling,  deposits  benzylsulphamato 
of  ammonium,  in  radiate  groups  of  slender  needles,  which  may  be  rendered  colourless 
by  repeated  lerigation  with  ether.  This  salt  is  easily  soluble  in  water  and  in  alcohol, 
insoluble  in  ether.  It  is  permanent  in  dry  air,  but  turns  red  in  contact  with  moist 
air.  When  heated  it  first  melts,  and  then  chars.  Its  aqueous  solution  is  not  percep- 
tibly altered  by  acids,  even  at  the  boiling  heat,  and  for  the  most  part  does  not  yield 
precipitates  with  metallic  salts.  Chlorine  separates  from  it  yellow  oily  drops,  having 
the  odour  of  tetrachloroquinone. 

The  barium-salt,  prepared  by  adding  the  ammonium-salt  to  baryta-water,  boiling 
till  all  the  ammonia  is  expelled,  precipitating  the  excess  of  barium  by  carbonic  acid, 
and  evaporating  the  filtrate,  forms  white  crystalline  crusts. — The  potassium-saU, 
C'H''KNSO^  obtained  by  boiling  the  ammonium-salt  with  carbonate  of  potassium, 
evaporating  to  dryness,  and  exliausting  the  residue  with  boiling  absolute  alcohol, 
Boparatos  from  the  alcoholic  solution,  on  cooling,  in  small  nodular  groups  of  crystals, 
less  soluble  in  water  and  in  alcohol  than  the  ammonium-salt. — The  sodium-salt,  pre- 
pared in  like  manner,  forms  small,  white,  nodular  crystals,  easily  soluble  in  water, 
sparingly  soluble  in  absolute  alcohol. 

The  acid  has  not  been  obtained  in  the  pure  state.  Neither  does  the  mother-liquor 
of  the  crude  ammonium-salt,  when  treated  with  hydrochloric  acid,  yield  a  compound 
analogous  to  naphthionic  acid. 

THXOTOX.VOXiXC  ACXD,  C'ffNS^O^,  more  properly,  Bcn::yldisulphamic 


or  Tolyldisulphamic  acid,  (SO-)-)-^;,  has  been  already  described  (p.  480). 


THXOVAIiERIC  AXiTD.  The  product  of  the  action  of  phosphoric  pentachloride 
on  valerianic  acid. 

THTORSA  IiA.VA.  A  lava  from  Hekla,  consisting  of  a  mixture  of  the  true 
lava-mass  witli  thjcirsanite  (anorthite)  and  chrysolite,  both  of  which  minerals  occur, 
crystallised  in  distinct  cavities  of  the  lava.  The  greyish-black  lava  contains  silica, 
alumina,  ferrous  oxide,  lime,  and  magnesia,  as  principal  constituents,  together  with 
small  quantities  of  soda  and  potash,  and  traces  of  manganese-,  nickel-,  and  cobalt-oxides. 
(Go  nth.) 

THTORSAITXTE.  A  variety  of  anorthite  occurring  in  the  Thjiirsa  lava  on  Hekla, 
in  crystallo-laminar,  brittle,  transparent  masses,  of  white  to  grey  colour,  and  vitreous 
lustre,  nacreous  on  the  cleavage-surfaces.  Specific  gravity  =  2'688  at  17"'.  Hardness 
=  6.  Lisoluble  in  hydrochloric  acid.  Melts  before  the  blowpipe  in  thin  splinters. 
Contains,  according  to  Genth's  analyses,  48'75  per  cent,  silica,  30-59  alumina,  1'50 
ferric  oxide,  17'22  lime,  0'97  magnesia,  1'13  soda,  and  0'62  potash. 

THOMAITE.  A  name  applied  by  Mayer  (Bergwerksfreund,  viii.  6)  to  a 
quadratic  variety  of  ferrous  carbonate  from  the  Siebengebirge. 

THOniSONXTE.  Mcsolitc  (in  part).  Mesotyi^c  (in  part).  Needle  Zeolite  (in 
part).  C'oiiijjtoniie.  Chalilitc.  Tripodase.  0~arkitc. — A  hydratcd  silicate  of  aluminium, 
calcium,  and  sodium,  occurring  in  trimctric  crystals,  exhibiting  tho  combination  odP 
.  ccPoo  .  oP.  2j'oo  .  ooPco  .  Axes  «:  i  :  c  =  1  :  1-0117  :  0-722,5.  Ant^le  aP  :  ocP 
=  90°  40';  oP  :  Poo  =  144°  9'.  Cleavage  easy  parallel  to  ccPoo  and"  ooPoo .  Tho 
mineral  likewise  occurs  columnar,  with  radiated  structure,  and  amorphous.  Hardness 
=  5  to  5-5.  Specific  gravity  =  2-35  to  2-4.  Lustre  vitreous,  inclining  to  pearly. 
Colour  snow-white  ;  brown  in  impure  varieties.  Streak  uncoloured.  Transparent  to 
translucent.  Fracture  uneven.  Brittle.  Before  the  blowpipe  it  infumesces,  becoming 
white  and  opaque,  the  edges  only  being  rounded  at  a  white  heat.  When  pulverised,  it 
gelatinises  with  nitric  or  hj'drocliloric  acid. 

Analyses: — a.  Lochwinnock,  Eenfrewshire  (Thomson's  Outlines,  i.  31(5). — 
h.  Dumbarton  (Berzelius,  Berz.  Jahresb.ii.  96). — c.  Seeberg,ncar  Kaaden,  Bohemia: 
Co))i])tomtc  (Zippe,  Verb.  d.  Ges.  d.  vat.  Mus.  in  Bohmen,  1836.  p.  3). — d.  Elbogen, 
Bohemia:  Comjitouitc  (Molly,  J.  pr.  Chem.  xiv.  511). — e.  The  Cyclopean  Isles,  near 
Catania;  accompanied  by  analcime  and  mesolito  (Sart.  v.  Waltershausen,  Vulk. 
Gost.  pp.  272,  286).—/.  Between  the  Bulandstind  and  the  Bi-rufjord,  Iceland :  pale- 
yellow,  intergrown  with  scolecite ;  specific  gravity  =  2-362  (v.  Waltershausen). — 

Magnet  Cove,  Arkansas :  in  cla^olitc ;  specific  gravity  =  2-24  (Smith  and  Brush, 
Sill.  Am.  J.  [2],  xvi.  41). — Dalsmypen,  Faroe  Islands  (Eetzius,  Bcrz.  Jalirosb. 
iv.  15 1). — i.  Haucnstein,  in  Bohemia:  formerly  called  mcsolite;  specific  gravity  =  2"307 
(Ram me Isberg,  Pogg.  Ann.  xlvi.  286): 
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Silica  .  .  37-68  38-30    38-25    37-00  39-27  39-86  36-85  39-20  39-63 

Alumina  .  31-66  30-70    32-00    31-07  29  50  31-44  29-24  30-05  31-25 

Limo    .  .  15  25  13-54    11-96    12  60  1238  13-33  13-95  10-58  7-27 

Soda    .  ...      4-53      6-53      6-25  4-46  6-29  3  91  8-11  8  03 

Water  .  .  13-10  13-10    11-50    12  24  13-23  11-39  13  80  13-40  13-30 

Magnesia  .  0  64    0-12 

Ferric  oxide .  0  66    1-48  .     .  1-65  0-50 


98-99  100-17  100-24    99-16  100-44  102-31    99-30   101-84  99-48 

These  analyses  lead  to  the  formula  : 

'"''■'S'.i?:iSi-iH'0.».pr]si.O.].aH.O; 

■whence  thomsonite  may  bo  regarded  as  consisting  of  2  at.  of  a  sodiferous  anorthite 
with  5  at.  water.  The  mineral  from  Lochwinnoch  appears,  from  Thomson's  analysis,  to 
be  a  nearly  pure  hydrated  calcio-aluminic  silicate  (i.  308). 

Tliomsonite  occurs  also  near  Kilpatriek,  in  Scotland.  The  variety  called  Coniptonite 
is  met  with  in  the  lavas  of  Vesuvius,  as  well  as  in  the  localities  above  mentioned. 
Thomson's  Scoulerite  from  Portrush,  in  Ireland,  is  near  thomsonite  in  composition,  but 
contains  less  alumina  and  water,  and  3|-  per  cent.  soda.  The  varieties  called  carpho- 
stUhite,  chalilite,  ozarkite,  and  'picrothomsonife  are  described  in  their  alphabetical 
places. 

TBORXITA.    See  TiioRiNuir,  Oxide  of  (p.  787). 

TBORXXrUM,  or  THORZUnx.  Atomic  Weight,  115-72;  Symbol,  Th.— A  very 
rare  element  belonging  to  the  group  of  earth-metals.  It  was  discovered  in  1828  by 
Berzeli us  in  thorite  from  Esmark,  on  the  Norwegian  island  Lovon,  and  has  since  been 
found  byWohler  in  pyrochlore,  byKarsten  in  monazite, byBergemann  and  others 
in  the  variety  of  thorite  called  orangile,  by  Mosander  and  Chydenius  (Bull.  Soc. 
Chim.  1866,  ii.  433)  in  euxenite  from  Arendal,  and  by  Bahr(Pogg.  Ann.  cxix.  572)  in 
gadolinite,  orthite,  and  a  mineral  resembling  the  latter.  Bahr  at  first  regarded  the 
earth  obtained  from  these  tlu-ee  minerals  as  the  oxide  of  a  new  metal,  wiisium  ;  but  he 
has  since  recognised  its  identity  with  thorina.    (Ann.  Ch.  Pharm.  cxxxii.  227.) 

Metallic  thorinum  is  obtained  by  heating  tlie  anliydrous  chloride  with  potassium  or 
sodium.  The  decomposition  takes  place  with  slight  detonation,  but  with  scarcely  visi- 
ble ignition,  and  may  therefore  be  performed  in  a  glass  vessel.  The  reduced  thorinum, 
when  freed  from  soluble  salts,  is  a  gi'oy  metallic  powder,  which  may  be  easily  pressed 
together,  and  when  triturated  with  polished  agate,  acquires  an  iron-grey  metallic  lustre. 
Its  specific  gravity,  according  to  C  hy  den  i  us,  is  7-657  to  7-795.  When  heated,  it  burns 
with  great  splendour,  producing  snow-white  thorina,  which  exhibits  not  the  slightest 
trace  of  fusion  or  aggregation.  Thorinum  is  not  oxidised  by  water,  either  hot  or  cold. 
According  to  Berzelius,  it  is  but  slowly  attacked  by  nitric,  sulphuric,  or  hydrofluoric 
acid,  but  dissolves  easily  in  hydrochloric  acid,  especially  when  gently  heated.  Accord- 
ing to  Chydenius,  it  disolves  easily  in  nitric,  slowly  in  hydrochloric  acid,  and  in 
sulphuric  acid  only  when  heated.  It  is  not  attacked  by  solutions  of  caustic  alkalis. 
(Berzelius.) 

TKORXNUM,  BROMIDE  OP.  Obtained  by  dissolving  thorina  in  hydro- 
bromic  acid ;  dries  up  to  a  gummy  mass  on  evaporation  ;  forms  a  double  salt  with 
bromide  of  potassium.  (Berzelius.) 

THORZn-iriVI,  CHX.ORXDX:  or.  ThCP.— Prepared  by  heating  an  inti- 
mate mixture  of  thorina  and  charcoal  in  a  stream  of  dry  chlorine-gas.  'The  decom- 
position takes  place  slowlj',  and  the  chloride  of  thorinum,  which  is  not  very  volatile, 
is  deposited  on  the  cooler  piart  of  the  tube,  as  a  white  crystalline  sublimate ; 
bj'  renewed  sublimation,  it  may  be  obtained  in  white  shining  crystals  (Berzelius), 
which,  according  to  Chydenius,  are  rectangular  four-sided  tables,  having  their  edges 
bevelled  by  planes  inclined  to  the  basal  faces  at  angles  of  129°  7'  and  143°  8'.  They 
deliquesce  in  the  air,  and  dissolve  in  water  with  rise  of  temperature  (Berzelius). 
The  chloride  does  not  volatilise  at  440°.  (Chydenius.) 

Hydrate  of  thorinum  dissolves  easily  in  hydrochloric  acid,  and  the  solution,  when 
concentrated  to  a  certain  strength — especially  if  it  contains  excess  of  hydrochloric  acid 
— solidifies  to  a  radio-crystalline  mass  of  the  hydrated  chloride.  The  solution,  evapo- 
rated to  dryness,  leaves  a  deliquescent  saUne  mass,  which  gives  off  hydrochloric  acid 
at  a  higher  temperature.    Cliloride  of  thorinum  is  soluble  in  alcohol. 

Ammonio-thorinic  chloride,  4NH'Cl.ThCr-'.4H-0,  is  obtained  by  heating  a  dry  mix- 
tiu-e  of  chloride  of  thorinum  and  sal-ammoniac  in  hydrochloric  acid  gas,  dissolving  the 
product  in  water,  and  evaporating  (Chydenius). — Potassio-ihorini :  chloride  \&  very 
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soluble,  almost  deliquescent,  but  may  be  dehydrated  by  ignition  in  hydrochloric  acid 
gas.  It  is  likewise  soluble  in  alcohol.  When  heated  \nl]\  potassium,  it  yields  metallic 
thoriniim.  (Berzelius.) 

Oxycfdoride. — In  the  preparation  of  the  chloride,  as  above  described,  this  compound 
passes  over  with  the  excess  of  chloride  as  a  white  cloud,  which  condenses  to  a  white 
amorphous  powder.  It  is  decomposed  by  water,  which  dissolves  chloride  of  thorinum, 
leaving  the  oxide. 

THORINUBX,  SBTSCTXON'  AXTB  ESTZAIATZOIiT  OP.  Before  the  blow- 
pipe, thorinum  is  distinguished  rather  Viy  negative  than  by  positive  characters,  its 
oxide  being  unalterable,  infusible,  and  dissolving  with  groat  diiBculty  in  borax ;  the 
strongly  saturated  bead  becomes  milk-white  on  cooling  ;  it  does  not  form  a  coloured 
glass,  either  with  borax  or  with  microcosmic  salt. 

Thorinum  is  precipitated  from  its  neutral  solutions  by  sulphide  of  ammonhim, 
by  ammonia,  and  hj potash,  as  a  white  hydrate,  insoluble  in  potash. — The  fixed  alkaline 
carbonates,  and  carbonate  of  ammonium,  precipitate  carbonate  of  thorinum,  soluble  in 
excess  of  the  precipitant ;  ammonia  forms  no  precipitate  in  this  solution,  as  it  does  in 
the  corresponding  solution  of  zirconia. — A  solution  of  thorinum-chloride  is  precipi- 
tated hy  ferrocyanide  of  potassium,  which  does  not  form  any  precipitate  witli  cliloride 
of  zirconium. —  Sulphate  of  potassium  produces,  with  thorinum -salts,  a  crystalline  precipi- 
tate of  potassio-thorinic  sulphate,  soluble  in  boiling  water,  but  insoluble  in  excess  of 
the  potassium-sulphate, — a  character  which  serves  to  distinguish  thorinum  from 
yttrium.  From  cerium  and  the  allied  metals,  thorinum  is  distinguislied  by  tlio 
reaction  of  its  solutions  with  hyposulphite  of  sodium,  which  precipitates  thoriiia,  but 
not  the  oxides  of  the  cerium-metals;  from  cerium  and  didymium  also  by  not  giving 
any  coloured  reactions  before  the  blowpipe. — From  titanium,  tantalum,  and  nio- 
bium, it  is  also  distinguished  by  its  behanour  befure  the  blowpipe,  and  in  solution 
by  its  reaction  with  oxalic,  acid,  which  forms  a  white  precipitate  of  thorinuni-oxalate. 

Tliorinum  is  estimated  as  oxide.  It  is  precipitated  by  ammonia  as  a  hydrate, 
which  on  ignition  yields  the  pure  oxide. 

The  methods  of  separating  thorinum  from  other  metals  are  indicated  in  the  preceding 
paragraph.  Precipitation  with  sulphate  of  potassium  in  excess  serves  to  soparixteit  from 
all  the  metals  contained  in  the  sulphide  of  ammonium  precipitate,  except  zirconium  and 
the  cerium-metals. — From  zi  rconi  a  it  may  be  separated  by  treating  the  mixed  solution 
with  oxalic  acid,  which  precipitates  both  tlie  metals  as  oxalates  ;  but  on  adding  a  slight 
excess  of  oxalic  acid,  the  oxalate  of  zirconium  dissolves  completely,  leaving  the  oxalate  of 
thorinum  behind  (H.  Rose,  Traite  de  Chimie  Analytiqiie,  ii.  101). — From  thecerium- 
metals  thorinum  may  be  separated,  as  already  obscn-ed,  by  means  of  sodic  hyposul- 
phite, which  precipitates  the  thorinum  as  hyposulphite  (Chy denius").  The  precipif.a- 
tion,  however,  is  not  complete,  and,  according  to  Hermann  (J.  pr.  Chcm.  xciii.  1(16), 
every  1,000  pts.  of  water  retain  in  solution  0'85  pt.  of  thorina,  or  in  presence  of  salt.s 
rather  less.  To  effect  the  separation,  Hermann  converts  all  the  bases  into  neutral 
sulphates,  dissolves  10  pts.  of  these  mixed  sidphatcs  in  1,000  pts.  of  water,  and  heats 
the  solution  to  the  boiling-point  with  4  pts.  of  sodic  hyposulphite.  A  precipitate  of 
thorinic  hyposulphite  is  then  formed,  while  the  whole  of  the  cerium-metals  remain  in 
solution.  The  precipitate,  when  ignited,  leaves  pure  thorina,  which  must  be  weighed, 
and  its  weight  corrected  for  the  amount  remaining  in  solution,  amounting  to,  as  above 
stated,  0-85  pt.  The  cerium  must  be  previously  brought  to  the  state  of  cerous  salt, 
if  not  already  in  that  state. 

From  titanium,  tantalum,  and  niobium,  thorinum  is  most  easily  separated  by 
precipitation  with  oxalate  of  aminonium. 

Atomic  Weight  of  Thorinum. — The  atomic  weight  of  this  metal  has  been  deter- 
mined by  the  analysis  of  the  sulphate,  Th"SO' or  TliO.SO'.  Berzelius,  in  two  experi- 
ments, obtained  the  numbers  1 19"32  and  1 1  T'T^),  and  from  the  mean  of  fiflcen  analyses 
of  potassio-thorinic  sulphate,  Th"K-(SO')',  not  agreeing  very  closely,  the  numlier 
1 18'2.  C  hy  don  i  us,  pirtly  from  his  own  (not  very  accordant)  experiments,  and  partly 
from  those  of  Berzelius,  calculates  the  number  118-32.  Delafontaine  (N.  Arch, 
ph.  nat.  xviii.  313  ;  Jahresb.  1863,  p.  198)  found,  as  a  mean  of  a  considerable  number 
of  closely-agreeing  analyses,  that  the  sulphate  crystallised  from  hot  solutions, 
4ThSO'.9'lPO,  contains  52-51  per  cent.  ThO,  31'92  S0^  and  lo  SOH'O  ;  and  that  the 
salt  crystallised  at  ordinin-y  temperatures,  2ThSO'.9H-0,  contains  45-OG  per  cent.  ThO, 
and  2S-68  H'-'O :  hence  the  atomic  weight  of  thorinum  is  found  to  bo  115-72,  the  num- 
ber now  adopted. 

THOnmUBX,  FZiVORZDE  OI*.  T!iF-.~Berzelins,  by  treating  hydrate  of  thori- 
num with  hj-ilrofluoric  acid,  and  evajxiratiug  off  the  excess  of  acid,  obtained  the  fluoride 
as  an  enamel- white,  heavy,  insoluble  powder,  not  decomposed  by  ignition,  and  only  im- 
perfectly when  heated  with  potassium. — The  hydratcd  fluoride,  ThF^2H'0,  is  obtained, 
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by  double  (loeoraposition,  as  a  white  gelatinous  precipitate,  which  is  insoluble  in  water 
and  in  hydrofluoric  acid,  gives  off  only  part  of  its  water  at  200°  and  is  converted  by 
ignition  into  thorina.  (Chydenius.) 

Pvtassio-thorinic  Fluorides. — a.  The  compound  KF.ThF'.2H'0,  is  produced  by 
lioiling  recently  precipitated  hydrate  of  thorinum  with  hydropotassic  fluoride  and 
fi-c  o  liydrotluoric  acid,  and  separates  as  a  fine  hea-\-y  powder. — /3.  The  compound 
2KF. 4ThF-'.II-0  is  precipitated  by  hydropotassic  fluoride,  from  a  solution  of  thorina 
in  liydrocliloric  acid.  (Chydenius.) 

THORIiruni,  XOSIDS  OP.  Crystallises  with  difficulty ;  turns  brown  on  ex- 
posure to  liglit.  (Chydenius.) 

THORXNUM,  OXIDB  OI",  or  THORXITA.  ThO. — This,  the  only  knomi 
oxide  of  thorinum,  is  prepared  from  thorite  or  orangito,  or  from  euxenite. — 
a.  T  hori  1 0  or  orangi te,  in  fine  powder,  is  decomposed  with  hydrochloric  acid ;  the 
silica  is  separated  in  the  usual  way,  by  evaporating  to  dryness,  and  digesting  the  residue 
with  acidulated  water ;  tho  filtered  solution  is  tx-eated  with  sulphydrie  acid  to  sepa- 
rate lead  and  tin  ;  and  the  thorina  is  precipitated  by  ammonia,  together  with  small 
quantities  of  the  oxides  of  iron,  manganese,  and  uranium.  The  precipitate  is  redis- 
solved  in  hydrochloric  acid  ;  the  nearly  neutral  solution  is  mixed  with  a  hot  saturated 
solution  of  neutral  potassic  sulphate,  whereby  the  thoi'inum  is  precipitated  aspotassio- 
thorinic  sulphate ;  and  from  the  solution  of  this  salt  in  hot  water,  the  thorinum  is  pre- 
cipitated l.jy  ammonia  as  a  hydi-ate,  which  on  ignition  yields  anliydrous  thorina.  Or  the 
thorinum  may  be  pi-ecipitatod  from  tho  nearly  neutral  hydrochloric  solution  by  oxalic 
acid,  and  the  oxalate  converted  into  thorina  by  calcination. 

;8.  Euxenite,  from  Arondal,*  which  contains  about  6  per  cent,  thorina,  is  cal- 
cined and  finely  pulverised,  then  heated  with  excess  of  strong  sulpliuric  acid ;  the 
resulting  pasty  mass  is  digested  ■with  cold  water,  in  which  it  is  almost  wholly  soluble  ; 
and  the  solution  is  boiled,  wliei-eupon  it  deposits  titanic  and  uiobic  acids;  but  to 
ensure  complete  separation  of  these  acids,  the  ebullition  must  be  continued  for  several 
days.  The  cooled  and  filtered  liquid  is  then  treated  with  ammonia  to  precipitate  the 
bases,  the  precipitate  is  dissolved  in  hydrochloric  acid,  and  the  liquid  is  mixed  with  a 
hot  satm-atod  solution  of  potassic  sulphate  in  excess,  which  precipitates  the  thorinum, 
leaving  the  yttrium,  &c.  in  solution.  The  thorino-potassic  sulphate  may  then  be 
dissolved  in  hot  water,  and  the  thorina  precipitated  by  ammonia.  (Chydenius.) 

Properties. — Anhydrous  thorina  is  white,  and  has  the  high  specific  gravity  9'402 
(Berzelius).  According  to  Chydenius,  the  oxide  obtained  by  ignition  of  the 
hydrate  is  gi-oyish-yellow.  By  fusion  with  borax,  in  a  porcelain  furnace,  it  is  obtained 
in  quadratic  crystals,  probably  isomorphous  with  tinstone  and  rutile,  and  having  a 
density  of  9-077  to  9-20  (Nord en skj ol d  and  Chydenius,  Pogg.  Ann.  ex.  642; 
Jahresb.  1860,  p.  13-1).  The  ignited  oxide  is  insolulile  in  hydrochloric  and  nitric 
acids,  and  dissolves  in  strong  sulphuric  acid  only  after  prolonged  heating  to  the  boil- 
ing-point of  the  acid.  It  is  not  rendered  soluble  in  nitric  or  hydrochloric  acid  by 
ignition  with  alkalis  or  alkaline  carbonates. 

Hydrate  of  ihorimim  is  precipitated  from  solutions  of  thorinum-salts  by  caustic 
alkalis,  as  a  gelatinous  mass,  which  soon  sinks  to  the  bottom  of  tho  liquid.  When  left 
to  dry  in  the  air,  it  absorbs  carbonic  acid,  and  cakes  into  hard  vitreous  lumps  ;  under  the 
air-pump  it  dries  up  to  a  whito  powder  (Berzelius).  It  dissolves  readily  in  all  acids, 
excepting  oxalic,  molybdic,  and  hydrofluoric  acids.  (Chydenius.) 

TKORITIXJWI,  OXYCHI.ORZDE  OP.    See  p.  786. 

TKORIM'Uia,  OXVCX:il'-SAXiTS  OP.  These  salts  are  colourless,  and  have  a 
strongly  a.stringent  taste ;  those  which  contain  volatile  acids  give  up  their  acid  on 
ignition.  The  behaviour  of  the  solutions  with  reagents  has  been  already  described 
(p.  786). 

Acetate  of  Thorinum,  Th"(C-II'0-)^  (at  100°),  forms  groups  of  fine  needle-shaped 
crystals,  insoluble  in  water,  and  only  slightly  soluble  in  dilute  acetic  acid. — The  car- 
honafc,  Th"C0'.3Th"H-0-.H"0,  is  obtained  by  treating  the  hydrate  suspended  in 
water  with  carbonic  acid,  or  by  precipitating  a  solution  of  the  chloride  vrith  an  alka- 
line carbonate,  as  an  amorphous  precipitate,  which  aggregates  together  in  drying. — 
The  ehromatc,  Th"CrO'.4H-0,  crystallises  indistinctly  on  evaporating  a  solution  of 
thorina  in  chromic  acid.  A  solution  of  t.horinum-chloride  gives,  with  acid  potassic 
ehrumatc,  on  addition  of  ammonia,  a  yellow  precipitate  of  a  basic  salt. — Tho  ciirate 
and  tartrate  are  gelatinous  precipitates,  obtained  by  adding  citric  or  tartaric  acid  to  a 
neutral  thorinum-salt. — Tlie  formate,  Th''(CH0-)-.2H-'0,  forms  tabular  efflorescent 

*  Tliis  miiipral  contains  (according  to  C  Ii  yd  en  i  u  s)  54'28  per  cent,  niobic  and  titanic  oxides,  SI-SS 
yttria  and  erbia,  6-28  tliorina,  witli  small  quantities  of  ferrous  and  uranous  oxides,  and  2'CO  matter 
vol.itiiiscil  hy  ignition  (=  •J7'74;. 
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crysbils,  which  give  oif  9'77  per  cent,  w.itor  in  drjing. — The  molyhdate  is  a  white 
floceulent  precipitate,  soluble  in  hydrochloric  acid  (Chydenius). — The  niiraie, 
oxalate,  i^hos'phate,  and  sulphate  are  described  under  their  respective  acids. 

THORIirvni,  OX-S-S1TZ.FHZDX:  OF.    See  below. 

THOItXII"Uia,  PHOSPHIDE  OP.  When  thorinum  is  heated  in  phosphorus- 
vapour,  the  two  unite  with  incandescence,  forming  a  grey  metallically  lustrous  mass, 
which  is  not  attacked  by  water,  and  burns  to  phosphate  when  heated.  (Berzo- 
lius.) 

THORlrrina,  SUXPHIDE  or.  ThS.— Thorinum,  heated  with  sulphur,  bums 
in  the  vapour  with  the  same  splendour  as  in  the  air,  forming  a  yellow  pulverulent  sul- 
phide, which  acquires  metallic  lustre  by  pressure,  and  is  but  slighth-  attacked  by  acids  ; 
nitromuriatic  acid,  however,  oxidises  it  to  sulphate  (Berzelius).  Chydenius,  by  ignit- 
ing thorina  in  a  mixture  of  Iiydrogen-gas  and  vapour  of  carbonic  disulphide,  obtained 
sulphide  of  thorinum  as  a  black  mass  of  specific  gravity  8'29,  becoming  grey  and  metal- 
lically lustrous  by  trituration.  It  is  converted  by  roasting  into  thorina,  is  not  attacked 
by  hydrochloric,  and  only  slowly  by  nitric  acid,  but  dissolves  completely  in  nitromu- 
riatic acid.  By  fusion  with  potassium-hydrate  it  is  converted  into  thorina,  and  by  heat- 
ing in  chlorine-gas  into  chloride  of  thorinum  ;  it  is  not  altered  by  ignition  in  hydrogen. 

Wlicn  thorina  is  heated  only  to  low  redness  in  the  mixture  of  hj'drogen  and 
carbonic  disulphide,  an  oxysulphide  is  formed,  probably  ThS.2ThO.  (Chyde- 
n  i  us.) 

THORITE,  Orangitc. — A  hydrated  silicate  of  thorinum,  occurring  on  the  island 
of  Lovon,  not  far  from  Brevig  in  Norway,  It  is  massive  and  compact,  of  black  colour, 
with  vitreous  lustre,  opaque  to  translucent  on  the  edges  ;  streak  grej'ish-red.  Brittle. 
Hardness  =  4'5  to  6.  Specific  gravity  —  4-63.  Before  the  blowpipe  it  becomes 
brown-red,  does  not  melt  when  heated  by  itself,  but  forms,  with  borax,  a  glass  coloured 
by  iron,  and  on  addition  of  soda,  exhibits  the  manganese  reaction.  In  its  natural 
state,  it  dissolves  in  hydrochloric  acid,  with  evolution  of  chlorine  and  separation  of 
gelatinous  silica,  but  after  ignition  it  is  scarcely  attacked  by  hydrochloric  acid. 

The  variety  called  orangitc,  found  in  the  zircon-syenite  near  Brevig,  is  j-ellowish  or 
yellow  to  brown,  yields  an  orange-yellow  powder,  is  translucent  or  transparent  in  thin 
splinters,  has  a  specific  gravity  =  5'2  to  h'i,  and  hardness  =  4'5. 

Analyses:—  a.  Thorite  (Berzelius,  Pogg.  Ann.  xvi.  385). — h.  Thorite,  black,  almost 
glassy:  specific  gravity  =  4'686  (Bergemann,  ihid.  Ixxiii.  561;  Ixxxv.  558). — 
c,  d,  e.  Orangite:  c  by  Bergemann,  d  by  Damour  (jJW.  Ixxxv.  555),  e  by  Berlin 
{ibid.  Ixxxv.  556) : 

S102.     ThO.   U203.  Fe203.  Mn!03.  CuO.    MgO.  K20.  Na20.  PbO.  Sn02.  AI203.  H20. 

a.  19-31    .WOl    1-64    3-46     2-43     2  62    036   0-15   O'll    0-82    0-01    0-06    9-66  =  99-54 

b.  19-21    57-00    9-17  = 

C.   17-G9    71-25     .  .     0-31     0-21     4-04     .  .         0-30   G  90  =  10070 

It.  17-52   71-65    1  13   0  31    0-28     1-59    .  .    0  14   0  33   0-88    .  .    0-17   C-14  =  100  14 

e.  17-78   73-29       0-96*       .  .      0  92    7-12  =  100  07 

The  analysis  of  thorite  by  Berzelius  leads  to  the  formula  Th-SiO'.2H-0  ;  tlioso  of 
orangite  to  the  formula  3Th-SiO'.4H-0  ;  but  the  difference  of  composition  is  most 
probably  only  apparent,  and  duo  to  impurity  in  the  thorite ;  indeed,  orangite  frequently 
occurs  so  intimately  intergrown  with  thorite  as  to  show  that  the  two  minerals  arc  essen- 
tially identical,  the  orangite  being  merely  the  purer  variety. 
THORXUnX.    Syn.  with  Thohintjm. 

THRAITXtlTE.    A  variety  of  hisingerite  from  Bodenmais  in  Bavaria  (iii.  102). 

THRIDACXITM.  (from  ept'5a|,  lettuce). — The  inspissated  milky  juice  of  the 
common  lettuce,  Lactuca  satiua  (that  obtained  from  L.  virosa  is  called  lactucariuni 
(iii.  464).  It  is  a  grey-brown  or  yellow  bitter  substance,  having  an  odour  like  that 
of  opium,  and  forming  with  water  a  solution  which  has  a  brown-yellow  colour  and  acid 
reaction.  Tannin  forms  in  it  a  copious  precipitate  ;  ammonia  throws  down  phosphate 
of  calcium  ;  nitrate  of  barium,  nitrate  of  silver,  oxalate  of  ammonia,  and  alcohol  pro- 
duce turbidity.  It  is  said  to  produce  a  sedative  action,  but  the  nature  of  the  active 
principle  is  not  exactly  known.    (Handw.  d.  Chera.  vin.  821). 

THROMBOIiITE.    A  cupric  phosphate  occurring  at  Eetzbanya  in  Hungarj'. 

THSIXTC-HOi^-XiZAO.  The  Chinese  name  for  a  cobaltiferous  aluminic  silicate 
used  in  the  manufacture  of  porcelain  ;  also  applied  to  a  cobaltiferous  manganese-ore, 
used  for  producing  a  blue  colour  on  porcelain. 

THUJ'A.  The  branches  of  Thuja  occidcntalis,  the  North-American  Arbor  vita;, 
contain  an  essential  oil,  wax,  resin,  several  acids  (probably  including  citric  acid),  a 


*  With  traces  of  stannic  and  vanadic  oxides. 
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bitter  principle,  sugar,  and  two  peculiar  yellow  colouring-matters,  called  thujin  and 
thuj  igenin. 

When  the  green  branches  of  Thuja  oceidcntalis  are  boiled  with  strong  alcohol,  the 
decoction  on  cooling  deposits  a  waxy  substance  in  yellow  flocks,  becoming  white  when 
purified.  This  body,  whose  percentage  composition  is  represented  by  the  formula 
CH'^O,  is  a  mixture  of  a  more  soluble  and  a  less  soluble  substance  ;  when  saponified 
by  lime,  it  yields  several  acids  not  yet  examined. 

AVhen  the  alcoholic  extract  of  the  branches,  which  likewise  contains  volatile  oil,  is 
distilled,  there  remains  a  gi-oen  resinous  mass,  said  to  contain  kinovous  acid,  the 
acid  likewise  occurring  in  the  needles  of  the  Scotch  fir  (iv.  650).  The  watery  liquid 
separated  from  the  resin  yields,  on  addition  of  neutral  lead-acetate,  a  yellow  precipi- 
tate containing  thujin,  together  with  pinitannic  acid  (iv.  651).  The  liquid 
filtered  from  this  precipitate  gives,  witli  basic  lead-acetate,  a  precipitate  probably  con- 
taining a  little  citric  acid,  togetlior  with  an  amorphous  tannin,  and  thujigenin.  The 
filtrate  from  this  last  precipitate  contains  sugar,  and  a  bitter  principle,  said  to  bo 
identical  with  the  pinipicrin  of  tlie  Scotch  fir  (iv.  651). 

If  the  brandies,  after  treatment  with  boiling  alcohol,  are  exhausted  with  water  con- 
taining a  small  quantity  of  alkali,  the  resulting  solution  deposits,  on  addition  of  an 
acid,  a  gelatinous  substance  having  tlie  composition  CH'-O'-. 

The  leaves  of  thuja  are  said  to  possess  medicinal  properties.  Tinciura  Thuja  has 
been  recommended  as  a  remedy  forrlioumatism,  gout,  intermittent  fever,  &c. 

The  essential  oil  of  thuja,  which  passes  over  on  distilling  the  ends  of  the  branches 
and  the  leaves  with  water,  is,  according  to  Schweizer  (Ann.  Ch.  Pharm.  li.  398),  a 
mixture  of  several  oils,  and  contains  77  per  cent,  carbon,  10-9  hydrogen,  and  11'4 
oxygen.  It  is  colourless  when  fresh,  but  soon  turns  yellow  in  contact  with  the  air;  it 
has  the  odour  of  tliuja,  is  lighter  than  water,  and  only  slightly  soluble  therein,  but 
dissolves  easily  in  alcohol  and  in  ether.  On  fractional  distillation,  the  greater  part 
passes  over  between  190°  and  197°,  the  boiling-point  quickly  rising  to  206°,  and  ulti- 
mately a  bro\vn  residue  is  left. 

Crude  oil  of  thuja  dissolves  largo  quantities  of  iodine ;  and  on  heating  the  solution, 
a  violent  action  takes  place,  hydriodic  acid  and  a  very  volatile  oil  being  given  off. 
The  residue,  when  further  heated,  gives  off  a  dark  viscid  oil,  then  vapour  of  iodine,  and 
leaves  a  residue  of  charcoal. 

Wien  the  vohitile  oil  just  mentioned  is  repeatedly  distilled  over  iodine,  tlien  over 
quicklime  and  potassium  in  succession,  it  becomes  colourless,  free  from  oxygen,  liko 
turpentine-oil  in  taste  and  odour,  lighter  than  water,  and  boils  between  165°  and  175°. 
Thus  purified,  it  constitutes  Schweizer's  thuj  ene  or  t  huj  one.  The  viscid  oil,  agitated 
with  potash-ley,  yields  to  that  liquid,  earvacrol  (i.  808),  separable  by  sulphuric  acid. 
The  portion  insoluble  in  potash  appears  to  be  colophene  (i.  1086). 

Oil  of  thuja  is  not  sensibly  altered  by  distillation  with  •phosphoric  acid. — By  oil  of 
vitriol  it  is  immediately  resinised. — Commercial  nitric  acid  turns  it  dark-yellow,  with- 
out setting  it  on  fire;  with  potassium  it  resinises  without  giving  off  hydrogen. — 
Hijdratc  of  j^otassitnii  blackens  thuja-oil  immediately,  and  resinises  a  portion  of  it, 
wliilst  another  portion  passes  over  unaltered.  Repeated  distillation  of  the  portion 
which  has  gone  over  with  hydrate  of  potassium  diminishes  its  quantity,  but  does  not 
perceptibly  alter  its  external  characters ;  after  five  distillations,  the  distillate  contains 
78'87  per  cent.  C,  10-98  H,  and  10-15  O.  From  the  black  residue,  water  separates  a 
resin-soap,  soluble  in  pure  water,  while  earvacrol  remains  in  the  alkaline  solution. 
(Sell  we  izei\) 

THUJENE.    Syn.  with  Thcjone. 

THtrjETIC  ACID.  C^'H^O".  (Rochloder  and  Kawalier,  Wien.  Akad. 
Bor.  xxix.  14.) — This  acid,  which  contains  the  elements  of  3  at.  water  less  than 
thujetin  (f»./?-n),  is  prepared:  1.  By  boiling  thujetin  with  baryta-water,  adding  sul- 
phui'ic  acid  after  a  while,  then  alcohol,  and  filtering  the  liquid  while  hot;  itthon  separates 
in  microscopic  crystals. — 2.  Together  with  erystallisable  sugar,  by  boiling  thujin  for 
some  hours  with  baryta-water  in  an  atmosphere  of  hydrogen,  till  a  reddish-yellow 
precipitate  is  formed.  On  passing  carbonic  anh3'drido  through  the  liquid,  filtering,  and 
treating  the  washed  precipitate  with  acetic  acid  to  dissolve  the  baryta,  thujetic  acid 
remains  undissolved.  It  forms  lemon-yellow  microscopic  needles,  soluble  in  alcohol,  and 
precipitated  by  water. 

THtJ-JETlM'.  C-sH-«0'^  (Eochleder  and  Kawalier,  Wien.  Akad.  Bar. 
xxix.  12.) — A  compound  obtained,  together  with  erystallisable  sugar,  by  heating  thujin 
with  dilute  acids;  the  liquid,  whicli  is  green  at  first,  becomes  yellow  after  some  time, 
then  colourless,  and  deposits  thujetin  .after  evaporation  of  the  alcohol.  Thujetin  is 
likewise  obtained  in  the  preparation  of  thujin  and  thujigenin,  in  the  manner  presently 
to  be  described. 
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Thnjetin  is  nearly  insoluble  in  water,  but  dissolves  in  alcohol  and  in  ether.  It  is 
not  altered  by  dilute  hydrochloric  or  sulphuric  acid.  Its  alcoholic  solution  assumes  a 
splendid  blue-green  colour  on  addition  of  ammonia ;  green  with  potash,  becoming 
yellow,  and  finally  red-brown  on  standing,  and  then  yielding  red  flocks  with  acids.  It 
forms  red  precipitates  with  the  neutral  and  basic  acetates  of  lead,  colours  ferric  chloride 
like  ink,  and  after  a  while  throws  down  a  dark-coloured  precipitate.  It  colours  stannic 
chloride  dark-yellow,  nitrate  of  silver  blackish-grey,  and  platinic  chloride  gradually  yel- 
lowish-brown. 

By  boiling  with  baryta-water,  it  is  converted  into  thujetic  acid  :  C^H^'*—  3H-0  = 

THXTTZGEima'.  C^H'^O"^  (Kochleder  and  Kawalior,  Wien.  Akad.  Ber. 
sxix.  10). — A  compound  occurring  in  very  small  quantity  in  Frondes  Thuja,  the  green 
parts  of  Thuja  occidentalis,  and  produced,  together  with  sugar,  when  thujin  is  heated 
with  hydrochloric  acid  (p.  791). 

Preparation. — Comminuted  Frondes  Tliija  are  boiled  with  alcohol ;  the  decoction  is 
strained  and  left  to  cool ;  the  deposited  wax  is  separated  ;  the  alcohol  is  distilled  from 
the  filtrate ;  and  the  residue  is  mixed  with  water,  a  few  drops  of  solution  of  neutral 
acetate  of  lead  being  added  to  facilitate  the  filtration.  The  filtrate  is  completely  pre- 
cipitated by  neutral  acetate  of  lead,  and  the  yellow  precipitate  (a),  containing  thujin  and 
tlmjetin,  is  used  for  the  preparation  of  these  substances.  The  filtered  liquid,  mixed 
with  basic  acetate  of  lead,  yields  a  second  precipitate  (i)  containing  thujigenin. 

a.  Preparation  of  Thujin. — The  precipitate  a  is  washed  with  water,  and  dissolved  in 
dilute  acetic  acid  ;  the  liquid  is  filtered  from  undissolved  matter  ;  the  filtrate  precipi- 
tated with  basic  acetate  of  lead ;  the  washed  precipitate  decomposed  under  water  by 
sulphydric  acid ;  the  liquid  heated  with  the  sulphide  of  lead,  and  filtered  hot ;  the 
sulphide  of  lead  washed  with  a  small  quantity  of  hot  water;  and  the  filtrate,  after 
being  freed  from  sulphydric  acid  by  heating  it  in  a  stream  of  carbonic  anhydride,  is 
evaporated  in  a  vacuum  over  oil  of  vitriol.  The  liquid,  after  standing  for  some  days, 
deposits  crystals  of  thujin,  which  are  collected,  dissolved  in  boiling  water,  with  addi- 
tion of  alcohol,  again  left  to  crystallise,  and  recrystallised  till  the  solution  of  the  sub- 
stance in  weak  spirit  no  longer  turns  green  on  addition  of  ammonia.  The  sulphide  of 
lead  still  retains  a  small  portion  of  thujin,  which  may  be  obtained  by  boiling  with 
alcohol. 

b.  Preparation  of  Thujigenin. — The  precipitate  b,  formed  by  basic  acetate  of  lead, 
is  washed,  suspended  in  water,  and  decomposed  by  sulphydric  acid :  and  the  liquid  is 
heated  with  the  sulphide  of  lead,  and  filtered  hot  through  a  warmed  filter.  The  filtrate, 
heated  as  above  in  a  stream  of  carbonic  anhydride,  and  evaporated  in  a  vacuum,  deposits 
fiocks  of  thujigenin. 

c.  If  the  chief  object  is  to  obtain  thujigenin,  the  liquids  obUiined  by  decomposing 
with  sulphydric  acid  the  two  precipitates  {a  and  b)  produced  by  neutral  and  basic  acetate 
of  lead,  are  evaporated  till  thujin  and  thujetin  separate  out  from  them :  these  sub- 
stances are  removed,  and  the  filtrate  is  mixed  with  hydrochloric  acid,  warmed  in  the 
water-bath  till  it  begins  to  show  turbidity,  and  then  quickly  cooled.  It  then  deposits 
thujigenin,  which  must  be  collected,  dissolved  in  alcohol,  and  precipitated  by  water. 

By  further  heating  the  liquid  from  which  the  thujigenin  has  separated,  and  then 
cooling  it,  thujetin  is  obtained,  contaminated  with  a  red  substance,  from  which  it 
may  be  freed  by  repeated  solution  in  alcohol  and  precipitation  with  water. 

Properties  and  Eeactions. — Thujigenin  forms  microscopic  needles  very  slightly 
soluble  in  water,  but  soluble  in  alcohol,  and  precipitated  almost  completely  by  water. 
When  boiled  witli  chloride  of  acetyl,  it  turns  red,  and  after  prolonged  action,  is  con- 
verted into  acetyl-thuj  igenin,  C-*H^^(C-H'0)-0",  a  resinous  body  preeipitable  by 
water. 

The  investigation  of  thujigenin  is  still  incomplete ;  it  remains  to  bo  determined 
whether  tliis  substance  can  be  formed  artificially,  and  how  far  it  differs  from  thujetin. 

THUJIW.  (Eochleder  and  Kawalior, /oc.  e/('.)— A  crystallisable 

glucoside,  occurring  in  the  green  parts  of  Thuja  occidentalis.  The  mode  of  preparing 
it  has  just  been  described.  2iO  lbs.  of  Frondes  Thujce  yield  only  a  few  grammes  of 
thujin. 

Thujin  forms  shining  lemon-yellow  crystals,  appearing  under  the  microscope  as 
four-sideil  tables.    It  has  an  astringent  taste,  and  is  soluble  in  alcohol. 

The  alcoholic  solution  is  coloured  yellow  by  ammonia  or  potash,  red-brown  with 
access  of  air,  and  yields  a  fine  yellow  precipitate  with  neutral  or  basic  acetate  of  lead. 
It  is  coloured  dark-green  by  ferric  chloride,  does  not  precipitate  ri^^jr/e  stdphate, platinic 
chloride,  or  nitrate  of  silver,  but  the  silver-solution  becomes  blackish-grey  on  addition 
of  ammonia. 

Decompositions. — 1.  Thujin  heated  on  platinum-foil  burns,  and  leaves  a  carbona- 
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ceous  residue,  which  burns  away  slowly,  but  completely. — 2.  When  heated  in  alcoholic 
solution  witli  dilute  hi/drochloric  or  sulphuric  acid,  it  turns  green,  then  yellow,  and 
is  resolved  into  thujetin,  which  separates  oxit,  and  sugar.  100  pts.  thujin  take  up 
7'3  pts.  water,  and  yield  40-48  pts.  sugar  and  66-78  pts.  thujetin  : 

2C*»H--0'2  +  4H'0    =    2C''H'20=  +  C-^ff^O'". 

Thujigonin  appears  also  to  be  formed  when  thujin  is  heated  for  a  short  time  with  hydro- 
chloric acid  (p.  790). — 3.  Thujin  dissolves  in  haryta-watcr,  forming  a  yellow  solution, 
which,  when  heated,  deposits  an  orange-yellow  precipitate  of  thujetic  acid,  becoming 
dark  reddish-yellow  by  continued  boiling,  while  sugar  remains  in  solution  : 
2C-'"H"0'2  4-  WO    =    C-«ff-0'^  +  2C<'W0\  ■ 

THITJOWE.  A  volatile  hydrocarbon,  obtained  by  the  action  of  iodine  on  oil  of 
thuja  (p.  789). 

THUIiXTE.    See  Epidote  (ii.  490). 

THUMITB.    Syn.  with  Axinite  (i.  477). 

THU'Rm'GXTE.  Owcnitc. — A  silicate  of  iron  and  aluminium,  occurring  as  an 
aggregate  of  miuuto  scales,  which  are  distinctly  cleavable  in  one  direction,  have  an 
olive-green  colour,  and  nacreous  lustre.  Hardness  =  2-5.  Specific  gravity  =  3' 18 
to  3-20.  Before  the  blowpipe  it  melts,  with  moderate  facility,  to  a  black  magnetic 
glass  ;  gives  off  water  when  heated  in  a  tube  ;  and  dissolves  in  hydrochloric  acid,  with 
separation  of  gelatinous  silica. 

Analyses. — a.  From  KeichmannsdorflF,  near  Saalfeld,  in  Thuringia  (Eammels- 
borg,  Mineralchemie,  p.  851).— 6.  The  same  (Smith,  Sill.  Am.  J.  [2],  xviii.  372). — 

c.  Schniiederberg,  near  Saalfeld  (Genth  and  Keyser,  ibid.  xvi.  167  ;  xviii.  410). — 

d.  Potomac  river:  Owenitc  (Smith). — e.  The  same  (Genth  and  Keyser): 


SiO-. 

At-O' 

Fe-03. 

FeO. 

MgO. 

and  K-^O. 

H=0. 

a. 

22-36 

18-39 

14-86 

34-34 

1-25 

9-81 

101-00 

b. 

22-05 

16-40 

17-66 

30-78 

0-89 

0-14 

1 1- 1 1  = 

99-36 

c. 

23-55 

15-63 

13-79 

34-20 

1-47 

10-57  = 

99-21 

d. 

23-55 

16-46 

14-33 

32-78 

1-60 

0-46 

10-48  = 

99-66 

c. 

23-21 

15-59 

13-89 

34-58 

2-62 

0-49 

10-59  = 

100-97 

These  analyses  lead  to  the  formula  2(2reO.SiO-).(A1^0';Fe'^0^)'Si02.4H'iO. 

TH-X-ME,  OXXt  or.  The  herb  of  garden  thyme  {Thymus  vulgaris,  L.)  jdelds,  by 
distillation  with  water,  a  volatile  oil,  which  in  the  fresh  state  is  colourless  or  yellowish, 
and  mobile ;  the  oil  commonly  occurring  in  commerce,  however,  is  red-brown  or 
brownish-red,  and  becomes  thicker  and  darker  by  age.  It  has  a  pleasant  pungent 
odour  of  thjone,  and  an  aromatic  camphorous  taste.  Its  specific  gravity  is  between 
0-87  and  0  90.  It  dissolves  sparingly  in  water,  in  about  its  own  bulk  of  alcohol  of 
specific  gravity  O'SS,  and  easily  in  ether.  loditie  acts  but  slightly  on  oil  of  thymo  ; 
alcoholic  potash  dissolves  it.  It  turns  the  plane  of  polarisation  to  the  left,  a  column 
100  miUiraetres  long  producing  a  deviation  of  —8°  to  —9°. 

Oil  of  thyme  is  a  mixture  of  at  least  two  hydrocarbons,  namely  thymene,  C"'H"', 
and  cy men 0,  C'°II",  together  with  an  oxygenated  camphor  or  stearoptene,  called 
thymol,  C'"H'^0  (which  is  said  to  constitute  about  half  of  the  crude  oil),  and  perhaps 
other  oxidised  products  of  tlie  hydrocarbons. 

On  submitting  the  crude  oil  to  fractional  distillation,  the  thjTnene  passes  over  be- 
tween 160°  and  165'^,  and  the  cymene  between  170°  and  180°.  This  latter  hydrocar- 
bon may  also  be  separated  from  the  thyraene  by  treating  the  mixture  with  strong 
sulphuric  acid,  washing  the  undissolved  portion  with  water,  and  rectifying.  The 
hydrocarbon  thus  obtained  has  the  composition  C'"H'^  and  appears  to  be  identical  in 
every  respect  with  cymeno  obtained  from  Koman  cumin-oil. 

On  continuing  the  distillation  of  the  thyrae-oil,  there  passes  over,  between  185°  and 
225°,  a  mixture  of  thymene  (and  cymene)  with  about  ^  pt.  of  thymol,  and  between 
225°  and  335°,  pure  thymol,  whicli  may  be  separated  from  the  remaining  portions  of 
hydrocarbon  by  solution  in  potash-ley.  (Lallemand,  Ann.  Ch.  Pharm.  ci.  119  ;  cii. 
119.) 

A  pound  of  thyme  yields,  according  to  different  statements,  from  20  to  90  grains  of' 
oil,  the  quantity,  doubtless,  varying  with  the  locality  in  which  the  plant  is  grown. 

Wild  thyme  (Thymus  scrpyllum)  yields,  by  distillation  with  water,  from  0-08  to 
0-09  per  cent,  of  a  yellow  oil,  having  an  agreeable  odour  of  lemons  and  thyme,  and  an 
aromatic  bitter  taste.  Alcohol  of  specific  gravity  0-85  dissolves  it  in  all  proportions. 
(Herberger,  Eepert.  Pharm.  xxxiv.  41;  Zelln;  Stiidicn  iihcr  tithirischc  Ode,  Lan- 
dau, 1850.) 

THYMEISS,    Sec  u'odcr  TjiYMOii.  (p.  793). 
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THTMSIffE.  C">K'\  (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  155.)— A  hydro- 
carbon belonging  to  the  camphene-group,  and  constituting  the  most  volatile  portion  of 
the  oil  of  garden  thyme,  distilling  between  160°  and  18.5°  (p.  791).  It  may  be 
purified  by  agitation  with  potash-ley,  and  repeated  fractional  distillation  over  potas- 
sium-hydrate ;  after  this  treatment,  however,  it  usually  still  retains  a  small  quantity 
of  cymene,  which  may  be  removed  by  fractional  distillation. 

Thymene  is  a  colourless  oil,  having  an  agreeable  odour  of  thyme,  boiling  at  160° — 
165°  and  of  specific  gravity  0-868  at  20°.  It  deflects  the  plane  of  polarisation  to  the 
left,  but  less  strongly  after  repeated  rectification  over  caustic  potash  (Lallemand).  It 
dissolves  in  oil  of  vitriol,  with  rise  of  temperature,  and  yields  by  distillation  the  same 
products  as  oil  of  turpentine. — It  absorbs  hyclrocUorie  acid  gas,  with  slight  rise  of 
temperature,  and  forms  a  compound  which  remains  liquid  at  —20°,  and,  after  puri- 
fication with  chalk  and  animal  charcoal,  contains  20  per  cent,  chlorine.  (Lalle- 
mand.) 

From  the  volatile  oil  of  the  seeds  of  Ptychotis  Ajowan,  Stenhouse  obtained,  by  frac- 
tional distillation,  dehydration  with  chloride  of  calcium  of  the  portion  which  passed 
over  below  176°,  distillation  over  caustic  potash,  treatment  with  sodium,  and 
rectification,  a  colourless,  strongly  refracting  oil,  having  a  pungent  aromatic  odour, 
different  from  that  of  oil  of  thyme,  of  specific  gravity  0-85-1  at  12°,  and  boiling  at 
172°.  It  formed -ivith  hydrochloric  acid  gas  a  brown  thin  liquid.  It  contains  88-24 
per  cent.  C  and  11-5  H,  and  is  therefore  C'°II'^  and  perhaps  identical  with  Lalle- 
mand's  thymene.  According  to  Haines  (Ann.  Ch.  Pharm.  xcviii.  315),  it  consists  of 
cymene,  C'°H". 

THYKXCXC  ACID.    Syn.  -(vith  Thymotic  Acid  (p.  795). 

TH-rnmrE.  This  name  was  applied  by  Gorup-Besanez  to  a  crystaUisable, 
slightly  basic  substance,  obtained  from  the  thymus-gland,  which,  however,  he  after- 
wards found  to  be  identical  with  leucine. 

THTKOIX..  C'=H"^02.  (Lallemand,  Ann.  Ch.  Phys.  xlix.  160;  Ann.  Ch. 
Pharm.  cii.  119.) — A  product  of  the  oxidation  of  thj-mol.  It  is  obtained  by  dissolving 
thymol  in  excess  of  sulphuric  acid,  diluting  the  liquid  -with  five  or  six  times  its  volume 
of  water,  and  gradually  mixing  it  in  a  retort  -with  manganic  peroxide  or  potassic 
dichromate ;  great  heat  is  then  evolved,  and  on  distilling  the  liquid,  water  passes  over, 
together  with  formic  acid,  and  a  yellow  oil  which  soon  solidifies.  This  substance, 
which  is  thymo'il,  may  be  purified  by  recrystallisation  from  ether-alcohol. 

Thymoil  forms  reddish-yellow,  four-sided,  shining,  crj-stalline  laminne,  having  an 
aromatic  odour,  recalling  at  the  same  time  that  of  iodine  and  that  of  chamomilp.  It 
is  heavier  than  water,  only  slightly  soluble  therein,  sparingly  soluble  also  in  alcohol, 
easily  in  ether.  It  melts  at  48°,  gives  ofif  copious  vapours  at  100°,  sublimes  at  a 
stronger  heat,  and  boils  with  partial  decomposition  at  about  235°,  leaving  in  the  retort 
a  dark-red  oily  residue,  which  solidifies  on  cooling  to  a  violet  metallically  lustrous 
mass. 

Thymo'il  is  easily  altered  by  light ;  when  exposed  to  sunshine  for  some  days  in  a 
sealed  tube,  it  becomes  quite  black,  and  is  converted  into  a  mixture  of  several  com- 
pounds, from  which  alcohol  extracts  thymoilol  and  thymeid,  together  with  other 
substances,  and  leaves  a  small  quantity  of  a  yellowish  powder,  consisting  of  oxy thy- 
mo'il, C'^H'"0'.  This  body  is  insoluble  in  water  and  in  alcohol,  sparingly  soluble  in 
ether,  melts  without  decomposition  at  100°,  is  insoluble  in  alkalis,  and  is,  on  the 
whole,  a  very  indifferent  substance. 

Thymo'il  dissolves  in  strong  sulphuric  or  nitric  acid  at  ordinary  temperatures,  and 
is  separated  therefrom  unaltered  by  water.  If  the  action  of  the  acids  be  long  con- 
tinued, or  assisted  by  heat,  decomposition  takes  place,  but  the  products  have  not  been 
examined. 

Chlorine  acts  slowly  on  thymo'il,  and  only  when  assisted  by  heat,  forming  chlorinated 
substitution-products. 

Fused  thymo'il  slowly  absorbs  dry  ammonia-gas,  forming  thymo'ilamide, 
N.H-.C'^H'^O,  a  dark-red,  uncrystallisable,  hard,  brittle  mass,  which  softens  at 
100°,  so  that  it  may  be  drawn  into  threads,  and  is  soluble  in  alcohol. 

In  contact  with  potash-let/,  thymo'il  quickly  absorbs  oxygen  from  the  air,  and  dis- 
solves to  a  brown-red  liquid,  containing  the  potassium-salt  of  thymo'ilic  acid: 
4C>2H'«02  +  0"     =.     CH^^O"  +  WO; 

Thymoil.  Thvmoilic 
acid. 

The  thymo'ilate  of  potassium  may  bo  obtained  by  saturating  the  liquid  with  carbonic 
acid,  evaporating  to  dryness,  and  exhausting  the  residue  ^^^th  alcohol ;  and  on  decom- 
posing tlie  solution  of  this  salt  with  liydrochloric  acid,  thymo'ilic  acid  is  obtained,  in 
dingy-yellow  uncrystallisable  flocks,  sparingly  sohdile  in  water.    All  the  thymo'ilatcs, 
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except  the  silver-  and  lead-salts,  are  soluble  in  water.  The  lead-salt  has  the  composi- 
tion CH"-Pb^O",  showing  that  tlio  acid  is  tribasic. 

Thymoil,  under  the  influence  of  reducing  agents  (such  as  nascent  hydrogen,  sul- 
phurous acid,  ferrous  sulphate,  and  stannous  chloride),  takes  up  2  at.  hydrogen,  and  is 
converted  into  thymoi'lol,  C"H'"0'',  a  compound  homologous  with  colourless  hydro- 
quinone  (iii.  213). 

Strong  aqueous  sulphurous  acid  colours  thymoi'l  dark-violet  at  first,  but  this  colour 
disappears  again,  and  after  a  few  d.ays  the  thymoil  is  found  to  be  converted  into  white 
flocculent  thymoi'lol,  which  may  also  bo  obtained,  in  a  similar  manner,  by  treating 
thymoi'l  with  stannous  chloride,  &c.  By  recrystallisation  from  alcohol,  it  is  obtained 
in  small,  colourless,  four-sided  prisms,  which  are  inodorous  and  tasteless,  dissolve 
sparingly  in  water,  easily  in  alcohol  and  ether,  melt  at  145°,  and  distils  without 
decomposition  at  290°. 

By  the  action  ot  oxidising  agents,  thymo'ilol  is  reconverted  into  thymo'il,  this  trans- 
formation being  produced  almost  instantly  by  nitric  acid,  chlorine-water,  ferric 
chloride,  silver-nitrate,  or  potassic  dichroraato.  In  the  oxidation  of  thymn'ilul,  however, 
as  well  as  in  the  action  of  reducing  agents  upon  thymo'il,  a  transient  violet  coloration 
is  produced,  indicating  the  formation  of  a  body  intermediate  between  thymo'il  and 
thymo'ilol.  This  body,  thyme'id,  C-^ff^O'  =  C''-H"'0'''  (thymo'il)  +  C"H"'0''= 
(thymo'ilol),  is  obtained  pure  by  mixing  equal  weights  of  thymoil  and  thymo'ilol  in 
alcoholic  or  ethereal  solution.  The  liquid  then  immediately  assumes  a  blood-red 
colour,  and  yields,  on  evaporation,  violet  crystals,  which  exhibit  by  reflected  light  a 
greenish  metallic  lustre,  like  that  of  tlie  wing-cases  of  many  insects. 

From  these  relations,  thymo'il  may  be  regarded  as  homologous  with  quinone, 
tliymo'ilol  with  colourless  hydroqiiinone,  and  thyme'id  with  green  hydroquinone  or 
quinhydrone  ;  thus, — 

C'2H'«0=  +  CH'SQ^    =  C-^H"0'. 

Thymo'il.        Thj'mo'ilol.  Thyme'id. 

C«H^02  +  =  C'=H'"0'. 

Quinone.     Hydroquinone.  Quinhydrone. 

THYM;oi:X.AMXI>E. 

TBvniOXI.XC  ACID.  ■    See  under  Thymo'ii-. 
THTMOIXiOX.. 

THYAXOK.    C'lI'^O  =  *^"'^"'|o.      Thjmylic    Hydrate.    Tliymylic  Alcohol. 

Thyinyl  ic  Acid.  Camphor  or  Stearopienc  of'  Thymc-oil. — This  compound,  the  oxygenated 
constituent  of  thyme-oil  (p.  791),  is  isomeric  with  cymylic  alcohol  (ii.  298),  and 
homologous  ■with  phenol.  It  was  first  obtained  from  thyme-oil  by  Doveri  (Ann. 
Ch.  Phami.  Ixiv.  374),  and  afterwards  examined  more  particularly  by  Lallemand 
(Ann.  Ch.  Phys.  [3],  xlix.  148  ;  Ann.  Ch.  Pharm.  cii.  119)  ;  it  appears  to  be  identical 
with  the  stearoptene  of  the  volatile  oil  of  horsomint  {Monarda  punctata,  L.),  which 
was  examined  by  Arppe  (Ann.  Ch.  Pharm.  Iviii.  42),  and  with  that  of  the  oil  of 
Ftychotis  Ajowan,  an  East  Indian  umbelliferous  plant,  examined  by  Stenhouse  and 
by  Haines  (iv.  746). 

Preparation. — Thymol  is  obtained  from  thyme-oil,  of  which  it  forms  about  one- 
half,  by  fractional  distillation,  passing  over  chiefly  between  225°  and  235°.  The  more 
volatile  portion,  however  (chiefly  consisting  of  thymeno  and  cymene,  p.  791), 
likewise  contains  considerable  quantities  of  thymol,  which  may  be  obtained  by  agitating 
the  liquid  with  soda-ley,  separating  the  undissolved  oil,  diluting  the  alkaline  solution 
with  water,  and  supersaturating  it  with  hydrochloric  acid.  Part  of  the  thymol  some- 
times crj'stiillises  spontaneously  from  the  thyme-oil  on  cooling.  Thymol  is  pm'ified 
by  crystallisation  from  alcohol. 

Thymol  is  likewise  obtained  from  tho  volatile  oil  of  horsemint,  and  from  that  of 
Ptychotis  Ajowan.  by  fractional  distillation  and  recrystallisation. 

Properties. — Tiiymol  crystallises  in  transparent  rhombo'idal  plates,  with  angles  of 
97°  30',  striated  parallel  to  the  lateral  faces,  and  often  aggregated  into  irregular  six- 
sided  bibles  (Arppe).  From  the  oil  of  Ptychotis  Ajowan,  it  crystallises  (according  to 
W.  H.  Miller)  in  rhombohodral  crj^stals ;  from  alcoholic  solution  in  very  thin  plates, 
which  appear  monodinic  in  consequence  of  the  great  development  of  two  parallel 
rhombohedral  faces.  (Forthe  angular  measurements,  see  Gmelin's  Handbook,  xiv.  410.) 

Thymol  has  a  mild  odour,  which  (according  to  Lallemand)  is  quite  distinct  from 
that  of  thyme-oil,  and  an  aromatic  peppery  taste.  In  the  solid  state,  it  is  somewhat 
heavier  than  water;  specific  gravity  =  r0285  ;  in  the  liquid  state  rather  lighter. 
It  does  not  act  on  polarised  light.  Its  melting-point  is  variously  stated.  According 
to  Lallemand,  it  melts  at  44°  to  a  colourless  liquid,  and  remains  fluid  for  along 
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time  after  cooling;  but  if  pure,  it  solidifies  immediately  when  touched  by  a  solid  body. 
According  to  Arppe,  it  melts  at  48°,  and  does  not  solidify  till  cooled  to  27°.  Thymol 
from  the  oil  of  Pti/chotis  Ajowan  melts,  according  to  Haines,  at  53°  ;  according  to 
Stenhouse,  at  44°.  Thymol  boils  at  230°  (Doveri ;  Lallemand),  at  231° 
(Haines),  at  222°  (Stenhouse),  and  distils  ■vrithout  docomposition.  Vapour-density, 
obs.  =  6'4;calc.    -  5'2. 

Thymol  dissolves  in  about  300  pts.  of  water,  easily  in  alcolwl,  ether,  and  strong 
acetic  acid,  and  is  not  precipitated  from  the  alcoholic  solution  by  water.  It  is  not 
altered  by  aqueous  ammonia,  but  takes  up  a  large  quantity  of  gaseous  ammonia, 
becoming  liquid,  but  resolidifying  after  the  ammonia  has  escaped.  It  dissolves  in 
aqueous  potash  and  soda,  forming  compounds  which  are  soluble  in  water  and  in  alcohol ; 
but  are  very  unstable,  being  decomposed  by  acids,  even  by  the  carbonic  acid  of  the  air, 
■with  separation  of  thymol. 

Wlieu  thymol-vapour  is  passed  over  soda-lime  heated  to  dull  redness,  no  gas  is 
evolved,  but  a  crystallisable  thymol  ate  of  sodium,  C"'H"NaO,  is  formed,  which 
melts  when  heated,  and  when  dissolved  in  water  forms  precipitates  ■with  mercuric  chloride 
and  silver-nitrate.  The  mercury-compound,  which  is  a  basic  salt,  C-''H-''Hg"0'-'. 
Hg"(),  has  agreyish-^violet  colour,  is  not  decomposed  at  ordinary  temperatures  by  dilute 
sulphuric  or  nitric  acid,  but  is  decomposed  by  hydrochloric  acid,  with  separation  of 
thymol.  Alcoholic  thymol  does  not  precipitate  the  alcoholic  solution  of  neutral  lead- 
acetate;  neither  does  it  precipitate  silver-citrate,  even  after  addition  of  ammonia. 

Decompositions  of  Thymol. — 1.  Thymol  is  somewhat  altered  by  repeated  distillation, 
the  liquid  which  passes  over  containing  less  carbon  than  the  original  substance 
(Stenhouse). — 2.  It  is  decomposed  hy  phosphoric  anhydride,  but  the  products  have 
not  been  obtained  in  very  delinite  form. — 3.  Strong  sulphuric  acid,  at  50° — 60°, 
converts  it  into  thymylsulphuric  acid  C"'H"SO^ ;  but  when  heated  ^vith  excess  of 
sulphuric  acid.to  240°,  ityields  sulphodraconic  acid  (p.  521). — 4.  It  dissolves  in 
glacial  acetic  acid,  and  subsequent  addition  of  sulphuric  acid  forms  acetothymyl- 
sulphuric  acid,  C'^H'«SO*  =  (C-H^O)(C'°H")SO'  (Lallemand).— 5.  ThjTnol  is 
easily  oxidised  by  chromic  acid,  or  by  a  mixture  of  sulphuric  acid  and  manganic  per- 
oxide, yielding  a  distillate  containing  formic  acid  and  thymoil,  C'*H'"*0-  (p.  792), 
and  a  residue  consisting  of  a  brown  acid,  solid  and  friable  at  ordinary  temperatures, 
and  dissolving  with  dark-red  colour  in  alcohol. — 6.  Nitric  acid,  whether  dilute  or 
concentrated,  acts  violently  on  thymol,  giving  off  nitrous  and  carbonic  anhydrides, 
and  forming  a  number  of  products,  chiefly  resinous  bodies,  and  a  large  quantity  of 
oxalic  acid. — 7.  Chlori7ie  in  difiused  daylight  acts  ■with  great  violence  on  thymol,  ■with 
rise  of  temperature,  and  elimination  of  hydrochloric  acid  gas,  the  thymol  remaining 
liquid,  and  assuming  a  wine-red  colour  at  the  beginning  of  the  action.  If  too  great 
hrat  be  avoided,  the  product  consists  of  trichlorothj-mol  ;  then,  if  the  passage  of  the 
chlorine  be  continued  in  bright  daylight,  a  very  viscid  oil  is  formed,  from  which  pcnta- 
chlorothymol  gradually  crystallises  (Lallemand). — 8.  Oil  of  ^/iv/wf,  di.stilled  with 
8  pts.  chloride  of  lime  and  24  pts.  water,  yields  chloroform  (Chautard,  Compt.  rend, 
xxxiv.  485). — 9.  Bromine,  in  sunshine,  converts  thymol  into  ponUibromothymol 
(Lallemand). — 10.  Thymol  is  not  altered  by  hi/drochloric  acid  (Stenhouse). 
When  hydi'ochloric  acid  gas  is  passed  over  tliymol,  it  quickly  assumes  a  brown, 
and,  after  removal  of  the  excess  of  liydrochloric  aeiil,  a  ]<urple-l>rown  colour,  but  docs 
not  increase  in  weight  by  more  than  2  to  3  per  cent.,  even  when  heated ;  on  distilling 
the  product,  inialtcred  thymol  is  first  obtained,  then  a  red  substance  (Arppe). — 
11.  Thymol  gontlv  heated  with  sodiimi  in  a  stream  of  carbonic  anhi/dride,  takes  up  the 
elements  of  the  latter,  fonning  thymyl-carbonic  acid,  C"H"b'  =  C'HUO.CO^ 
together  with  thymotic  acid,  an  acid  isomeric  therewith.  (Kolbe  and  Lautemann, 
p.  795.) 

Derivatives  of  Thymol. 

Fentabromotbymol,  C'^H'Sr^O. — Thymol  subjected  to  the  action  of  bromine, 
ultimately  in  sunshine,  is  completely  converted  into  a  solid,  white,  earthy  mass  of  ponta- 
bromothymol,  which  may  bo  rocrystiilliscd  from  ether,  melts  at  a  rather  high  tempe- 
rature, with  incipient  decomposition  and  evolution  of  hydrobromic  acid,  but  apparently 
without  simultaneous  formation  of  hydrocarbon.    (La  1 1  e  m  a  n  d.) 

CblorotbymoISi — a.  Trichlorothy mol ,  C"'H"CPO,  is  obtained  by  passing 
chlorine-gas  into  thymol  in  diffused  daylight  (taking  care  to  avoid  too  much  heating), 
till  the  thymol  has  absorbed  a  quantity  of  chlorine  equal  to  two-tlrirds  of  its  weight. 
On  leaving  Hie  product  to  stand,  long  yellow  needles  are  formed,  which  ultimately  cause 
it  to  solidify  :  they  may  be  purified  by  expressing  the  remaining  liquid,  and  recrystal- 
lising  from  cthcr-aloohol. 
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Trichlorothymol  crystallises  in  lemon-yellow,  oLlique  rhombic  prisms,  ■which  melt 
at  61°,  and  have  an  intoxicating  odour.  It  decomposes  at  180°. — Heated  with  oil  of 
vitriol  to  100°,  it  is  converted  into  .a  colourless  liquid,  which  floats  on  the  oil  of  vitriol, 
solidifies  on  cooling,  and,  after  solution  in  aqueous  potash,  precipitation  with  hydro- 
chloric acid,  and  drying,  forms  silky  talc-like  flocks.  This  substance  has  at  first  an 
agreeable  odour  of  benzoin,  melts  at  -16°,  and  distils  without  decomposition  at  250°  ; 
it  dissolves  in  ammonia,  and  forms  a  salt  crystallising  in  slender  needles, — whence  it 
is  probably  trichlorophonol,  with  which  it  appears  to  agree  in  composition. 

0.  Pentachloroihi/mol,  C'lFCPO.  (Lallemand,  Zoc.  ctY.) — When  thymol  is 
exposed  for  a  considerable  time  to  the  action  of  dry  chlorino-gas  in  bright  daylight,  a 
reddish-yellow  glutinous  oil  is  formed,  in  which,  after  a  while,  crystals  of  pentachloro- 
thyraol  appear  :  they  may  be  purified  by  rccrystallisation  from  ether. 

This  compound  forms  colourless,  very  hard  crystals,  having  the  form  of  trichloro- 
thymol (according  to  another  statement  of  Lallemand,  it  has  the  form  of  thymol), 
melting  at  98°.  It  decomposes  at  200°,  giving  off  hydi'ochloric  acid  gas  and  tritylene- 
gas,  C'H",  while  a  solid  product  (triehlorotoluenol,  C'H'CPO)  collects  in  the  neck 
of  the  retort,  and  charcoal  remains  behind  : 

2C"'n'CPo  =  C'ipcro  +  cm'  +  7Hci  -^  co  +  c\ 

In  one  experiment,  in  which  very  pure  pentaehlorothymol  was  heated,  the  carbonic 
oxide  evolved  towards  the  end  of  the  process  was  mixed  with  marsh-gas,  and  the  solid 
distillate,  melting  at  150^,  and  crystallising  from  alcohol  in  needles,  had  the  composi- 
tion oftetrachlorotoluenol: 

iCoffCPO    =    2C'H'CP0  +  2C^H«  +  12HC1  +  CH*  +  2C0  +  C". 

Impure  pentaehlorothymol  yielded  also,  by  distillation,  a  large  quantity  of  liquiil  pro- 
duct, which,  after  the  solid  products  had  been  removed  by  weak  potash-ley,  boiled  at 
205°  (or,  according  to  Lallemand's  first  statement,  at  S6o°),  and  had  the  composition 
of  dichlorocumene,  C'-'H'°Cr-. 

iritrotbymols. — These  compounds,  which  possess  acid  properties,  are  probably 
formed  by  the  direct  action  of  nitric  acid  upon  thymol,  but  they  are  more  easily  pre- 
pared fi-om  thymylsulphuric  acid.    (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  152.) 

a.  Diiiitrothy mol.  or  Dinitrothymic  Acid,  C'°H'-(NO-)^0. — When  nitric  acid 
is  slowly  dropped  into  thymylsulphuric  acid,  or  into  the  solution  of  a  thymylsulphatc,  the 
liquid  becomes  slightly  warm,  and  deposits  diuitrothymol  as  a  reddish  oil,  which  soon 
solidifies  in  crystals.  This  compound  melts  at  55°,  is  sparingly  soluble  in  water, 
and  dissolves  in  all  proportions  of  alcohol  and  ether.  It  is  converted,  by  a  mixture  of 
nitric  and  sulphuric  acid,  into  trinitrothymol,  and  by  alcohol  and  sulphuric  acid,  into 
ethylic  dinitrothymolate. — With  bases  it  forms  salts,  which  crystallise  in  silky  needles, 
detonate  at  loO-*,  and  dissolve  sparingly  in  water,  to  which  however  they  impart  a 
strong  colour. — The  potassiuiit-stilt  is  orange-yellow  in  the  anhydrous,  red  in  the 
hydrated  state,  very  slightly  soluble  in  water. — The  lead-salt,  C-"H--Pb"(NO"),  is  very 
sparingly  soluble  in  water ;  so  likewise  is  the  silver-salt. 

fi.  Trinitrothy  mol,  or  TrinitrotJiymic  Acid,  C'"H"(NO-)'0. — To  prepare  this 
compound,  dinitrothymol  is  dissolved  in  sulphuric  acid,  and  a  small  quantity  of  nitric 
acid  is  gradually  added,  without  allowing  the  mixture  to  get  hot.  On  diluting  with 
water,  yellowish  flocks  of  trinitrothymol  are  precipitated,  which  may  be  recrystallised 
from  boiling  water.  It  forms  beautiful  yellow  needles,  which  melt  at  100°,  and 
decompose  suddenly  at  a  higher  temperature  ;  dissolves  sparingly  in  cold  water,  easily 
in  ahuhol  and  in  ether. — A  mixture  oi  oil  of  vitriol  and  alcohol  readily  converts  it  into 
solid  trinitrothymie  ether. 

It  unites  with  bases,  forming  yellow  or  orange-yellow  salts,  which  detonate  at  150°, 
and  dissolve  in  water  more  readily  than  the  diuitrothymates.  The  aqueous  solution  of 
trinitrothymate  of  potassium  precipitates  the  salts  of  the  hea^'y  metals. —  Trin i troth i/- 
rnate      lead  contains  28-83  per  cent,  lead-oxide,  and  is  therefore  C2"H-"Pb"(N0-)'*0l 

THYMOTIC  ACID.  C'H'^O'  =  C"'H"O.CO^  (Kolbe  and  Lautemann, 
Ann.  Ch.  Pharm.  cxv.  205.) — This  acid,  isomeric  with  thymyl-carbonic  acid, 
C"'H".H.CO^,  is  prepared  by  gently  heating  thymol  with  sodium  in  a  flask  throtigh 
which  a  rapid  current  of  carbonic  anliydride  is  passed.  A  viscid  yellowish-brown  mass 
is  thereby  formed,  containing  thymyl-carbonate  and  thymotate  of  sodium ;  and  by 
decomposing  this  mass  with  hydrocliloric  acid,  agitating  the  liquid  with  excess  of 
ammonium-carbonate,  and  boiling  down  the  liquid  separated  from  the  thymol  till  it 
exhibits  a  f  iint  acid  reaction,  a  clear  solution  of  sodic  thymotate  is  obtained,  from  which, 
ou  addition  of  liydi-oehloric  acid,  thymotic  acid  separates  in  colourless  flocks,  containing 
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a  little  resin.  It  is  purified  by  distillation  with  water,  partly  going  over  with  the  water, 
and  partly  remaining  as  a  crystalline  deposit  in  the  condensing  tube. 

Thymotic  acid  thus  prepared  is  a  wliite,  loosely  coherent,  crystalline  mass,  having 
a  silky  lustre.  It  is  nearly  insoluble  in  cold,  and  only  slightly  soluble  in  boiling 
water;  from  the  boiling  saturated  solution  it  crystallises,  by  slow  cooling,  in  long  slen- 
der needles  ;  when  boiled  with  water,  it  gives  off  pungent  irritating  vapours.  It  melts 
at  120°,  expands  in  solidifying,  and  may  be  sublimed  without  alteration. 

Thymotic  acid,  left  in  contact  with  a  warm  solution  of  ferric  cidoride,  dissolves  with 
fine  blue  colour;  the  neutral  solution  of  the  ammonium-salt  is  immediately  coloured 
deep  blue  by  ferric  chloride. — ThjTnotie  acid  heated  with  caustic  baryta  is  resolved 
into  thymol  and  carbonic  anhydride.    (Kolbe  and  Lautemann.) 

Hy  pentacMoridc  of  phosphorus,  it  is  converted  into  thymotide(Naquet): 
C'H'^O^  +  PCP    =    PCPO  +  2HC1  +  C"H'=0^ 

Thymotic  Thymotide. 
acid. 

The  thymotates  of  the  alkali-metals  are  soluble  in  water. — The  barium-salt  is  obtained 
in  large  tables  or  laminae,  by  dissolving  the  acid  in  baryta-water,  and  separating  the 
excess  of  baryta  with  carbonic  acid,  or  by  mixing  thymotato  of  ammonium  with 
chloride  of  barium,  and  evaporating.  The  lead-,  copper-,  and  silver-salts  are  flocculent 
precipitates. 

THYMOTZBE.  C'H'^O^.  (Naquet,  Bull.  Soc.  Chim.  [1865],  ii.  92.)— A  body 
produced  by  the  action  of  pentachloride  of  phosphorus  on  thymotic  acid  (supra),  or  by 
heating  the  latter  to  200°  with  phosphoric  anhydride.  To  prepare  it,  1  at.  sodic  tliy- 
motate  is  heated  with  2  at.  phosphoric  pentachloride  (the  action  begins,  however,  in  the 
cold),  the  heat  being  ultimately  raised  to  200°.  Hydrochloric  acid  and  phosphoric 
oxyehloride  are  then  given  off,  and  a  pasty  mass  remains,  which,  when  freed  from  the 
oxychloride  by  water,  dissolves  completely  in  ether.  The  ethereal  solution  leaves,  on 
evaporation,  a  gummy  residue  free  from  chlorine,  which  gives  up  to  boiling  water  an 
acid,  forming  a  wliite  precipitate  with  ferric  salts  (probably  thymyl-phosphoric  acid)  ; 
from  the  residue,  dilute  potash  extracts  thymotic  acid.  The  portion  then  remaining 
undissolved  consists  of  thymotide  and  a  yellowish  resin  ha^nng  nearly  the  same  com- 
position. 

Thymotide  crystallises  from  alcohol  in  white,  mostly  microscopic  needles,  which  melt 
at  187°,  are  not  altered  by  hot  potash-ley  or  by  heating  to  200°  with  water,  but  by 
fusion  wth  potassium-hydrate  are  converted,  without  evolution  of  gas,  into  thymotic 
acid. 

THVnxXTS.    See  Thysie,  Oil  of  (p.  791). 

TBTMUS-GXiAM'S.  (Gorup-Besanez,  Ann.  Ch.  Pharm.  Ixxxix.  115;  scviii. 
1. — S t adel c r  and F rerichs, Miiller's  Archiv.  [1854],  p.  383  ;  Wienermed.  Wochcn- 
schr.  [1854],  No.  30  ;  Verhandl.  d.  naturforsch.  Gesellsch.  z.  Ziirich,  Bd.  iii.  u.  iv. ;  J.  pr. 
Chem.  Ixxii.  48. — Schercr,  Ann.  Ch.  Pharm.  cvii.  314. — Friedleben,  Die  Physio- 
loqie  der  Thymusdruse,  VtohMmtX,  1858.) — This  gland,  called  "sweetbread"  in  the 
calf  and  lamb,  is  an  organ  situated  in  front  of  the  pericardium  and  the  largo  vessels 
arising  from  the  base  of  the  heart.  In  the  embryo  and  the  infant,  it  has,  in  pro- 
portion to  the  rest  of  the  body,  a  very  considerable  size,  but  in  after-life  it  becomes 
comparatively  smaller,  and  at  last  nearly  disappears.  It  has  been  found  to  contain, 
besides  water  and  the  chemical  constituents  of  its  solid  tissue,  the  following  organic 
compounds: — soluble  albumin,  leucine,  sarcino,  xanthine,  volatile  fatty  acids  (in- 
cluding formic  and  acetic  acids),  also  lactic  acid,  succinic  acid,  sugar,  and  extractive 
matters.  The  inorganic  constituents  are  potash,  soda,  magnesia,  lime,  phosphoric 
acid,  sulphuric  acid,  chlorine,  and  ammoniacal  salts.  Gorup-Besanez  found  in  the 
thymus-gland  of  the  calf,  a  crystallisable,  slightly  basic  substance,  wliich  he  at  first 
regarded  as  a  peculiar  compound,  and  designated  as  thymine,  but  he  afterwards 
found  that  it  was  identical  with  leucine.  The  juice  of  the  fresh  gland  mostly  has 
a  slight  acid  reaction,  rarely  alkaline  or  neutral. 

According  to  Friedleben,  the  quantity  of  fat  in  the  gland  increases  considerably 
with  the  ago  of  the  animal,  whereas  the  amounts  of  gluten  and  albumin  exhibit  but 
small  differences  at  diflTerent  ages.  The  proportion  of  earthy  ]ihosphatos  gradually 
increases,  witli  the  growth  of  the  animal,  up  to  a  certain  point,  and  afterwards  diminishes. 
The  amount  of  potash  exceeds  that  of  soda.  Friedleben  found  the  quantity  of  potash 
at  all  periods  of  life  to  be  nearly  constant,  varjnng  only  from  31-8  to  32  8  per  cent., 
whereas  the  soda  in  a  calf  of  ten  days  to  three  weeks  old,  amounted  to  only  16  pc"  cent., 
while  in  young  oxen  of  twelve  to  eighteen  montlis  it  was  from  23  to  24  per  cent.  The 
miueous  extract  of  the  thymus-gland  of  the  calf  leaves  an  ash  almost  wholly  sohible 
in  water,  and  containing  potash  in  largo  quantity,  pyrophosplioric  acid,  and  cliloride  of 
sodium,  together  with  small  quantities  of  magnesia  and  sulphuric  acid.  Gorup-Besanez 
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fotind  the  proportion  of  potash  to  soda  in  ono  caso  to  bo  2'18  :  0-60  ;  in  another, 
9-95  :  3'21.  The  quantity  of  phosphoric  acid  (anhydride?)  to  that  of  clilorine  was,  in  one 
experiment,  as  23'25 :  14'34.  According  to  Friedleben,  the  quantity  of  lime 
in  the  thymus  exceeds  that  of  magnesia;  Gorup-Besanez,  however,  fovmd  the 
contrary  proportion.   (Handw.  d.  Cheni.  viii.  836.) 

THTAXTXi.    C'"!!".— The  radicle  of  thymol  and  its  derivatives. 

THVnXYIi,  HTDRXDE  OP.  C'"H'MI.— Cymene  (ii.  295)  may  be  supposed  to 
be  thus  constituted. 

(S0^)"1 

thym:ti.sui.phuric  acid.  C'E'^SO'  =  (C'»H")HSO<  =  C"'H''>0-. 

H  ) 

Sii/plwfl/ymic  Acid.  (Lallemand,  Ann.  Ch.  Phys.  [3],  xlix.  150.) — Thymol  dis- 
solves abundantly  in  oil  of  vitriol  at  50° — 60°,  and  solidifies  on  cooling  to  a  crys- 
talline mass,  ha'ving  only  a  faint  red  colour.  By  dissolving  this  mass  in  water, 
and  saturating  the  solution  with  carbonate  of  barium  or  carbonate  of  lead,  sul- 
phothymato  of  barium  or  lead  is  obtained,  from  which  the  sulphothymic  acid 
may  be  separated,  and  crystallised  by  evaporating  its  aqueous  solution  in  a  vacuum. 
It  crystallises  in  translucent  pearly  tables  or  prisms,  wliich  contain  C"'H'*SO'.II'-0, 
and  do  not  deliquesce  on  exposure  to  the  air,  but  are  very  soluble  in  water. 

Its  aqueous  solution,  treated  with  nitric  acid,  forms  dinitrothymol ;  with  sulphuric 
acid  unA  peroxide  of  manganese,  or  dichromate  of  iMtassium,  it  forms  thymoil  (p.  7921. 

With  bases  it  forms  the  t hymyl- sulphates,  C'°H"MSO',  which  crystallise  iu 
forms  of  the  monocliuic  system.  They  decompose  at  120°,  with  violet-red  colouring, 
and  volatilisation  of  thymol. — The  «»i?7io«i«m-5«Z<,  which  separates  from  its  aqueous 
solution  in  well-developed  crystals,  also  the  potassium-  and  sodium-saUs,  leave,  when 
tlms  treated,  anhydrosulphates.*  The  sulphothymates  dissolve  very  easily  in  water  and 
in  absolute  alcohol,  somewhat  less  in  ether. 

Acetothymylsulphuric  Acid,  C'*H"^SO^  =  SO^.  Sulphaccto- 

thymie  Acid.  (Lallemand,  loc.  cit.) — When  thymol  is  dissolved  in  glacial  acetic 
acid,  and  oil  of  vitriol  containing  a  little  anhydrous  sulpliuric  acid  is  added  to  tlio 
mixture,  combination  takes  place  at  a  gentle  heat ;  and  the  liquid,  on  coohng,  deposits 
a  crystalline  mass,  which  must  bo  dried  on  porous  earthenware,  and  freed  from  excess 
of  acetic  acid,  by  leaving  it  over  quicklime  in  a  vacuum. 

The  acid  is  soluble  in  water.  Witli  bases  it  forms  crystallisable  salts,  which  become 
anhydrous  without  deeoiuposition  at  110°,  but  are  decomposed,  with  liberation  of 
acetic  acid,  when  their  aqueous  solutions  are  boiled  or  quickly  evaporated.  The  salts 
are  soluble  in  water  and  in  alcohol. 

iSulphacetothyviate  of  Bariuiii,  C-*IP"Ba"S-0"',  is  obtained  by  saturating  the  acid 
with  carbonate  of  barium. 

THYIVXYX.SUX.PHUROXTS  ACID.  C"'H"SO'.  Syn.  with  Cymylsui.phueous 
Acid  (ii.  299). 

TXCUITAS  POISON.  An  arrow-poison,  used  by  the  Tecunas  (or  Tieunas)  and 
other  Indian  tribes  dwelling  near  the  Amazon.  Wlien  given  to  animals,  it  produces 
strong  convulsions,  lasting  for  hours.  It  probably  contains  picrotoxin,  like  other 
South-American  arrow-poisons;  but  it  has  not  been  accurately  investigated. 

TXIiE  ORE.    The  earthy  variety  of  native  cuprous  oxide  (ii.  70). 

TIIiKEROSITE.    Solenide  of  lead  and  cobalt  (iii.  557). 

TIXfliASrssiA.    A  genus  of  monocotyledonous  plants,  belonging  to  the  natural 

order  Bn/inr/iaccce.  T.  usnco'idcs  (called  Barhc  dc  vidllard  by  the  French,  Barha  dc 
Fao  by  the  Portuguese)  is  a  parasitical  plant,  growing  on  trees  in  Carolina  and  the 
West  Indies,  and  having  long,  wiry,  contorted  stems,  which  creep  along  the  trunks  and 
branches  of  old  trees,  and  sometimes  hang  down  in  a  bunch,  like  the  hairs  of  a  horse's 
tail.  These  stems,  when  stripped  of  their  leaves  and  bark,  are  used  as  packing 
material  instead  of  horsehair.  TiUandsia  rccicrvata,  growing  in  Peru,  is  also  used  for 
the  same  purpose. 

According  to  Ave  qui  n  ( J.  Pharm.  [3],  xxxv.  95),  100  pfs.  of  the  dried  plant  of 
T.  usnco'idcs  [at  what  temperature  ?]  yield  3'23  per  cent,  ash,  containing,  in  100  pts., 
35"4  carbonate,  phosphate,  sulphate,  and  chloride  of  potassium,  18'5  lime  and  carbo- 
nate of  calcium,  28  6  phosphates  of  calcium  and  magnesium,  and  17'4  silica,  with 
triices  of  lime  and  magnesia. 

•  Unless  the  salts  contain  water  of  crystallisation,  it  is  not  easy  to  understand  how  thvmol  can  be 
formed  from  their  decomposition,  inasmnch  as  it  contains  i4  at.  hydrocen.  whereas  the  aniiydrons  sul- 
phothymates contain  only  13  at. :  2Ci"PIi3MSO'  =  (2C"»lIiiO  -  H-'O)  +  M-ijO'.SQs. 
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TlUandsia  dianthndea  (L.),  an  air-plant,  which  does  not  grow  in  immediato  contact 
with  the  soil,  nevertheless  contains  from  6  to  8  per  cent,  ash,  consisting  chiefly  of  silica, 
together  with  lime  and  magnesia,  and  traces  of  alkalis,  phosphoric  acid,  manganese, 
iron,  sulphuric  acid,  chlorine,  &c.    (De  Luca,  Compt.  rend.  11.  176.) 

TXMA.  A  medicinal  preparation,  introduced  of  late  years  as  a  remedy  for  phthisis. 
It  is  imported  from  Tampico,  and  is  said  to  be  prepared  as  a  syrup,  by  boiling  the 
fruits  of  Crescntia  edulis  with  sugar,  and  mixing  the  product  with  almond-oil. 
(Arch.  Pharm.  [3],  crii.  375  ;  Handw.  d.  Chem.viii.  840.) 

TXMAZITE.  Breithaupt's  name  for  a  rock,  occvirring  in  Eastern  Servia,  formerly 
regarded  as  belonging  to  the  trachytes.  It  is  porphyritic,  and  related  to  dionte,  or  to 
the  so-called  greenstones. 

lUS.  Etain.  Zinn.  Stannum.— Atomic  weight,  118;  Symbol,  Sn. — This  metal 
has  been  Known  from  the  earliest  times  :  it  is  mentioned  by  Moses  (Numbers  xxxi. 
22).  The  Phojnicians,  long  before  the  Christian  era,  fetched  the  metal  Kaar<rlTepos 
from  the  British  Isles,  anciently  called  the  Cassiterides.  The  word  Kacralrepos 
appears,  however  to  have  been  applied  in  very  ancient  times,  and  the  Latin  word 
stannum  somewhat  later,  not  so  much  to  tin  as  to  certain  white  metallic  alloys; 
at  all  events,  tin  and  lead  were  regarded  as  similar  metals,  and  were  often  con- 
founded. Even  Pliny  sometimes  does  not  use  the  word  stanniun  for  tin,  but  desig- 
nates this  metal  as  Plumbum  album,  s.  candidum,  in  contradistinction  to  lead,  or 
Plumbum  nigrum..  It  was  not  tiU.  the  fourth  century  of  the  Christian  era  that  stan- 
num was  applied  to  the  metal  now  called  tin  (Kopp's  Gcxhichtc),  which  was  after- 
wards named  Jupiter  by  the  alchemists,  and  represented  graphically  by  the  symbol 
of  that  planet,  2/. . 

Octnirrence  and  Distribution. — Tin  occurs  much  less  frequently  than  many  other 
metals,  as  iron,  copper,  lead,  zinc,  &c.,  as  the  commercial  supplies  of  it  are  drawn  from 
comparatively  few  localities,  Devonshire  and  Cornwall  yielding  by  far  the  largest  quan- 
tity. The  stream-works  of  the  peninsula  of  Malacca  and  theDutch  island  of  Banca  pro- 
bably rank  next  in  importance.  The  exports  from  Bolivia  are  now  very  considerable, 
and  large  quantities  have  of  late  years  been  extracted  from  the  mines  of  Saxony 
and  Bohemia.  A  valuable  addition  of  the  metal  has  been  obtained  from  Australia, 
shipped  almost  entirely  from  the  port  of  Melbourne.  The  Australian  tin  contains,  at 
times,  so  large  an  amount  of  gold,  that  the  latter  can  be  profitably  extracted.  No  other 
deposits,  of  sufficient  magnitude  to  be  the  object  of  mining  explorations  on  any  con- 
siderable scale,  are  at  present  known  ;  but  oxide  of  tin  {Cassitcritc)  has  been  found 
in  small  quantities  in  the  Isle  of  Man,  Ireland,  Greenland.  France,  Gallicia,  Spain, 
Silesia,  in  die  Fichtel  and  Eiesengebirge  in  Germany,  in  Russia,  the  United  States, 
Mexico,  and  Brazil.  No  mines  are  worked  in  Peru,  but  the  name  Peru\'ian  tin  has 
originated  from  the  produce  of  the  mines  of  Oruro  and  Carabuco,  in  Bolivia,  being  ex- 
ported from  Arica,  a  seaport  on  the  Peruvian  coast. 

Tin  occurs  in  the  metallic  state,  somewhat  more  frequently  as  disulphidc,  in 
tin-pyrites,  but  most  abundantly  as  dioxide  or  stannic  oxide,  forming  the  ore  called 
tinstone,  or  cassiterite. 

ISlative  Tin  (metallic  tin)  has  been  described  by  Hermann  as  occurring  in  the  gold- 
sands  of  Siberia,  and  by  Forbes  in  the  auriferous  drift  of  Tipuani  in  Bolivia;  but  as 
both  these  specimens  contain  lead,  a  metal  seldom  present  together  with  tin-ores,  it 
may  be  doubted  whether  the  tin  so  found  may  not  have  been  derived  from  artifioial 
sources.  Native  tin  has  also  been  reported  from  Oruro,  in  Bolivia.  (Forbes,  Phil. 
Mag.  [4],  xxix.  133.) 

I'in-ptjritrs  (stannine,  bell-metal  ore,  Zinnkics)  is  found  in  small  quantities  in  the 
tin-veins  of  Cornwall,  Saxony,  and  Oruro  (Bolivia).  It  has  the  composition  of  a  cuproso- 

ferrous  sulphostannate,  p""g  |  SnS-,  the  iron  being  generally  more  or  less  replaced  by 

zinc;  it  contains  from  14  to  30  per  cent,  of  tin. 

Cassiterite  (tinstone,  stream-tin,  wood-tin),  the  dioxide  or  bioxide  of  the  metal, 
SnO-,  may  bo  rcgai-ded  as  the  only  ore  of  tin  found  in  sujReient  quantity  to  be  tlie 
subject  of  mineral  exploration  ;  it  is  found  both  in  veins  and  in  alluvial  drift-deposits, 
accompanied  in  many  cases  by  tungsten,  generally  as  wolfram,  as  in  Cornwall, 
France,  Saxony,  Bohemia,  Bolivia,  &e.  In  the  alluvial  deposits,  native  gold  is  gene- 
rally, if  not  invariably,  found  to  accompany  cassiterite,  as  is  the  case  in  Cornwall, 
Ireland,  Virginia,  Bolivia,  Australia,  &e.  Although  tin  seldom  enters  into  the  compo- 
sition of  other  minerals,  it  seems  to  be  characteristic,  though  occurring  only  in  very 
minute  quantities,  in  some  of  the  compounds  of  niobie  or  columbie,  tant.ilic,  and 
titanic  acids:  thus  it  has  been  observed  in  culunibite,  pyroclilore,  tyrite,  tantalite, 
yttrotantalite,  fergusonite,  aescliynito,  polymignite,  itc.  Traces  of  tin  have  been 
reported  to  occur  in  meteorites,  and  also  in  a  variety  of  iron-pyrites  from  Spain. 
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Cassilorito  is  found  in  CornwaH,  in  veins  or  small  strata,  -which  traverse  primitive 
rocks,  mixed  with  otlier  motals,  such  as  copper,  zinc,  arsenic,  and  tungsten;  the  veins 
are  of  varying  thiclsness.  It  is  sometimes  also  found  in  nuraorovis  ramifications  of 
small  veins  or  "  Stockwerke,"  which  occur  in  felspar,  porphyry,  or  in  a  granite  which 
frequently  has  its  felspar  disintegrated  into  kaolin,  or  china-clay.  These  little  veins 
seldom  exceed  six  inches  in  width,  and  are  frequently  not  nearly  so  wide ;  they  run 
generally  east  and  west,  with  a  dip  almost  vertical ;  this  description  of  ore  is  the  com- 
mon "  tinstone." 

The  lodes  in  Cornwall  are  grouped  into  three  districts,  namely :  first,  in  the  south- 
west of  the  county,  beyond  Truro,  near  Helston  ;  secondly,  in  the  neighbourhood  of 
St.  Austell ;  and  thirdly,  in  the  vicinity  of  Tavistock,  in  Devonshire. 

Many  of  the  lodes  traversing  granite  are  worked  profitably,  as  the  rock  in  which 
fliey  occur  is  generally  softened  by  decomposition.  As  a  general  rule,  the  veins  having 
an  easterly  or  westerly  direction  are  those  which  have  the  ore  in  profitable  abundance, 
while  those  ranging  northerly  and  southerly  often  contain  other  metals. 

Altliough  there  are  numerous  exceptions,  yet,  as  a  whole,  the  distribution  of  this  ore 
is  somewhat  marked.  Certain  combinations  of  rocks  appear  to  be  the  conditions 
which  may  have  assisted  in  rendering  the  ores  of  one  metal  more  abundant  than  those 
of  another  in  the  range  of  parts  of  the  same  mineral  lode.  For  insta,nce,  it  is  often 
found  that  a  lode  is  cupriferous  amid  the  slate-country,  and  chiefly  stanniferous 
towards  the  granite.  Some  of  the  copper-veins  in  Cornwall  have  been  worked  for  tin 
upon  tlieir  backs,  as  the  upper  part  of  mineral  veins  are  often  termed  in  the  mining 
districts,  and  have  been  abandoned  when  copper-ore  was  obtained  beneath.  Li  other 
places,  copper  has  been  found  between  tin ;  at  Dalcoath  mine,  Camborne,  tin  occurred 
in  profitable  quantities  in  the  depth,  after  the  vein  had  been  worked  chiefly  for  copper, 
the  higher  portions  having  formerly  furnished  tin  as  the  principal  ore. 

If  tin  be  discovered  first,  it  sometimes  disappears,  after  sinking  a  certain  depth,  and 
is  succeeded  by  copper ;  in  others,  tin  is  found  to  the  depth  of  more  than  300  fathoms 
beneath  the  surface.  If  a  copper  lode  meets  one  of  tin,  it  usually  passes  through  it, 
and  heaves  it  out  of  its  course. 

Metallurgy  of  Tin. — Tin,  as  above  stated,  is  entirely  extracted  from  the  dioxide, 
The  twj-tin  requires  much  care  in  dressing,  to  separate  mechanically  the  various 
foreign  substances  which  it  contains.    The  preliminary  operations  are : — 

1.  Cleansing  the  rough  ore  as  it  comes  from  the  mine.  This  is  sometimes  done  by 
placing  the  ore  on  a  grating,  allowing  water  to  fall  over  it  from  some  elevation,  or  by 
agitating  it  witli  a  stream  of  water. 

2.  Sorting  the  cleansed  ore  into  four  qualities : 

I.  That  which  is  rich  in  tin. 
II.  That  containing  tin  and  other  metals. 

III.  That  containing  copper-ore. 

IV.  Stony  gangue,  or  useless  ingredients. 

3.  Stampingor  rolling  the  ores  No.  I.  into  a  certain  fineness,  according  to  its  quality, 
which  is  of  so  much  importance  that  it  is  regulated  by  a  copper  plate  pierced  with  a 
certain  number  of  holes  in  the  square  inch,  placed  in  front  of  the  stamp-box,  through 
which  everything  from  the  stamping-mill  is  made  to  run  off,  with  a  constant  stream  of 
water  introduced  for  the  purpose.  The  stamps  are  of  the  usual  description  :  tlie  liars 
are  of  wood,  between  five  and  six  inches  square,  fastened  by  a  tail  to  a  cast-iron  liead, 
of  about  280  lbs.  weight.  The  stamp-chest  is  open  behind,  so  that,  as  the  ore  is  pounded, 
it  slips  away  from  under  the  stamp-heads  by  its  own  gravity,  along  an  inclined  plane 
with  a  stream  of  water.  The  rolls  are  similar  to  those  for  other  ores;  genei-ally,  they 
consist  of  two  pairs  of  smooth  cylinders,  turning  simultaneously  in  opposite  directions. 
Above  the  upper  pair  is  a  hopper,  which  discharges  down  between  them,  by  means  of 
a  particular  mechanical  contrivance,  the  ore  which  is  brought  to  it  by  waggons  ;  these 
waggons  advance  upon  a  railway,  and  empty  their  contents  into  the  hopper  through  a 
trap-hole.  Below  the  hopper  is  a  small  iron  bucket,  which  receives  the  ore,  is  shaken, 
and  throws  it  continually  upon  the  rolls  by  the  constant  jolts  given  to  it  by  a  crank- 
rod.  This  bucket  is  so  contrived,  that  too  much  ore  can  never  fall  upon  the  rolls  and 
obstruct  their  even  movement.  A  small  stream  of  water  is  often  led  into  the  bucket, 
spreading  over  the  rolls  and  preventing  them  from  heating.  After  the  ore  is  reduced 
to  powder,  it  next  undergoes  the  very  important  operation  of  washing. 

This  operation  is  carried  on  under  very  advantageous  circumstances  compared  with 
the  similar  operation  with  most  other  metals,  in  consequence  of  the  high  specific  gravity 
of  the  cassiterite,  which  enables  the  washing  to  be  profitably  applied,  even  when  the  ore 
contains  only  0'5  to  I'O  per  cent,  of  tin.  The  ore  is  washed  either  in  a  huddle  and 
iossing-tuh  or  dolly  (in  the  German  c/if^i  or  rack),  or  in  the  tnmking-box,  which  are 
employed  according  to  the  different  conditions  of  the  pulverised  ore.    As  the  process 
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of  washing  does  not  difiFer  materially  from  tliat  adopted  for  the  ores  of  other  met.als,  it 
is  unnecessary  to  enter  into  a  description  of  the  various  machines  employed  in  Cornwall. 
The  rich  products  of  the  washings  consist  principally  of  stannic  oxide  and  the  heavy 
metalliferous  ores,  such  as  arsenides,  disulphides  of  iron,  and  wolfram  mixed  with  sands 
and  slimes.  The  sands  from  several  of  the  tin-mines,  after  washing,  have  a  white  me- 
tallic colour,  arising  from  the  presence  of  arsenical  pyrites  (mispickel)  ;  the  workmen  call 
them  tin-whits.  After  the  ores  are  washed,  they  are  removed  to  the  buming-kouse, 
to  be  calcined  in  a  reverberatory  calciner,  which  differs  but  slightly  from  that  em- 
ployed for  copper-ores,  excepting  that  it  is  smaller,  and  has  only  one  door.  The 
chimney  generally  leads  to  flues,  in  which  the  arsenious  acid  is  condensed.  At  Par 
Consols  the  calciners  have  the  following  dimensions  : — 

The  bottom,  from  the  bridge  to  the  front-door,  is  7  ft.  4  in.  long,  5  in  the  centre, 
18  in.  wide  at  the  front-door,  8  in.  high  over  the  bridge,  16  in.  in  the  centre,  and  10  in. 
high  at  the  sides.  The  ores  are  charged  in  the  usual  manner  from  a  bin  or  hopper, 
the  calcine-man  extending  them  first  over  the  surface  near  the  bridge.  They  are  rabbled 
every  20  or  30  minutes,  according  to  the  nature  of  the  ores ;  and  are  divided  into  three 
heaps  across  the  furnace,  to  expose  their  sides  to  the  direct  action  of  the  heat.  When 
some  bright  points  are  seen  on  the  surface  of  the  ores,  and  there  is  no  longer  any 
escape  of  white  fumes,  the  work  is  finished.  At  the  commencement  of  the  calcination, 
only  a  moderate  heat  is  applied,  which  is  gradually  increased  until  the  sulphur  (from 
the  sulphides  of  iron,  &c.)  is  nearly  expelled.  When  the  operation  is  conducted  care- 
lessly, and  the  heat  applied  too  rapidly,  a  fusible  sulphide  of  tm  is  formed,  and  the 
mass  agglutinates,  which  is  termed  kerming :  if  this  accident  should  happen,  it  is 
necessary  to  grind  the  ores  over  again. 

When  the  charge  is  sufficiently  calcined,  it  is  removed  from  the  calciner,  and  exposed 
in  small  heaps  to  the  action  of  the  atmosphere  for  a  few  days,  to  promote  the  oxida- 
tion of  any  remaining  sulphides  into  sulphates.  When  thus  oxidised,  it  is  thrown  into 
a  large  tub  filled  with  water,  stirred  with  a  wooden  rake,  and  left  to  settle,  by  -which 
means  the  sulphates  of  iron  and  copper  are  dissolved.  Tlie  water  is  afterwards 
transferred  into  a  large  tank,  and  the  copper  which  may  be  in  the  solution  is  recovered 
by  precipitation  with  mctiiUic  iron.  The  ore  thus  calcined,  oxidised,  and  lixiviated,  is 
washed  once  more  on  the  rack-table,  and  the  lighter  parts  removed.  The  heaviest 
parts  necessarily  contain  the  most  metal,  and  are  sold  to  the  smelters  under  the  name 
of  black  tin.  That  which  remains  in  the  middle  of  the  table,  being  much  mixed 
with  wolfram,  is  called  mock -lead,  and  sent  once  more  to  the  stamps  to  be  crushed  and 
washed,  after  which  it  is  sold  as  black  tin. 

The  rotary  calciners  calcine  well,  and  do  much  work ;  but  they  must  be  put  in 
motion  either  by  water  or  steam-power,  and  the  cost  of  their  erection  is  much  greater 
than  that  of  the  ordinary  reverberatory  calciner,  which  can  be  put  up  for  about  £30. 

The  usual  cost  of  calcining,  per  ton  of  black  tin,  is  : 

s.  d. 

For  labour  ......    i  0\ 

1714  lbs.  of  coal,  at  13s.  per  ton  .       .    9  6' 

13  6i: 

to  which  must  be  added  the  wear-and-tear  of  utensils,  &c.  Some  calculate  that  the 
average  cost  is  greater,  amounting  to  20s.  per  ton:  from  this  is  to  be  deducted,  however, 
the  value  of  a  large  quantity  of  arsenious  acid  obtained.  The  mean  yield  of  tin-ores 
prepared  in  Cornwall  may  be  estimated  at  2  per  cent. — that  is  to  say,  50  tons  of 
ore  will  give  1  ton  of  black  tin.  The  cost  of  the  mechanical  preparation  of  the  ores 
varies  greatly  in  proportion  to  their  yield,  the  hardness  of  the  gangue,  &c.,  but  those 
of  the  usual  produce  and  hardness  may  be  reckoned  at  4s.  10(/.  per  ton  of  ores,  or 
about  £l'i  per  ton  on  black  tin.  There  are,  however,  many  ores  which  do  not  contain 
more  than  0'5  per  cent,  of  metal,  but  they  are  easily  dressed,  as  the  grain  is  large  and 
pure,  and  they  require  no  calcining :  their  cost  of  calcination  may  bo  calculated  as 
follows : 

s.  d. 

Eugging  and  spalling .  .  .  .10 
Stamping   .       .       .       .       .  .04 

Washing  10 

2    4  per  ton  of  ore, 

equal  to  £23  6s.  %d.  per  ton  of  black  tin.  This  estimate  does  not  take  account  of  the 
loss  in  washing,  which  is  supposed  to  average  fully  20  per  cent.,  and  in  the  assay,  which 
is  less  than  the  actual  product. 

The  smelting  of  the  black  tin  is  eifocted  in  reverberatory  furnaces.  When 
only  an  impurt!  metal  is  required,  it  undergoes  two  different  processes — first,  in  a  reduc- 
tion furnace,  and  then  in  a  refining  furnace.    AVheu  a  very  pure  tin  is  wanted,  called 
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gnan-tin,  the  stream-tin  is  fused  in  a  I)last-fumaee  supplied  with  charcoal  It  will 
be  seen  (by  figs.  817,  818,  and  819),  that  the  reverberatory  furnaces  employed  are  not 
essentially  diiferent  from  those  for  copper,  except  in  the  addition  of  the  two  round 
basins  {fig.  817),  D  D,  into  which  the  melted  tin  is  drawn  off  and  ladled  into  moulds 

Fig.  817. 


When  the  furnace  is  properly  heated,  it  is  charged  with  about  a  ton  of  calcined  ore, 
which  is  intimately  mixed  with  fine  charcoal  or  anthracite-coal,  to  the  amount  of 
about  20  per  cent,  of  its  weight ;  also  with  some  slaked  lime  or  fluor-spar  as  a  flux 
When  the  charge  is  let  down,  the  aperture  C  (fig.  818)  in  the  roof  of  the  bridge  is 


Fig.  818. 


opened,  which  permits  the  escape  of  fumes.    The  heat  of  the  furnace  is  at  first  gently 
raised,  for  if  it  were  too  great,  the  tin-oxide  would  unite  with  the  quartz  of  the  gangue, 
and  form  a  very  difficultly  decoinposible  silicate.    The  charge  is  allowed  to  heat  for 
Vol.  V.  3  F 
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six  or  eight  hours,  when  the  door  is  opened,  and  it  is  thoroughly  stirred  with  an  iron 
rabble,  to  eflfeet  the  separation  of  the  metal  and  the  slag.  After  waiting  a  short  time, 
to  allow  the  metal  to  subside,  the  slag  or  scoria  which  floats  on  the  surface  is  skimmed 
oif  with  a  skimming  rabble,  and  preserved  ;  tlie  upper  part  of  the  slag  is  poor  in 
metal,  but  the  lower  is  rich  ;  it  is  therefore  re-smelted.  When  the  metal  is  perfectly 
skimmed,  the  tap-hole  (w)iich  is  stopped  with  a  plug  of  dry  wood)  at  the  side  of  the 
furnace  is  opened,  and  the  tin  allowed  to  flow  into  the  circular  basins. 

The  tin,  thus  reduced,  is  by  no  means  pure:  it  is  necessary  that  it  should  undergo  the 
refining  process,  which  is  performed  by  liquation  and  refining  proper  (lisiviation). 
Liquation  is  accomplished  in  areverberatory  furnace,  very  similar  to  that  in  which  the 
smelting  is  effected  ;  but  it  is  provided  with  a  more  sloping  bottom,  similar  to  that  for 
refining  copper.  The  pigs  of  tin  are  piled  up  on  the  bottom,  close  to  the  bridge,  and 
the  tin,  when  moderately  heated,  gradually  melts,  and  flows  down  i-nto  the  refining-basin 
made  in  the  bottom.  When  the  blocks  are  exhausted  of  pure  tin,  skeletons  of  the 
pigs  remain  as  a  refractory  residuum,  consisting  chiefly  of  oxides  of  iron  and  other 
foreign  metals.  More  pigs  are  placed  over  the  remains  of  the  first,  and  the  metal  is  then 
run  from  the  furnace  into  a  large  iron  pan  or  kettle,  which  holds  about  five  tons. 

The  next  process  is  refining  proper,  or  lixiviation. — The  kettle  or  refining- 
basin  is  placed  over  a  fire-grate,  and  heated  so  as  to  preserve  the  metal  in  a  fluid 
state.    Into  this  metal  bath,  billets  of  greenwood  are  plunged,  and  set  in  a  rotary 
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motion  by  a  machine  called  a  (/iblut,  placed  over  the  kettle;  the  disengagement  of  gas 
from  the  wood  causes  a  constant  ebullition  in  the  tin,  and  a  froth  on  the  surface,  which 
is  composed  chiefly  of  the  oxides  of  foreign  metals  and  tin ;  this  is  skimmed  off  the 
surface,  and  reserved  for  re-smelting. 

In  about  three  or  four  hours,  the  boiling  is  finished ;  the  greenwood  is  removed,  and 
the  tin  allowed  to  settle.  On  cooling  slowly,  the  metal  separates  into  different  strata, 
of  which  the  upper  is  the  purest,  the  middle  slightly  charged  with  foreign  metals,  and 
the  lowest  very  impure.  After  a  couple  of  hours,  it  is  gently  ladled  out  into  moulds. 
The  quality  of  the  tin  depends  on  the  order  in  wliich  it  has  been  ladled  ;  the  first 
blocks  contain,  of  course,  the  purest  metal,  and  the  last  are  so  impiu-e  as  to  require  to 
be  again  subjected  to  liquation  and  refining.  The  whole  operation  requires  from  five 
to  six  hours,  including  from  one  to  two  hours  for  the  subsidence  of  the  metal.  The 
moulds  into  which  the  tin  is  cast  are  generally  made  of  granite,  and  are  of  a  size 
sufficient  to  contain  three  hundredweight  o+' black  tin. 

Tin-ore  melted  in  the  blast-furnace  produces  the  purest  metal.  When  the  furnace 
is  thoroughly  heated,  it  is  charged  with  ore  and  charcoal,  damped  to  cause  an  adheison 
between  the  two,  and  the  furnace  is  constantly  kejit  full  while  the  operation  is  going 
on.  The  tin  is  allowed  to  run  into  the  first  basin,  and  then  into  the  second,  where  it 
is  left  to  settle  for  some  time.  The  tin  in  Ihe  metallic  balh  falls  into  strata  similar  to 
those  from  the  refining  furnace,  the  impure  part  settling  to  the  bottom,  w  hich  is  ag.ain 
re-smelted. 


TIN. 


803 


Grain-tin  is  formed  from  the  finest  blocks  ;  these  are  heated  to  nearly  melting- 
point,  when  they  become  brittle  ;  they  are  then  dropped  from  a  considerable  height  ; 
the  metal  is  thus  broken,  and  forms  elongated  grains  or  tears. 

The  reverberatory  furnace  consumes  aliout  two  tons  of  coal  for  one  ton  of  metal ; 
the  blast-furnace  about  thirty-ono  Imncbedweight  of  charcoal  for  one  ton  of  metal. 

It  is  very  difficult  to  find  out  the  exact  loss  of  metallic  tin  in  smelting  by  the  rever- 
beratory and  blast-fmmaces.  It  has,  however,  been  found  that  black  tin,  which 
gave  73  per  cent,  of  tin  by  assay,  yielded  6G'5  per  cent,  of  pure  tin  when  smelted  and 
refined,  leaving  a  large  quantity  in  the  state  of  silicate,  most  of  which,  no  doubt, 
could  be  recovered.  In  the  blast-furnace  the  loss  is  considered  to  bo  about  15 
per  cent. 

Properties  of  Tin. — The  tin  of  commerce  is  never  pure  ;  the  metal  from  Banca  con- 
tains, perhaps,  the  smallest  amount  of  impurity.  Tin  is  generally  associated  with 
small  quantities  of  arsenic,  lead,  iron,  copper,  and  occasionally  tungsten,  manganese, 
antimony,  zinc,  bismuth,  and  molybdenum.  To  obtain  it  chemically  pure,  the  tin  of 
commerce  is  granulated  and  dissolved  in  strong  hydrochloric  acid ;  a  .small  quantity  of 
water  is  cautiously  poured  into  the  solution,  so  as  to  form  two  strata ;  and  a  plate  of 
tin  is  then  introduced,  traversing  the  two  liquids.  After  some  time,  crystals  of  pvu'e 
tin  are  deposited  upon  the  plate,  owing  to  the  feeble  galvanic  current  which  is  excited. 
Or  tin  may  be  digested  in  nitric  acid,  the  white  insoluble  residue  (metastannic  acid) 
digested  in  dilute  hydrochloric  acid,  and  the  resulting  powder  reduced  by  charcoal. 

Tin  is  a  white  metal,  having  however  a  peculiar  yellowish  tinge.  AVhen  warm,  it 
emits  a  characteristic  smell,  and  a  bar,  wlien  bent,  gives  a  singular  crackling  sound 
{ecri  rl'eiain),  owing  to  the  interior  crystals  breaking  against  each  other.  It  is  soon 
tarnished  by  the  air  of  large  towns,  owing  probably  to  a  film  of  sulphide,  as  it  is  not 
sensibly  ati'ected  by  the  combined  presence  of  air  and  moisture.  Tin,  with  the  excep- 
tion of  lead  and  thallium,  is  the  least  tenacious  of  the  well-known  metals.  A  wire 
of  an  inch  in  diameter  -will  support  only  about  31  pounds:  a  bar,  a  quarter  of  an 
inch  in  diameter,  will  not  support  more  than  29-1  pounds  weight.  The  malleability  of 
tin  is  very  considerable  ;  it  is  expanded,  by  combined  hammering  and  heating,  into 
sheets  or  leaves  called  tinfoil,  barely  Yjjnth  part  of  an  inch  in  thickness.  It  is  tinfoil 
that  is  laid  upon  the  back  of  glass  mirrors,  and  there  amalgamated  with  mercury, 
fin-ming  what  is  called  the  silvering. 

Tin  can  be  easily  obtained  in  crystals,  in  the  same  manner  as  bismuth.  The  best 
method  is  to  fuse  some  pounds  of  the  metal,  and,  when  it  is  nearly  solidified,  to  pierce 
the  centre  of  the  mass  with  a  stick  of  incandescent  charcoal,  and  pour  off  the  portion 
which  still  remains  liquid ;  fine  crystals  of  tin  are  then  found  upon  the  sides  of  tho 
interior.  Tin,  indeed,  has  a  remarkable  tendency  to  crystallise,  as  may  easily  be 
shown  by  washing  the  surface  of  the  metal  with  warm,  diluted,  nitro-hydrochloric 
acid,  when  it  becomes  covered  with  a  mass  of  crystalline  forms,  having  a  very  beautiful 
appearance  something  like  watered  silk,  and  formerly  much  used,  under  the  name  of 
nioiri'e  metaUique,  for  the  manufacture  of  workboxes,  tea-caddies,  &o.  The  appiearance 
is  caused  by  the  unequal  reflection  of  light  by  the  facets  of  the  crystals  exposed  to  the 
action  of  tho  acid.  Louis  Vallet,  in  1 817,  obtained  a  patent  for  the  production  of  these 
crystals,  or,  as  he  expressed  it,  for  the  manufacture  of  a  new  ornamental  surface  of 
metal  or  metallic  composition.  The  surfaces  of  tin,  or  of  metals  coated  with  tin,  are 
washed  with  a  mixture  of  10  pts.  of  sidphuric  acid  diluted  with  five  times  its  bulk 
of  w.ater,  together  with  1  pt.  of  nitric  acid  <liluted  with  its  own  weight  of  water. 
In  the  following  year  (1818),  Mr.  M.  Isanibai-d  Brunei  obtained  a  patent  for  a 
somewhat  similar  apphcation  of  acids  on  the  surface  of  tin.  The  process  is  thus 
described  :  "  A  new  species  of  tinfoil,  capable  of  being  crystallised  in  large,  vai-ied,  and 
beautiful  crystallisation."  A  sheet  of  tin  or  tinfoil  is  laid  evenly  upon  a  flat  plat  of 
metallic  or  vitreous  substance,  which  may  be  heated  from  below  by  a  bath  of  melted 
alloy,  as  of  two-thirds  of  tin  and  one-third  of  lead:  heat  is  then  applied,  by  means  of 
common  gas-jets  and  flexible  tubes,  to  those  piarts  to  which  it  is  desired  to  give  an 
ornamental  crystalline  conformation.  Sulpihuric  acid  diluted  with  5  pts.  of  water, 
and  nitrous  (?)  acid  diluted  with  1  pt.  of  water,  are  mixed  in  the  proportion  of  10  pts. 
of  the  former  to  1  pt.  of  the  latter,  and  applied  by  a  brush  to  the  sm-face  of  the  tin  ; 
it  is  then  washed,  and  may  be  varnished  or  japanned  in  the  usual  way. 

The  specific  gravity  of  tin  is  7'29,  and  is  not  sensibly  increased  by  rolling. 
That  of  the  crystals  was  found  by  M i  11  er  to  be  7'177  :  according  to  Deville,  the 
specific  gravity  of  slowly-cooled  tin  is  7'373  ;  tliat  of  tin  rapidly  cooled,  by  pouring 
into  water,  7-239.  Its  cubical  expansion  for  1°  C.  (between  9°  and  72°)  is  '0'000070. 
(Kopp.) 

Tin  melts  at  222°  (Crichtonand  Rudberg),  at  230°  (Kuppfer),  at  237-2'' 
(Person).  Its  specific  heat  in  the  .solid  state  is  (l-0r)62,  in  the  liquid  state  0-0637  ;  its 
latent  heat  of  fusion,  between  2.50°  and  3oO°,  is  14-252  (Person).  It  boils  at  a  white 
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heat.  It  has  but  a  small  heat-conducting  power  (according  to  Calvert  =  422,  that 
of  silver  being  1000).  It  takes  a  fine  polish,  and  has  then  but  little  radiating  power: 
hence  vessels  of  polished  tin  are  well  adapted  for  keeping  liquids  warm. 

Tin  does  not  oxidise  at  ordinary  temperatures  in  the  air,  even  when  moist,  and  but 
very  slightly  in  water,  retaining  its  metallic  lustre  for  a  long  time :  hence  iron  which 
is  to  be  exposed  to  the  air  is  often  tinned,  to  prevent  it  from  rusting.  When  tin  is 
fused  in  the  air,  its  surface  becomes  covered  with  a  thin  grey  film,  containing  both 
protoxide  and  dioxide  of  tin.  If  the  film  be  removed,  it  is  again  formed,  and  if  this 
grey  powder  be  continuously  heated,  it  becomes  white.  It  is  uswl  fur  polishing  plate 
in  the  same  way  as  putty-powder,  which  is  obtained  by  the  action  of  nitric  acid  upon 
the  metal. 

If  tin  be  kept  at  an  ordinary  red  heat,  it  gives  out  vapours,  but  thej-  have  little 
tension,  and  there  is  but  small  loss  of  weight ;  at  a  strong  white  heat,  it  burns  in  the 
air  with  a  bright  flame.  At  a  full  red  heat  it  will  decompose  steam,  with  evolution 
of  hydrogen. 

Strong  7ii<nc  a«(Z  of  specific  gravity  1'5  doesnotact  upon  tin, the  metal  even  preserv- 
ing its  characteristic  brilliancy ;  but  if  the  acid  is  diluted,  it  attacks  the  metal  with 
extreme  violence,  the  tin  being  entirely  converted  into  metastannic  acid. 

Tin  dissolves  slowly  in  dilute  or  cold  kydrochhric  acid,  but  rapidly  when  the  latter 
is  hot  and  concentrated,  evolving  hydrogen-gas,  and  yielding  dichloride  of  tin. 
Dilute  sulphuric  acid,  when  heated,  attacks  tin  slowly,  with  emission  of  hydrogen,  but 
the  hot  concentrated  acid  acts  more  energetically,  with  production  of  sulphurous 
acid.  Fused  nitre  and  the  hydrate  of  potassiton  and  sodium,  at  high  temperatures,  act 
upon  tin.  It  combines  directly  with  sulphur,  phospilwrus,  chlorine,  iodine,  &c.,  and  forms 
alloys  with  many  vu  tals,  particularly  with  copper,  to  which  it  gives  a  hardness 
approaching  to  that  of  steel. 

Tin  in  a  state  of  fine  division  is  violently  acted  upon  by  chloride  of  sulphur, 
the  heat  evolved  being  so  great  that  the  sulphur-compound  (which  must  be  returned) 
passes  over  with  the  tetrachloride  of  tin.    (Wohler,  Ann.  Ch.  Pharm.  Ixxiii.  374.) 

Compounds  of  Tin. — Tin  forms  chiefly  two  classes  of  compounds  :  namely,  the 
stannous  compounds,  in  which  it  is  diatomic — e.g.,  SnCl-, SnO.  SnS,  Sn(SO'),  &c. ;  and 
the  stannic  compounds,  in  which  it  is  tetratomic — e.g.,  SnCl',  SnO-,  SnS-,  SniSO')",  &c. 
There  arc  also  a  sesquioxide,  Su'-'O',  a  sesquisulphide,  Sn'S',  and  several  compounds  of 
tin  with  alcohol-radicles,  in  which  it  is  trtatoraic.  F.  F. 

TXXr,  AIiXOTS  OP.  Tin  unites  with  most  other  metals,  forming,  in  many  cases, 
hard  ductile  alloys.  Small  quantities  of  tin  are  often  sufficient  to  impart  peculiar  pro- 
perties to  an  alloy. 

Many  of  the  alloys  of  tin  have  been  already  described  in  connection  with  the  other 
metals.  For  Matthiessen's  determinations  of  the  specific  gravities  of  tin-allnys,  see 
Pogg.  Ann.  ex.  21  ;  Jahresb.  1860,  p.  Ill  ;  also  the  article  Metals  in  this  Dictionary 
(iii.  943). 

Tin  and  Antimony  (i.  317). — According  to  Chaudet,  10  pfs.  tin  and  1  pt.  anti- 
mony form  a  perfectly  ductile  alloy. 

Tin  and  Arsenic  unite  easily  when  heated  together,  forming  a  hard,  brittle,  lami- 
nar mass,  less  fusible  than  tin.  When  the  proportion  of  arsenic  is  large,  the  alloy  is 
insoluble  in  hydrochloric  acid ;  with  a  smaller  amount,  it  dissolves,  with  evolution  of 
arsenietted  hydrogen,  leaving  an  alloy  richer  in  arsenic.  (Soubeiran.) 

Tin  and  Bismuth.— An  alloy  of  177  pts.  (3  at.)  of  tin  and  213  pts.  (2  at.)  of 
bismuth,  when  cooled  from  a  state  of  fusion,  exhibits  but  one  solidifying-point ;  inas- 
much as  it  first  cools  regidarly  down  to  143°,  and  then  remains  at  that  temperature 
for  a  considerable  time,  till  the  latent  heat,  set  free  in  the  solidification  of  the  alloy, 
has  h.ad  time  to  escape.  But  all  other  alloys  of  these  metals  likewise  exhibit  a  higher 
solidifying-point,  the  excess  of  one  or  the  othrr  metal,  or,  rather,  another  definite  alloy 
containing  an  excess  of  one  of  the  two  metals,  solidifying  first,  and  afterwards  at 
143°,  the  hitherto  fluid  alloy  containing  Sn^Bi^  The  higher  solidifying-point,  or 
point  of  separation,  is  190°  fo"r  Sn^Bi,  160°  for  Sn^'Bi,  150°  for  SnBi,  170°  for  Sn-'Bi', 
and  190°  for  SnBi^.    (Rudberg,  Pogg.  Ann.  xviii.  240.) 

a.  40  pts.  tin  to  1  pt.  bismuth :  perfectly  ductile  ;  the  addition  of  1  pt.  of  lead 
diminishes  its  extensibility. — b.  26  pts.  tin  to  1  pt.  bismuth  :  slightly  ductile  (Chau- 
det).— c.  8  pts.  tin  to  1  pt.  bismuth:  melts  at  199"^  (Lewis). — d.  3  pts.  tin  to  1  pt. 
bismuth  :  pulverisable  ;  of  dull  grey  fracture,  and  speeifio  gravity  7'776  ;  gives  up  all 
its  tin,  with  a  small  quantity  of  bismuth,  to  heated  hydrochloric  acid  (Chaudet). — 
e.2pts.tin  to  1  pt.  b'suiulh:  melts  at  lee^"  (Le  wi  si— /.  236  pts.  (2  at.)tin  to  213  pts. 
(1  at.)bismuth:  specific  gravity  =  8-08.5  (Rognault). — g.  1  pt.  tin  to  1  pt.  bismuth: 
perfectly  brittle ;  pulverisable ;  of  fine-grained  fracture :  specific  gr.ivity  =-  8-345 
(Chaudet).  Melts  at  138°  (Lewis).  Expands  strongly  in  solidifying  (Marx). 
With  hydi-ochloric  acid  it  behaves  like  d  (Chaudet,  Ann.  Ch.  Phys.  [2],  v.  142).— 
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h.  177  pts.  (3  at.)  tin  to  213  pts.  (2  at.)  bismuth:  melts  between  131°  and  137°  (D5- 
beroiner,  Kastn.  Arch.  iii.  90). —  i.  118  pts.  (1  at.)  tin  to  213  pts.  (1  at.)  bismuth: 
.specific  gravity  =  8'7'')9.  (Regnault.) 

236  pts.  (2  at.)  tin  to  213  pts.  (1  at.)  bismuth,  and  129  pts.  (1  at.)  antimony, 
form  an  alloy  of  specific  gravity  7'883  at  20°.  (Regnault,  Ann.  Ch.  Phys.  [2], 
Ixxvi.  136.) 

Respecting  the  alloj-s  of  tin,  bismiith,  and  lead,  see  i.  591,  and  iii.  .536. 
Tin  and  Cadmium.— The  alloy  Sn'-'Cd  meUs  at  173-8°.  (Rudberg.) 
Tin  and  Cobalt  form  a  somewhat  malleable  alloy. 

Tin  and  Copper  (see  Copper,  ii.  43).  Rieffel  (Compt.  rend,  xxxvii.  454; 
Jahresb.  1853,  p.  376)  gives  the  following  list  of  alloys,  which  he  regards  as  chemical 
compounds  of  copper  and  tin:  — 

Sn.  Colour. 
9  8'89 ) 

97'81 1  niore  or  loss  approaching  to  that  of  tin. 

65 '02  Iron-grey. 
7'19  Golden-yellow. 
3 '7  3  Orange-yellow. 
2-52  Yellowish-rose. 
1-90  Rose. 

In  the  alloy  SnCu,  which  crystallises  in  large  steel-grey  laminae,  hard,  bulky,  and 
melting  at  about  400°,  the  properties  of  both  the  constituent  metals  are  said  to  be  nearly 
masked  ;  the  other  alloys  exhibit  the  characteristics  of  the  predominant  metal.  The 
formation  of  all  these  compounds  is  attended  with  condensation. 

The  alloy  CuSn-  (21-3  pts.  copper  and  77'6  pts.  tin)  has  been  found,  as  a  furnace- 
product,  in  white  six-sided  prisms,  of  specific  gravity  7'53  (Miller,  Pogg.  Ann.  cxx. 
55). — Another  furnace-product,  from  Schlackenwald,  Cu^Sn'  (18'9.  pts.  copper  and 
80-8  pts.  tin),  forms  semi-malleable  six-sided  prisms,  of  specific  gravity  6-994,  having  a 
white  colour,  with  golden-yellow  tarnish.    (Ramm  els  berg,  ibid.  cxx.  54.) 

According  to  Calvert  and  Johnson  (Jahresb.  1858,  p.  Ill),  the  heat-conducting 
power  of  Sn^Cu  =  396;  of  SnCu  =  415  (silver  =  1000). 

Calvert,  Johnson,  and  Lowe  (Jahresb.  1861,  p.  1)  have  determined  the  relative 
expansions  of  several  alloys  of  copper  and  tin  to  be  as  folIo-v\'s :  SnCu  =>  138-1; 
SnCu  =  118-1;  SnCu'  =  111-8;  SiiCu'^  =  98-3;  SnCu-'^  =  105-0. 

Alloys  of  tin  with  copper  and  antimony  constitute  several  varieties  of  Britannia- 
metal,  also  Deurance's  alloy  for  fractional  bearings  (ii.  46). 

Tin  and  Gold. — Tin  considerably  diminishes  the  extensibility  of  gold.  The  alloy 
of  11  pts.  gold  and  1  pt.  tin  is  pale-yellow,  fine-grained,  only  slightly  malleable,  and 
has  a  specific  gravity  of  17-307  (Hatchett).  Alloys  of  tin  and  gold  are,  for  the 
most  part,  easily  crystallisable.  The  compounds  SnAu  and  Sn'Au''  do  not,  however, 
appear  to  crystallise ;  but  on  addition  of  more  tin,  in  such  proportion  as  to  form  the 
compound  Sn-'Au,  the  fused  mass  separates  into  a  less  fusible  portion,  having  a 
vitreous  fracture,  and  an  easily  fusible  crystalline  mass.  (M  atthies  sen  and  v.  Bose, 
Phil.  Trans.  1860,  p.  170.) 

Iridium  melts  with  4  pts.  of  tin,  at  a  bright-red  heat,  to  a  dull- white,  hard,  crys- 
tallisable alloy  (Berzelius).  The  alloy  IrSn'^  (45-4  pts.  iridium  and  54-6  pts.  tin) 
crystallises  in  cubes,  which  are  not  altered  by  nitromuriatic  acid. 

Respecting  the  alloys  of  tinwith  iron,  lead,  and  mercury,  see  iii.  370,  534, 
870;  with  palladium  and  platinum,  iv.  327,  667. 

Tin  and  Nickel  form  a  hard  brittle  alloy. 

Ti  n  and  Potassiu  m  melt  easily  together.  Stanniferous  potassium,  obtained  by 
igniting  tin  or  stannic  oxide  with  cream  of  tartar,  is  brittle,  and  decomposes  water. 

Tin  and  Rhodium  form  a  black,  shining,  crystalline  mass,  containing  EhSn. 
47-3  pts.  tin,  32-0  platinum,  12-5  iridium,  and  1-9  rhodium,  form  a  crystallisable  alloy, 
(PtlrEh)-^Sn^  which  is  not  altered  by  hydrochloric  acid. 

Tin  and  Ruthenium. — When  1  pt.  of  ruthenium  is  fused  with  10  to  15  pts.  tin 
in  a  crucible  lined  with  charcoal,  and  the  cooled  mass  is  treated  with  hydrochloric  acid, 
a  crystallisable  alloy,  RuSn",  remains,  containing  33  pts.  ruthenium  to  67  pts.  tin. 

Ti  n  and  Silver  (p.  287). 

Tin  and  Sodium  may  be  alloyed  together  by  direct  fusion,  or  by  igniting  tin  with 
soda-soap.    The  alloy  resembles  that  of  tin  and  potassium. 
Tin  and  Zinc.    See  Zinc. 

TIOT,  BHOnSISES  OI".  Stannous  bromide,  SuBr",  is  formed  by  heating 
metallic  tin  in  hydrobromic  acid  gas,  or  -with  mercuric  bromide.  It  is  a  greyish- white, 
shining,  crystalline  mass.  It  dissolves  in  -svater,  and  the  resulting  solution,  as  well 
as  that  obtained  by  dissolving  tin  in  aqueous  hydrobromic  acid,  yields,  on  evaporation, 
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a  gelatinous  mass ,  but  no  crystals.  Stannous  bromide  melts,  at  a  high  temperature,  to 
an  oily  liquid.  AVhen  heated  in  the  air,  it  gives  oflf  stannic  bromide  and  leiives  stannic 
oxide. 

Stannic  bromide,  SnBr',  is  produced,  ■with  incandescence,  when  tin  or  stannous 
bromide  is  heated  in  bromine-vapour.  It  is  a  white  crystalline  mass,  of  specific  gravity 
3"322,  fumes  iu  the  air,  melts  easily,  and  sublimes  in  needles.  It  dissolves  in  water 
without  perceptible  rise  of  temperature ;  melts  under  oil  of  vitriol  without  sensible 
alteration.  Nitric  acid  oxidises  it  to  stannic  hydrate,  -with  separation  of  bromine. 
(Balard.) 

A  stannic  oxybromide  is  formed  by  the  action  of  bromine  on  stannous  oxide. 

Stannic  bromide  unites  with  ether,  forming  the  compound  SnBr'.(C-H^)''0,  in  deli- 
quescent crystals,  which  restate  on  water  before  dissolving  in  it,  and  are  easily  disin- 
tegrated, especially  when  heated,  yielding  hexagonal  prisms  of  stannous  bromide. 
(Nickles,  Compt.  rend.  lii.  869.) 

TTtT,  BTTTTEH  OF.  Butynan  stanni. — An  obsolete  name  for  hydrated  tetra- 
chloride of  tin ;  also,  according  to  Gmelin's  Handbook  (v.  8-1),  for  the  anhydrous  di- 
chloride. 

TIN,  CHXiOIlIDES  OP.  Three  chlorides  of  tin  Me  known,  corresponding  to 
the  oxides— namely,  SnCF,  SnCl"  and  SuCl^ 

Dicblorlde,  or  Stannous  Chloride,  SnCl-,  (commonly  called  ProiochlorkJc  <[f 
Tin,  and  represented,  according  to  the  old  atomic  weight  of  tin,  by  the  formula  SnCI.) 
—  The  anhydrous  dichloride  is  prepared: — 1.  By  gradually  heating  tin,  or  tin-amal- 
gam, with  mercurous  chloride,  or  with  at  most  2  pts.  of  mercuric  chloride,  the  mercury 
then  volatilising. — 2.  By  heating  tin  in  hydrochloric  acid  gas,  hydrogen  being  set 
free. — 3.  By  heating  hydrated  stannous  chloride  in  close  vessels,  whereupon,  when 
the  heat  is  gradually  raised  to  redness,  and  the  receiver  changed,  the  anhydrous 
chloride  passes  over  after  the  water.  Capitaine  (J.  Pharm.  xxv.  552)  gently  boats 
commercial  tin-salt  in  a  capacious  crucible  (to  prevent  frothing  over),  as  long  as  it 
froths  up,  and  gives  oiF  water  and  sulphuric  acid ;  pours  the  mass,  as  soon  as  it  is 
brought  to  a  state  of  tranquil  fusion,  into  a  small  crucible ;  then  pounds  it  up  coarsely, 
and  distils  it  from  a  coated  glass  retort.  The  first  portions  of  stannous  chloride  which 
pass  over  are  perfectly  pure  ;  the  last  portions  contain  a  small  quantity  of  iron,  from 
■which  they  may  be  freed  by  a  second  distillation. 

Stannous  chloride  is  translucent,  almost  pure  white  (frequently  grey),  ■with  a  fatty 
lustre  and  eoncho'idal  fracture ;  soluble  in  water  and  in  alcohol.  It  melts  at  250''  to  an  oily 
liquid,  which  penetrates  the  crucibles  and  makes  them  crack  ;  boils  at  a  heat  near  red- 
ness, but  always  ■with  some  degree  of  decomposition.  When  cooled  after  fusion,  it 
remains  liquid  for  a  long  time,  but  afterwards  becomes  syrupy  and  solidifies.  When 
heated  to  bright  redness,  it  gives  off  tetrachloride  of  tin,  and  afterwards  unaltered  di- 
chloride, leaving  a  black  shining  mass,  ■which  dissolves  in  aqueous  hydrochloric  acid 
with  evolution  of  hydrogen-gas,  and  forms  a  solution  of  stannous  chloride  (A.  Vogel, 
Schw.  J.  xxiv.  66).  When  heated  to  the  boiling-point,  it  passes  over  in  company  with 
tetrachloride  of  tin,  and  leaves  j'ellow,  earthy,  stannous  oxychlorido,  SnCl-.SnO 
(Capitaine). — When  heated  with  sulphur,  it  yields  tetrachloride  and  disulphide  of 
tin:  2SnCr^  +  =  SnCl'  +  SuS-  (Proust).— AVhen  heated  in  the  air,  or  with 
nitre,  chloride  of  potassium,  or  mercuric  oxide,  it  gives  oif  tetrachloride  of  tin,  and 
leaves  stannic  oxide.  At  ordinary  temperatures,  it  does  not  suffer  much  alteration  by 
exposure  to  the  air ;  in  the  course  of  three  weeks,  however,  it  becomes  somewhat 
disintegrated,  but  still  dissolves  completely  in  water. 

Stannous  chloride  absorbs  dry  ammonia-gas,  and  when  heated  ■with  it,  forms  the 
compound  SnCRNm 

Hydrated  stannous  chloride,  commonly  called  tin-salt,  is  obtained  by  dissolving  the 
anhydrous  chloride  in  ■water,  or  by  the  solution  of  metallic  tin  in  hydrochloric  acid. 

The  preparation  on  the  large  scale  is  performed  in  copper  vessels,  which,  so  long  as 
any  portion  of  tin  remains  undissolved,  are  not  attacked  by  tlie  acid.  If  granulated 
tin  be  covered  with  hydrochloric  acid,  then  the  acid  poured  off,  and  the  tin  exposed  to 
the  air — afterwards  the  acid  poured  on  again,  and  so  on  alternately — the  tin  takes  up 
oxygon  from  the  air,  whereby  it  becomes  heated,  and  dissolves  much  more  quickly  than 
by  the  simple  action  of  the  acid  (Borard).  In  the  preparation  of  tin-salt  on  the 
large  scale,  Nollner  (^Vrch.  Pharm.  Ixiii.  120)  recommends  that  the  hydrochloric 
acid,  as  it  is  evolved  from  the  retorts,  be  made  to  act  directly  upon  granulated  tin  con- 
ttiined  in  stoneware  receivers  adapted  to  the  x-etorts,  and  that  the  concentrated  solu- 
tion of  tin-salt  thus  formed  be  afterwards  evaporated  in  tinned  pans,  with  addition  of 
grantilatcd  tin. 

The  solution,  when  evaporated  and  cooled,  yields  large,  transparent,  colourless  prisms 
(ni.iuoclinie  according  to  Marignac),  having  a  disagreeable  metallic  taste.  Ac- 
curding  to  Bcrzelius,  their  composition  is  SnCF.H'O :  according  to  Hcury,  they 
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contain  SnCl-.2n'0.  The  crystals,  wlion  Iieated,  evolve  water  and  hydrochloric  acid 
containing  a  small  quantity  of  tin,  and  leave  stannous  chloride  and  oxide.  Cold  oil 
of  vitriol  separates  from  them  but  a  small  quantity  of  hydrochloric  acid  ;  heated  oil 
of  vitriol  separates  hydrochloric  acid — together  with  small  quantities  of  stannous 
chloride,  sulphurous  acid,  and  sulphuretted  hydrogen  (the  two  hitter  substances  partly 
decomposing  each  other,  and  yielding  a  precipitate  of  sulphur) — and  forms  stannic  sul- 
phate.   (A.  Vogel.) 

The  pure  crystals  of  tin-salt  dissolve  completely  in  a  certain  quantity  of  de- 
aerated  water,  a  litre  of  the  solution,  saturated  at  15°,  having  a  specific  gravity  of 
1'827,  and  containing  1,333  grms.  of  stannous  chloride  to  49i  grms.  of  water  (M  ich  el 
and  Kraft).  A  larger  quantity  of  water  produces  partial  decomposition,  hydrochloric 
acid  being  dissolved,  and  a  hydratcd  stanuuus  oxychloride,  Sn-00P.2H-0,  being  de- 
posited in  the  form  of  a  milk-white  powder: 

2SnCl»  +  IPO    =    Sn^OCl^    +  2HC1. 
The  clear  neutral  solution  also  becomes  turbid  on  exposure  to  the  air,  likewise  from 
formation  of  osychloride,  wdiilo  stannic  chloride  remains  in  solution  : 

3Su"Cl-  +  0    =    Sn^OCP  +  Sn"CP. 

In  either  case  the  decomposition  may  be  prevented,  and  the  solution  kept  clear,  by 
addition  of  hj'droehloric  or  tartaric  acid,  or  of  sal-ammoniac,  witli  which  stannous 
chloride  forms  a  double  salt  not  decomposible  by  water  or  by  exposure  to  the  air. 
The  crystals  of  tin-salt  likewise  decompose  on  expostire  to  the  air  in  the  manner  above 
mentioned. 

A  hydraUd  stannous  chloride,  containing  SnCP.4H^0,  is  obtained  in  needle-shaped 
deliquescent  crystals,  melting  at  50°,  by  dissolving  stannous  oxide  in  an  equivalent 
quantity  of  stannic  chloride,  and  evaporating,  the  mother-liquor  then  retaining  stannic 
oxide  dissolved  in  stannic  chloride : 

2SnO  +  2SnCl«  +  SH^O    =    2(SnCl-.4H'0)  +  SnO=  +  SnCP. 

Stannous  chloride  is  a  powerful  deoxidising  agent,  reducing  gold-,  silver-,  and  mer- 
cury-salts to  the  metallic  state;  converting /(Trie,  manganic,  and  cupric  chlorides 
into  ferrous,  manganous,  and  cuprous  chlorides  respectively ;  the  trioxide  of  chromium 
(chromic  anhydride)  into  sesquioxide  ;  itotgstic  and  molyhdic  anhydrides  into  the 
corresponding  blue  oxides ;  the  higher  oxides  of  lead,  bismuth,  &c.,  into  lower  oxides, 
and  indigo-hluc  into  indigo-white. — Arsenic  acid  forms  with  stannous  chloride  a  pre- 
cipitate consisting,  according  to  Schiif,  of  stannic  arsenite,  2SnO^.As-0' ;  an  excess  of 
stannous  cliloride,  however,  reduces  the  arsenic  acid  to  metallic  arsenic.  Stannous 
chloride  also  reduces  nitric  acid,  to  nitric  or  nitrous  oxide,  hypochlorous  acid  to  chlo- 
rine, &c.  With  sulphurous  acid  in  presence  of  hydrochloric  acid,  it  forms  stannic 
sulphide  together  with  stannic  cliloride,  a  reaction  which  may  be  used  for  the  detection 
of  sulphiu'ous  acid  (p.  541) : 

6SnCF  +  8HC1  +  2WS0^    =    SnS''  +  5SnCl'  -i-  6H'0. 

Stannous  chloride  is  often  used  as  a  reagent  in  volumetric  analysis  for  the  estima- 
tion of  indigo,  &c.  Tin-salt  is  extensively  employed  as  a  mordant  in  dyeing  and  calico- 
printing,  sometimes  also  as  an  antichlore. 

Stannous  chloride  forms  crystallisable  double  salts  with  several  other  metallic 
chlorides. 

Animonio-stannoits  ChJorides. — o.  The  compound  2NH^Cl.SnCP  is  formed  by  heating 
tin-filings  with  sal-ammoniac,  more  easily,  however,  by  evaporating  a  mixed  solution  of 
the  component  chlorides  ;  the  crystals  thus  obtained  are  sometimes  anhydrous,  some- 
times they  contain  2  at.  water  (Graham).  Apjohn  obtained  octahedral  crystals, 
2NH'Cl.SnCP.H-'0,  which  were  permanent  in  the  air,  had  an  acid  reaction,  and 
dissolved  in  water,  forming  a  solution  which  became  cloudy  on  boiling.  liammelsborg 
obtained  rhombic  crystals  having  the  same  composition. — )3.  The  salt  4NH*'Cl.SnCP. 
311-0  forms  tufts  of  needles  permanent  in  the  air,  but  decomposed  by  water.  (Pog- 
giale,  Compt.  rend.  xx.  1180.) 

The  barium-  and  strontium-salts  are  represented  by  the  formula  BaCF.SnCl".4II-0 
and  Sr01-.SnCr-.4H^0. 

I'otassio-stannous  Chlorides. — a.  The  salt2KCl.SnCl-ispreparedlike  the  corresponding 
ammonium-salt,  and  is  said  to  form  anhydrous  crystals,  as  well  as  crystals  with  1,  2, 
and  3  at.  water.  The  monohydrate  forms  rhombic  crystals.  (Marignac,  Compt. 
rend.  Iv.  650. — Kammelsberg,  Kry.stall.  Chemie,  p.  211.) 

A  compound  of  stannous  chloride  with  2:>otafsio-stan7ious  sulphate,  SnCl-.4SnK2(S0')^, 
separates  from  a  mixture  of  the  hot  concentrated  solutions  of  stannous  chloride  and 
potassium-sulphate,  in  small^  shining,  hexagonal  crystals,  which  may  be  recrystallised 
from  water  without  decomposition. 

Scsqu  i  chloride  of  Tin,  or  Sta  n  nos  o-stan  n  ic  Chloridc,Sn'Cl'  =  SaCV.SviC\^ 
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— This  compound,  known  only  in  solution,  is  produced  by  dissolving  stannoso-stannic 
hydrate  in  hydrochloric  acid,  in  a  vessel  from  which  the  air  is  excluded.  The  solution 
reacts  like  a  mixture  of  stannous  and  stannic  clilorides. 

Tetrachloride  of  Tin,  or  Stannic  Chloride,  SnCl'. — This  compound  was 
known  to  the  older  chemists,  having  been  mentioned  by  Libavius,  in  160o,under  the 

name  of  Liquor  s.  Spirit  us  argenti  vivi  suhlimad  (from  the  mode  of  preparation  with 
mercuric  chloride) ;  afterwards  it  was  commonly  called  Spiritus  f  uiMins  Li  avii,  some- 
times also  Fumigatoriiivi  perpetuum  joviale. — The  anhydrous  tetrachloride  may  be 
obtained  by  distilling  stannic  sulphate  with  sodium-chloride,  or  by  distilling  the 
hydrated  tetrachloride  with  oil  of  vitriol.  It  is  usually  prepared  by  distilling  a 
mixture  of  1  pt.  tin-filiiigs  with  4  or  5  pts.  mercuric  chloride,  or  by  heating  tin-filings 
or  stannous  chloride  in  dry  chlorine-gas,  the  tetrachloride  then  collecting  in  the 
receiver,  which  must  be  kept  cool.  In  preparing  it  by  the  last-mentioned  method, 
the  free  chlorine  must  be  removed  by  agitating  the  distillate  with  tin-filings,  and  then 
rectifying  it. 

Stannic  chloride  is  a  colourless  mobile  liquid,  of  specific  gravity  2'267  at  0°.  It 
fumes  strongly  in  moist  air;  boils  at  115°  (at  120°  according  to  Dumas,  at  112° 
according  toAndrews).  Vapour-density,  according  to  Dumas' determination,  =  9'20  ; 
by  calculation  =  9:01.  Its  specific  heat  for  the  unit  of  volume  is  0'8639  ;  for  the  unit 
of  weight,  0-0939  (Regnault).  It  does  not  conduct  electricity.  It  is  highly  caustic, 
decomposes  alcohol,  with  formation  of  ether;  in  contact  with  oil  of  turpentine,  it 
produces  great  heat,  sometimes  setting  fire  to  the  turpentine.  It  converts  mercury  into 
calomel.  Strong  nitric  acid  decomposes  it,  with  formation  of  metastannic  acid  ;  heated 
in  sulphydric  acid  gas,  it  is  partially  decomposed,  with  formation  of  stannic  sulphide. 

Hydrated  Stannic  Chloride. — The  anhydrous  tetrachloride  absorbs  water  rapidly  from 
the  air,  and  forms  crystals  of  a  trihydrate,  SnCl-.3II-'0  (Casselmann).  Mixed  with 
one-third  of  its  weight  of  water,  it  solidifies  to  a  soft  fusible  mass,  called  Butti  r  of  tin,  or 
Biityrum  stanni,  which  dissolves  in  excess  of  water,  the  solution  yielding,  by  evaporation, 
deliquescent  crystals  of  a  pentahydrate,  SnCl'.oH  'O,  which  give  off  3  at.  water  over  oil 
of  vitriol  (Lewy,  Compt.  rend.  xxi.  369).  Asolution  of  stannic  chloride  may  be  pre- 
pared by  dissolving  ordinary  stannic  hydrate  in  hydrochloric  acid,  by  treating  a  solution 
of  stannous  chloride  with  chlorine-gas,  or  by  mixing  st;\nnous  chloride  with  hydro- 
chloric acid  and  treating  it  with  nitric  acid.  The  salt  generally  known  in  commerce  as 
nitromuriate  of  tin,  is  prepared  by  dissolving  tin  in  nitromuriatic  acid,  whichmust 
be  kept  cool,  and  must  not  contain  too  much  nitric  acid — otherwise  metastannic  acid  is 
likely  to  be  produced.  This  solution  is  used  in  dyeing  for  the  brightening  and  fixing 
of  red  colours,  and  is  sometimes  designated  by  the  old  names,  "composition,  physic,  or 
tin-solution."  The  same  solution  is  obtained  by  dissolving  tin  to  saturation  in  hydro- 
chloric acid,  then  adding  half  as  much  hytlrochloric  acid  as  was  required  to  dissolve 
the  tin,  together  with  a  certain  quantity  of  sulphuric  acid  and  nitre.  Stannic  chloride 
may  also  be  prepared  by  oxidising  stannous  chloride  with  chlorate  of  potassium  ;  and 
on  evaporating  the  liquid,  or  the  solution  of  stannous  chloride  mixed  with  nitric 
acid,  the  trihydrate,  SnCl'.SH'O,  is  obtained  (which,  when  dried  in  a  vacuum,  leaves 
the  dihydrate,  SnCl*.2H-'0),  while  the  mother-liquor  contains  stannic  hydrate  dissolved 
in  stannic  chloride.  (Scheurer-Kestner,  Compt.  rend.  1.  50.) 

The  solution  of  stannic  chloride  exhibits  all  the  reactions  of  onlinary  stannic  salts 
(p.  810).  When  evaporated,  it  first  gives  off  water,  then  stannic  chloride.  The 
concentrated  solution  does  not  alter  perceptibly;  but  the  dilute  solution  gradually 
decomposes,  yielding  hydrochloric  acid  and  metastannic  hydrate  (p.  817),  which 
remains  behind  when  the  hydrochloric  acid  is  evaporvted.  According  to  Cassel- 
mann,  a  solution  diluted  to  a  certain  point  deposits  ordinary  stannic  hydrate  as 
well  as  metastannic  hydrate.  When  stannic  chloride  is  he.;ted  with  a  small"  quantity 
of  water  in  a  sealed  tube,  pure  amorphous  stannic  oxide  separates.  (Senarmont.) 

Aqueous  stannic  chloride  easily  dissolves  stannous  oxide,  forming  stannous  chloride 
which  on  evaporation  crystallises  as  a  tetrahydrate,  SnCl-.-iH'-'O  (p.  807),  while  the. 
liquid  retains  stannic  hydrate  dissolved  in  stannic  chloride.  When  an  excess  of 
stannous  oxide  is  dissolved  in  stannic  chloride,  the  mass  solidifies  to  a  pulp  of  stannic 
hydrate,  and  the  liquid  which  runs  off  yields,  on  evaporation,  the  dihydrate  of  stannous 
chloride,  SnCP.2H-0.  (Scheurer-Kestner.) 

Compounds  of  Stannic  Chloride. — Stannic  chloride  unites  with  a  considerable 
number  of  bodies,  both  organic  and  inorganic.  It  dissolves  crj'stallisable  (not  amor- 
phous) sulphur,  when  heated  with  it ;  also  ordinary  phosphonis,  iodine,  and  other 
bodies,  in  large  quantity  ;  it  mixes  in  all  proportions  with  bromine  and  carbonic 
disulphide,  and  like  the  latter  is  a  solvent  for  many  bodies.  Sulphur  crystallises  from 
the  hot  saturated  solution  in  rhombic  prisms.    (Girardin,  Compt.  rend.  li.  1057.) 

Anhydrous    stannic    chloride    absorbs   ammonia-gas,    forming    the  compound 
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SnC1^2NH',  which  is  a  white  powder,  sublimable  without  decomposition,  and  perfectly 
soluble  in  water  after  sublimation.    (H.  Rose.) 

Vapour  of  sulphuric  anhydride  is  easily  absorbed  by  stannic  chloride,  forming  a 
solid  mass.    (Rose,  Pogg.  Ann.  xliv.  320.) 

•  Stannic  chloride  also  quickly  absorbs  sulphydric  acid  gas,  ^w\ng  oflf  hydrochloric 
acid,  and  forming  a  stannic  sulphochloride,  SnS-.2SnCP  : 

3SnCl*  +  2IPS    =    SnS'2SnCl'  +  4HC1. 

The  compound  obtained  by  perfect  saturation  with  sulphydric  acid,  is  a  yellowish  or 
reddish  liquid,  heavier  than  water.  When  heated,  it  gives  off  tetrachloride  of  tin,  and 
leaves  the  disulphide.  (Dumas.) 

A  compound  of  stannic  chloride  with  titrachloride  of  sulphur,  SnCP.2SCl^  is  pro- 
duced by  the  action  of  chlorine-gas  on  sulphide  of  tin  at  ordinary  temperatures  : 
SnS'  +  6CP    =  SnCl'.2SCP. 

It  forms  large  yellow  crystals,  which  melt  when  heated,  and  sublime  without  decom- 
position ;  they  fume  in  the  air  more  strongly  than  tetrachloride  of  tin. 

Tetrachloride  of  Tin  with  Pentachloride  of  Phosphorus,  QixClWQV'. — When  a  mixture 
of  the  last-described  compound  with  trichloride  of  phosphorus  is  moderately  heated 
in  a  stream  of  hydrochloric  acid  gas,  a  rapid  action  takes  place,  and  this  compound  is 
formed,  together  with  other  products  : 

SnCI^2SCl*  +  3PCP    =    SnCl^.PCP  -I-  2PCP  +  S-'Cl'. 

If  the  retort  in  which  the  action  takes  place  is  connected  with  a  receiver  surrounded 
with  ice,  a  pasty  yellowish  mass  collects  in  the  receiver,  and  an  amorphous  white  botly 
rem.ains  in  the  retort.  On  heating  the  yellowish  mass  between  100°  and  120'-',  disul- 
phide of  chlorine  escapes,  and  there  remains  a  mixture  of  pentachloride  of  phosphorus 
with  the  double  chloride,  identical,  in  fact,  with  the  amorphous  white  mass  in  the 
retort.  On  heating  this  mixture  to  a  temperature  between  140°  and  160',  the  penta- 
chloride of  phosphorus  is  also  driven  oiF,  leaving  the  double  chloride,  which  sublimes, 
between  200°  and  220°,  in  highly  lustrous  colourless  needles,  which,  however,  soon 
crumble  to  an  amorphous  powder,  even  when  kept  in  close  vessels.  The  compound 
fumes  strongly  in  air,  and  rapidly  absorbs  water,  being  thereby  converted  into  trans- 
parent colourless  crystals  containing  water  of  crystallisation.  (Casselniann,  Ann. 
Ch.  Pharm.  Ixxxiii.  257.) 

Tetrachloride  of  Tin  with  Oxychloride  of  Phosphorus,  SnCl'.POCl'.— Obtained  by 
the  action  of  oxychloride  of  phosphorus  on  tetrachloride  of  tin:  if  an  excess  of 
either  substance  is  present,  the  compound  separates  in  large  isolated  crystals.  It  lias 
a  peculiar  odour,  melts  at  66°,  boils  at  180°,  and  distils  without  alteration  if  kept 
from  contact  with  moist  air.  It  fumes  in  the  air,  and  is  decomposed  by  water.  Wiien 
oxychloride  of  phosphorus  comes  in  contact  in  a  close  vessel  with  the  compound 
SnCl''.2SClS  the  whole  dissolves,  forming  a  yellowish  liquid,  from  which,  after  a  while, 
the  compound  SnCl'.POCP  crystallises ;  and  above  the  crystals  there  remains  a 
yellow  liquid,  probably  SCP.    (Casselman  n.) 

Tetrachloride  of  Tin  with  Phosphnrctted  Hydrogen,  3SnCl'.2PH'.— The  two  bodies 
unite  without  production  of  hydrochloric  acid  ;  the  compound  is  solid.  (Rose.) 

Nitric  oxide  is  abundantly  absorbed  by  tetrachloride  of  tin,  forming  a  crystallisable 
compound,  which  may  be  distilled,  but,  in  contact  with  water  or  with  moist  air,  is 
resolved  into  nitric  oxide  and  stannic  chloride  (Kuhlmann,  Ann.  Ch.  Pharm.  xxxix. 
319).  According  to  Hampe  (ibid,  cxxvi.  43),  nitric  oxide  does  not  act  on  stannic 
chloride  except  in  presence  of  oxygen  ;  but  nitric  peroxide  and  nitrous  anhydride  are 
absorbed  by  stannic  chloride,  forming  a  yellow  mass,  which  contains  stannic  oxide 
together  with  a  crystalline  sublimable  compound,  3SnCl'.4N(.VCl. 

With  cthylic  oxide,  stannic  chloride  forms  the  compound  SnC1^2(C'H^)'0,  crys- 
tallising in  shining  rhombic  phites,  which  melt  at  80-^,  volatilise  without  decomposi- 
tion, dissolve  in  ether,  but  are  decomposed  by  water. — AVith  cthylic  oxalate  it  forms  a 
crystallisable  compound,  Sn01'.C''H"'O'',  which  is  also  decomposed  by  water  (Lewy, 
Conipt.  rend.  xxi.  371).  It  also  forms  crystallisable  compounds  with  several  nitriles, 
as  with  acctonitrile,  propionitrile,  eapronitrile,  benconiirilc,  &c. 

Double  Salts. — Stannic  chloride  unites  with  the  chloride  of  the  alkali-metals  and 
alkaline  earth-metals,  forming  double  salts,  sometimes  called  chl oros ta n n  a tes  : 
they  are  prepared  by  evaporating  the  mixed  solutions  of  the  component  chlorides,  and 
some  of  them  form  well-defined  crystals. 

The  ammonium-.'alt,  2NH'Cl.SnCl',  separates,  on  mixing  the  concentrated  solutions 
of  the  constituent  chlorides,  as  a  crystalline  powder :  from  less  concentrated  solutions, 
it  separates,  on  evaporation,  in  regular  octahedrons  or  cubo-octahedrons  of  larger  size 
and  permanent  in  the  air.  This  salt  is  also  formed  in  the  preparation  of  stannic 
sulphide,  or  mosaic  gold,  from  tin,  sulphur,  and  sal-ammoniac,  in  which  case  it 
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sublimes  in  transparent  octahedrons.  Tlie  crystals  dissolve  in  3  pts.  water  at  14°. 
The  concentrated  solution  is  not  decomposed  by  boiling ;  a  more  dilute  solution  decom- 
poses at  the  boiling  heat,  with  separation  of  stannic  hydrate,  which  unites  with  any  colour- 
ing-matter contained  in  the  solution,  so  that  the  salt  acts  as  a  mordant.  It  is  used  in 
calico-printing,  under  the  name  of  pink  salt,  for  the  production  of  red  colours.  The 
dry  salt  decomposes  when  strongly  heated,  giving  oflF  stannic  chloride,  and  yielding  a 
sublimate  of  white  laminar  crystals. 

The  barium-,  calcium-,  and  strontiim-salts  are  crystallisable,  and  their  composition 
(according  to  Lewy)  is  represented  by  the  formula  M"Cl'-.SnCl'.oH-0. — The  magne- 
sium-salt, MgCl-.SnC1^5H'-0,  crystallises  in  rhombohedrons. 

The  potassium-salt,  2KCl.SnClS  is  prepared  like  the  ammonium-salt,  or  by  fusing 
1  at.  stannic  oxide  with  2  at.  potassium-hydrate,  and  dissolving  in  hydrochloric  acid. 
It  crystallises  in  octahedrons,  which  are  permanent  in  the  air,  soluble  in  water,  and 
decomposed  by  heat  (Bolley  ;  Lewy). — The  sodium-salt,  prepared  like  the  potas- 
sium-salt, crystallises  in  rhombic  laminae,  permanent  in  cold,  efBorcscent  iu  warm 
air  (Bolley,  Ann.  Ch.  Pharm.  xxxix.  100).  Wittstein  (Eepert.  Pharm.  Ixiv.  7) 
obtained  it  in  anhydrous  deliquescent  crystals. 

TIW,  CVAiriDE  or.    See  Cyanides  (ii.  273). 

Tiir,  BETECTlOir  AKTS  sSTzmATZOTO' OF.  1.  Blowpipe  Reaction  s. 
— All  tin-compounds,  when  heated  on  charcoal  with  carbonate  of  sodium  or  cyanide  of 
potassium,  yield  a  malleable  metallic  globule,  without  any  incrustation  on  the  charcoal. 
This  globule,  when  dissolved  in  hydrochloric  acid,  gives,  with  mercui-ic  chloride,  a 
white  precipitate,  becoming  grey  when  heated. 

2.  Reactions  in  Solution. — a.  Stannous  salts. — Stannous  oxide  has  no  acid 
properties,  tin  being  basylous  in  all  stannous  salts.  These  salts  are  obtained  by  dis- 
solving stannous  oxide  in  acids,  the  hydrate  dissolving  much  more  easily  than  the 
anhydrous  oxide.  They  are  colourless,  and,  in  neutral  solution,  are  partially  decom- 
posed by  water,  with  precipitation  of  a  basic  salt.  They  absorb  oxygen  from  the  air, 
forming  stannic  oxide,  which  is  precipitated  if  there  is  not  enougli  free  acid  present  to 
hold  it  in  solution.  The  reactions  of  stannous  salts  are  most  readily  studied  in  the 
solution  of  the  chloride.  They  exert  a  powerful  reducing  action,  converting  ferric 
oxide  into  ferrous  oxide,  and  precipitating  silver  and  platinum  in  the  metallic  state 
from  their  solutions. — With  mercuric  chloride  a  white  precipitate  of  mereurous  chloride 
is  formed,  which,  if  the  stannous  salt  is  in  excess,  is  further  reduced  to  metallic  mercury. 
— Iric/doride  of  gold  produces  a  purple  precipitate  in  stannous  salts,  consisting  pro- 
bably of  sesquioxide  of  tin  in  combination  with  pi-otoxide  of  gold,  a  test  by  which 
stannous  salts  may  always  be  distinguished. — Sulpki/dric  acid  produces,  in  neutral  or 
acid  solutions  of  stannous  salts,  a  brown-black  precipitate  of  stannous  sulphide,  which, 
when  gently  heated  with  a  considerable  quantity  of  sulphide  of  ammonium  containing 
excess  of  sidphur,  is  converted  into  stannic  sulphide  and  dissolved ;  acids  added  in 
excess  to  this  solution,  precipitate  yellow  stannic  .sulphide. — Caustic  al/calis  and  nlin- 
line  carbonates,  added  to  stannous  salts,  throw  down  a  wliito  precipitate  of  hydrated 
stannous  oxide,  soluble  in  caustic  potash  or  soda,  but  not  in  ammonia. — Fcrroci/anide 
of  2Mtassium  produces  a  white  precipitate,  soluble  in  hydrochloric  acid.  Stannous  salts, 
heated  with  sulphurous  acid,  yield  yellow  stannic  sulphide  and  white  stannic  oxide. 

j8.  Stannic  salts. — Stannic  oxide  in  the  anhydrous  state  is  insoluble  in  all  acids, 
even  in  nitromuriatic  acid.  It  forms  two  hydrates,  distinguished  as  stannic  and 
metastannic  hydrates,  the  former  of  which  is  an  amorphous  gummy  substance, 
soluble  in  hydrochloric,  sulphuric,  and  nitric  acids,  and  in  caustic  alkalis,  whereas  the 
latter,  formed  from  by  it  the  action  of  strong  nitric  acid,  is  distinguished  by  its  insolu- 
bility in  acids,  especially  in  nitric  acid  and  in  concentrated  hydrochloric  acid. 

The  solution  of  stannic  hydrate  iu  hydrochloric  acid  is  identical  with  the 
aqueous  solution  of  stannic  chloride.  It  is  distinguished  from  stannous  solutions  by 
not  exerting  any  reducing  action. — Mcialiic  ziuc  and  cadmium  immersed  in  stannic 
solutions  throw  down  metallic  tin  in  an  arborescent  form. —  Sulphijdric  acid  and 
phide of  a7nmoniumt\\vov;  Aown  the  yellow disulphide,  soluble  in  alkidis and  in  sulphide 
of  ammonium. — Ammonia  throws  down  a  white  bulky  hydrate,  soluble,  with  some  tur- 
bidity, in  a  large  excess  of  ammonia.  The  presence  of  tartaric  acid  prevents  tiie 
precipitation. — Potash  throws  down  a  wliite  bidky  hycbato  (probably  containing 
potash),  easily  soluble  in  excess. — Carbonate  of  2}oiassiu!n  gives  a  white  precipitate, 
consisting  (according  to  Frimy)  of  potassic  stannate,  which  dissolves  in  excess  of  the 
reagent,  but  separates  completely  after  !>.  while. — Bicarbonate  of  potassium  and  i-s- 
quicarbonate  of  ammonium  throw  down  the  hydrated  oxide,  insoluble  in  excess  of  the 
lo-Ageat.—  Chloride  of  gold  gives  no  precipitate  witli  stannic  salts. 

Metastannic  hydrate,  as  idready  observed,  does  not  dissolve  in  strong  hydro- 
chloric acid,  but  forms  with  it  a  compound  insoluble  in  acids,  but  soluble  iu  piu-e  water. 
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Tlifi  resulting  solution  is  precipilateil  by  dilute  sulphuric  acid,  also  by  nitric  and 
strong  hydrochloric  acid. — I'ofiuh  throws  down  metastannic  hydrate,  soluljlc  in  excess 
of  the  alkali,  and  repreeipitated  by  excess  of  acid,  also  by  the  chlorides  of  the 
alkali-metals,  chloride  of  ammonium,  and  sulphate  of  potassium.  The  alkaline  solution 
of  metastannic  hydrate  solidifies  to  a  transparent  jelly  on  cooling. — Ammonia  precipi- 
tates metastannic  hydrate  from  its  solution  in  yery  dilute  acid ;  the  precipitate  is 
insoluble  in  excess  of  strong  sulphuric  acid,  and  in  tartaric  acid  :  hence  metastannic 
hydrate  is  precipitated  by  ammonia  even  in  presence  of  tartaric  acid. — Alkaline  carbo- 
nates precipitate  the  hydrochloric  acid  solution,  the  precipitate  being  insoluble  in 
excess  of  the  reagent. — Nitrate  of  silver  forms  a  white  precipitate,  which  dissolves  but 
partially  in  amraouia,  leaving  metastannic  hydrate. —  Tincture  of  galls  forms,  after  a 
■wliile,  a  yellowish-white  precipitate. — Stannous  chloride  forms  a  yellowish  jM'ecipitate 
of  stannous  metastannate. — Suljjhi/dric  acid,  and  sulphide  of  ammoniiun  react  with 
metastannic  in  the  same  way  as  stannic  solutions. 

Stannic  and  metastannic  hydrates  may  bo  distinguished  one  from  the  other  by 
their  reaction  with  ferrocyanidc  of  j^otassium,  inasmuch  as  1  at.  stannic  hydrate 
completely  precipitates  1  at.  ferrocyanide  of  potassium,  whereas  metastannic  hydrate 
does  not  decompose  that  salt. 

Both  stannic  and  metastannic  hydrates  react  as  acids,  forming  definite  salts  with 
bases.  The  solutions  both  of  stannates  and  metastannates,  when  decomposed  by 
acids,  yield  precipitates  consisting  of  the  particular  modification  of  stannic  acid 
contained  in  them,  which  may  then  be  distinguished  by  its  beliaviour  with  hydro- 
chloric acid,  &c. 

Metastannic  hydrate  fused  with  a  sufficient  quantity  of  caustic  alkali,  forms  a 
stannate  from  which  acids  precipitate  ordinary  stannic  acid. 

3.  Quantitative  Estimation.  — Tin  is  estimated  in  the  state  of  stannic  oxide, 
SnO^,  which  contains  78'G2  per  cent,  of  the  motal.  If  the  tin  is  imited  with  other 
metals  in  the  form  of  an  alloy,  the  alloy  must  be  treated  with  nitric  acid  of  specific 
gravity  about  1-3.  The  tin  is  then  converted  into  insoluble  metastannic  hydrate,  while 
the  other  metals  (with  the  exception  of  antimony,  gold,  and  the  platinum-metals)  are 
dissolved  by  the  acid.  The  insohible  residue  nnist  then  be  thoroughly  washed,  after- 
wards dried,  ignited,  and  weighed  as  stannic  oxide.  To  insure  complete  oxidation, 
the  alloy  should  be  finely  divided. 

AVhen  the  tin  is  in  solution  in  liydrochlorie  acid  (which  is  its  usual  solvent),  it  may 
bo  precipitated  as  a  sulphide  by  sulpliydric  acid,  and  the  sulphide  then  converted  into 
stannic  oxide  by  roasting  in  an  open  porcelain  crucible,  a  small  quantity  of  nitric  acid 
being  added  to  complete  tlie  oxidation. 

l''rom  solutions  of  stannic  salts,  tin  may  be  comjilotely  precipitated  as  stannic  or 
metastannic  acid  by  dilute  sulphuric  acid.  The  solution  is  first  neutralised  with 
ammonia,  so  as  to  cause  a  slight  precipitate;  hydroehloi-ic  acid  is  then  cautiously  added 
till  the  precipitate  is  redissolved,  care  being  taken  to  avoid  any  great  excess  of  acid. 
This  solution  is  then  mixed  with  .sulphuric  acid.  If  the  liquid  contains  ordinary 
stannic  acid  (or  the  corresponding  cliloride),  it  must  be  largely  diluted  to  insure  com- 
plete precipitation  ;  if,  on  the  other  hand,  the  tin  is  present  as  metastannic  acid,  it  will 
be  completely  precipitated  by  sulphuric  acid  from  less  dilute  solutions.  In  all  cases 
the  precipitate  must  be  left  to  settle  for  some  hours,  the  time  required  being  longer 
as  the  quantity  of  free  acid  present  is  gi-eater.  It  is  then  to  be  thoroxighly  washed, 
and  ignited,  to  convert  it  into  stannic  oxide.  To  ascertain  whether  the  precipitation  is 
complete,  it  is  advisable  to  test  the  wash-waters  with  sulphuretted  hydrogen. 

Sulphate  of  sodium  and  nitrate  of  potassium  or  ammonium  are  sometimes  used, 
instead  of  sulphuric  acid,  to  precipitate  tin.  Sulphate  ol  sodium  does  not  appear, 
however,  to  possess  any  advantage  over  sulphuric  acid  in  this  respect.  The  nitrates 
may  be  advantageously  used  when  the  sohition  contains  bases  which  form  soluble 
sulphates. 

The  mode  of  precipitation  just  described  is  very  accurate,  and  afl!brds  a  means  of 
separating  stannic  from  stannous  salts,  the  whole  of  the  latter  remaining  in  solution 
after  the  precipitation  of  the  stannic  oxide  by  sulphate  of  sodium.    (L6  wen  thai.) 

Another  method  of  determining  the  proportions  of  stannic  and  stannous  salt  in  a 
mixed  solution  of  the  two,  is  to  divide  the  solution  into  two  equal  parts,  convert  the 
whole  of  the  one  into  stannic  salt  by  treatment  with  chlorine  or  chromato  of  potas- 
sium, and  precipitate  with  sulpilniric  acid, as  above;  this  determines  the  total  amount 
of  tin  present.  The  other  portion  is  dropped  into  a  solution  of  mercuric  chloride,  and 
the  mereurous  chloride  thereby  precipitated  is  collected  on  a  weighed  filter,  washed, 
dried,  and  weighed.  From  its  weight,  the  quantity  of  tin  preseut  as  stannous  salt 
may  be  calculated,  2  at.  mereurous  chloride  (-171)  corresponding  to  1  at.  tin  (118), 
present  as  stannous  chloride,  according  to  tlie  equation: 

2HgCP  +  SnCl^    =    2HsCl  +  SnCl*. 
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Vohnnetric  Esdmaiim. —  Tin  may  be  estimated  volumetrically  by  converting  a 
stannous  into  a  stannic  salt  with  oxidising  solutions  of  known  strength.  One  at. 
stannous  oxide,  SnO,  by  taking  up  1  at.  oxygen,  is  converted  into  stannic  oxiJe,  SnO- : 
consequently,  1  at.  oxygen  (16j  is  equivalent  to  1  at.  tin  (118).  The  quantitj'  of  t'ae 
oxidising  solution  required  to  effect  tlio  conversion  is,  however,  materially  affected  by 
the  greater  or  less  dilution  of  the  solution,  the  greater  or  smaller  amount  of  free  acid 
present,  and  the  quantity  of  oxygen  dissolved  in  the  water.  Penny  (Chem.  Soc.  Qu.  J. 
iv.  239  ;  50),  and  afterwards  Streng  (Ann.  Ch.  Phann.  xc.  411),  used  a  solution 
of  acid  potassic  chromate  for  the  titration  of  tin;  Schlagdenhauffen  (J.  Pharm. 
[3]  xxxi.  96)  uses  manganate  of  potassium. 

Streng  mixes  the  acid  solution  of  stannic  chloride  with  a  little  starch-paste  con- 
taining iodide  of  potassium,  and  then  adds  a  graduated  solution  of  acid  potassiura- 
chromate,  till  a  blue  colour  is  developed  by  the  separation  of  iodine.  The  reaction 
takes  place  as  shown  by  the  equation,  3SnO  +  Cr^O'  =  3SnO-  +  Cr^O',  so  that 
1  at.  tin  (118)  corresponds  to  i  at.  acid  potassium-chromate  (K-Cr'O'  =  230'6). 
Streng  and  Penny  found  that  100  pts.  tin  reqxiired  83-2  pts  of  the  acid  chromate  ;  the 
calculated  quantity  is  83-4.  According  to  Kes si  f  r  (Pogg.  Ann.  xcvi.  129),  the  titra- 
tion by  this  method  generally  gives  inaccurate  results,  for  the  reasons  above  mentioned. 
According  to  Mulder,  the  chromic  acid  solution  ought  to  be  titrated  with  pure  tin, 
and  the  process  conducted  as  far  as  possible  under  similar  circumst.iuces.  According 
to  L6wenthal(J.pr.Chem.  Ixxvi.  484;  Ixxviii.  384),  stannous  chloride  in  acid  solution 
maybe  more  exactly  titrated  after  addition  of  ferric  or  cupric  chloride.  Stromeyer 
(Ann.  Ch.  Pharm.  cxvii.  261)  oxidises  metallic  tin,  or  stannous  chloride,  by  dissolving  it 
in  excess  of  ferric  chloride,  whereby  stannic  and  ferrous  chlorides  are  produced : 

Sn  +  4FeCP    =    SnCl'  +  4FeCl-, 
and  SnCl'=  +  2FeCP    =    SuOl'  +  2FeCP. 

The  quantity  of  ferrous  salt  thus  formed  is  determined  by  titration  with  perman- 
ganate, the  ferrous  salt  being  less  susceptible  to  the  action  of  free  oxygen  than  the 
stannous  salt — and  the  quantity  of  tin  is  thence  determined  by  calculation.  In  the 
first  case,  4  at.  iron  (224  grms.),  or  2  at.  oxygen  added  (32  grms.)  correspond  to 
1  at.  tin  (118);  in  the  latter,  2  at.  iron  (^112)  or  1  at.  oxygen  (16),  correspond  to  1 
at.  tin  (118)  or  1  at.  stannous  chloride  (l89).  If  the  tin  is  in  the  state  of  stannic 
oxide  or  chloride,  it  must  first  be  reduced  by  introducing  a  plate  of  zinc  into  the  solu- 
tion, and  the  precipitated  tin  then  dissolved  in  ferric  chloride,  with  addition  of  hydro- 
chloric acid.  If  it  has  been  precipitated  from  an  acid  solution  as  sulphide,  this  preci- 
pitate is  also  to  be  dissolved  in  ferric  chloride,  a  reaction  which  is  attended  with 
separation  of  sidphur : 

SnS''  +  4FeCl'  =  SnCl*  +  4FeCP  +  S'. 
The  solution  is  then  to  be  titrated  as  above,  4  at.  iron  corresponding  to  1  at.  tin.  If 
the  tin  has  been  precipitated  from  an  alkaline  sulphostannate  by  an  acid,  the  precipitate 
consists  (according  to  Kiihn),  not  of  pure  stannic  sulphide,  but  of  stannic  .sulplmlrate 
Sni'II'S'.  The  decomposition  by  ferric  chloride  then  tiikes  place  as  shown  by  the 
equation  : 

SnH-S'  +  6FcCP    =    SnCl'  +  6FeCI=  +  2HC1  +  S». 

In  this  case  6  at.  iron  are  equivalent  to  1  at.  tin. 

Lenssen  (Ann.  Ch.  Pharm.  cxiv.  113)  titrates  stannic  chloride  M-ith  iodine  in 
alkaline  solution.  The  tin  or  stannous  salt  is  dissolved  in  hydrochloric  acid  in  an 
atmosphere  of  carbonic  anhydride,  and  sodio-potassio  tartrate  (Rochello  salt),  or  acid 
sodic  carbonate,  is  added  in  excess;  the  solution  is  then  mixed  with  starch-paste,  and 
a  titrated  solution  of  iodine  in  iodide  of  potassium  is  added,  till  a  permanent  blue 
colour  is  produced.  Stannic  iodochloride  is  then  formed,  according  to  the  equation 
Sn"CF  +  P  =  Sn''Cl-I-,  so  that  2  at.  iodine  (254)  correspond  to  1  at.  tin  (US). 

To  determine  volumetrically  the  relative  quantities  of  stannous  and  stannic  salt 
existing  together  in  a  solution,  the  liquid  is  first  titrated  directly  by  either  of  the  pre- 
ceding^ iiict  hods,  whereby  the  quantity  of  tin  exi.-^ting  as  stannous  salt  is  determined; 
and,  SL'coiKlly,  after  the  stannic  salt  has  been  reduced  to  stannous  salt,  which  gives  the 
total  amount  of  tin. 

4.  Separation  of  Tin  f  rom  olh/-r  Mdah. — In  metallic  alloys  tin,  as  already  observed, 
may  be  separated  from  most  other  mefcils  except  antimony,  gold  and  the  platinum-metals, 
by  oxidising  the  alloy  with  nitric  acid,  whereby  the  fin  is  converted  into  insoluble  meta- 
Ktannic  acid,  while  silver,  copper,  lead,  cadmium,  iron,  manganese,  cobalt,  nickel,  and 
zinc — and  likewise  bisnuitli,  if  a  sutlicient  quantity  of  dilute  nitric  acid  is  used — are 
dissolved.  Tin,  alloyed  with  metals  which  form  volatile  chlorides,  may  be  separated 
by  heating  the  fineli-divided  alloy  in  a  current  of  chlorine  gas;  stannic  chloride  then 
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volatilises,  and  may  be  condensed  in  water.  This  method  serves  to  separate  tin  from 
gold  and  the  platinum-metals,  which  do  not  dissolve  in  nitric  acid. 

Precipitation  with  sidphydnc  acid  serves  to  separate  tin  from  all  metals  whose  sul- 
phides are  not  thrown  down  by  that  reagent  from  acid  solutions.  From  bismutli, 
cadmium,  copper,  lead,  mercury,  palladium,  and  silver,  which  are  precipitated  in  the 
same  manner,  it  may  bo  separated  by  digesting  the  precipitate  in  sulphide  of  ammo- 
nium containing  excess  of  sulphur.  Stannic  sulphide  then  dissolves,  and  may  be 
precipitated  by  hydi-ochloric  acid. 

Sulphide  of  ammonium  also  dissolves  the  sulphides  of  arsenic,  antimony,  gold,  plati- 
num, molybdenum,  selenium,  and  tellurium.  The  methods  of  separating  tin  from 
antimony  and  arsenic  have  already  been  fully  described  (i.  322,  369).  From  a  solution  of 
stannic  chloride  containing  also  the  chlorides  of  gold  and  platinum,  the  latter  metals 
may  be  precipitated  in  the  metallic  state  hy  ferrous  acetati,  the  tin  then  remaining  in 
solution.  If  tin  is  mixed  with  these  metals  in  the  form  of  oxide  or  other  insoluble 
compound,  the  three  metals  may  bo  reduced  by  igniting  the  compound  in  hydrogen- 
ga-s,  and  the  reduced  alloy  heated  in  chlorine  gas,  as  above  described. 

From  molybdenum,  selenium,  and  tellurium,  and  from  all  metals  which  form 
soluble  sulphates,  tin,  after  being  brought  to  the  state  of  stannic  chloride  by  treat- 
ment with  chlorine  or  chlorate  of  potassium,  may  be  separated,  by  precipitation  as 
stannic  or  metastannic  acid,  with  sulpliuric  acid.  From  barium,  strontium,  or  calcium, 
it  may  be  separated,  in  like  manner,  by  nitrate  of  ammonium  or  potassium. 

6.  Atomic  Weight  of  Tin. — Berzelius  (Gilb.  Ann.  x.  235)  found  that  100  pts. 
tin,  oxidised  by  nitric  acid  and  ignited,  yielded  127'2  pts.  stannic  oxide,  SnO^ :  hence 
the  atomic  weight  of  tin  should  be  117'64.  Mulder  (Ann  Ch.  Pharm.  Ixxii.  212)  ob- 
tained, in  like  manner,  127'56  pts.  of  stannic  oxide,  giving  Sn  =  1161.  Dumas  (i6/c?. 
cv.  104  ;  cxiii.  26),  on  repeating  this  experiment,  obtained,  as  a  mean,  ,^n  =  118'06  ; 
and  by  determining  the  quantity  of  silver  required  for  precipitating  a  known  weight  of 
stannic  chloride,  the  same  chemist  obtained  Sn  =  118'09.  The  atomic  weight  of  tin 
may  therefore  betaken  at  118°. 

tTSt,  FKTTORXDSS  OP.  Tin  forms  two  fluorides— viz.,  a  difluoride  and  a  tetra- 
fluoride. 

The  Difluoride,  or  Stannous  fluoride,  SnF-,  is  obtained  by  evaporating  the 
solution  of  stannous  oxide  in  hydrofluoric  acid,  and  crystallises  in  small,  shining, 
opaque  prisms,  having  a  sweetish  astringent  taste.  Wlien  heated  in  the  air,  it  takes 
up  oxygen,  and  forms  stannic  oxyfluoride,  Sn''OF-  or  SnO'^.SnF'. 

Ammonio-stannous  fluoride. — Stannous  chloride  yields,  with  fluoride  of  ammonium, 
a  precipitate  composed  of  metallically  lustrous  micaceous  laminae,  soluble  in  potash. 
(Un  verdorben.) 

The  Tetrafluoride,  or  Stannic  fluoride,  has  not  been  obtained  in  the  free 
state  as  a  dffinite  compound,  but  it  forms  crystallisable  double  salts  with  other 
metallic  fluorides.  A  solution  of  stannic  hydrate  in  aqueous  hydrofluoric  acid  coagu- 
lates like  albumin  -when  heated,  but  does  not  yield  any  crystals  by  evaporation ;  when 
evaporated  in  contact  with  the  air,  it  gives  off  hydrofluoric  acid,  and  leaves  the  oxy- 
fluoride above  mentioned. 

The  fluostannates,  2MF.SnF^  and  M"F'.SnF^  are  analogous  in  composition  to 
the  stannates,  M-O.SnO-,  and  isomorphous  with  the  corresponding  fluosilicates  and 
lluotitanates.    (Marignae.  Ann.  Min.  [5],  xv.  221  ;  Jahresb.  18.59,  p.  110.) 

The  ammonmm-sal t,  2NH'F.SnF^,  is  obtained  by  the  action  of  hydrofluoric  acid  on 
stannate  of  ammonium,  or,  better,  by  double  decomposition  of  the  lead-  or  silver-salt 
with  sulphate  or  chloride  of  ammonium.  The  crystals,  which  are  seldom  distinct,  are 
rhombohedral  combinations,  united  in  twins,  or  complex  aggregates. — When  evapo- 
rated with  fluoride  of  ammonium,  it  yields  the  salt  4NH*F.SnF^,  in  distinct  rhombic 
combinations. 

The  bariim-salt,  Ba'T-.SnF',  is  obtained,  as  a  sparingly  soluble  precipitate,  by  de- 
composing the  zinc-salt  with  chloride  of  barium.  By  slowly  cooling  a  slightly  concen- 
traled  solution  of  this  precipitate,  or  by  spontaneous  evaporation,  a  hydrate,  Ba"F'. 
SnF^SH'O,  is  obtained  in  monoclinie  crystalline  laminae,  but  on  evaporating  the 
solution  near  its  boiling-point,  the  anhj-drous  salt  sepai-ates  in  microscopic  indistinct 
crystals. 

The  cadmium-saH,Ci\."Y^.^\\¥*.Qi'K-0,  is  isomorphous  with  the  magnesium-salt. 
The  calcium-  nnd  strontium-salts  iorm  monoclinie  crystals  containing  2  at.  water. 
The  cupric  salt,  Cu  'F-.SnF'.4H-0,  forms  blue  monoclinie  crystals,  permanent  in  the 
air. 

The  lead-salt,  PbF-.SnF'.Slt-O,  crystallises  with  difficulty  in  thin  nacreous  laminae, 
isomorphous  with  the  trihydrated  barium-salt.  It  has  a  great  tendency  to  form 
supersaturated  solutions,  which  ultimately  solidify  in  nodular  crystalline  masses. 
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By  recrystallisation  from  water  the  salt  is  decomposed,  with  separation  of  lead-fluo- 
ride. 

The  lithium-salt,  2LiF.SnF^.2H-0,  rarely  forms  distinct  monoclinic  crystals  :  gene- 
rally only  crystalline  crusts,  or  indistinct  microscopic  crj'stals. 

The  magni'siam-salt,  Mg"F-.SnF'.6H'0,  crystallises  in  hexagonal  combinations, 
permanent  in  the  air. — The  manganese-salt,  Mn'T-.SnF'.6H-0,  forms  pale-red  shin- 
ing crystals,  isomorphous  with  the  last,  and  gradually  becoming  dull  on  exposure 
to  the  air. — The  nickel-salt,  NiF'.SnF'.6H-'0,  is  likewise  isomorphous  with  the  magne- 
sium-salt. 

The  j^oiassiutn-salt,  2KF.SiiF'.H-0,  is  obtained  by  saturating  a  solution  of  potassic 
stannate  with  hydrofluoric  acid,  and  evaporating,  in  laminar  crystals,  which  dissolve 
in  2'3  pts.  of  boiling  water,  and  in  15  to  16  pts.  water  at  18°.  Sometimes,  espe- 
cially on  recrystallising  with  addition  of  a  drop  of  hydrofluoric  acid,  a  salt,  identical  in 
composition  with  that  just  described,  is  obtained  in  granular  crj-stals  having  the  form 
of  rhombic  pyramids,  soluble  in  3  pts.  boiling  water  and  in  27  pts.  water  at  18°.  The 
crystals  of  both  kinds  retain  their  water  till  heated  above  100°,  and  melt  at  a  red 
heat,  with  loss  of  hydrofluoric  acid. — An  acid  poiassium-sali,  2(2KF.SnF').(KF.HF), 
or  2K-'Sn''F'^.KHF-,  crystallises  in  needle-shaped  monoclinic  combinations. 

The  silver-salt,  2AgF.SnF^4:H''0,  forms  indistinct  crystals,  which  melt  below  100°, 
but  do  not  give  oif  their  water  till  heated  to  a  higher  temperature,  at  which  also 
hydrofluoric  acid  is  given  off. 

The  sodium-salt,  2NaF.SnF*,  has  not  been  obtained  in  distinct  crj-stals  :  it  dissolves 
in  18  to  19  pts.  of  water  at  20°. 

The  zinc-salt,  ZnF^.SnF^6iI-0,  is  isomorphous  with  the  magnesium-salt,  and  e;isily 
soluble  in  water. 

TIBT,  ZOSISSS  OP.  There  are  two  iodides  of  tin  analogous  to  the  protoxide 
and  dioxide.  The  existence  of  a  sesquioxide,  Sn'P,  is  doubtful.  A  solution  of  iodine 
in  iodide  of  potassium  (1  at.  iodine  to  2  at.  KI)  does  not  precipitate  a  solution  of 
stannic  chloride,  but  on  evaporation  a  yellow  powder  is  deposited,  which  may  possibly 
be  the  sesqui-iodide.    (Bo u  11  ay.) 

Di  -iodide  of  Tin, or  Stannous  Iodide. — This  compound  is  produced  : — 1.  By 
heating  1  pt.  of  tin  with  2  pts.  of  iodine  till  the  iodine  melts.  A  Tiolent  aetiim  then  takes 
place,  and  a  brown  mass  is  formed,  consisting  of  stannous  and  stannic  iodides,  the 
latter  of  which  may  be  separated  by  sublimation,  while  the  stannous  iodide  remains 
in  the  form  of  a  red  crystalline  mass. — 2.  By  adding  iodide  of  potassium  in  slight 
excess  to  a  warm  concentrated  solution  of  stannous  chloriilc,  the  liquid,  as  it  cools, 
depositing  stannous  iodide  in  yellowish-red  needles. — 3.  By  the  action  of  hydriodic 
acid  on  tin  or  the  dichloride.  When  moderately  concenti-ated  hj'driodic  acid  is  placed 
in  contact  with  strips  of  tinfoil,  or  with  tin-filings,  in  a  long  glass  tube,  and  kept  in 
gentle  ebullition  for  several  days,  or  heated  in  a  sealed  tube  to  120^ — 150°  for  some 
hours,  stannous  iodide  is  formed,  in  shining  yellowish-red  prisms  (Woliler  and 
Diinhaupt,  Ann.  Ch.  Pharm.  Ixxxvi.  37'1).  Tin,  heated  with  iodide  of  amyl  to  180°, 
in  a  sealed  tube  for  some  time,  is  converted,  partly  into  yellowish-red  quadratic  octa- 
hedrons, partly  into  sulphur-yellow  prisms,  which  quickly  tui-n  red  in  contact  with  the 
air :  these  compounds  liave  not  been  analysed. 

Stannous  iodide,  heated  in  a  close  vessel,  melts  to  a  dark-red  crj'sfalline  mass,  yield- 
ing a  cinnabar-coloured  powder.  AVhen  heated  in  contact  with  the  air,  it  is  decomposed, 
stannic  iodide  subliming,  and  stannous  oxide  remaining.  It  is  slightly  soluble  in 
cold,  somewhat  more  soluble  in  hot  water,  and  is  not  decomposed  thereby.  A  solution 
of  stannous  iodide  is  likewise  formed  by  heating  tin  with  water  and  iodine.  Stannous 
iodide  dissolves  also  in  aqueous  stannous  chloride. 

Compounds  of  Stannous  Iodide. — o.  With  stannous  chloride.  — An  aqueous  solu- 
tion of  stannous  chloride  mixed  with  iodine,  deposits  stannous  iodide;  and  on  evapo- 
rating the  remaining  liquid  (which  contains  stannic  chloride,  stannous  chloride,  and 
stannous  iodide),  stannous  chloriodide,  SnClI  or  SnCl-.Snr-,  separates  in  straw- 
yellow,  non-volatile  crystals,  which  are  decomposed  by  water,  with  separation  of  stan- 
nous iodide.  (Henry.) 

;8.  With  stannous  oxide. — Stannous  iodide  is  decomposed  by  a  large  excess  of 
water,  forming  hydriodic  acid  which  dissolves,  and  stannous  oxide  which  unites  with 
(he  undecomposed  iodide,  forming,  accoixling  to  Personnc  (Compt.  rend.  liv.  216), 
insoluble  oxyiodides  of  variable  composition,  which  are  yellow,  pulverulent,  and  are 
decomposed  by  a  large  quantity  of  water.  Pcrsonne  analysed  four  of  these  compounds, 
containing  Sn^IO-  =  Siir.2SnO  ;  Sn^PO  =  Snl-.SuO";  Sn-'I<0  =  2SuP.SnO  ;  and 
Sn'PO  =  SSnl-.SuO. 

y.  With  ammonia. — 100  pts.  stannous  iodide  absorb  20  pt.s.  ammonia-gas,  form- 
ing a  white  compound,  which  in  the  pure  state  is  probably  2NH'.SnI''',  or  iodide  of 
fclannammonium  (N-lP'Sii")!'-'.    (Rammclsberg,  Fogg.  Ann.xlviii.  109.) 
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S.  With  other  metallic  iodides. — Stannous  iodide  unites  with  the  iodides  of  the 
alkali-metals  and  alkaline  earth-metals,  forming  double  salts,  whicli  may  be  obtained 
either  by  direct  mixture  of  the  solutions  of  tlio  constituent  iodides,  or  by  mixing  a 
solution  of  stannous  chloride  with  excess  of  a  metallic  iodide.  Tliey  must  be  crystal- 
lised from  alcohol,  as  they  are  decomposed  by  water,  forming  stannous  oxyiodidcs, 
similar  to  those  produced  from  stannous  iodide  and  water. 

The  ammonium- saH,  2NH'I,SuP,  forms  greenish-yellow  needles  (Boullay).  Ac- 
cording to  Personne,  there  is  also  a  salt  containing  NH'I.Snl-.IH-O. — The  j^joiflssijiw- 
salt,  2KI.Snr-,  forms  yellowish  silky  needles,  which,  when  lieated  in  chlorine  gas,  yield 
stannic  chloride,  chloride  of  potassium,  and  free  iodine  (Boiillay).  Personne  like- 
wise obtained  the  hydrated  salt,  KI.SnP.gH-O. — The  sodium-salt,  Nal.Snl^, forms  pale- 
yellow  crystals. 

Stannous  iodide  also  forms  crystallisaldo  double  salts  with  the  iodides  of  barium  and 
strontium. 

Tctraiodide  of  Tin,  or  Stannic  Iodide,  SnP,  is  formed,  together  with  stan- 
nous iodide,  by  heating  tin-tilings  with  iodine  in  a  sealed  tube,  combination  taking 
place  with  incandescence  at  50°.  It  may  be  separated  from  the  stannous  iodide  by  its 
greater  volatility.  It  is  also  produced  by  the  action  of  iodine  on  stannous  chloride,  or 
by  dissolving  stannic  hydrate  in  hydriodic  acid.  (Berzelius.) 

Sublimed  stannic  iodide  forms  yellowish-red  octaliedrons,  of  specific  gravity  4'696. 
It  melts  atU6°,  solidifies  at  142=',  sublimes  at  180^,  and  boils  at  29o°.  It  is  decom- 
posed by  water,  completely  at  the  boiling  heat,  into  hycb'iodic  acid  and  stannic  hydrato. 
It  dissolves  in  alcohol,  other,  and  benzene. 

Stannic  iodide  does  not  combine  either  with  stannic  hydrate,  or  with  the  iodides  of 
the  alkali-metals.  It  easily  absorbs  dry  ammonia-gas,  forming  at  first  a  yellow  body, 
3NH'.Snl^,  and  by  further  assumption  of  ammonia,  the  two  compounds,  4NH^.SnP 
andSNH^Snl'.  (Personne.) 

TITT,  OXIDES  OS".  Tin  forms  three  oxides:  a  protoxide,  a  sesquioxide,  and  a 
dioxide. 

Protoxide  of  Tin,  or  Stannous  Oxide,  SnO. — This  oxide  is  produced : 
1.  By  heating  stannous  oxalate  out  of  contact  with  air  (Liebi  g). — 2.  By  precipitating 
stannous  chloride  with  carbonate  of  sodium,  and  heating  the  washed  and  dried  px-ecipi- 
tate  of  stannous  hycbate  in  an  atmosphere  of  hydrogen  or  carbonic  anhydride,  to  a 
temperature  not  exceeding  80°  ;  the  anhydrous  oxide  is  thus  obtained  as  a  brown  or 
black  powder  (Berzelius).  According  to  Otto,  the  hydrate  sometimes  changes  to 
the  black  oxide  on  the  filter,  or  on  the  sides  of  the  precipitating  vessel,  where  it  is 
touched  with  a  glass  rod. — 3.  Stannous  hydrato,  boiled  with  a  quantity  of  caustic 
potash  or  soda  less  than  sufiScient  to  dissolve  it,  is  converted  into  small,  black,  shining 
crystals  of  the  anhydrous  oxide  (Fremy,  Berz.  Jaliresb.  xxiv.  133  ;  xxv.  172). — 4.  A 
solution  of  stannous  cliloride  is  evaporated  in  contact  with  metallic  tin,  till  a  residue  of 
the  fused  chloride  is  obtained  ;  this,  after  removal  of  the  metallic  tin,  is  heated  with 
1  at.  or  more  of  crystallised  sodic  carbonate  till  it  turns  black,  and  the  stannous  oxide 
thus  produced  is  washed  and  dried.    (Sandall,  J.  pr.  Chem.  xiv.  2o4.) 

Stannous  oxide  is  a  black  powder,  of  specific  gravity  6-666  (Berzelius);  bluish- 
black  or  slate-grey  (Sandall).  The  crystals  obtained  by  the  third  process  are, 
according  to  Nordonskjold,  monometrie,  exhibiting  the  combination  ccO  .  ooOoo  ,  have 
a  specific  gravity  of  61,  and  yield  a  greenish-brown  powder.  AVlien  heated  to  238°, 
they  decrepitate,  swell  up,  and  are  resolved  into  olive-green  laminae,  soft  to  the  touch 
(Fr^my).  This  olive-green  modification  is  likewise  obtained  by  boiling  stannous 
hydrate  with  excess  of  ammonia  (Gay-Lussac).  A  third  modification  is  obtained  by 
evaporating  a  very  dilute  solution  of  sal-ammoniac  in  which  hydrated  stannous  oxide 
is  diffused,  that  compound  being  converted,  as  soon  as  the  sal-ammoniac  crystallises, 
into  anhydrous  stannous  oxide  having  the  form  of  a  cinnabar-coloured  powder 
(Fr6my).  The  red  modification  is  also  produced  by  digesting  thoroughly-washed 
hydrated  stannous  oxide,  at  a  temperature  of  133°,  in  a  slightly  acid  solution  of 
stannous  acetate  having  a  density  of  1'06.  The  oxide  is  then  obtained  in  heavy,  hard, 
crystalline  grains,  which  yield  a  greenish-brown  powder  by  trituration,  and  tslacken 
when  exposed  to  sunshine.    (Eoth,  Ann.  Ch.  Pharm.  Ix.  214.) 

Stannous  oxide  is  permanent  in  the  air  at  ordinary  temperatures,  but  easily  oxidises 
to  stannic  oxide  when  heated.  When  dry,  it  may  be  set  on  fire  by  a  glowing  bodj',  and 
then  burns  to  stannic  oxide.  It  is  reduced  at  a  red  heat  by  hi/dro(jcn  or  charcoal, 
and  when  heated  befiire  the  blowpipe  with  carbonate  of  sodium  (best  with  addition  of 
cyanide  of  potassinm"),  it  yields  a  button  of  metal. — Heated  in  chlorine-gas  it  is  con- 
verted into  stannic  chloride  and  .><tannic  oxide.  \A'hen  ignited  with  sulphur,  it  yields 
stannic  sulphide  and  suiplniruus  iinhydride.  By  boiling  with  caustic  potash  or  soda, 
it  is  converted  into  a  stannate  of  the  alkali-ractal,  with  separation  of  tin. — With  acids, 
it  forms  the  stannous  salts. 
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Stannovs  Hydrate,  Sn^'H'O'  =  2SnO.H-0,  is  obtained,  as  a  ■white  precipitatp,  by 
decomposing  a  stannous  salt  with  an  alkaline  carbonate.  It  dissolves  in  acids  and  in 
the  fixed  alkalis  much  more  easily  than  the  anhydrous  oxide,  but  is  insoluble  in  ammo- 
nia. When  boiled  with  water  or  with  aqueous  alkalis,  or  when  gently  heated  in  tho 
dry  state,  it  is  converted  into  the  anhydrous  oxide.  When  exposed  to  the  air,  it 
gradually  takes  up  oxygen,  and  is  converted  into  stannic  hydrate.  When  boiled  with 
strong  potash-ley,  it  yields  stannate  of  potassium  and  metallic  tin. 

Stannous  hydrate  acts  as  a  deoxidising  agent,  like  the  corresponding  chloride  (p.  806), 
reducing  some  metallic  oxides  to  metal,  others  to  a  lower  state  of  oxidation.  Its  acticm 
oxi  cwpric  oxide  has  been  specially  studied  by  Lens  sen  (J.  pr.  Chcm.  Ixxxix.  90; 
Jahrcsb.  1860,  p.  182).  When  a  solution  of  stannous  hydrate  in  alkaline'carbonate  is 
mixed  with  an  alkahne  cupric  solution  (prepared  with  cupric  sulphate,  tartaric  acid, 
and  sodic  carbonate),  a  flesh-coloured  precipitate  is  at  first  produced,  consisting  of 
cuprous  and  stannous  oxides ;  and  on  adding  more  cupric  sulphate,  a  red  precipitate  is 
formed,  containing  cuprous  and  stannic  oxides.  When  solutions  of  stannous  and 
cupric  oxide  in  caustic  alkali  are  mixed  together,  cuprous  oxide  is  precipitated, 
together  with  stannic  oxide.— With  excess  of  the  tin-sfilution,  a  yellowish  liquid  is 
produced,  which,  when  heated,  deposits  a  black  powder,  composed  of  Cu^0.3SnO.SnO-. 
6H^O.  This  compound  acquires  a  tinge  of  green  in  drying,  gives  off  2  at.  water  at 
100'-, and  when  heated  in  the  air,  oxidises  with  incandescence,  and  then  contains 
cuprous  and  stannic  oxides. — When  a  boilinn;  solution  of  stannous  oxide  in  caustic 
alkali  is  mixed  with  a  small  quantity  of  alkaline  cupric  solution,  a  heavy  black  pow- 
der is  deposited,  which  acquires  metallic  lustre  by  burnishing ;  this  body  contains 
79'1  per  cent,  copper  to  l^-S  tin  ;  therefore  10  at.  copper  to  1  at.  tin  and  3  at.  oxygen  : 
hence  it  appears  to  be  an  alloy  of  copper  and  tin  mixed  with  cuprous  or  stannous 
oxide. 

SesquiOAide  of  Tin,  Sn'O'. — This  oxide  was  obtained  by  Fuchs,  in  combina- 
tion with  water,  by  diffusing  recently  precipiUited  ferric  oxide  in  a  solution  of  stannous 
chloride  not  containing  any  excess  of  acid,  and  afterwards  boiling  the  mixture.  Ses- 
quioxide  of  tin  is  then  precipitated,  and  ferrous  chloride  remains  in  solution : 

2SnCP  +  Fe^O'    =    Sn'O'  -^  2FeCl'. 

The  sesquioxide  thus  obtained  is  a  slimy  grey  matter,  generally  yellow  from  adhering 
oxide  of  iron.  Ammonia  dissolves  it  easily  and  without  residue,  a  character  which 
distinguishes  this  oxide  from  the  protoxide  of  tin,  the  latter  being  insoluble,  or  nearly 
so,  in  ammonia.  Sesquioxide  of  tin  is  dissolved  by  concentrated  hydrochloric  acid  ; 
the  taste  of  the  solution  is  not  metallic.  The  solution  is  distinguished  from  that  of  a 
stannic  salt,  by  producing  the  characteristic  purple  precipitate  with  chloride  of  gold. 
Sesquioxide  of  tin  does  not  appear  to  form  definite  salts. 

Dioxide  of  Tin,  or  Stannic  Oxide,  SnO^. — This  oxide  occurs  native  as  T/mione 
or  Cassitirite,  being  in  fact  the  principal  ore  of  tin  (p.  798).  It  forms  quadratic  crys- 
tals, usually  exhibitirg  the  combination  P .  ooP  .  Poo  .  ooPoo  {fg.  322,  vol.  ii.  p.  160). 
The  prismatic  faces  are  often  but  little  developed,  and  Poo  is  often  absent  altogether. 
The  combinations  P  .  ooP  .  ooPg,  and  P  .  ooP  .  3P3,  likewise  occur.  For  P,  the 
length  of  the  principal  axis  is  0-6743.  Angle  P  :  P  (terminal)  =  121°  35' ;  P  :  P  (late- 
ral) =  87°  17'.  Twins  occur  like  fig.  323.  The  crystals  cleave  imperfectly  parallel 
to  »P  and  cjoPoo  ,  and  in  traces  parallel  to  P.  The  mineral  occurs  also  in  imbedded 
and  implanted  crystals,  and  in  botryoi'dal  or  reniform  shapes,  with  fibrous  diver- 
gent structure,  and  composed  of  concentric  coats,  constituting  the  variety  called  wood- 
tin,  or,  when  it  occurs  in  small  lumps,  ioad'3-et/e-tin  ;  also  massive,  granular  or  impal- 
pable. Hardness  =  6  to  7-  Specific  gravity  =  63  to  71.  Lustre  adamantine; 
crystals  usually  splendent.  Colour  brown  or  black,  sometimes  red  grey,  or  yellow; 
rarely  colourless.  Streak  white,  greyish,  or  brownish.  Nearly  transparent — translu- 
cent.   Fracture  subconchoidal,  uneven.  Brittle. 

Aiialyses. — a.  From  Schlackenwald,  in  Bohemia  (Klaproth,  Bciirtigc,  ii.  245). — 
h.  Alternon,  in  Cornwall  (Klaproth). — c.  Finbo,  near  Fahlun,  in  Sweden  (Berze- 
lius,  Schw.  J.  xvi.  256). — d.  County  of  Wicklow,  Ireland :  brown  grains  from  the 
sand:  specific  gravity  =  6753  (Mallet,  Dublin  Geol.  Soc.  J.  iv.  272). — c.  Xeres,  in 
Mexico:  dark-bi'own  wood-tin,  yielding  a  red  powder:  specific  gravity  =  6'862 
(Bergemann,  Leonh.  Jahresb.  1857,  p.  395).— /",  (7.  From  the  sand  of  the  Tipuani 
river  in  Bolivia,  occurring  with  gold,  metallic  tin,  and  several  other  minerals : 
f.  brownish,  g.  black;  specific  gravity  =  7'021  (D.Forbes,  Phil.  Mag.  [4],  xxx. 
139): 
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a.          b.  c.  d.          e.  f.  g. 

Stannic  oxide    .       .       .    95-4    98  60  93-6  95  26  89-43  91-81  91-80 

Tantalic  oxide   2-4 

Silica                                            0-75  .   .  084  2-21 

Ferric  oxide     .       .       .0-7      0  36  1-4  2  41      6-63)  g.^ 


1 


Manganic  oxide   0-8     .  . 

Alumina   1-20      0  73 

Insoluble  matter      .    6-48  5-51 

96-1    99-71    98-2    98-51    99  47  100-04  100-00 

A  colourless  specimen  from  the  last-mfntionpd  lociility,  of  specific  gravity  6-843  (also 
after  strong  ignition),  was  found  by  Forbes  to  consist  of  nearly  pure  stannic  oxide.  A 
specimen  from  Carabuco,  in  Bolivia,  occurring  in  prisms  of  specific  gravity  6-4,  was 
found  by  Krober  to  contain  96-339  per  cent,  stannic  oxide,  2-177  ferric  oxide,  0-0115  sil- 
ver, 0-20  tungstic anhydride,  0-250  lead,  and  1-737  water  (  =  100-538).  Chan dl er  (Sill. 
Am.  J.  [2],xxxix.  340)  found  in  a  tinstone  from  Durango,  in  Mexico,  about  95'9  per 
cent,  stannic  oxide,  and  4-1  topaz,  in  crystals  of  various  size. 

Stannic  oxide  may  be  crystallised  artificially  : — 1.  By  passing  the  vapour  of  stannic 
chloride  mixed  with  aqueous  vapour  through  an  ignited  porcelain  tube;  larger  crystals 
are,  however,  obtained  by  diffusing  the  vapour  of  the  stannic  chloride  through  a  stream 
of  dry  carbonic  anhydride,  instead  of  volatilising  it  by  heat,  and  then  passing  it,  mixed 
with  steam,  through  the  ignited  tube.  The  crystals  thus  obtained  are  colourless,  with 
an  adamantine  lustre,  and  a  specific  gravity  of  6-72,  and  are  hard  enough  to  scratch 
glass  :  they  are  trimetric  prisms,  isomorphous  with  the  variety  of  native  titanic  oxide 
called  brookite,  and  therefore  different  from  those  of  native  tinstone,  which  are  quad- 
ratic, and  isomorphous  with  anatase.  Stannic  oxide  is  therefore  dimoi-phous  (Dau- 
br(^e,  Pharm.  Centr.  1849,  p.  821). — 2.  By  ignitintf  amorphous  stannic  oxide  in  a  stream 
of  hydrochloric  acid  gas,  the  crystals  being  larger  with  a  rapid  than  with  a  slow 
current  of  the  gas.  These  crystals  are  quadratic,  like  those  of  native  tinstone  (D  e  v  i  1 1  e, 
Compt.  rend.  liii.  l(il). — 3.  The  formation  of  crystallised  stannic  oxide  has  been  ob- 
served to  take  place  in  fusing  the  dross  or  slag  collected  on  the  hearth  of  a  furnace 
used  for  casting  gun-nietal.  The  crystals  thus  produced  were  very  hard,  brittle,  four- 
sided  prisms,  similar  in  form  to  those  obtained  by  Daubree.  (Abel,  Chem.  Soc.  Qu.  J. 
X.  119.) 

Amorphous  stannic  oxide  is  easily  obtained  by  heating  tin  in  contact  with  the  air. 
A  grey  film  is  first  formed,  consisting  of  a  mixture  of  stannic  oxide  and  metallic  tin, 
formerly  called  Civis jovialis  (a  name  afterwards  applied  to  stannic  oxide  itself);  by 
further  heating,  it  is  converted  into  pure  stannic  oxide.  Tin,  when  rapidly  heated  to 
its  boiling-point,  burns  with  a  white  flame,  yielding  flocks  of  stannic  oxide,  formerly 
called  Flores  stanni,  s.  Fl.  Jovis.  Stannic  oxide  is  also  formed  by  igniting  the  prot- 
oxide or  sesquioxide,  or  the  corresponding  hydrates,  in  contact  with  the  air.  Stan- 
nous oxalate,  heated  in  small  quantities  in  contact  with  the  air,  yields  very  hard 
stannic  oxide.    (Vogel,  Pharm.  Centr.  1855,  p.  413.) 

Amorphous  stannic  oxide  is  a  white  or  yellowish  powder,  assuming,  when  heated,  a 
transient  dark-yellow  or  brown  colour.  Its  specific  gravity  is  6'6  to  6-9  ;  it.s  cubical 
expansion,  between  0°  and  100°,  is  0  0016  (Kopp),  0-0017  (Joule  and  Playfair). 
It  is  hard,  and  is  therefore  used  for  polishing  stone  and  glass,  and  for  sharpening  and 
polishing  steel,  &c.  The  oxide  used  for  this  purpose  is  called  putty-powder;  it  is 
sometimes  a  mixture  of  the  oxides  of  tin  and  lead. 

Stannic  oxide,  whether  crystallised  or  amorphous,  is  very  difficult  to  fuse,  and  not  at 
all  volatile.  It  is  not  attacked  by  acids,  even  in  the  concentrated  state.  According  to 
Rose,  it  forms,  when  heated  with  the  strongest  su/pkuric  acid,  a  syrupy  liquid,  which 
deposits  the  whole  of  the  stannic  oxide  on  dilution  with  water.  When  fused  with 
acid  sulphate  of  potassium,  it  dissolves,  but  separates  completely  from  the  fused  mass 
on  addition  of  water.  It  is  not  dissolved  by  fusion  with  alkaline  carbonates,  but 
is  rendered  soluble  by  fusion  with  caustic  alkali.  Whan  fused  with  sulphur,  it 
yields  sulphide  of  tin  and  sulphurous  anhydride  ;  by  ignition  in  chlorine-gas,  it  is  con- 
verted into  stannic  chloride  ;  even  natural  tinstone  is  decomposed  in  this  manner.  It  is 
reduced  to  the  metallic  state  by  ignition  with  hydrogen,  charcoal,  carbonic  oxide,  and 
carburctted  hydrogen-gas ;  also  by  heating  with  potassium,  and  sodium. 

Stannic  oxide  is  much  used  in  the  preparation  of  enamel,  to  render  the  glass  opaque, 
and  in  the  manufacture  of  opaque  glasses  in  general. 

Stannic  Hydrates  and  Sai>ts. 

Stannic  oxide  forms  two  hydrates,  difTering  from  one  another  in  composition  and 
properties — both  however  being  acids,  and  capable  of  forming  salts  by  exchanging 
their  hydrogen  for  metals.    These  hydrates  or  acids  are  stannic  acid,  SnC.H'-O  = 
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H^Sni'D',  and  metastannic  acid,  Sn50"'.5H=0  -  Hl°SIl»0'^  the  former  being 

capable  of  exchanging  the  whole  of  its  hydrogen  for  metal,  and  forming  the  stannates 
which  contain  M-SnO^,  whereas  the  latter  exchanges  only  one-fifth  of  its  hydrogen  for 
metals,  forming  the  metastannates,  M^H'Sn^O'^.  Berzelius,  who  fi.rst  observed  the 
difiFerences  between  these  two  acids,  supposed  them  to  contain  different  modifications  of 
stannic  oxide  ;  but  the  polymerism  of  the  two  hydrates,  and  the  diversities  of  composi- 
tion of  their  corresponding  salts,  is  quite  siifficient  to  account  for  their  differences  of 
character  without  the  aid  of  any  such  hypothesis  (Fr^my,  Ann.  Ch  Phys.  [3],  sii. 
462  ;  xxiii.  393).  According  to  K.  Weber,  however  (Pogg.  Ann.cxxii.  358;  Jahresb. 
186-1,  p.  243),  stannic  and  metastannic  acids  exhibit  no  essential  differences  in  their 
behaviour  towards  bases.  He  finds,  indeed,  that  normal  stannate  of  potassium  can  take 
up  a  large  quantity  of  stannic  hydrate,  forming  a  clear  solution,  which,  when  evaporated 
over  oil  of  vitriol,  leaves  a  hydrated  salt  containing  1  at.  K'O  to  5  at.  SnO- ;  and  that 
metastannic  acid  dissolved  to  saturation  in  potash-ley,  and  evaporated  in  like  manner, 
yields  a  salt  containing  1  at.  K'O  to  6  or  7  at.  SnO-.  Hence  Weber  concludes  that 
the  relations  of  stannic  and  metastannic  acids  to  bases  are  not  essentially  different, 
and  that  their  supposed  polymerism  has  no  existence ;  but  his  results  require  con- 
firmation. 

Stannic  Acid. — This  hydrate  is  precipitated  by  acids  from  solutions  of  alkaline 
stannates,  also  from  the  solution  of  stannic  chloride  by  a  carbonate  of  barium  or  cal- 
cium, not  in  excess  ;  alkaline  carbonates  throw  down  an  acid  stannate.  AMien  dried 
in  a  vacuum,  it  has  the  composition  SnO-.H^O  =  SnH-'O^ ;  after  drying  in  a  stream  of 
dry  air,  it  contains  22'5  per  cent,  water,  corresponding  with  the  formula  3SuO'.7H"0.  or 
3SnH'-0^4H=0  ;  and  at  140°  it  gives  off  5  at.  water,  leaving  the  hydrate  3SnO-.2H-0, 
which  has  the  same  composition  as  metastannic  acid  dried  at  the  same  temperature, 
(p.  820). 

Stannic  acid,  when  recently  precipitated,  is  gelatinous ;  after  drying  in  the  air,  it 
forms  hard  translucent  lumps,  like  gum-arabic,  ■which  redden  litmus.  According  to 
Weber,  stannic  acid  dried  in  the  air  at  ordinary  temperatures  contains  SnO'-.2H*0, 
and  has  therefore  the  same  percentage  composition  as  air-dried  metastannic  acid. 

Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the  stannic  salts.  These 
salts  are  also  formed  by  exposing  solutions  of  stannous  salts  containing  excess  of  acid  to 
the  air,  or  by  treating  them  with  chlorine,  or  with  a  small  quantity  of  nitric  acid.  The 
solution  of  stannic  hydrate  in  hydrochloric  acid  is  identical  with  aqueous  stannic 
chloride.  The. stannic  salts  of  oxvgen-acids  are  very  unstable.  The  general  reactions 
of  the  stannic  salts  have  been  already  described  (p.  810).  The  individual  salts  are 
described  under  the  respective  acids. 

Stannates. — Stannic  hydrate  exhibits  acid  much  more  decidedly  than  basic  pro- 
perties. It  forms  easily  soluble  salts  with  the  alkali-metals,  and  from  these  the 
insoluble  stannates  of  the  earth-metals  and  heavj'  metals  are  obtained  by  double 
decomposition.  The  stannates  are  decomposed  Ijy  acids,  yielding  gelatinous  stannic 
acid.  The  general  formula  of  the  normal  sUuinatos  is  M-'Su"'0^  =  M'O.SnO''.  Tlioy 
have  been  examined  chiefly  by  Prdmy  xloc.  ciV.)  and  Moberg.  (J.  pr.  Chem.  sxviii. 
230.) 

Stannate  of  Ammonium. — An  acid  salt,  (Nn*)-SnO'.SnO-.a'H°0,  remains  as  a 
yellowish  jelly  on  evaporating  an  ammoniacal  solution  of  stannic  acid  over  oil  of 
vitriol  (Mob  erg).  A  stannate  of  ammonium  is  also  precipitated,  on  mixing  a  solu- 
tion of  potassic  stannate  with  sal-ammoniac,  as  a  gelatinous  mass,  which  dissolves  in 
pure  water,  but  is  reprecipitated  by  iunmonia.  (Berzelius.) 

Stannate  of  Potassium,  K'-SnO'  =  K'O.SnO',  is  prepared  by  dissolving 
stannic  acid  in  potash-ley,  or  by  fusing  metastannic  acid  or  anhydrous  stannic  oxide 
with  hydrate  of  potassium,  till  a  sample  mixed  with  nitric  acid  gives  a  precipitate 
which  redissolves  in  excess  of  nitric  acid.  The  solution,  evaporated  over  oil  of  vitriol, 
yields  transparent  rhombic  prisms,  containing  K"Sn0^.4H-0,  according  to  Fr  i  m_v  ; 
K-Sn0^3H-0,  according  to  Molierg  {loc.  cit.),  Marignac  (Ann.  Min.  [3],  xv.  277), 
and  Ordway  (Sill.  Am.  J.  [2].  xl.  473).  JIarignac  prepares  the  salt  by  gradually 
adding  30  pts.  metastannic  acid  to  80  pts.  fused  hydrate  of  potassium  till  the  mixture 
boils  up.  The  mass,  if  it  has  not  been  too  strongly  heated,  dissolves  almost  wholly  in 
water ;  and  on  evaporating  the  liquid,  the  salt  is  obtained  in  crystals,  which  are  rhom- 
bohedral  combinations,  often  forming  twins,  and  always  wilh  curved  faces. 

Ordway  prepares  pure  stannate  of  potassium  by  niixiuL;  llic  solution  of  the  crude 
commercial  salt  (obtained  by  igniting  tin  wilh  liydrate  and  nitrate  of  potassium)  with 
an  equal  volume  of  strong  alcohol,  repeatedly  treating  the  syrupy  layer  which  separates, 
with  alcohol,  pressing  the  pasty  mass  ultimately  obtained  (whicli  still  contains  free 
alkali),  then  dissolving  it  in  water,  and  washing  with  alcohol.  The  concentrated  solu- 
tion evaporated  in  a  vacuum  yields  the  salt  in  hard,  transparent,  monoclinic  crystals, 
of  specific  gravity  3197. 
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Stannate  of  potassium  gives  off  its  water  at  a  red  heat.  It  has  an  alkaline  reaction, 
dissolves  easily  in  water,  but  is  insoluble  in  alcohol.  According  to  Ordway,  100 
pts.  water,  at  10°,  dissolve  106-6  pts.  of  the  salt,  forming  a  solution  of  specific  gravity 
r018  ;  and  at  20°,  the  same  quantity  of  water  dissolves  110'5  pts.  of  the  salt,  forming 
a  solution  of  specific  gravity  1'627.  The  aqueous  solution  is  precipitated  by  chloride 
of  ammonium,  but  not  by  chloride  of  potassium  or  sodium.  Dilute  acids  do  not  form 
a  permanent  precipitate  till  three-fourths  of  the  alkali  are  neutralised.  A  solution, 
neutralised  up  to  this  point,  yields,  with  alcohol,  awhiteflocculent  precipitate  of  potassic 
metastannate.  (Ordway.) 

Stannate  of  potassium  is  used  in  calico-printing  for  the  same  purposes 
as  stannate  of  sodium,  and  is  prepared,  on  the  large  scale,  by  similar  processes 
{infra). 

Stannate  of  Sodium,  Na-SnO'  =  Na-O.SnO^,  is  formed  in  the  same  manner  as 
tlie  potassium-salt,  and  separates  from  the  alkaline  liquid,  on  heating,  in  the  crystal- 
line form  ;  by  solution  in  water,  it  is  obtained  in  tine  hexagonal  plates,  containing 
Na-SuO'.3H-0  (Moberg;  Rammelsberg;  Ordway).  Marignac,  by  proceeding 
in  the  same  way  as  for  the  preparation  of  the  potassium-salt,  obtains  stannate  of 
sodium  in  rhombohedral  crystals,  with  curved  faces.  Ordway  obtains  pure  stannate 
of  sodium  as  a  crystalline  precipitate,  by  adding  acetate  of  barium  to  the  aqueous 
sokition  of  the  commercial  salt,  and  mixing  the  filtered  liquid  with  about  an  equal 
volume  of  alcohol.  If  only  so  raucli  alcoliol  be  added  as  not  to  produce  permanent 
turbidity,  the  salt  separates  in  transparent  crystals.  H.  Jonas  (Chem.  Ceutr.  1865, 
p.  607),  by  recrystallising  the  commercial  salt,  obtained  pm-e  sodic  stannate,  in  oblique 
rhombic  prisms  containing  Na'SnO'.9H-'0. 

Stannate  of  sodium  is  less  soluble  in  warm  than  in  cold  water,  and  consequently 
separates  on  heating  a  solution  prepared  in  the  cold.  According  to  Ordway,  100  pts. 
water  dissolve  67'4  pts.  of  it  at  0°,  and  61'3  pts.  at  20°.  According  to  Haeffely 
(Dingl.  pol.  J.  exliv.  66),  a  solution  of  sodic  stan-nate,  of  specific  gravity  r3,  deposits, 
when  heated,  crystals  of  the  composition  above  given  ;  on  cooling,  however,  these  crys- 
tals redissolve,  so  that  the  solution  acquires  a  specific  gravity  of  l'3o  ;  it  then  gradually 
deposits  crystals  containing  Na'SnO^bH'O,  the  aqueous  solution  of  which  yields 
immediately  when  heated,  and  in  the  course  of  some  weeks  at  ordinary  temperatures, 
crystalline  metastannate  of  sodium. 

A  solution  of  stannate  of  sodium  is  used  in  calico-printing  as  a  "  preparing  salt,"  or 
mordant,  chiefly  for  fabrics  composed  of  wool  and  cotton  together ;  it  serves  to  render 
the  cott«n-tibre  more  susceptible  of  taking  the  dye,  so  that  the  whole  fabric,  when 
taken  out  of  the  d3'e-bath,  or  the  steam-chamber,  may  exhibit  a  uniform  depth  of 
colour.  The  dilute  solution,  when  brought  in  contact  with  the  fibre,  deposits  stannic 
hydrate  upon  it,  which  binds  the  colouring-matter,  the  action  being  assisted  by  boil- 
ing, by  the  influence  of  atmospheric  carbonic  acid,  or  by  the  addition  of  a  little  sul- 
phuric acid  or  sal-ammoniac  to  the  bath. 

Stannate  of  sodium  is  prepared,  on  the  large  scale,  for  these  purposes  by  fusing 
tinstone  with  hydrate,  nitrate,  chloride,  or  sulphide  of  sodium  ;  by  boiling  the  tin-ore 
with  caustic  soda-ley ;  by  fusing  metallic  tin  witli  a  mixture  of  carbonate  and  nitrate 
of  sodium,  or  heating  it  with  soda-ley  mixed  with  nitrate  and  chloride  of  sodium,  and 
evaporating  the  solution  in  an  iron  pot  till  it  becomes  heated  to  the  melting-point  of  tin. 
Haeffely  prepares  it  by  heating  soda-ley  with  tin  and  litharge  ;  stannate  of  sodium 
is  then  formed,  and  metallic  Ici'd  separated  in  the  form  of  a  sponge,  which  quickly 
reoxidises  when  heated  in  contact  with  the  air.  In  this  process,  tin  containing  lead,  or 
the  cuttings  of  tinplate  (tinned  iron),  may  be  used  instead  of  pure  tin.  [For  details 
of  the  several  manufacturing  processes,  see  Richardson  and  Watts's  Chemical 
Tcchitoloffi/,  vol.  i.  pt.  iv.  p.  35,  and  pt.  v.  p.  312.] 

An  arscnio-stannatc  of  sodium,  Na'0.6SnO'-.2As''0*  +  5aq.,  is  sometimes  used  in 
English  dyehouses  and  printwoi-ks.  It  is  prepared  by  adding  nitric  acid  in  excess  to 
a  lioiling  solution  of  stannate  and  arsenate  of  sodium  containing  an  excess  of  the 
latter,  and  treating  the  resulting  gelatinous  precipitate,  2SnO-.As-O*.10H-'O,  with 
excess  of  soda.  The  arsenio-stannate  then  separates  in  shining  needles,  while  ordi- 
nary stannate  of  sodium  remains  in  solution.  This  arsenical  salt  is  said  to  be  more 
economical  in  use  than  the  ordinary  stannate ;  but  it  does  not  produce  brighter  colours 
than  the  latter,  and  is  likely  to  be  prejudicial  to  the  health  of  the  workmen.  (Haeffely, 
Dingl.  pol.  J.  cxl.  290.) 

The  St  annates  of  barium,  calciuin,  and  sir  on  I  i  um  maybe  prepared  by  boiling 
a  solution  of  the  potassium-  or  sodium-salt  with  the  hydrates  or  carbonates  of  the  alka- 
line earth-metals,  or  by  calcining  a  mixture  of  tin-ore  with  lime,  baryta,  or  strontia, 
or  with  the  corresponding  nitrates  at  a  high  degree  of  heat  in  a  reverberatory  furnace. 
Thi  se  earthy  stannates,  when  decomposed  by  hydrochloric  acid,  yield  pure  Btanuic 
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acid,  which  may  bo  used  for  the  preparation  of  the  alkaline  stannates.  (James 
Young's  patent,  1848,  No.  12,359,  and  1849,  No.  12,744.) 

Stannates  of  Copper. — The  cupric  salt,  which  is  used  as  a  non-arsenical  green 
pigment,  may  be  prepared  by  adding  a  solution  of  1  at.  tin  (118  pts.)  in  nitromuriatic 
acid,  to  a  solution  of  1  at.  cupric  sulphate  (250  pts.),  then  adding  caustic  soda  in 
excess,  and  washing  and  drying  the  resulting  precipitate;  or  by  igniting  100  pts. 
nitrate  of  sodium  with  59  pts.  tin,  dissolving  the  mass  in  water,  and  using  the  solution 
to  precipitate  cupric  sulphate  (Gentele). — The  cuprous  salt,  which  has  not  yet  been 
obtained  pure,  is  formed,  together  with  other  products,  in  the  action  of  stannous  hydi-ate 
on  cupric  oxide,  both  in  alkaline  solution  (p.  816). 

Metastannic  Acid,  Sn'H'oO"  =  Sn^C'.SH-O. — Produced  by  the  action  of 
nitric  acid  upon  tin.  Tin  treated  with  strong  nitric  acid  is  completely  transformed 
into  a  white  powder,  which,  when  dried  in  the  air  at  ordinary  temperatures,  contains 
Sn^O">.10H'O  =  Sn^H-'O'^SH-'O,  or  5SnO-.10H=0;  but  when  heated  for  some  time 
to  100°,  it  gives  off  5  at.  water,  and  is  reduced  to  Sn=•H'"Ol^  or  5SnO-.5H-0.  At  140^ 
it  gives  off  more  water,  leaving  the  hydrate  3SnO'.2H-0  (or  5Sn0^.4H'^0,  according  to 
Fremy's  later  statements) ;  at  160°  it  is  converted  into  6SnO-.3H-0,  and  at  a  red  heat, 
into  anhydrous  stannic  oxide. 

According  to  Weber,  nitric  acid  of  specific  gravity  V2  converts  tin,  at  ordinary 
temperatures,  into  stannous  nitrate,  stannic  acid,  and  metastannic  acid,  which  is  coloured 
yellow  by  admixed  stannous  metastannate.  With  nitric  acid  of  specific  gravity  r35, 
the  products,  if  the  liquid  is  well  cooled,  are  metastannic  acid  [?  stannic]  and  stannic 
nitrate  ;  by  dilution  and  heating,  the  stannic  acid  is  converted  into  insoluble  meta- 
stannic acid,  which  indeed  is  always  produced  under  the  influence  of  heat. 

Metastannic  acid  is  white,  crystalline,  insoluble  in  water,  and  in  nitric  acid.  It 
takes  up  hydrochloric  or  sulphuric  acid  without  dissolving  in  it. 

The  sulphuric  compound  is  decomposed  by  water,  which  removes  the  whole  of  the 
sulphuric  acid.  The  compound  with  hydrochloric  acid  dissolves  in  pure  water,  but  is 
precipitated  from  the  solution  by  strong  hydrochloric  acid.  On  distilling  the  solution, 
hydrochloric  acid  is  given  off,  with  only  traces  of  stannic  chloride,  and  metastannic 
acid  remains.  According  to  Weber,  the  solution,  evaporated  over  oil  of  vitriol,  leaves 
a  residue  consisting  of  SnCl*.3Sn0^.5H^O.  The  same  solution  becomes  turbid  on 
boiling,  and  by  prolonged  ebullition  with  fresh  quantities  of  water,  the  whole  of  the 
metastannic  acid  is  separated,  the  more  quickly  as  the  solution  is  more  dilute  (Fr^ my). 
(For  the  reactions  of  the  hydrochloric  acid  solutions  with  acids,  alkalis,  &c.,  see  p.  811). 
A  dilute  solution  of  ordinary  stannic  acid  in  hydrochloric  acid  undergoes  a  gradual 
change,  and,  after  some  time,  exhibits  the  characters  of  a  solution  of  metastannic  acid. 
The  transformation  is  quicker  as  the  solution  is  more  dilute,  and  in  very  concentrated 
solutions  it  does  not  take  place  at  all ;  in  a  dilute  solution  also,  the  change  may  be  pre- 
vented by  addition  of  tartaric  acid.  The  gradual  transfprmation  of  stannic  into  meta- 
stannic acid  may  be  recognised  by  the  reaction  of  the  solution  with  sulphuric  acid, 
stannous  chloride,  ammonia,  tartaric  acid,  and  ferrocyanide  of  potassium  (p.  811). 

On  the  other  hand,  metastannic  acid  is  converted  into  normal  stannic  cliloride  by 
prolonged  digestion  with  strong  hydrochloric  acid,  especially  at  the  boiling  heat. 
When  heated  in  dry  hydrochloric  acid  gas,  it  yields  a  distillate  of  stannic  chloride, 
from  which  ordinary  stannic  acid  may  be  obtained.  By  fusion  with  excess  of  a  caustic 
alkali,  metastannic  acid  is  completely  converted  into  ordinarj-  stannic  acid. 

Met  as  tan  nates. — These  salts  may  for  the  most  part  be  represented  by  the  formula 
M■■'^PSn^O"^orM-0.4H■'0.5SnO^  They  exi.st  only  in  the  hydrated  state,  being  decom- 
posed when  deprived  of  their  basic  water.  Lowentlial  supposes  that  pure  metastannic 
acid  does  not  unite  directly  with  alkalis,  but  that  the  so-called  metiistannates  are  mix- 
tures of  ordinary  stannates  with  metastannic  acid,  the  quantity  of  this  acid  contained 
in  them  being  less  in  proportion  as  the  acid  used  in  their  preparation  had  been 
more  completely  converted  into  ordinary  stannic  acid :  hence  the  variations  which  have 
been  observed  in  the  compo.sition  of  some  of  these  salts. 

Metastannic  acid  dissolves  slowly  in  alkalis,  and  is  gradually  deposited  in  its 
original  state,  as  the  solution  absorbs  carbonic  acid  from  the  air.  From  solutions  of 
the  alkaline  metastannates,  acids  throw  down  metastannic  acid,  insoluble  in  nitric 
acid,  but  soluble  in  ammonia,  whereas  the  original  metastannic  acid  formed  by  tlio 
action  of  nitric  acid  upon  tin  is  insoluble  in  ammonia. 

The  metastannates  of  potassium  and  sodium,  heated  with  excess  of  base,  are  trans- 
formed into  stannates.  They  are  soluble  in  water.  The  other  metastannates  are 
insoluble,  and  are  obtained  by  double  decomposition. 

Metastannate  of  Potassium,  K^'H'Sn'O",  is  prepared  by  dissolving  metastan- 
Euc  acid  in  cold  potash ;  it  may  be  precipitated  in  the  solid  state  by  adding  pieces 
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of  potasli  to  the  liquid.  It  is  gummj-,  uncrystallisuble,  and  stro'.igly  alkaline.  At  a 
red  heat,  it  gives  oif  its  water,  and  is  decomposed ;  the  calcined  mass,  digested  in 
water,  yields  up  all  its  alkali,  and  leaves  nearly  pure  stannic  oxide  (Fremy). — ■ 
Another  metastannate  of  potassium,  containing,  according  to  Weber,  K'^H'^Sn'O'*  or 
K^0.3H''0.7SnO-,  was  prepared  by  Rose,  by  adding  caustic  potash-ley  to  the  solution 
of  motastannic  acid  in  hydrochloric  acid,  till  the  precipitate  at  first  formed  was  re- 
dissolved,  and  then  precipitating  with  alcohol.  This  salt  is  soluble  in  water ;  the 
solution,  when  heated,  does  not  become  turbid,  but  gelatinises  after  a  while ;  it  is  pre- 
cipitated by  potash  and  by  many  salts,  and  leaves  a  gummy  residue  when  evaporated. 

Metastannate  of  Sodiu7n,  Na'-IPSn*0'^  is  obtained  like  the  potassium-salt,  is 
white,  crystallo-granidar,  and  dissolves  slowly  but  completely  in  water.  The  aqueous 
solution  decomposes  when  gently  heated,  and  on  boiling,  deposits  the  whole  of  the  meta- 
staunicacid  (Fr6  my).  Haeifely  describes  another  sodium-salt,  Na-ffSn^0'^.4H-'0,  which 
was  deposited  from  a  solution  of  the  ordinary  stannates,  slowly  at  ordinary  tempera- 
tures, more  quickly  when  heated.  i. 

Stannous  Metastannate,  (Sn"H»)Sn*0'5  =  Sn0.5SnO-.4H^O.— Fremy  formerly  as- 
signed to  this  compound  the  formula  Sn0.3H-0.3SnO^ ;  according  to  Schiff  (Ann. 
Ch.Pharm.  cxx.  47),  it  is  SnO.6SnO-.4IPO  ;  according  to  Tschermak  (Chem.  Centr. 
1862,  p.  305),  SnO.6SnO.9H-0.  It  is  formed  by  placing  metastannic  acid  in  contact 
with  stannous  chloride.  It  is  yellow,  and  insoluble  in  water;  at  140°  it  gives  off 
water,  and  becomes  brown-black,  or,  if  dried  in  a  stream  of  carbonic  anhydride,  cinna- 
mon-brown (Schiff) ;  dark-brown  (Tschermak).  When  treated  with  nitric  acid,  or 
heated  in  contact  with  the  air,  it  takes  up  oxj'gen,  and  is  converted  into  metastannic 
acid.  It  dissolves  in  potash,  and  the  solution,  when  boiled,  deposits  tin  like  other 
stannous  salts.  Hydrochloric  acid  dissolves  it,  forming  a  solution  of  stannous  chloride 
and  hydrochlorato  of  metastannic  acid. 

When  a  solution  of  hydrochlorate  of  metastannic  acid  is  mixed  with  dissolved 
stannous  chloride,  a  yellowish  precipitate  is  formed,  perhaps  identical  with  the  body 

just  described.  A  similar  yellow  body,  containing,  according  to  SchifF,  (Sn"H"')Sn'^0'* 
or  Sn0.6Sn0^.5H-'0,  is  formed  by  the  action  of  stannous  chlorideon  ordinary  stannicacid. 

When  stannic  oxide  is  heated  in  an  atmosphere  of  carbonic  anhydride  or  ammonia, 
a  brown  oxide  is  formed,  containing  Sn"0'*,  either  Sn0.7SnO-  or  Sn-0',6SnO'-.  (Ts  cher- 
m  a  k.) 

Stannous  cliloride  does  not  act  upon  normal  stannic  chloride  ;  but  with  anhydrous 
stannic  oxide  it  forms  a  chocolate-brown  powder,  containing  Sn-'O^'  or  SnO.20SnO-. 
This  substance  does  not  turn  yellow  when  boiled  with  water  ;  it  is  less  easily  attacked 
by  acids  than  the  hydrated  yellow  compound ;  but  when  fused  with  alkalis  it  is  easily 
converted  into  alkaline  stannate. 

TIM-,  OXYCHXORIDE  Of.  See  p.  807. 
TIN-,  OXVFI.VORIDZ:  Or.    See  p.  813. 

TIN-,  oxiriosiDx:  or.  See  p.  814. 

TIN,  PHOSPHIDE  OF. — o.  Formed  by  throwing  phosphorus  upon  melted  tin, 
or  by  fusing  together  equal  parts  of  tin  and  glacial  phosphoric  acid,  whereby  stannic 
or  stannous  phosphate  is  likewise  formed  (Pclletier,  Landgrebe,  Schw.  J.  Iv.  106). 
The  compound  may  also  be  formed  by  heating  in  a  blast-furnace  for  an  houi',  6  pts. 
of  tin-filings  or  8  of  stannic  oxide  with  1  charcoal,  10  bone-ash,  5  pounded  quartz,  and 
5  boracic  acid  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxiii.  180).  It  is  silver-white  (lead- 
coloured,  according  to  Berthier)  ;  it  may  be  cut  with  the  knife ;  extends  under  the 
hammer,  but  at  the  same  time  splits  into  laminae.  Contains  from  13  to  14  per  cent,  of 
phosphorus,  which  burns  away  on  the  application  of  heat  (Pel le tier). — /3.  When  the 
comjiound  of  stannic  chloride  with  phosplioretted  hydrogen  is  decomposed  by  water, 
the  phosphoretted  hydrogen,  as  it  escapes,  reduces  the  stannic  chloride  to  the  state 
of  stannous  chloride,  and  at  the  same  time  precipitates  phosphide  of  tin  in  the  form  of 
a  yellow  powder,  which  remains  for  a  long  time  suspended  in  the  liquid,  and  oxidises 
readily  in  the  air.  When  washed  and  dried  out  of  contact  of  air,  it  exhibits  the  phos- 
pborus-flame  before  the  blowpipe.  When  ignited  in  hydi-ogen-gas,  it  gives  up  its 
phosphorus,  amounting  to  55  43 — 56-88  per  cent.,  and  is  converted  into  metallic  tin. 
(H.  Rose,  Pogg.  Ann.  xxiv.  326.) 

TIN,  SEIiENIDES  OP.  The  profosclenidr,  SnSe,  is  produced,  with  ineandes- 
oenee,  when  tin  is  heated  witii  selenium  (Berzelius)  ;  according  to  Uelsmann  (Ann. 
Ch.  Pharm.  cxvi.  124),  it  is  also  formed  even  when  tin  is  heated  with  excess  of  sele- 
nium. It  is  light-grey  with  metallic  lustre,  coarsely  laminar  with  crystalline  fracture, 
and  easily  deavable.    It  does  not  melt  in  a  glass  tube,  or  decompose  when  heated  in 
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hydrogen-gas ;  but  when  lieated  in  contact  with  the  air,  it  bums  without  melting,  giving 
off  selenium,  and  forming  stannic  oxide.  The  protoselenide  is  also  formed,  when  selen- 
hydrie  acid  gas  is  passed  into  protochloride  of  tin,  as  a  dark-brown  precipitate,  which 
dries  up  to  a  nearly  black  powder,  soluble  in  caustic  alkalis  and  in  sulphides  of  alkali- 
metals. 

The  diselc7iide,  or  Stannic  sehnide^  SnSe',  is  formed  by  precipitating  aqueoiis  stannic 
chloride  with  selenhydric  acid.  It  is  a  glittering,  dark,  yellowish-red  precipitate, 
becoming  light  red-brown  when  dry.  When  heated  in  hydrogen-gas,  it  gives  off 
half  its  selenium  ;  it  dissolves  in  caustic  alkalis  and  alkaline  sulphides,  the  solution 
quickly  depositing  sulphur  when  exposed  to  the  air. 

According  to  Little  (Ann.  Ch.  Pharm.  cxii.  213),  stannic  selenide  is  also  formed  by 
heating  tin  in  selenium-vapour,  and  is  then  a  tin-white,  metallically  lustrous  mass, 
having  a  conchoidal  fracture,  and  a  density  of  6"133  :  it  is  easily  fusible,  is  not 
attacked  by  hydrochloric  acid,  but  is  easily  decomposed  by  nitric  acid;  dissolved  by 
nitromuriatic  acid. 

Tinr,  SUXiPHXDES  OP.    There  are  three  sulphides  of  tin  corresponding  to  the 

oxides ;  the  sesquisulphide,  however,  is  perhaps  a  compound  of  the  other  two. 

The  protosiilphide,  or  Stannous  sulphide,  SnS,  is  formed,  with  vivid  incan- 
descence, when  finely-divided  tin,  such  as  tinfoil,  is  heated  with  sulphur.  The 
resulting  mass  generally  contains  metallic  tin,  and  must  therefore  be  pulverised,  and 
repeatedly  heated  with  sulphur  in  a  close  vessel.  Stannous  sulphide  thu.s  prepared  is 
a  dark,  lead-grey,  lamino-crystalline  mass,  of  specific  gravity  4-8  (Karsten);  5'2 
(Boullay),  somewhat  tough,  diificult  to  pulverise,  and  less  fusible  than  tin.  Becque- 
rel  has  obtained  it  by  electrolytic  action,  in  white  metallically  lustrous  cubes. 

The  same  compound  is  obtained,  as  a  brown-black  amorphous  precipitate,  by  passing 
sulphydric  acid  gas  into  the  solution  of  a  stannous  sail.  This  amorphous  sulphide 
may,  however,  be  rendered  crystalline  by  adding  it  by  small  portions,  after  washing 
and  drying,  to  anhydrous  stannous  chloride  in  the  melted  state,  as  long  as  it  is  taken 
up  thereby ;  tlien  leaving  the  dark-brown  liquid  to  cool,  dissolving  out  the  stannous 
chloride  by  dilute  hydrochloric  acid,  and  removing  an  admixed  dark-brown  powder  by 
levigation ;  stannous  sulphide  then  remains  in  small,  thin,  lead-grey,  metallically 
lustrous  laminse,  greasy  to  the  touch,  and  having  a  specific  gravity  of  4'973.  (Schnei- 
der,  Pogg.  Ann.  xcv.  169.) 

Stannous  sulphide  dissolves  in  boiling  hydrochloric  acid,  giving  off  sulphydric  acid, 
and  yielding  a  solution  of  stannous  chloride.  It  dissolves  but  slightly  in  monosuljihitk 
of  ammonium,  even  when  freshly  precipitated,  but  easily  in  solutions  of  alkaline  polt/- 
sulpkides,  or  of  the  monosulphides  mixed  with  sulphur,  the  protosulphide  of  tin  in 
either  case  being  converted  into  disulphide.  It  is  slowly  oxidised  by  heating  with 
nitric  acid. — Chlorine-gas,  at  ordinary  temperatures,  converts  it  into  liquid  stannic 
chloride,  and  a  crystalline  compound  of  that  substance  with  tetrachloride  of  sulphur 
(H.  Kose): 

2SnS  -t-  8C1»    =    SnCP  +  SnCl'.2SCl^ 

When  heated  in  hydrogen-gas,  it  is  slowly  reduced  to  the  metallic  st^ite. — By  fusiim 
with  cyanide  of  potassium,  it  yields  sulphocyanate  of  potassiimi  and  metallic  tin. 

Sesquisulphide  of  Tin,  Sn-S^,  is  produced  by  gently  igniting  an  intimate  mixture 
of  3  pts.  stannous  sulphide  and  1  pt.  sulphur  in  a  retort.  100  pts.  of  stannous 
sulphide  thus  treated,  take  up  10-5  pts.  of  sulphur.  It  is  greyish-yellow,  with  metallic 
lustre.  "When  strongly  ignited  in  a  close  vessel,  it  gives  off  one-third  of  its  sulphur. 
— Wi\h.  po(as7i-ley  it  yields  a  solution  of  potassic  stannate  and  sulphostannate,  and 
a  residue  of  stannous  sulphide.  Concentrated  hydrochloric  acid  converts  it  into 
disulphide  of  tin,  leaving  half  the  tin  in  the  form  of  protoxide.  The  same  compound 
separates,  in  the  form  of  a  liver-coloured  powder,  on  digesting  a  saturated  solution  of  a 
sulphostannate  with  disulphide  of  tin.  By  digestion  with  caustic  potash,  it  is  con- 
verted into  the  black  protosulphide.  (Berzelius.) 

Disulphide  of  Tin,  or  Stannic  Sulphide,  SnS'.  Sulphostannic  acid. — This 
compound  may  be  produced  either  in  the  dry  or  in  the  wet  way.  It  cannot,  however, 
be  obtained  by  simply  heating  tin  with  sulphur,  because  the  union  of  tin  and  sulpliur 
is  always  attended  with  great  development  of  heat,  sufficient  toresolve  the  disulphide, 
if  formed,  into  protosulphide  and  free  sulphur.  This  decomposition  may,  however, 
be  prevented  by  adding  to  the  mixture  certain  volatile  substances,  such  as  mercury 
or  sal-ammoniac,  which,  in  passing  into  vapour,  will  render  latent  a  certain  portion  of 
the  heat  evolved,  and  thus  keep  down  the  temperature.  According  to  L.  G  m  o  1  i  n,  how- 
over,  sal-ammoniac,  when  present,  lakes  a  direct  part  in  the  reaction,  which  then 
consists  of  two  stages ;  first,  the  formation  of  ammonio-stannous  chloride,  with 
evolution  of  hydrogen  and  ammonia: 

Sn  +  -INH'CI    =    2NH'Cl.SnCl-  +  IP  +  2Nn' ; 
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and,  secondly,  the  formation  of  stannic  sulpliide  and  amnionio-stannie  chloride, by  the 
action  of  the  sulphur  on  the  ammouio-Btannous  chloride : 

2(2NH'Cl.SnCP)  +  S'^    =    SnS^  +  2NH^Cl.SnCl^  +  2NH'C1. 
The  following  are  some  of  the  mixtures  used : 

a.  Protochloride  of  tin  and  sulphur  (Proust). — b.  Equal  parts  of  sifted  tin-filings, 
sulphur,  and  sal-ammoniac  (Pellet ier). — c.  4  pts.  of  tin-filings,  3  pts.  sulphur, 
2  pts.  sal-ammoniac  (Woulfe). — d.  A  pulverised  amalgam  of  2  pts.  tin  and  2  pts. 
mercury,  with  1^  pt.  sulphur  and  1  pt.  sal-ammoniac  (Thenard). — e.  A  pulverised 
amalgam  of  12  pts.  tin  and  6  pts.  mercurj',  with  7  pts.  sulphur  and  6  pts.  sal-ammoniac 
(whereby  1^  pt.  of  volatile  liver  of  sulphur,  13j  pts.  sublimed  matter,  and  IG  pts.  of 
fine,  and  for  the  most  part  sublimed,  mosaic  gold  are  obtained)  (Woulfe). — ;/'.  A 
pulverised  amalgam  of  12  pts.  tin  and  3  pts.  mercury,  with  7  pts.  sulphur  and  3  pts. 
sal-ammoniac. — g.  2  pts.stannous  oxide  and  1  pt.  sulphur. — h.  8  pts  stannic  oxide, 
7  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — i.  10  pts.  stannous  sulphide, 
5  pts.  sulphur,  and  4  pts.  sal-ammoniac  (Woulfe). — k.  5  pts.  stannous  sulphide, 
1  pt.  stannous  chloride,  and  2  pts.  sulphur. — /.  5  pts.  stannous  sulphide  and  8  pts. 
mercuric  chloride;  this  mixture  yields  a  very  beautiful  propai'ation.  (Woulfe.) 

Either  of  these  mixtures  is  slowly  lioated  to  redness  in  a  glass  retort  or  a  loosely 
covered  flask,  immersed  in  a  sand-bath.  Vapours  of  mercury,  sal-ammoniac,  &c.  are 
th(^n  given  otF,  afterwards  the  excess  of  sidphur ;  while  the  stannic  sulphide 
partly  remains  at  the  bottom  of  the  vessel,  and  partly  collects  in  the  upper  portion,  as 
a  sublimate  consisting  of  soft  golden-yellow  or  brownish-yellow  lamina?,  unctuous  to 
the  touch,  having  a  metallic  lustre,  and  a  specific  gravity  of  4'60,  according  to 
Karsten — 4-4,  according  to  Boullay.  This  crystalline  stannic  sulphide  is  commonly 
called  mosaic  gold,  Aurum  mosaicum,  s.  musivum,  and  as  such  was  known  to  the 
alchemists.  Stannic  sulphide  is  likewise  obtained  in  gold-colom'ed  spangles,  by 
passing  the  mixed  vapours  of  stannic  chloride  and  hydric  sulphide  through  a  porce- 
lain tube  heated  to  dull  redness. 

Mosaic  gold  is  sometimes  used,  in  place  of  the  amalgam  of  tin  and  zinc,  for  coating 
the  rubbers  of  electrical  machines ;  it  pi'oduoes  powerfid.  excitation,  requires  no  grease, 
and  does  not  stick  to  the  glass. 

Stannic  sulphide  is  obtained  in  the  amorphous  state  by  passing  sulphydric  acid  into 
a  solution  of  stannic  chloride,  or  of  a  stannic  salt  acidulated  with  liydrochloric  acid. 
The  resulting  light-yellow  precipitate,  after  drying,  is  yellowish-brown  and  somewhat 
translucent,  still  contains  a  certain  quantity  of  water,  and  decrepitates  when  heated. 

Stannic  sulphide,  ignited  in  a  close  vessel,  is  resolved  into  sulphur  and  stannous 
sulphide,  a  portion,  however,  subliming  without  decomposition  ;  in  contact  with  the 
air,  it  yields  sulphurous  anhydride  and  stannic  oxide.  In  chlorine-gas  it  deliquesces 
even  at  ordinary  temperatures,  forming  a  brown  liquid,  which  afterwards  solidifies  to 
yellow  crystals  of  the  compound  SnCl''.2SCl^  (p.  808).  Heated  with  iodine  in  a  stream 
of  carbonic  anhydride,  it  yields  the  compound  SnSP.SI''',  as  a  brown,  crystalline,  fusible 
mass,  or  a  dark-yellow  sublimate.  This  iodosulphide  dissolves  without  decomposition 
in  chloroform  and  in  carliouic  disulphide,  and  separates  from  tlie  latter  solution  in 
rhombic  crystals  of  the  colour  of  potassic  dichromate.  It  is  decomposed  by  water  into 
sulphur,  stannic  sulphide,  and  hydriodic  acid,  similarly  by  aqueous  alkalis  ;  alcohol 
decomposes  it,  with  separation  of  sulphur  ;  hydrochloric  and  nitric  adds  separate  sul- 
phur from  it.    (Schneider,  J.  pr.  Chem.  Ixxix.  419.) 

A  boiling  alcoholic  solution  of  iodine  does  not  attack  crystalline  mosaic  gold,  but 
slowly  dissolves  amorphous  stannic  sulphide  ;  and  the  solution  yields  crystals  identical 
with  those  of  the  compound  SuSP.SI-,  deposited  from  solution  in  carbonic  disulphide. 
(Schneider.) 

Crystalline  stannic  sulphide  is  not  decomposed  by  hydrochloric  acid ;  the  amorphous 
sulphide  boiled  with  concentrated  hydrochloric  acid  is  slowly  dissolved,  with  evoliition 
of  sulphydric  a^-id.  Hot  nitric  acid  oxidises  only  the  amorphous  sulphide:  boiling 
nitromtiriatic  acid  likewise  oxidises  mosaic  gold,  forming  sulphuric  acid  and  stannic 
oxide.  Stannic  sulphide  fused  with  litharge  yields,  either  by  partial  mutual  decompo- 
sition, a  mixture  of  the  sulphides  and  oxides  of  tin  and  lead;  or,  if  the  litharge  is 
in  excess,  it  yields  metallic  lead,  sulphurous  anhydi'ide,  and  a  yellow  glass. 

Sulphostannates. — Stannic  sulphide  reacts  as  a  sulphur-acid  or  sulphanhj'dride, 
forming  sulphur-salts  with  the  more  basic  metallic  sulphides.  The  sulphostannates 
of  the  alkali-metals  are  produced  by  fusing  tin  with  the  polysulphides  of  the  alkali- 
metals,  or  by  dissolving  stannic  sulphide  in  the  aqueous  sulphides  or  hydrates  of  the 
same  metals;  in  the  latter  case,  an  oxygen-salt  is  produced  simultaneously  with  the 
sulphur- salt. 

The  sulphostannates  of  the  alkali-metals  are  soluble  in  water;  those  of  all  other 
metals  are  insoluble,  and  are  obtained  by  precipitation,  the  precipitates  being  some- 
times yellowish,  but  mostly  brown  or  black.    (Kiihu,  Ann.  Ch.  Pharm.  Ixxjciv.  110.) 
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Hydric  Sidphosiannaie,  Stannic  Sidphydrate,  or  Sulpliostannic  Acid,  H'Sn''S'  = 
H-S.SnS-,  is  obtained,  by  treating  tlie  solution  of  an  alkaline  sulphostannate  Tntli  a 
dilute  acid,  as  a  yellow  precipitate,  which  becomes  dark-coloured  on  exposure  to  the 
air.  (Kiihn.) 

Sulphostannate  of  Ammonium  is  obtained  by  dissolving  stannic  sulphide  in  mono- ' 
sulphide  of  ammonium,  or  stannous  sulphide,  stannous  oxide,  or  stannous  hydrate  in 
polysulphide  of  ammonium. — The  potassium-salt  is  obtained  in  like  manner ;  on  mixing 
its  aqueous  solution  with  alcohol,  a  dark-brown,  heavy,  oily  liquid  separates,  having 
nearly  the  composition  K-SnS^.lOH-'O  ;  this  compound  gives  off  all  its  water  at  1(10°. 
— The  sodium-salt,  Na-SnS^.2H-'0,  forms  yellow  glassy  crj-stals,  whose  dominant  fnees 
belong  to  the  regular  octahedron.  A  solution  of  stannous  sulphide  and  sulphur  in 
monosulphide  of  sodium,  deposits  colourless  monoclinic  crystals,  resembling  gypsum, 
and  containing  Na'-S.Na"SnSM2H"0.  Horing  obtained  a  similarly  crystallised  salt 
containing  Na'SnS'.7H^0. — The  sidphosiannates  of  barium,  calcium,  and  strontium, 
obtained  by  precipitation,  are  sparingly  soluble  in  water. 

TXSr,  SVX.PHOCHX.ORXDB  and  STTXiPHO-ZODISE  OF.    (See  pp.  S09,  814.) 
TlJTCAIi.    Crude  borax,  as  it  is  imported  from  Asia,  in  yellow    reasy  crj-stals. 
(See  BoHATES,  i.  646.) 

Tizr-ORE.    Native  stannic  oxide  (p.  816). 

TXSrPZiATE,  or  Tinned  Iron-plate. — An  alloy  of  2  pts.  iron  a  d  1  pt.  tin,  ob- 
tained by  heating  the  two  metals  together  to  redness.  (SeeLaoN,  iii.  370;  also  Urt^s 
Dictionary  of  Arts,  &c.  iii.  897.) 

TZir-PTBXTES.  Stannine.  Bell-metal  ore.  Sulpkuref  of  Tin.  t^tain  milfure. 
Zinnkies. — A  cuproso-ferrous  sulphostannate,  sometimes  also  containing  zinc,  occurring 
in  Cornwall,  and  at  Zinnwald  in  Bohemia,  in  cubical  forms,  but  rarely  in  distinct 
crystals,  mostly  massive,  and  imbedded  in  crystallo-granular  aggregations,  with  traces 
of  cleavage  of  the  cube  and  rhombic  dodecahedron,  and  with  uneven  to  small  con- 
choi'dal  fracture.  Hardness  =  4-0.  Specific  gravity  =  4-3  to  4'5.  It  is  opaque,  with 
metallic  lustre,  yellowish-steel-grey  colour  inclining  to  brass-yellow,  and  black  streak. 
Before  the  blowpipe,  on  charcoal,  it  melts  to  a  grey  brittle  bead,  containing  copper  and 
iron,  and  surrounded  by  a  white  deposit  of  stannic  oxide.  The  bead  gives,  with  sodic 
carbonate  and  borax,  a  pale,  not  perfectly  malleable  button  of  copper  ;  when  heated  in  a 
tube,  it  gives  off  sulphurous  anhydride,  together  with  a  white  fume.  Nitric  acid  decom- 
poses it  easily,  forming  a  blue  solution,  with  separation  of  sulphur  and  stannic  oxido. 

Analyses  : — a.  From  Whealrock,  Cornwall  (Klaproth,  Bciirdge,  v.  298). — b.  From 
the  same  (Kudernatsch,  Pogg.  Ann.  xxxix.  146).— c.  From  St.  Michael's  Mount, 
Cornwall  (Johnston,  Rep.  Geol.  Cornwall,  &c.,  1839). — d.  From  the  same  (Mallet, 
Sill.  Am.  J.  [2],  xvi.  33). — e.  From  Zinnwald  (Kammelsberg,  Pogg.  Ann.  Ixxxviii. 
607): 

Sulphur  .  .  ,  30-5  29-64  29-93  29-46  29-6,') 
Tin  .  .  .  .  26-5  25-55  31-62  26-85  25-65 
Copper  .  .  .  30-0  29-39  23-55  29-18  29-38 
Iron.       .       .       .      12-0       12-44         4  79         6  73  6-24 

Zinc   1-77       10  11         7-26  9-66 

Gangue    .       .       .  1-02        .    .  0-16 

99-0       99-81      100-00       99  64       99  98 

These  analyses  lead  to  the  formula  Cu«M"Sn"S^  =  ^„g  SnS»,  or  (2Cu'S.SnS-). 
(2M"S.SnS=),  -where  M"  denotes  Fe  and  Zn. 

TZSr-RADZCIiES,  ORGATCXC.  The  general  properties  and  relations  of  the.se 
bodies  have  been  described  in  the  article  Organo-metaxuc  BoDras  (iv.  219,  227).  It 
is  there  explained  that  organo-tin  compounds  may  be  divided  into  three  groups, 
analogous  in  composition  to  the  oxides  of  tin,  and  represented  by  the  following  for- 
mulae, in  which  K  denotes  a  monatomic  alcohol-radicle : 

Sn"K''.  2Sn"'R'.  Sn"R«. 

Moreover,  one  atom  of  alcohol-radicle  in  compounds  of  the  second  group,  and  one  or 
two  atoms  in  those  of  the  third  group,  may  be  replaced  by  negative  radicles,  such  as 
chlorine.  Hence  arise  the  following  series  of  organo-tin  compounds  (R-l-  denoting  an 
alcohol-radicle,  and  R  —  a  negative  radicle  like  chlorine) : 

First  Series.  Second  Series.  Third  Series. 


Sn' 


fR-t-  (R-i- 
■5i5+  2Sn"XR-f  2Sn"SR  + 

<R+  (r+  IR- 


Stannous  compounds.  SlaDnoBO-stannIc  compounds. 


STANNETHYLS. 
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Fourth  seriej.  Fifth  series.  Sixth  series. 


R+  1r+  1r_ 


R+  IR-  R 


St.Kinic  compounds. 

In  the  stannic  compounds  the  atomicity  of  the  tin  is  fully  satisfied  :  hence  these 
bodies  cannot  take  up  any  other  radicle  (such  as  oxygen,  chlorine,  &c.)  by  direct  combi- 
nation, but  only  by  substitution  for  one  or  more  atoms  of  alcohol-radicles ;  in  otlier  words, 
they  do  not  themselves  act  as  radicles.  In  the  stannous  compounds,  on  the  contrary, 
there  are  two  units  of  atomicity  still  unsatisfied,  and  in  the  stannoso-stannic  compounds 
one  such  unit:  hence  these  bodies  are  capable  of  acting  as  radicles,  taking  up  chlorine, 
oxygen,  &c.  directly,  and  being  thereby  converted  into  stannic  compounds.  The  stannoso- 
stannic  compounds  are  evidently  monatomic ;  the  stannous  compounds  are  always 
diatomic,  imiting  with  2  at.  chlorine,  iodine,  &c.,  or  1  at.  oxygen,  sulphur,  &e.,  to 
form  stannic  compounds  ;  there  is  no  known  instance  of  an  organo-stannous  compound 
t/iking  up  only  1  at.  of  a  monatomic  radicle,  to  form  a  stannoso-stannic  compound 
(iv.  2'27). 

Organo-tin  compounds  have  been  obtained,  containing  methyl,  ethyl,  and  amyl. 
The  ethyl-compounds  have  been  most  completely  studied,  and  will  be  most  conveniently 
described  first. 

a.  Ethtl-compounds:  Stannethtls.* 
Three  compounds  are  known,  containing  only  tin  and  ethyl,  viz. : 
Stannous  ethide,  or  Stannodiethyl,  Sn"(C-H')''. 

Stannoso-stannic  ethide,  or  Stannotriethyl,  .Sn'(C*H*)^ 
Stannic  ethide,  or  Stannotetrethyl,  Su''(C'^H=')'. 

The  first  and  second  of  these  compounds,  as  already  observed,  act  as  organic  radicles, 
taking  up  oxygen,  chlorine,  &c.,  and  forming  compounds  which  maybe  regarded  either 
as  salts  of  these  same  radicles,  or  as  stannic  compounds  containing  ethyl  and  negative 
radicles  : — 

Sn"(C^H^)=]".P]       =  Sn-'j^^j^')" 

Stannodiethyl-iodida.         Stannic  di-ioJodiethide. 

[Sn"(C'H=^)i=]".0       =    Sn"  |  (C^')' 

StanDodiethyl-oxide,  Stannic  oxydiethide. 

[Sn"(C^H^n".SO^  «n"!\^SOr 

Slannodiethyl-sulphate.       Stannic  sulphatodiethide. 

[Sn"'(C=H»)M  =  Sn"j^^Y'^' 

Stannotriethyl-iodide.  Stannic  iodotriethide. 

[SnXC'H»)'']'.S         =  Sn^l^-g^^ 
Stannotriethyl-sulphlde.     Stannic  sulphotriethide. 

[Sn»(C'ff)»]".(CO')"  =  Sn'l^^cO')" 

Stannodiethyl-carbonate.  Stannic  carbonatodiethide. 
Lowig  has  also  described  a  number  of  stannethyls,  which  cannot  be  included  in  either 
of  the  preceding  groups ;  they  are  represented  by  the  following  formulae,  using  the  old 
atomic  weights,  C  =  6,  Sn  =  59 : — 

Acetostannethyl,  SnXC'H^)'. 
Ethstannethyl,  S7i\C*H^y. 
Radicle  not  named,  S7i%C'B'-y. 
Methylene-stannethyl,  Sn\  CW)'. 
Ethylene-stannethyl,  Sn\C*H'y. 


•  Frankland,  Phil.  Trans.  1852  ;  Ann.  Ch.  Pharm.  Ixxxv.  329  ;  cxi.  44  ;  Jahresb.  1852,  p.  569 
IS69,  p.  411 — Li)  w  i  g,  Ann.  Ch.  Pharm.  Ixxxiv.  308  ;  Jahresb.  1852.  p.  577.— C  a  hours  and  Ri  c  h  e, 

Ann.  Ch.  Pharm.  Ixxxiv.  333;  Jahresb.  1852,  p.  ."176  Buckton,  Ann.  Ch.  Phaim.  cix.  218  ;  cxii. 

220  ;   Jahresb.  1858,  p.  392  ;  1859.  p.   409  Cahours.  Ann.   Ch.  Pharm.  taiv.  227,  354  ;  cxxii. 

48  ;  Jahresb.  lS.i9,  p.  415  ;  IHiil,  p.  bAO  K  u  1  m  i  z,  J.  pr.  Chem.  Ixxx.  60  ;  Jahresb.  1860,  p.  375.— 

S  t  r  e  c  k  e  r,  Ann.  Ch.  Pharm.  cv.  306 ;  cxxiii.  365  ;  Jahresb.  1858,  p.  387  ;  1862,  p.  398. 
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The  last  two  are  polymeric  ■with  stannodiethyl,  S>i{  C'H^),  according  to  Lowig.  All 
these  radicles  are  said  to  unite  -with  1  at.  chlorine,  bromine,  iodine,  &c. 

Kekul^  (Ann.  Ch.  Phaxm.  cxix.  190)  supposes  these  anomalous  stannethyl-com- 
pounds  to  be  derived  from  the  more  simply-constituted  radicles  above  mentioned,  by 
substitution  of  iodine,  chlorine,  &c.  for  ethyl :  thus,  Lowig's  iodide  of  acetostannethyl, 
Sn-(C"H.^)^I,  might  be  derived,  in  this  manner,  from  a  double  molecule  of  stannodi- 
ethyl, Sq^vC'H*)'';  and  his  iodide  of  ethstannethyl,  Sn^(C-H*fI,  in  like  manner,  from  a 
double  molecule  of  stannotriethyl,  Sn-(C-H^)°. 

Strecker  has  pointed  out  that  Lowig's  methylene-  and  ethylene-sfannethyl  are  most 
probably  identical  with  stannethyl,  and  that  the  compounds  described  by  Lowig  as 
iodide  of  methylene-  and  ethylene-stannethyl  are  oxyiodides  of  stannethyl,  con- 
taining Sn^(C-H^)'I-0  and  Sn-(C''H^)^I-0^ — compounds  which  Strecker  has  actually 
obtained  by  other  processes  (p.  827).  In  bodies  whose  molecular  weights  are 
as  high  as  those  of  the  stannethyl-compounds,  the  quantities  of  oxygen  indicated 
by  these  formulae  would  make  but  little  difference  in  the  percentage  of  the  other 
elements. 

It  must  further  be  observed,  that  the  existence  of  these  anomalous  stannethyls 
is  by  no  means  well  established.  Lowig  never  succeeded  in  isolating  tlic-m 
completely,  or  in  preparing  their  compounds  in  a  pure  state  ;  and  Cahours  was  never 
able  to  obtain  them  at  all,  however  much  he  might  vary  the  proportions  of  the 
materials. 

Preparation  of  8tanneth/ls. — 1.  Finely-divided  tinfoil  is  introduced,  together  with 
three  times  its  weight  of  ethylic  iodide,  into  a  strong  glass  tube,  which  is  sealed  and 
exposed  to  sunshine.  A  slow  reaction  then  takes  place,  requiring  several  weeks'  expo- 
sure to  the  summer  sun  for  its  completion  ;  it  may,  however,  be  greatly  accelerated 
by  concentrating  the  rays  with  a  pai'abolic  retlector,  and  at  the  same  time  keeping 
the  tube  cool  by  immersion  in  water,  or  in  solution  of  cupric  sulphate ;  the  reaction  is 
then  completed  in  a  few  days.  The  product  solidifies  to  a  crystalline  mass,  consisting 
mainly  of  stannic  di- iododi e t hi de,  Sn'''(C-H^)'-r-,  with  small  quantities  of  stan- 
nous iodide  and  stannic  iodotriethide,  Sni'^CH^j^I  (Franklaud): 

2C'H=^I  -(-  Sn     =  Sn(C=H^)'P. 
3C'^H=I  +  Su^    =    Su(C^H^)'I  +  SnP. 

2.  A  mixture  of  1  pt.  finely-cut  tinfoil  and  2i  to  3  pts.  ethylic  iodide,  is  enclosed  in  a 
sealed  tube,  and  heated  to  150°  in  an  oil-bath  for  20  or  30  hours.  After  cooling,  the 
contents  of  the  tube  are  found  to  consist  partly  of  colourless  crystals  of  stannic  di- 
iododiethide  (iodide  of  stannodiethyl),  partly  of  yellowish  crystals  of  stannic 
iodotriethide  (iodide  of  stannotriethyl).  On  decanting  the  liquid  from  the  crs'stals, 
and  distilling,  a  small  quantity  of  ethylic  iodide  passes  over  first ;  then,  at  230°,  the 
stannic  iodotriethide  ;  and  at  245°  the  stannic  di-iododiethide,  the  residue  consisting  ot 
stannous  iodide.    (Cahours;  Eiche.) 

3.  Stannide  of  sodium,  prepared  by  fusing  6  pts.  of  tin  with  1  pt.  of  sodium,  is 
finely  pulverised,  and  mixed  with  quartz-sand  in  the  proportion  of  1  pt.  of  the  alloy 
to  1 — 1^  pts.  of  sand;  the  mi.\turo  quickly  introduced  into  a  number  of  glass  Ibisks  of 
3  or  4  ounces' capacity ;  and  a  quantity  of  ethylic  iodide  addod,  sufficient  to  form  a 
thick  paste  :  the  flask  is  then  briskly  shaken,  and  a  distillation-tube  ;idapted  to  it. 
The  action  commences  in  a  few  minutes,  and  is  completed  the  more  quickly  in  propor- 
tion as  the  alloy  is  richer  in  sodium.  Tlie  heat  which  it  developes  is  sufficient  to  cause 
the  excess  of  ethylic  iodide  to  distil  over,  after  which  the  flask,  while  yet  wann,  is 
closed  airtight ;  after  the  mixture  has  cooled,  the  treatment  with  iodide  of  ethyl  is 
renewed,  and  the  same  operation  repeated  till  a  sample  of  the  contents  of  the  flask 
no  longer  gives  oflf  hydrogen  when  thrown  into  water.  The  dry,  dusty,  yellowish, 
stinking  mass,  obtained  in  this  manner  from  several  flasks,  is  then  transferred  to  a 
bottle  filled  with  ether  (from  4^  to  5  pounds  to  the  contents  of  16  flasks),  left  to 
stand  for  an  hour  or  two,  and  frequently  shaken ;  after  which  the  dark-brown  ethereal 
solution  is  poured  into  a  bottle  filled  with  carbonic  anhydride,  and  loft  to  stand  for 
half  an  hour  or  an  hour,  whereupon,  especially  if  there  were  any  air  in  the  bottle,  a 
brown  substance,  which  dries  up  in  the  air  to  a  white  inodorous  mass,  separates  out. 
The  ethereal  solution  is  then  transferred  to  a  retort,  mixed  witli  about  i  of  its  bulk  of 
alcohol,  and  the  ether  is  completely  distilled  off.  There  then  remains  a  dark  turpen- 
tine-like mass  [consisting,  according  to  Lowig,  of  the  radicle  Sn^(C-H*)^],  and  an 
alcoholic  solution,  which,  when  decanted  and  left  at  rest,  deposits  a  Large  quantity  of 
yellow  oil,  frequently  separating,  after  some  time,  into  two  layers,  the  lower  of  which 
consists  mainly  of  stannous  ethide,  Su"(C-H')',  or  stannodiethyl.  The  alco- 
holic liquid  decanted  from  the  yellow  oil  deposits,  on  addition  of  water,  a  nearly 
colourless  oil,  the  first  precipitated  portion  of  which  consists  mainly  of  stannous 
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etliide,  and  the  last  of  stannosostaflnic  ethide  or  stannotriethyl ;  while  the 
intermediate  portions  contain  other  radicles  (p.  825),  which,  after  conversion  into 
iodides,  may  be  separated  by  fractional  crystallisation  (Lowig).  For  Lowig's  method 
of  separating  these  supposed  radicles,  see  Gmdin's  Handbook,  ix.  93. 

Stannous  Ettalde,  or  Stannodietbyl,  Sn"(C'^H*)^ — The  method  last  described 
yields  this  radicle  comparatively  pure.  The  best  method  of  obtaining  it  however 
is  to  immerse  a  strip  of  zinc-plate  in  a  warm  solution  of  stannodiethyl-chloride ;  it 
then  collects  at  the  bottom  of  the  vessel,  as  a  thick  yellowish  oil.  (Frankland.) 

Stannous  ethide  would  probably  be  colourless  when  quite  pure.  It  h;is  a  specific 
gravity  of  1-558  at  15°,  docs  not  solidify  at  —12°,  and  cannot  be  distilled  without 
decomposition.  It  has  an  extremely  pungent  odour,  stronger  than  that  of  any  of  its 
compounds.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  and  still  more  soluble  in 
ether. — It  absorbs  oxygen  from  the  air,  but  does  not  fume  or  take  fire  ;  it  reduces  nitrate 
of  si/wr  immediately,  with  separation  of  black  metallic  silver;  and  unites  directly 
with  chlorine,  hromine,  and  iodine. — With  hydrochloric,  hydriodic,  hydrohromic,  and 
hydrofluoric  acids,  it  forms  haloid  salts,  with  evolution  of  hydrogen.  When  heated 
to  150°,  it  boils,  and  is  resolved  into  stannic  ethide,  Sn(C^H*)',  which  distils  over,  and 
metallic  tin. 

Compounds  of  Stannethyl. — These  compounds,  which,  as  already  observed,  may  be 
regarded  as  belonging  to  tlie  stannic  type,  are  produced  either  by  direct  combination, 
or  by  double  decomposition  from  the  iodide. 

B  uoMiDE,  Sn(C-H'^)-Br^. — Produced  by  treating  an  alcoholic  solution  of  stannodi- 
etbyl with  bromine,  or  by  dissolving  tlie  oxide  in  hydrobromio  acid  ;  also,  together 
with  other  compounds,  by  heating  ethylic  bromide  with  tin  to  150°.  It  forms  long 
white  needles,  having  a  faint  camphorous  odour,  melts  when  gently  heated,  and  distils 
without  decomposition  at  232°.  Its  vapour-density  (taken  at  295°)  is  11'6-t ;  by  calcu- 
lation (2  vols.)  =  11-74.  It  is  soluble  in  water  and  alcohol,  and  especially  in  ether. 
(L(iwig;  Call  ours.) 

Chloride,  Sn(CTI*)-CP. — Obtained,  in  long  colourless  needles,  by  dissolving  the 
oxido  in  dilute  hydrochloric  acid,  and  evaporating  at  a  gentle  heat.  It  melts  at  60°, 
sublimes  when  slightly  warmed,  and  boils  without  decomposition  at  220°.  Vapour- 
density  =  8-71  and  8-62  at  268°— 282°  (Cahours);  calc.  =  8-62.  It  has  a 
stronger  odour  than  the  bromide,  is  moderately  soluble  in  boiling  water,  more  easily  in 
alcoliol  and  in  ether.    (Lowig;  Frankland;  Cahours.) 

When  ammonia  is  added  by  drops  to  a  boiling  alcoholic  solution  of  the  chloride,  till 
a  permanent  precipitate  begins  to  form,  this  precipitate  redissolved  by  addition  of  a 
little  more  of  the  stannodiethyl-chloride,  and  the  liquid  left  to  cool,  white  shining 
laniinse  are  deposited,  consisting  of  staunodiethyl-oxychloride,  Sn^(.C-H*)^OCl^ 
(Strecker.) 

Fluoride,  Sn(C"H'')'F-. — Obtained,  in  fine  crystals,  by  evaporating  the  solution 
of  stannethyl-oxide  in  hydrofluoric  acid. 

Iodide,  Sn(C-II*)-I'^. — This  compound  is  the  direct  product  of  the  action  of  ethylic 
iodide  upon  tin,  or  upon  sodium-stannide  containing  a  small  proportion  of  sodium, 
and  is  likewise  easily  produced  by  the  action  of  iodine  on  stannodietbyl  in  ethereal 
solution.  It  forms  colourless,  inodorous,  needle-shaped  crystals,  often  several  inches 
long,  melts  at  42°,  subhmes  at  160°  in  shining  needles  or  laminfe,  and  boils,  without 
decomposition,  at  245°.  It  dissolves  sparingly  in  cold,  more  easily  in  warm  water, 
also  in  cold  alcohol  and  ether.    (Lowig;  Frankland;  Cahonrs.) 

The  warm  aqueous  solution  of  the  iodide,  mixed  with  a  small  quantity  of  ammonia, 
yields,  on  cooling,  an  oxyiodide,  Su'(C-H^)*I-'0^,  in  hard  prismatic  crystals, 
slightly  soluble  in  water,  more  sob'tde  in  alcohol  or  ether.  The  same  crystals  are 
ol)tained  by  boiling  oxide  of  stannethyl  with  an  alcoholic  solution  of  the  iodide. 
(Strecker.) 

lod  ocyanidc,  Sn(CTI^)"CyI. — Produced  by  heating  equivalent  quiintities  ofstann- 
ethyl-iodide  and  silver-cyanide  with  a  small  quantity  of  anhydrous  alcohol,  in  sealed 
tubes  immersed  in  a  salt-bath.  By  evaporating  the  filtered  solution,  it  is  obtained  as 
a  crystalline  powder. 

Oxide,  Sn(C-*H'')-0. — Obtained,  as  a  white  powder,  by  evaporating  an  ethereal  soli,- 
tion  of  stannodiethyl  in  contact  with  the  air,  or  by  precipitating  a  solution  of  a 
stannethyl-salt  with  ammonia.  It  is  tasteless,  inodorous,  not  volatile,  takes  fire  when 
heated  in  contact  with  the  air,  burning  with  a  bright  flame,  and  giving  off  fumes  of 
stannic  oxido.  It  is  insoluble  in  water  and  in  ammonia,  nearly  insoluble  in  alcohol 
and  ether,  but  dissolves  easily  in  dilute  acids  and  in  the  fixed  alkalis.  On  distilling  it 
wi til  excess  of  aqueous  potash,  st annotr i e thyli c  hydrate  passes  over  with  the 
aqueous  vapour,  and  stannato  of  potassium  remains  behind  : 

3Sn(C^H=')-0  +  2KH0    =    K-SnO'  -I-  2Sn(C=H^)\H0). 
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PcntacMoride  of  phosphorus  acts  strongly  on  stannodiethyl-oxide  at  a  gentle  heat, 
yielding  a  distillate  of  stannethyl-chloride  and  phosphoric  oxychloride,  which  may  be 
separated  by  water : 

Sn(C^ff)^0  +  PCP    =    POCl'  +  Sn(C-H')=CP- 

Oxygen-salts. — The  stannodiethyl-salts  of  oxygen-acids  are  formed  by  dis- 
solving the  oxide  in  the  respective  acids,  or  by  decomposing  the  iodide  with  "silver- 
salts.  They  are  crystallisable,  inodorous,  soluble  in  alcohol  and  iu  water,  less  soluble  in 
ether.   They  decompose  when  heated,  emitting  a  pungent  odour  like  that  of  mustard-oil. 

Acetate,  Sn(C-H*f(C'H''0')-. — This  salt  separates,  on  gradually  adding  stanno- 
diethyl-oxide to  boiling  dilute  acetic  acid,  as  a  thick  oil,  which  solidifies  to  a  crys- 
talline mass  on  cooling.  By  solution  in  alcohol,  and  slow  evaporation,  it  is  obtained 
in  beautiful  tran.'sparent  prisms  or  tables.  When  heated,  it  partly  decomposes,  partly 
sublimes  unaltered.    It  dissolves  sparingly  in  water,  easily  in  alcohol  or  ether. 

Cyanate,  Sn(C'H*)XCNO)'.— Produced  by  the  action  of  silver-cyanate  on  an 
alcoholic  solution  of  stannodiethyl-iodide ;  crystallises  on  evaporating  the  solution. 
(Cahours.) 

Formate,  Sn(C2H»y(CH0^)^—Stann ethyl-oxide  gradually  added  to  dilute  formic 
acid,  dissolves  at  first,  but  on  further  addition,  stannodiethyl-formate  separates  as  a  thick 
colourless  oil,  which  solidifies  in  the  crystalline  form  on  cooling,  and,  when  recrystal- 
lised  from  alcohol,  forms  transparent  prisms.  (Cahours.) 

Nitrates. — The  neutral  salt,  Sn(C-'H*)-(NO')^  is  obtained  by  decomposing  the 
iodide  with  nitrate  of  silver,  or  by  dissolving  the  oxide  in  dilute  nitric  acid,  and  is 
obtained  by  slow  evaporation  in  rather  large  prisms.  When  heated,  it  melts,  decom- 
poses, and  burns  with  slight  detonation.    It  is  easily  soluble  in  water  and  in  alcohol 

(Lowig;  Frankland;  Cahours). — A.  basic  nitrate,  gnlcjjjsls^jjQ^l  |>  is  obtained 

by  decomposing  the  oxychloride  in  alcoholic  solution  with  nitrate  of  silver ;  the  solu- 
tion, when  evaporated,  yields  crystals  nearly  insoluble  in  water.  (Strecker.) 

Oxalate,  Sn(C^H*)'(C^O^). — Precipitated,  on  mixing  the  solutions  of  ammonium- 
oxalate  and  stannethyl-iodide,  as  a  dazzling-white  amorphous  powder,  insoluble  in 
water.  (Cahours.) 

Sulphate,  Sn(CTI*)'(SO'). — Prepared  like  the  preceding  salts.  Beautiful  crys- 
talline laminae,  soluble  in  water  and  in  alcohol.    (Cahours  ;  Lowig.) 

Butyric  and  Valerianic  acids  behave  with  stannodiethyl-oxide  like  acetic  acid  ;  a 
boiling  solution  of  tartaric  acid  dissolves  the  oxide,  and  yields  hard  prisms  on  cooling. 
— Citric  acid  acts  in  like  manner.  (Cahours.) 

Sulphide,  Sn(C^H')'S. — Precipitated  as  a  white  powder,  on  passing  sulphydric 
acid  gas  through  an  acid  solution  of  a  stannodiethylic  salt.  It  has  a  pungent  nauseating 
odour,  like  that  of  decayed  horseradish.  It  is  insoluble  in  dilute  acids  and  in 
ammonia ;  soluble  in  strong  hydrochloric  acid,  potash-ley,  and  sulphide  of  potassium  ; 
and  is  precipitated  unaltered  from  the  last  two  solutions,  on  addition  of  acids. 
(Frankland.) 

SuLPHOCYANATE,  Sn(C^H')'(CNS)-. — Formed  by  prolonged  digestion  of  stann- 
ethyl-iodide in  alcoholic  solution  with  sulphocyanate  of  silver.  The  solution,  con- 
centrated by  evaporation,  yields  colourless  crystals,  which  have  an  alliaceous  odour, 
and  decompose  when  heated,  turning  black  and  giving  off  fetid  products. 

Stannosostannic  Etblde,  or  Stannotrietbyl,  2[Sn"'(CTI')'J.  Scsguistan- 
ncthyl.  Methstanncthyl. — The  preparation  of  this  compound  by  Lciwig's  method  has 
been  already  described  (p.  826).  Cahours  adds  cthylic  iodide  in  excess  to  an  alloy  of 
80  pts.  tin  and  20  pts.  sodium  in  a  retort,  and  after  the  spontaneous  reaction  is  over, 
heats  the  residue  with  a  small  quantity  of  ethylic  iodide  in  strong  glass  tubes  for 
twelve  hours  to  120°.  The  contents  of  the  tubes,  when  cold,  are  added  to  pure  ether, 
and  after  twenty-four  hours'  digestion,  the  solution  is  filtered  into  vessels  filled  with 
carbonic  anhydride,  whereupon  it  deposits  a  white  flocculent  mass.  The  solution 
filtered  therefrom  is  distilled  to  one-eighth  of  its  original  volume ;  and  the  residue  is 
mixed  with  half  its  volume  of  ordinary  alcohol,  and  further  evaporated,  till  a  clear 
yellowish  oil  settles  down  to  the  bottom  of  a  viscid  colourless  liquid.  This  yellow 
oil,  after  washing  with  alcohol  and  heating  to  170° — 180°,  constitutes  pure  stanno- 
triethyl.  This  compound,  according  to  Kulraiz,  is  a  nearly  colourless,  heavy,  slightly 
refractive  oil,  having  a  peculiar  odour  like  that  of  rotten  fruita.  It  unites  directly 
with  oxygen,  chlorine,  bromine,  and  iodine. 
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Compounds  of  Stannotriethyl. 

These  compounds  may  be  regarded  as  formed  by  the  union  of  1  at.  iodine,  chlorine, 
&c.  with  1  at.  of  the  monatomic  radicle  Sn"'(C''H^)",  or  as  stannic  molecules,  in  which 
three  of  the  four  units  of  atomicity  of  the  tin  are  neutralised  by  ethyl,  and  the  fourth  by 
a  negative  radicle  (p.  825),  the  molecule  being  doubled  for  compounds  containing  diatomic 
negative  radicles,  such  as  S,  O,  SO',  &c. ;  e.g. : 


Sn'"(C=H^)^Cl     =  Sn" 


CI 


Stannotriethyl-  Stannic  chloro- 

chloride.  trielliide. 

[Sn'"(C^H^)3]^S0'    =  Su-^1(S07'° 

Stannotriethyl-sulphate.         Stannic  sulphato- 
triethlde. 

Their  modes  of  formation  are  analogous  to  those  of  the  stannethyl-compounds. 

Bromide,  Sn(C-'H^)^Br. — This  salt  is  most  easily  obtained  by  treating  the  oxide 
with  hydrobromic  acid.  It  is  a  colourless,  mobile,  strongly  refracting  liquid,  of 
specific  gravity  r630,  and  boiling  at  223°.  It  has  a  very  pungent  odour,  like  that  of 
mu.stard-oil,  dissolves  readily  in  ether  and  in  alcohol,  even  when  dilute,  but  very  sparingly 
in  water  (Lowig;  Cahours;  Kulmiz).  Vapour-density  =  9-924  (Cahours); 
calo.  =  9-60. 

Chloride,  Sn(C-H*)'Cl. — Obtained  by  dissolving  the  oxide  in  hydrochloric  acid, 
or  (more  readily)  by  adding  that  acid  to  an  aqueous  solution  of  the  sulphite.  It  is  a 
transp;irent,  colourless,  strongly  refracting  liquid,  having  a  vei-y  powerful  and  suffoca- 
ting odour.  Spociflcgravity  =  1-428  at  8*^ (Cahours),  1-320  (Kulmiz).  Boils  at  209^^. 
Vapour-density  (obs.)  =  8-430  at  285°  ;  calc.  =  8-33.  At  0°  it  solidifies  in  colour- 
less prisms.  According  to  Kulmiz,  it  forms,  with  platinic  cJdoridc,  two  crystalline 
compounds,  containing  Sn'(C-H>)"Cl''.PtCl<  and  Sn(C-H^)*Cl.PtCl\  respectively.  It 
also  forms  crystalline  compounds  with  auric  and  mercuric  chloride. 

Cyanide,  Sn(0'H*)'Cy. — When  stannotriethyl-iodide  and  silver-cyanide  are  gently 
heated  together  in  a  retort,  this  compound  sublimes  in  snow-white  crystals,  which  may 
be  freed  from  a  grey  substance,  often  adhering  to  them,  by  solution  in  alcohol  and 
spontaneous  evaporation.  It  forms  silky  flexiljle  prisms,  which  melt  when  gently 
heated,  and  sublime  without  decomposition.  When  quickly  heated  it  suffers  partial 
decomposition.  It  is  nearly  inodorous  in  the  cold,  but  when  heated,  it  emits  an 
odour  like  that  of  prussic  acid  and  the  stannotriethyl-compounds  together. 

Hydkatb,  ®""'^^'^*)'|0    =    Sn'^(C-'H^)'(HO).— This  compound  is  separated 

from  solutions  of  stannotriethyl-salts  by  caustic  potash,  but  generally  remains  dis- 
solved. It  may,  however,  be  withdrawn  from  the  solution  by  agitation  with  ether, 
and  obtained  in  the  crystalline  form  by  leaving  the  ether  to  evaporate.  When  a  solu- 
tion of  stannotriethyl-iodide  is  distilled  with  excess  of  potash,  the  hydrate  passes 
over  with  the  aqueous  vapour,  and  solidifies  in  the  crystalline  form  on  cooling  ;  and 
even  when  the  alkaline  solution  is  gently  heated  in  a  beaker-glass,  the  hydratfe  gra- 
dually sublimes,  filling  the  entire  space  with  slender  crystals,  which  form  a  mass  like 
cotton-wool.  To  obtain  the  hydrate  from  a  mixture  of  the  iodides  of  stanncthyl  and 
stannotriethyl — such  as  is  ordinarily  produced  by  the  action  of  tin  on  ethylic  iodide — 
the  mixture  is  dissolved  in  alcohol ;  silver-oxide  is  added  as  long  as  silver-iodide  is 
thereby  produced  ;  the  solution  containing  the  hydrate  of  stannotriethyl  is  filtered 
from  the  precipitate  consisting  of  a  mixture  of  stannethyl-oxide  and  silver-iodide  ;  and 
the  filtrate  evaporated  over  oil  of  vitriol. 

St.-innotriethyl-hydrate  forms  colourless  prismatic  crystals,  moderately  soluble  in 
alcohol,  either  anhydrous  or  hydrated,  easily  in  ether.  The  solutions  have  a  strongly 
alkaline  reaction  and  caustic  taste,  precipitate  most  of  the  heavy  niotals  from  their 
solutions  as  oxides  or  hydrates,  and  absorb  carbonic  acid  from  the  air.  The  hydrate 
neutralises  acids  completely,  forming  with  most  of  them  crystalline  salts. 

I OD II) E,  Sn(C^H^)'I. — This  compound  IS  produced  in  small  quantity  when  tin  is 
heated  to  150°  with  ethylic  iwlide,  more  abundantly  when  an  alloy  of  fin  and  sodium 
is  used  ;  also,  together  with  ethylic  iodide,  by  the  action  of  iodine  on  stannic  ethide  : 
Sn(C=H=)«  +  V    =    C'H'I  +  Sn(C-'H*)si. 

The  best  mode  of  preparing  it  is  to  treat  an  alloy  of  7  pts.  tin  and  1  pt.  sodium 
with  ethylic  iodide,  whereupon  a  brisk  action  takes  place,  accompanied  by  great  rise 
of  temperature.  As  soon  as  this  action  is  over,  the  residue,  mixed  -with  ethylic  iodide 
to  a  thin  paste,  is  enclosed  in  sealed  tubes,  and  heated,  for  eighteen  or  twenty  hours,  to 
125'^,  or  at  most  130°.    The  tubes,  when  cold,  are  opened,  the  contents  treated  with 
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etlier,  and  the  filtered  solution  evaporated,  after  addition  of  a  little  alcohol.  On 
leaving  the  ether  to  evaporate,  a  yellowish  oil  separates,  the  quantity  of  -which 
increases  on  addition  of  water  ;  and  on  distilling  this  oil  by  itself,  pure  stannotriethyl- 
iodide  passes  over,  between  230'^  and  235°.  (Cahours.) 

Stannotriethyl-iodide  is  a  colourless,  heavy,  strongly  refracting  liquid,  of  specific 
gravity  1-833  at  22°,  and  boiling  without  decomposition  between  235°  and  238°  (Ca- 
hours). It  solidifies  in  a  mixture  of  carbonic  anhydride  and  ether.  It  has  a  pungent 
odour,  attacking  the  nose  and  eyes  like  oil  of  mustard.  It  mixes  in  all  proportions 
-with  absolute  alcohol  and  with  ether,  dissolves  sparingly  in  water,  easily  in  hydrated 
alcohol.  It  dissolves  iodine,  with  brown  colour  in  the  cold  ;  but  on  heating  the  solution 
the  free  iodine  disappears,  and  iodide  of  stannethyl  is  formed,  together  -with  iodide 
of  ethyl. 

Stannotriethyl-iodide  absorbs  ammonia-gas,  forming  the  compound  Sn(C'II*)'I. 
2NH',  which  may  be  obtained  in  thin  prisms,  by  adding  a  solution  of  the  iodide  to 
anhydrous  alcohol  saturated  with  ammonia-gas,  warming  the  liquid  for  a  few  hours  in 
the  water-bath,  and  then  leaving  it  to  cool.  It  likewise  forms  crystalline  compounds, 
of  analogous  composition,  with  ethylaminc,  amylamine,  and  aniline. 

Oxide,  Sn-(C-H^)*0.— Obtained,  by  prolonged  heating  of  the  hydrate  to  a  tempe- 
rature near  its  boiling-point,  as  a  transparent  oil,  which,  when  mixed  -with  a  small 
quantity  of  water,  is  reconverted  into  the  crystalline  hydrate.  (Cahours.) 

OxTGEN-SALTS. — These  salts  are  obtained  by  dissolving  the  hydrate,  oxide,  or 
carbonate  of  stannotriethyl  in  the  aqueous  acids,  or  by  decomposing  the  iodide  with 
silver-salts.  They  are  mostly  crystalline,  and  dissolve  readily  in  water,  alcohol,  and 
ether. 

Acetate,  Sn(C-H')'(C-H'0^). — Prepared  by  dissolving  the  oxide  in  acetic  acid. 
Slightly  soluble  in  water,  easily  in  alcohol,  -whence  it  separates,  by  spont;ineous  evapo- 
ration, in  tufts  of  white  silky  needles.  It  melts  at  a  gentle  heat,  sublimes  at  a  some- 
what higher  temperature  in  snowy  flocks,  and  boils  without  decomposition  at  230°. 
(Kulmiz;  Cahours.) 

Arsenate,  Sn(C-H^)'(AsO*). — White  erystaUine  mass,  soluble  in  alcohol,  and 
crystallising  therefrom  in  tufts  of  shining  needles.    (Kulmi  z.) 

Benzoate,  Sn(C-H*)'(C'H^O-). — Obtained  by  double  decomposition  from  the 
iodide.  Long,  transparent,  highly  lustrous  prisms,  which  melt  at  80°,  and  sublime 
without  decomposition  at  a  higher  temperature.  Sparingly  soluble  in  water,  easily  in 
alcohol,  even  when  dilute.  (Kulmiz.) 

Butyrate,  Sn(C2H')'(C'H'0^).— Thin  shining  needles,  subliraable  without  de- 
composition, slightly  soluble  in  cold  water,  moderately  soluble  in  alcohol,  especially 
■when  warm. 

Carbonate,  Sn^(C'II*)*(CO'). — The  hydrate  absorbs  carbonic  acid  from  the  air 
during  the  evaporation  of  its  alcoholic  solution.  The  alcoholic  solution  of  the  sulphate, 
mixed  with  carbonate  of  ammonium  or  carbonate  of  sodium,  deposits  stannotriethyl- 
carbonate  as  a  dazzling- white  crystalline  powder.  (Kulmiz.) 

Cyanate,  Sn(C'H*)'(CNO). — Prepared  by  gradually  adding  di-y  cyanate  of  silver 
to  an  alcoholic  solution  of  stannotiiethyl-chloride,  as  long  as  the  liquid  is  thereby 
coloured  yellow.  The  filtrate  left  to  evaporate  yields  the  salt  in  tufts  of  thin  prisms, 
having  a  silky  lustre.  It  is  moderately  soluble  in  alcohol  and  in  ether,  is  converted 
into  carbonate  by  exposui'e  to  moist  air,  gives  oif  carbonic  anhydride  when  treated  with 
strong  acids,  and  ammonia  when  boiled  with  potash. 

When  ammonia-gas  is  passed  into  the  alcoholic  solution  of  this  salt,  and  the  liquid 
left  to  evaporate,  there  remains  a  substance  %\  hich  dissolves  partially  in  alcohol ;  and 
this  solution  yields,  by  evaporation,  long  colourless  prisms,  regiirded  by  Kulmiz  and 

(CO)"i 

Cahours  as  stannotriethyl -carbamide,  >N^;  but  they  are,  perhaps, 

Sn(C=H5)'j 

onlj'  a  mixture  of  carbamide  (urea)  with  a  salt  of  stannotriethyl.  They  have  not  been 
analysed. 

Formate,  Sn(C'H*)'(CHO-). — Thin  prisms,  having  a  silky  lustre  when  dry,  molt- 
ing between  50°  and  60°,  and  then  subliming  completely  ;  very  soluble  in  strong 
alcohol.    (Cahours;  Kulmiz.) 

Nitrate,  Sn(C^H')'(NO'). — Prepared  by  mixing  an  alcoholic  solution  of  the 
hydrate  with  nitric  acid,  then  adding  rther  and  enough  water  to  cause  the  liquid  to 
separate  into  two  layers,  the  upper  of  which  contains  the  nitrate,  and  leaves  it  as  a 
syrupy  mass  when  evaporated.  When  cold  it  forms  a  transparent  van  ish,  which 
dissolves  easily  in  alcohol  and  ether,  and  burns  away,  when  heated,  with  a  faint  light, 
but  without  detonation.  (Lowig.) 
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Oxalate,  Sn-(C'PP)''(C-0')". — Asolution  of  oxalic  acid  in  dilute  alcohol  takes  up  a 
large  quantity  of  stannotriethyl-hydrate,  and  deposits  the  oxalate,  on  evaporation,  in 
shining  colourless  prisms,  sparingly  soluble  in  cold,  easily  in  warm  water,  alcohol,  op 
ether.  It  is  inodorous  at  ordinary  temperatures,  but  decomposes  when  heated  above 
100°.    (Cahours;  Kulmiz.) 

Phosphate,  t^""''^*^'^7-''|(P0')"'  =  2HT0^Sn»|^(pQ^yr.— Obtained  by  treat- 
ing the  carbonate  with  dilute  phosphoric  acid  as  long  as  elFervescence  is  produced,  as 
a  white  powder,  which  dissolves  in  very  dilute  alcohol,  and  separates,  on  evaporation, 
in  tufts  of  transparent  shining  needles.  It  is  moderately  soluble  in  warm  water,  very 
soluble  in  dilute  alcohol,  slightly  in  ether.  The  solutions  have  an  acid  reaction. 
(Kulmiz.) 

Sulphate,  ^'a?{C''W'y(SO*)". — Separates  from  alcoholic  solution  in  nearly  trans- 
parent six-sided  prisms  with  six-sided  pyramidal  summits  (Kulmiz).  Itis  more  soluble 
in  cold  than  in  warm  water,  so  that  a  solution  saturated  in  the  cold  solidifies  almost 
completely  when  heated  (Buckton).    It  is  easily  soluble  in  alcohol.  (Cahours.) 

Tartrates.— neutral  salt,  Sn^(C=H»)"(C'H<0'')",  is  obtained  by  treating  the 
carbonate  with  excess  of  tartaric  acid,  dissolving  the  crystalline  deposit  in  dilute 
alcohol,  and  leaving  the  solution  to  evaporate.  It  forms  cubic  crystals,  which  melt  and 
decompose  at  a  rather  high  temperature. — An  acid  salt,  Sn^(C^II^)'^(C'H*0")".C*H"0'' 
+  2aq.,  is  contained  in  tlie  mother-liquor  of  the  neutral  salt ;  and  on  leaving  this 
liquid  to  evaporate  completely,  washing  the  crystalline  residue  with  a  little  water  to 
remove  excess  of  tartaric  acid,  then  dissolving  it  in  aqueous  alcohol,  and  leaving  the 
solution  to  evaporate,  the  acid  tartrate  separates  in  well-defined,  shining,  rhombic 
crystals,  moderately  soluble  in  water,  easily  in  dilute  alcohol.  (Kulmiz.) 

A  few  other  oxysalts  of  stannotriethyl  have  been  prepared,  but  not  accurately  inves- 
tigated.— The  bromate  and  iodate,  formed  by  the  action  of  bromine  or  iodine  on  an 
alcoholic  solution  of  stannotriethjd-hydrate,  separate  in  small  shining  crystals,  which 
detonate  slightly  when  heated  (L6  wig). — The ca^roaic,  caprylate,  and  ya/erai!e resemble 
the  acetate  and  butyrate.  (Cahours). 

Sulphide,  Sn-'(C-H*)''S. — Wlien  an  alcoholic  solution  of  the  hydrate  is  divided 
into  two  equal  parts,  one  portion  satiu-atcd  with  sulphydric  acid,  and  the  second  por- 
tion added  after  the  excess  of  sulphydric  acid  has  been  expelled  by  evaporation,  the  sul- 
phide separates  as  a  heavy  oil,  which  may  be  dried  over  sulphuric  acid.  It  is  trans- 
parent, has  an  amber-yellow  colour,  strong  refracting  power,  and  a  fetid  odour. 
(Cahours;  Kulmiz.) 

SuLPHYDRATE,  Sn(C-II^)\HS). — Obtained  by  satui-atiug  a  solution  of  the  hydrate 
in  absolute  alcohol  with  sulphydric  acid  gas,  and  evaporating,  in  colourless  needle- 
shaped  crystals  having  an  odour  of  mercaptan.  (Cahours.) 

Sni.PH  OCYANATE,  Sn(C-H^)^(CNS). — Obtained  by  heating  an  alcoholic  solution  of 
the  iodide  with  excess  of  silver-sulphocyanate  in  the  water-bath,  and  evaporating,  as  a 
viscid,  slightly  amber-yellow  mass,  which  gradually  becomes  crystalline.  It  melts 
when  heated,  and  solidifies  again  iu  the  crystalline  state  on  cooling.  It  dissolves  in 
alcohol  and  ether,  and  exhibits  the  general  reactions  of  the  two  sulphocyanates. 
(Cahours.) 

Stannic  Etbide,  or  Stannotetretbyl,  Sn''(C-n^)'. — This  compound  is  pro- 
duced by  the  action  of  zinc-ethyl  on  iodide  of  staunodiethyl  or  iodide  of  stannotriethyl, 
the  iodine  being  replaced  by  ethyl : 

Sn(C-^H^y-'P  +  Zn'XC^H'^)'    =    ZnP  +  Sn(C=H5)^ 
2Sn(C2H^)^I    +    Zn(C--H^)2    =    Znl^  +  2Sn(C^H^)\ 

It  is  also  formed  by  the  action  of  zinc-etliyl  on  .stannic  chloride  (Buckton),  and 
lastly  in  the  distillation  of  stannous  ethide,  metallic  tin  being  separated  at  the  same 
time. 

To  prepare  it,  crystallised  stannodietliyl-iodide  (stannic  di-iododiethido)  is  gradually 
added  til  an  ethereal  solution  of  zinc-ethyl,  the  crystals  then  di.ssolving  with  moderate 
rise  of  temperature,  and  a  syrupy  liquid  being  ultimately  obtained.  If  this  liquid 
— which  should  contain  an  excess  of  zinc-ethyl — be  then  distilled,  the  boiling-point 
quickly  rises  from  70°  to  180°,  and  the  greater  part  of  the  product  passes  over  between 
180°  and  200°,  while  zinc-iodide  and  a  sni.all  quantity  of  zinc-ethyl  remain  in  the 
retort.  The  distillate  contains  a  little  zinc-ethyl,  which  mu.st  be  decomposed  by  water, 
with  addition  of  acetic  acid,  and  the  heavy  oil  which  then  settles  down  is  separated 
from  the  supernatant  watery  liquid,  dried  over  chloride  of  calcium,  and  rectified. 
(  V  r  a  n  k  1  a  n  d. ) 

Stannic  ethide  is  a  transparent  colourless  liquid,  of  specific  gravity  1-87  at  23°.  It 
remains  liquid  at  — 13",  and  boils  at  181°.    V.apour-density,  obs.  =  8-021  (Frank- 
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land);  calc.  =  8'108.  It  has  a  faint  ethereal  odour,  and  a  somewhat  metallic  but 
not  unpleasant  taste.  It  is  inflammable,  and  burns  with  a  d;irk-blue-edged  flame, 
emitting  white  fumes  of  stannic  oxide.    In  oxygen-gas  it  burns  with  a  dazzling  light. 

Stannic  ethide  dissolves  iodine  with  brown  colour,  which  gradually  disappears.  If 
the  addition  of  iodine  be  continued  as  long  as  the  brown  colour  disappears  without  aid 
of  heat,  and  the  liquid  be  then  distilled,  ethj'lic  ioilide  and  afterwards  stannotriethyl- 
iodide  pass  over  (Buekton;  Frankland).  When  the  action  of  the  iodine  is 
assisted  by  a  gentle  heat,  the  decomposition  goes  further  in  the  same  direction,  and  a 
mixture  of  the  iodides  of  ethyl  and  stannodielhyl  is  obtained  (Cahours).  Lastly, 
when  stannic  ethide  is  somewhat  strongly  heated  with  excess  of  iodine  in  a  sealed  tube, 
iodide  of  ethyl  is  produced,  together  with  red  iodide  of  tin.  (Cahours.) 

Stannic  ethide  reacts  in  a  similar  manner  with  bromine. 

Stannic  ethide  is  not  decomposed  by  water,  neither  is  it  acted  on  by  strong  hydrochloric 
acid  in  the  cold ;  but  on  heating  the  mixture  over  mercury  to  80°  or  90°,  bubbles  of 
hydric  ethide  are  very  slowly  evolved,  and  stannotriethyl-chloride  is  produced 
(Frankland) : 

Sn(C'H*)'  +  HCl    =    C'H^H  +  Sn(C'H')»Cl. 
According  to  Cahours,  the  reaction  takes  place  more  quickly  at  100°;  and  if  it  be 
longer  continued,  with  a  larger  excess  of  hydrochloric  acid,  crystallised  stannethyl- 
chloride  is  produced. 

Stannic  ethide  mixes  with  stannic  chloride,  producing  considerable  rise  of  tempera- 
ture, and  forming  chloride  of  stannotriethyl : 

3Sn(C-ff)'  +  SnCl'     =  4Sn(C-H')'Cl. 
It  also  mixes  with  chloride  of  stannethyl,  but  without  acting  chemically  upon  it,  at 
least  at  moderate  temperatures.  (Buekton.) 

/3.  Methtl-compodnds:  Stannmethyls.* 

These  compounds  are  analogous  in  constitution  to  the  stannethyls,  which  they  also 
resemble,  generally,  in  their  properties  and  modes  of  formation.  Their  names  and 
formiilae  are  as  follows  : 

Stannous  methide,  or  Stannodimethyl,  Sn"(CH^)^. 
Stannoso-stannous  methide,  or  Stannotrimethyl,  2[(Sn"(CH')']. 
Stannic  methide,  or  Stannotetramethyl,  Sn''(CII')'. 
The  first  is  a  diatomic,  the  second  a  monatomic  radicle  ;  the  third,  in  which  the 
atomicity  of  the  tin  is  fully  satisfied,  does  not  act  as  a  radicle. 

There  are  also  tin-compounds  of  analogous  constitution,  containing  both  ethyl  and 
methyl. 

Stannous   IVIetblde,  or   Stannodimethyl,  Sn"(CH")-  This  compound  is 

formed  by  heating  methy lie  iodide  with  an  alloy  of  1  pt.  sodium  and  5  pts.  tin,  in  sealed 
tubes  to  130°.  By  exhausting  the  contents  of  tlic  tubes  with  ether,  and  evaporating 
the  solution  in  an  atmosphere  of  carbonic  anhydride,  it  is  obtained,  not  quite  pure,  as 
a  heavy  oily  liquid  having  a  mouldy  smell.  It  is  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether,  and  is  resolved  by  heat  into  stannic  methide  and  metallic  tin. 
The  alcoholic  solution  forms,  with  nitrate  of  sUver,  a  black  precipitate  of  metallic 
silver. 

The  compounds  of  stannodimethyl  may  be  regarded  (like  those  of  stannodiethyl)  as 
stannic  compounds,  in  which  two  out  of  the  four  units  of  atomicity  of  the  tin  are  satis- 
fied by  methyl,  and  the  other  two  by  a  negative  radicle.  They  are  formed  either  by 
direct  combination,  or  from  the  iodide  by  double  decomposition. 

Bromide,  Sn(CH^)'Br^ — Obtained  by  treating  the  oxide  with  excess  of  hj-dro- 
bromic  acid,  and  separates  from  the  concentrated  liquid  in  crystals,  which  may  be 
purified  by  recrystallisation  from  alcohol.  They  are  colourless  prisms,  isomorphous 
with  the  corresponding  chloride.  The  salt  boils  without  decomposition  at  208° — 
210°.    It  is  moderately  soluble  in  water,  more  easily  in  alcohol.  (Cahours.) 

Chloride,  Sn(CII')-Cl'. — Separates,  on  evaporating  a  solution  of  the  oxide  in 
excess  of  hydrochloric  acid,  in  fine  prisms.  It  melts  at  90°,  and  boils  at  188° — 190°. 
A'^apoui'-density,  obs.  (at  265  )  =  7731  ;  calc.  =  7'63.  It  dissolves  in  water,  more 
easily  in  alcohol  and  in  ether.    (Cahours  ) 

Iodide,  Sn(CH^)'P.— Produced,  like  the  corresponding  ethyl-compound,  by  the 
action  of  tin  on  methylic  iodide  in  sunshine  (Frankland),  or  with  aid  of  heat 
(Cahours  and  Riche).  To  prepare  it,  2J  to  3  pts.  nielhylic  iodide  are  heated  with 
1  pt.  of  tinfoil  to  150° — 160°,  in  sealed  tubes,  for  twelve  to  fifteen  hours.  The  tubes, 
after  cooling,  contain  a  mixture  of  a  brown  liquid  and  sulphur-yellow  crystals,  and  on 

•  Frankland,  Ann.  Ch.  Ph.irm,  Ixxxv.  346;  Jiihresb.  1852,  p.  572 — Cahours  and  Riche, 
Ann.  Ch.  Pharm.  Ixxxviii.  316;  Jahrcsb.  1852,  p.  577.-C  a  h  ou  r  s,  Ann.  Ch.  Pliaim.  cxiv,  3(57  i 
Jalirt-sb.  1859,  p.  426. 
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subjecting  this  mixture  to  fractional  difstillation,  metliylic  iodide  passes  over  first 
after  which  the  boiling-point  gradually  rises  to  230°,  and  at  last  nothing  but  red  iodide 
of  tin  is  left.  Tiie  distillate,  on  cooling,  deposits  yellow  crystals  of  stannic  di-iodo- 
dimethide,  and  the  mother-liquor  decanted  therefrom  consists  chiefly  of  stannic  iodo- 
trimethide  ;  but  if  it  be  again  rectified,  the  portion  which  last  goes  OTer  will  yield  an 
additional  quantity  of  stannic  di-iododimethide.  The  crystals  are  pressed  between  paper, 
then  dissolved  in  a  mixture  of  alcohol  and  ether  ;  and  by  leaving  this  solution  to  evapo- 
rate in  a  shallow  vessel  over  oil  of  vitriol,  in  a  dark  place,  crystals  of  considerable  size 
may  be  obtained. 

Stannic  di-iododimethide,  or  iodide  of  stannodimethyl,  forms  oblique  rhombic  crystals, 
which  become  somewluit  opalescent  on  exposure  to  the  air.  It  melts  at  about  30°  to 
a  liquid  resembhng  melted  sulphiu-;  andliy  piercing  the  crust  which  forms  on  cooling, 
and  pouring  out  the  still  remaining  liquid,  it  may  be  obtained  in  well-detined  rhombic 
prisms.  Specifio  gravity  =  'i-SyS  (at  22°).  It  boils  regularly  at  228°.  It  dissolves  in 
water,  especially  when  warm,  and  very  easily  in  alcohol,  w^ood-spirit,  acetone,  or 
ether.  Ammonia  separates  white  stannetliyl-oxide,  insoluble  in  excess  of  ammonia. 
(Cahours.) 

Oxide,  Sn(CII')-0.— The  precipitate,  obtained  in  the  manner  just  mentioned,  forms, 
when  washed  with  dilute  alcohol  and  dried,  a  white,  amorphous,  tasteless  powder,  in- 
soluble in  water,  alcohol,  ether,  and  aqueous  alkalis.  When  heated,  it  decomposes, 
giving  otF  the  odour  of  stannotrimethyl-oxido.  When  stannodimethyl-oxide  is  heated 
with  excess  of  potash,  stannotrimethyl-oxide  volatilises  with  the  aqueous  vapoui-,  and 
stannate  of  potassium  remains  behind  : 

3Sn(CH^fO  +  2KH0    =    K=SnO^  +  Sn"(CH^)'=0  +  IFO. 

0. ry gen-salts. — Most  acids  dissolve  the  oxide  of  stannodimethyl,  forming  crys- 
tallisable  salts. — The  formate,  Sn(CH^)''^(CHO')^  crystallises  in  fine  prisms,  which, 
when  heated,  partly  decompose,  partly  sublime  unaltered. — The  butyrate  and  acetate 
closely  resemble  the  formate. — The  capri/late  and  valerate  crystallise  easily,  and  are 
soluble  in  alcohol. — The  sulphate,  Sn(Cli')-'SO'',  obtained  by  decomposing  the  iodide 
with  silver-sulphate,  or  by  dissolving  the  oxide  in  a  slight  excess  of  dilute  sidphuric 
acid,  and  evaporating  over  oil  of  vitriol,  crystallises  in  colourless  prisms,  often  of  con- 
siderable size.  It  is  soluble  in  water,  especially  when  warm,  nearly  insoluble  in 
alcohol  even  at  the  boiling  heat.  It  decomposes  completely  when  heated,  emitting  a 
pungent  odour.  (Cahours.) 

Stannosostannic  IVXethide,  or  Stannotrimettayl,  Sn"'(CH')'. — This  radicle 
is  not  known  in  the  free  state.  Its  compounds,  which  may  be  regarded  as  stannic 
molecules  containing  3  at.  methyl  and  1  at.  of  a  negative  radicle,  are  produced  by 
several  reactions  : — • 

1.  The  iodide  is  formed,  together  with  stannodimethyl-iodide  (p.  832)  and  stannic 
iodide,  by  the  action  of  tin  on  methylic  iodide  at  130° — 160°  : 

6(CH')I  +  Sn»    =    SnI'  4-  2Sn(CH^)^I. 

2.  The  iodide  is  formed,  together  with  methylic  iodide,  by  the  action  of  iodine  on 
stannic  methide  at  ordinary  temperatures  : 

Sn(CIP)^  4-  r    =    CH^I  +  Sn(CH^)»I. 

3.  The  oxide  is  formed,  together  with  stannic  oxide,  by  boiling  stannic  di-iododi- 
methide with  excess  of  potash  : 

3Sn(CH')=P  -I-  3K=0     =    Sn'(CIP)'*0  +  SnO-  +  6KI. 

The  iodide,  Sn(CH')'I,  is  best  prepared  by  heating  tin  with  methylic  iodide  to 
150° — 160°  in  sealed  tubes,  and  separating  the  stannodimethyl-iodide  formed  at  the 
same  time,  by  repeated  rectification.  The  portion  which  passes  over  between  180°  and 
200°,  if  rectified  till  it  no  longer  becomes  turbid  on  cooling:,  and  no  longer  deposits 
crystals  of  stannic  iodide,  yields  pure  stannotrimethylic  iodide.  (Cahours.) 

This  iodide  is  a  thin  colourless  liquid,  of  specific  gravity  2-153  at  18°,  and  boiling  at 
1S8°— 190°.  Vapour-density  (at  260°)  =  10-325 ;  calc.  "=  10-049.  It  has  a  pungent 
odour  like  that  of  mustard-oil,  but  not  so  strong  as  that  of  the  corresponding  ethyl- 
compound.  It  remains  liquid  at  the  temperature  of  a  mixture  of  ice  and  salt,  but 
solidifies  immediately  at  that  of  a  mixture  of  ether  and  solid  carbonic  anhydride. 
(Cahours.) 

Oxide  and  Hydrate. — When  the  iodide  is  mixed  with  excess  of  potash- ley,  the 
hydrate  remains  dissolved,  but  passes  over  on  distilling  the  liquid,  and  collects  in  the 
receiver,  together  with  w-ater,  as  an  oil  which  solidifies  to  a  crystalline  mass  ;  and  by 
pressing  this  mass  between  papier,  and  again  rectifying,  it  may  be  obtained  in  colom-less 
transparent  prisms.    It  volatilises  without  decomposition,  but,  when  heated  for  some 
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time  to  a  temperature  near  its  boiling-point,  it  is  resolved  into  water  and  anhvdi-ous 
stannotrimetliyl-oxide.  It  is  sparingly  soluble  in  water,  more  soluble  in  alcohol ;  the 
solutions  are  alkaline,  and  neutralise  the  strongest  acids. 

0^'ygen-salts. — These  salts  are  nearly  all  soluble,  crystallise  easily,  are  isomor- 
phous  with  the  corresponding  stannotriethyl-salts,  and  volatilise  without  decomposi- 
tion, emitting  a  pungent  odour. 

Formate,  Sn(CH^)\CHO-'). — Somewhat  concentrated  formic  acid,  added  to  a  satu- 
rated solution  of  the  oxide,  produces  a  precipitate  which  redissolves  on  heating  the 
liquid,  more  easily  on  addition  of  alcohol.  The  solution,  if  left  to  evaporate,  yiekls 
fine  prismatic  crystals,  which  melt  at  a  gentle  heat,  and  sublime  without  decomposi- 
tion at  a  higher  temperature.  They  dissolve  easily  in  alcohol  and  ether. — The  acetate, 
Sn(CH^)'(C^H'0^),  is  prepared  like  the  formate,  which  it  resembles  in  external 
characters.    It  volatilises  without  decomposition,  dissolves  easily  in  alcohol,  less 

iv 

easUy  in  water.  —The  sulphate,  Sn^(CH')^(SO')",  crystalUses  in  small,  colourless,  shining 
prisms,  easily  soluble  in  water  and  in  alcohol.  (Cahours.) 

Stannic  nXetbide,  or  Stannotetrametbyl,  Sn(CH^)'.  StannodimcthyL  Stan- 
nobimitliyl. — This  compound  is  produced  by  the  action  of  zinc-methyl  on  stannic  di- 
iododimethide,  or  stannic  iodotrimethide,  thus : 

Sn(CH')2P  +  ZniCWf    =    ZnP  +  Sn(CH')«. 
2Sn(Cff)3I    +  Zn(CH^)'=    =    ZnP  +  2.Bn{CWy. 

Also,  together  witli  metallic  tin,  by  the  distillation  of  stannous  methide :  2Sn(CH')' 
=  Sn(Cff)*  +  Sn. 

It  is  a  liquid  having  an  ethereal  odour,  and  boiling  at  140° — 145°.  Iodine  converts 
it  into  metbylic  iodide  and  stannic  iodotrimethide. 

By  the  action  of  zinc-ethyl  on  stannic  iodomethidcs,  and  of  zinc-methyl  on  stannic 
iodo-ethides,  stannic  compounds  are  produced,  containing  both  ethyl  and  methyl,  viz. : 

2Sn(CH')'I    +  Zn(C-H=^7    =    ZnP  +  2Sn(C=H')(CH')^ 
Sn(C^H=)-P  +  Zn(CH')-''     =    ZnP  +  Sn(C-H')-'(CH^)'. 
2Sn(C'^H^/I    +  Zi\{CWf      =     ZnP  +  2Sn(_C-H')'(CH^). 

Stannic  Etbotrimetblde,  Su(C'^H'')(CH^)',  is  prepared  by  gradually  adding 
stannic  iodotrimethide  to  zinc-ethyl  in  a  vessel  cooled  by  immersion  in  cold  water,  the 
zinc-othyl  being  kept  in  excess.  On  distilling  the  product,  and  mixing  the  distillate 
with  water  containing  a  little  acetic  acid,  stannic  cthotrimethide  separates  as  a  heavy 
oil,  which  is  to  be  washed,  dried  with  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  of  specific  gravity  1-243,  and  boiling  between  123°  and  128°. 
Vapour-density,  obs.  (at  200°)  =  6-715  ;  calc.  =  6-65.  It  has  an  ethereal,  somewhat 
pungent  odour.  AVith  iodine  it  forms  ethylic  iodide  and  stannic  iodotrimethide 
(Cahours) : 

Sn(C^H»)(CH^)'  +  1-    =    C=ffl  +  Sn(CH»)»I. 

Stannic  Diethodimetblde,  Sn(C-H^)-(CH')",  is  obtained  by  gradually  adding 
stannic  di-iododiethide  to  an  ethereal  solution  of  zinc-methj-1,  keeping  the  latter  in 
excess,  and  proceeding  as  in  the  preparation  of  the  last-described  compound. 

It  is  a  clear  colourless  liquid,  having  a  faint  ethereal  odour,  and  metallic  taste. 
Specific  gravity  =  1-232  at  19°.  It  remains  fluid  at  -13°  and  boils  between  144° 
and  146°.  Vapour-density,  obs.  (at  1S9°)  =  6-838;  calc.  =  7-138.  It  is  easily  set  on 
fire,  and  is  decomposed  by  chlorine,  bromine,  and  iodine,  which  take  from  it  1  at.  nu-thyl. 

Iodine  dissolves  in  the  liquid  with  carmine-red  colour,  which  disappears  slowly  in 
the  cold,  more  quickly  on  application  of  heat.  On  adding  an  excess  of  iodine,  removing 
this  excess  after  a  while  by  means  of  metallic  mercury,  and  distilling,  methylic  iodide 
passes  over  first ;  the  boiling-point  then  quickly  rises  to  207°,  at  whicli  temperature 
very  little  passes  over  ;  aud  there  remains  a  straw-coloured,  somewhat  oily,  intolerably 
pungent  liquid,  having  a  specific  gravity  of  2  033  at  15°,  and  the  composition  of 
stannosostannic  iododiethide,  Sn"'(C-H^)'I.  It  remains  liquid  at  —  13°,  and  begins  to 
boil  at  208°  ;  but  the  temperature  quickly  rises,  and  at  230°,  an  abundant  separation 
of  iodide  of  tin  takes  places.  The  liquid  is,  perhaps,  a  mixture  of  stannic  di-iododi- 
cthide,  Sn(C-H*)-P,  and  stannous  ethide.  Su(C-H*)=.  (Frankland.) 

Stannic  diethodimethide,  treated  with  aqueous  hydrochloric  acid,  gives  off  a  mixture 
of  ethylic  and  methylic  hydrides  (mure  than  four  times  as  much  of  the  former  as  of  the 
latter),  and  is  converted  into  a  crystalline  salt,  probably  a  mixture  of  stannic  dichloro- 
diethide  and  stannic  dichlorodimethide.  (Frankland.) 

Stannic  Trietbometbide,  Sn(C-H^)'(CH'),  is  produced  by  the  action  of  stannic 
iodotriethide  on  zinc-methyl,  and  separates,  on  treating  the  distillate  with  acidulated 
water,  as  a  heavy  oil,  whieli  may  be  purified  as  above.    It  is  a  colourless  liquid,  having 
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an  ethereal  odour,  boiling  atl62° — 163°,  and  is  converted  by  iodine  into  methylic  iodide 
and  stannic  iodotriethide.  (Cahours.) 

7.  Amyl-co  MPOUNDS  :  Stannamyls. 

These  compounds,  investigated,  under  Lowig's  direction,  by  A.  Grimm  (Ann.  Ch. 
Pharm.  xcii.  383  ;  Juhrosb.  1854,  p.  543),  are  produced  by  the  action  of  amylic  iodide 
on  an  alloy  of  1  pt.  sodium  and  6  pts.  tin,  the  process  being  conducted  as  in  Lowig's 
method  of  preparing  the  stannethyls  (p.  826).  The  distilled  product  contains  the 
compounds  Sn"(C^H")',  [Sn"'(C^H")«]^  and  Sn"(C^H")<,  homologous  with  the  stann- 
ethyls, and,  according  to  Grimm,  also  a  compound  containing  Sn-(C*H"y. 

The  stannamyls  are  unctuous  masses,  insoluble  in  water,  easily  soluble  in  ether,  and 
more  soluble  in  alcohol  in  proportion  as  they  contain  less  tin.  They  have  not  a  very 
pungent  odour,  and  do  not  fume  in  the  air.  They  reduce  silver-solution,  and  are  oxidised 
with  great  violence  by  nitric  acid.  Bromine  also  acts  violently  on  them ;  and  iodine, 
in  alcoholic  solution,  attacks  them  with  evolution  of  heat.  Their  ethereal  solutions 
oxidise  when  evaporated  in  contact  with  the  air.  The  oxides  have  an  alkaline  reaction, 
dissolve  in  acids,  and  are  sopiarated  from  the  solution  by  ammonia.  Neither  the 
radicles  nor  their  compounds  can  be  volatilised  without  decomposition.  According  to 
Gri mm,  all  the  stannamyls  above  mentioned  act  as  radicles,  uniting  with  oxygen, 
chlorine,  iodine,  &c.  With  respect  to  stannic  amylide,  Sn(C^H'')*,  however,  this 
statement  is  very  improbable,  inasmuch  as  the  corresponding  ethyl-  and  methyl-com- 
pounds react  as  saturated  molecules,  not  as  r.adicles.  Altogether,  the  investigation  of 
the  stannamyls  must  be  regarded  as  imperfect;  they  have  not,  indeed,  been  separated, 
one  from  the  other,  with  sufBeient  accuracy  to  give  any  value  to  the  special  description 
their  properties,  or  of  those  of  their  compounds. 

TIKOXiXTE.    Syn.  with  Tyuolite. 

.^■r^  ^ -^-r-w^  ^  ^-w^  (     bee  Titanium  (p.  844). 

TITANIFSaous  XROIU.    See  Titanates  of  Ikon  (p.  846). 

TXTANXTZ:.  Syn.  with  Sphene  (p.  398).  Hautefeuille  (Compt.  rend.  lix. 
698  ;  Jahresb.  1864,  p.  216)  has  obtained  crystals  having  the  form  and  composition  of 
spihene,  by  fusing  in  a  platinum  crucible  a  mixture  of  3  pts.  silica  and  4  pts.  ti  .anic 
oxide  covered  with  chloride  01  calcium.  If  a  small  quantity  of  manganous  chloride 
be  added  to  the  mixture,  crystals  of  greenovite  areobtained.  If  the  mixture,  in  the 
fused  state,  be  exposed  to  an  atmosphere  of  aqueous  vapour  and  carbonic  acid,  or 
(better)  of  air  saturated  with  aqueous  vapour  and  hydrochloric  acid,  crystals  of  pero  ws- 
kite,  Ca"Ti"0'',  are  obtained.    (See  Titanates,  p.  845.) 

TITAKTIVJ^S.  Symbol,  Ti ;  Atomic  weight,  60. — A  metallic  element  discovered, 
in  1789,  by  Gregor,  in  the  menaccanite  (titaniforous  ironsaud)  of  Cornwall,  and 
thence  named,  by  Kirwan,  Menachin.  Klaproth,  in  1795,  discovered  a  new  metal 
in  rutile,  which  he  called  Titanium  ;  but  on  subsequent  investigation,  in  1797,  be  found 
that  this  metal  was  identical  with  the  menachin  of  Gregor.  The  name  titanium  has, 
however,  been  universally  adopted.  The  preparation  and  properties  of  titanium  and 
its  compounds  have  been  studied  chiefly  by  Berzelius,  Wohler,  and  H.  Rose. 

Titanium  is  one  of  the  rarer  metals,  and  is  never  found  in  the  metallic  state.  The 
most  important  titanium  minerals  are  rutile,  brookite,  and  anatase,  which  consist  of 
titanic  oxide,  TiC^,  and  the  several  varieties  of  titanifcrous  iron,  consisting  of  ferrous 
titanate,  sometimes  alone,  but  more  generally  mixed  with  ferric  or  ferroso-ferric  oxide. 
Titanium  likewise  occurs  native,  as  titanate  of  calcium,  in  perowskite ;  as  silico-titanate 
of  calcium  in  sphene  or  titanite;  and  as  titanate  of  cerium,  yttrium,  &c.,  together  with 
tantalatcs  and  niobatcs,  in  a'schynite,  euxenite,  polymignite,  polycrase,  and  pyroehlore. 
Small  quantities  of  titanium  are  found  also  in  many  iron-ores,  and  it  has  been  detected 
by  Mazad  e  (Compt.  rend,  xxxiv.  952)  in  the  mineral  water  of  Ncgrac  (Dep.  d'Areche) 
in  France. 

When  titanifcrous  iron-ores  are  smelted  in  the  blast-furnace,  small  cubic  crj'stals  of 
a  bright  copper-colour  arc  found  on  the  slag  which  adheres  to  the  lower  part  of  the 
furnace.  These  crystals  were  long  supposed  to  bo  metallic  titanium,  but  Wohler 
(Ann.  Ch.  Pharm.  Ixxiii.  34)  has  .-hown  that  they  also  contain  carbon  and  nitro- 
gen,— being,  in  fact,  a  compound  of  cyanide  of  titanium  with  nitride  of  titanium, 
TiCy=.3N-Ti^ 

Pure  titanium  is  obtained  by  heating  the  double  fluoride  of  potassium  and  titanium 
with  potassium  in  a  covered  crucible.  The  metal  is  then  set  free,  with  vivid  incandes- 
cence, and  the  fluoride  of  potassium  may  be  removed  by  washing  with  water.  Titanium 
thus  obtained  is  a  dark-green,  heavy,  amorphous  powder,  which  does  not  exhibit  any 
uhade  of  copper-colour,  even  after  pressure  ;  under  the  microscope  it  appears  as  a 
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cemented  mass,  having  the  colour  and  lustre  of  iron.  Metallic  titanium  is  also 
obtained  by  mixing  titanic  oxide  with  one-sixth  of  its  weight  of  charcoal,  and  exposing 
it  to  the  strongest  heat  of  an  air-fiu'nace.  It  was  thus  obtained,  in  the  form  of  a 
copper-coloured  or  gold-coloured  powder,  by  Vauquelin,  Lampadius,  and  others  ;  but 
possibly  the  charcoal  which  they  used  may  have  contained  nitrogen,  and  that  element 
may  have  united  with  the  reduced  metal. 

Pure  titanium  (prepared  from  the  double  fluoride)  burns  with  great  splendour 
when  heated  in  the  air,  and,  if  sprinkled  into  a  flame,  is  consumed,  with  brilliant  scin- 
tillations, at  a  considerable  distance  above  the  point  of  the  flame.  When  heated  to 
redness  in  oxygen-gas,  it  burns  with  a  splendour  resembling  a  discharge  of  electricity. 
In  chlorine-gas  it  exhibits  similar  phenomena,  requiring  also  the  aid  of  heat  to  set  it 
on  fire.  Mixed  with  red  lead  and  heated,  it  burns  with  such  violence  that  the  mass  is 
thrown  out  of  the  vessel  with  loud  detonation.  Titanium  does  not  decompose  water 
at  ordinary  temperatm-es,  but  on  heating  the  water  to  the  boiiing-point,  hydrogen 
begins  to  escape.  Warm  hydrochloric  acid  dissolves  titanium,  witli  brisk  evolution  of 
hydrogen.  Ammonia  added  to  the  solution  throws  down  a  black  oxide  ;  and  on 
heating  the  liquid,  hydrogen  is  evolved  ;  and  the  precipitate  first  turns  blue,  and  is 
afterwards  converted  into  white  titanic  acid. 

Titanium,  in  its  most  important  compounds,  is  tetratomic,  titanic  oxide  being  TiO^, 
and  the  cox-responding  chloride,  TiCl',  analogous  to  the  oxide  and  chloride  of  silicon  ; 
it  also  forms  a  sesquioxide,  Ti-0^,  and  a  corresponding  trichloride,  TiCP. 

TZTATrXUm,  AIiXiOYS  or.  These  alloys  have  not  Ijecn  much  examined.  A 
compound  of  titanium  and  aluminium,  AT'Ti,  is  obtained  by  exposing  10  pts.  titanic 
oxide,  30  pts.  cryolite,  and  30  pts.  of  a  mixture  of  equal  weights  of  potassium-  and 
sodium-chlorides,  for  an  hour,  to  the  heat  of  melting  silver,  and  dissolving  out  the 
excess  of  aluminium  from  the  resulting  regulus  with  hydrochloric  acid.  It  forms 
pinchbeek-bi-own,  microscopic,  quadratic  laminae,  which,  when  heated  in  hydrochloric 
acid  gas,  are  resolved  into  chloride  of  aluminium  and  chloride  of  titanium.  (Wohler 
and  Michel,  Ann.  Ch.  Pharm.  cxiii.  248;  cxv.  102  ;  Jahresb.  1860,  p.  129.) 

Respecting  the  alloys  of  titanium  and  iron,  see  Iron,  iii.  370. 

TITAmunx,  BSOSXIDE  or.  Only  one  bromide  of  titanium  is  known, 
namely  the  tetrabro  mi  de,  TiBr\  which  is  obtained  bypassing  bromine-vapour  over 
an  ignited  mixture  of  charcoal  and  titanic  oxide.  It  then  distils  over  as  a  red  liquid, 
which  solidifies  in  the  receiver  to  a  crystalline  mass.  When  freed  from  excess  of 
bromine  by  redistillation  with  mercm-y,  it  forms  an  amber-yellow  mass,  having  a  beau- 
tiful crystalline  structure  and  a  density  of  2-6,  melting  at  39°,  and  boiling  at  230°.  It 
quickly  absorbs  moisture,  and  in  contact  with  water,  is  resolved  into  hj-di'obromic  acid 
and  titanic  acid. 

TITAUIUM,  CHXiORIBES  OP.  Titanium  foi-ms  two  chlorides,  TiCP  and 
TiCl*. 

The  Trichloride,  or  Titano7ts  Cfilnri de,  dkeoYeredi  hy 'Ehelmeu  (Ann.  Cli. 
Phys.  [3],  XX.  385),  is  produced  by  the  action  of  liydrogen  on  the  tetrachloride.  To 
prepare  it,  pure  and  dry  hydrogen-gas  is  passed  into  titanic  chloride  contained  in  a 
tubulated  retort,  by  means  of  a  delivery-tube  dipping  into  the  liquid.  To  the  neck  of 
the  retort  is  adapted  a  tube  of  glass  or  porcelain  (if  of  glass,  it  should  be  wrapped  in 
copper-foil),  which  passes  horizontally  through  a  fui'uace,  projecting  considerably 
beyond  it,  and  terminating  in  a  tubulated  receiver  to  collect  the  titanic  chloride  which 
passes  undtcomposed  through  the  tube.  As  soon  as  the  apparatus  is  completely  filled 
with  hydrogen,  the  tube  is  heated  to  redness,  and  the  retort  containing  the  titanic 
chloride  is  gently  warmed.  Titanous  chloride  is  then  produced,  and  condenses  in  the 
part  of  the  tube  which  projects  beyond  the  furnace,  the  process  being  finished  as  soon 
as  all  the  titanic  chloride  is  driven  out  of  the  retort.  The  projecting  part  of  the  tube 
is  then  to  be  gently  warmed,  wliile  lydi'ogen  is  continually  passed  through  it  in  order 
to  drive  all  the  undecomposed  titanic  chloride  into  the  receiver,  and  the  titanous 
chloride  is  then  left  to  cool  in  the  current  of  hydrogen. 

Titanous  chloride  forms  dark-violet  scales,  having  a  strong  lustre.  When  heated  in 
a  porcelain  dish  in  contact  with  the  air,  it  gives  otT  vapours  of  titanic  chloride,  and 
leaves  titanic  oxide.  It  deliquesces  in  the  air  at  ordinary  temperatures,  and  is  gradu- 
ally decomposed  in  the  same  manner.  Titanous  chloride  dissolves  in  water,  forming 
a  violet-red  solution,  which  gradually  loses  its  colour,  and  di-posits  titanic  acid.  From 
the  aqueous  solution,  alkalis  and  alkaline  carbonates  throw  down  dark-brown  titanous 
hydrate  ;  the  same  precipitate  is  formed  by  sulpliide  of  ammonium  ;  sulphuric  acid  pro- 
duces no  reaction.  The  solution  of  titanous  chloride  is  an  extremely  powerful  deoxi- 
dising agent,  reducing  the  noble  metals  from  their  solutions,  converting  cupric  and 
ferric  salts  into  cuprous  and  ferrous  salts  respectively,  and  separating  sxUphur  from 
sulphurous  acid  when  heated  therewith.  (Ebelnien.) 
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A  violet-red  solution  of  titanous  elilorido  is  also  produced  by  boiling  or  digesting  a 
solution  of  titanic  acid  in  hydrochloric  acid  with  finely-divided  silver,    (v.  Kobe  11.) 

Tetrachloride  of  Tita}ii%(,m,  on  Titanic  Chloride- — This  compound  is  pro- 
duced by  heating  titanium,  or.  nitride  of  titanium,  in  chlorine-gas.  It  is  prepared  in 
the  same  manner  as  cliloride  of  silicon — namely,  hy  mixing  finely-di\'ided  titanic  oxide 
to  a  paste  with  oil  and  charcoal,  heating  the  mixture  in  a  covered  crucible,  and 
igniting  the  charred  mass  in  a  porcelain  tube  through  which  a  current  of  chlorine  is 
passed.  The  titanic  chloride  is  collected  in  a  cooled  receiver,  freed  from  excess  of 
chlorine  by  agitation  with  copper  or  mercury,  and  then  rectified.  If  native  I'utile  has 
been  used  in  the  prei>aration,  ferric  chloride  is  likewise  produced  ;  but  the  titanic 
chloride  is  easily  separated  from  it  by  decantation  and  I'edistillatiou. 

I'uro  titanic  chloride  is  a  colourless,  transparent,  heavy  liquid,  having  an  acid  pun- 
gent odour,  and  emitting  white  fumes  on  exposure  to  the  air.  It  has  a  specific  gravity 
of  I'TliOy  at  0-^,  does  not  solidify  at  —25^,  and  boils  at  135°.  Vapour-density,  obs. 
=  6-836  (Dumas)  ;  calc.  (2  vols.)  =  6-653.  When  exposed  to  the  air,  it  absorbs  mois- 
ture, and  gradually  solidifies  to  hydrated  titanic  chloride,  which  dissolves  in  a  larger 
quantity  of  water.  According  to  Merz  (Bull.  Soc.  Chim.  1867,  i.  401)  the  product 
thus  formed  is  an  oxycliloride,  TiCl'.3TiO-'.16H-0  (nearly),  which  gives  off  part  of  its 
chlorine,  as  hydi'ochloric  acid,  when  placed  over  quicklime,  more  when  heated  to 
100°,  and  nearly  all  the  remainder  at  180°.  On  mixing  the  anhydrous  chloride  with 
-water,  combination  takes  place,  attended  with  so  great  a  rise  of  temperature  that  the 
mass  is  scattered  about.  To  obtain  a  clear  aqueous  solution  of  the  chloride,  it  must 
be  added  to  cold  water  by  small  quantities,  care  being  taken  that  the  liquid  does  not 
become  heated.  On  heating,  and  evaporating  the  aqueous  solution,  hydl-ochloiic  acid 
is  evolved,  and  titanic  acid  is  precipitated.  Titanic  chloride  is  not  decomposed  by 
potassium  at  its  boiling-point ;  but  when  its  vapour  is  passed  over  heated  potassium 
or  sodium,  the  titanium  is  reduced,  with  incandescence,  and  evohition  of  heat  sufScient 
to  melt  the  glass  at  the  point  where  the  reaction  takes  place.    (II.  Rose.) 

Titanic  chloride  forms  a  number  of  compounds,  analogous  to  those  of  stannic 
chloride : — 

a.  With  Ammonia,  TiCP.4NH'  =  (N^H'-Ti")Cl<  (Wohler);  TiCl'.ONH' 
(Porsoz). — Dry  ammonia-gas,  passed  over  titanic  chloride,  is  rapidly  absorbed,  with 
great  evolution  of  heat.  The  saturated  compound  is  a  brown-red  powder  (Hose), 
pale-yellow  (Persoz),  which  quickly  decomposes  in  contact  with  the  air.  When 
lieated  in  ammonia-gas,  it  is  converted  into  nitride  of  titanium  (p.  841).  By  ignition 
in  hydrogen,  it  yields  a  yellow  compound.  AVhen  heated  by  itself,  in  a  glass  tube,  it 
first  gives  off  ammonia,  then  chloride  of  ammonium  and  hydrochloric  acid,  leaves  a 
residue  of  metallic  titanium,  and  yields  a  yellowish-white  sublimate,  consisting  of  a 
doul)le  chloride  of  ammonium  and  titanium,  containing  3NH-'Cl.TiCl',  or  ONH^Cl. 
TiCl',  according  to  the  mode  of  preparation.  This  double  salt  is  soluble  in  water. 
(H.  Rose.) 

;8.  With  Chloride  of  Cyanogen,  2TiCP.Cy-CP.— Already  described  under  Cya- 
nogen (ii.  280). 

7.  With  Hydrocyanic  Acid,  TiCl'.HCy.    (See  ii.  220.) 

5.  With  Phosphoretted  Hydrogen. — Titanic  chloride  absorbs  dry  phospho- 
retted  hydroi;cn-gas,  forming,  wlien  saturated,  a  brown  solid  body,  which  fumes  in 
contact  witli  tlie  aii".  It  is  decomposed  by  water,  hydrochloric  acid,  potash,  ammonia, 
and  their  carbonates,  giving  off  pihospilioretted  hydrogen  with  effervescence.  Gaseous 
ammonia  likew-ise  expels  the  pliosphoretted  hydrogen  at  ordinary  temperatures,  con- 
verting the  brown  compound,  for  the  most  part,  into  the  ammonio-tetrachloride  iibove 
described.  The  brown  compound,  when  heated  in  a  close  vessel,  gives  off  a  little 
hydrochloric  acid  and  phosphoretted  hycbogen,  and  yields  a  yellow  sublimate,  con- 
taining 3TiCT'.2HT.2HCl,  which  likewise  gives  off  phosphoretted  hydrogen  when 
treated  with  -water,  acids,  or  alkalis.    (H.  Rose,  Pogg.  Ann.  xlii.  527.) 

6.  AVith  Tetrachloride  of  Sulphur.    (See  p.  536  of  this  volume.) 
(,"■.  Willi  Chloride  of  Ammonium  (see  above). 

TITANHTIVI,  CVANISES  OF.    See  Cyanidks  (ii.  273). 

TITAMIUM,  BETECTXOIV  AND  ESTXlVEATIOn-  OP.  1.  Blowpipe 
lie  a  c  ti <ri>  X. — The  oxides  of  titanium  are  not  reduced  to  the  metallic  state  when 
heated  on  charcoal  before  the  blowpipe,  a  character  by  wliich  titanium  is  distinguished 
from  tin. 

Titanic  oxide  mixed  with  borax,  or  (licttcr)  with  phosphorus-salt,  forms  in  the  outer 
blowpipe-tlanie  a  colourless  glass  ;  but  in  the  inner  fiame,  a  glass  w-hich  is  yellow  while 
hot,  but  assumes  a  violet  colour  on  cooling.  The  same  character  is  exhibited  by 
those  salts  of  titanic  acid  who-se  bases  do  not  themselves  impart  any  colour  to  the 
bead.    If  the  titanic  oxide  contains  iron,  the  colour  of  the  bead  is  brown- red  or  blood- 
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red,  instead  of  violet.  Many  titanates  yield  the  violet  colour  only  with  phosphorus- 
salt,  not  with  bora.v  The  colour  is  produced  more  readily  hy  heating  the  substance 
on  charcoal  than  on  platinum-wire.  According  to  Eiley  (Cliem.  Soc.  Qu.  J.  xii.  13; 
Jahresb.  1859,  p.  678),  the  delicacy  of  the  reaction  is  much  increased  by  meltinga  little 
metallic  zinc  in  the  phosphorus-salt  bead,  a  distinct  coloration  being  then  protluced, 
as  the  zinc  is  burnt  away,  even  with  very  minuie  quantities  of  titanium. 

2.  Reactions  in  Solution. — Titanic  acid  and  the  neutral  titanates  are  insoluble 
in  water,  but  dissolve  in  acids,  especially  in  hydrochloric  and  sulphuric  acids.  From 
these  solutions  the  titanic  acid  is  precipitated  by  boiling,  imperfectly  from  the 
hydrochloric,  completely  from  the  sulphuric  solution. —  Caustic  atkulis  and  alkaUne 
carbonates  likewise  throw  down  from  these  solutions  a  white  gelatinous  precipittite 
of  titanic  acid.  In  the  hydrochloric  solution,  containing  as  little  free  acid  as  possible, 
infusion  oj  gaits  produces  an  orange-coloured  precipitate. — Firrvcyayiidc  of  potassium 
forms,  in  the  same  solution,  a  dark-brown  precipitate. — Metallic  tin,  immersed  in  a 
solution  of  titanic  acid  in  hydrochloric  acid,  eliminates  hydrogen,  assumes  a  violet- 
blue  colour,  and,  if  the  solution  is  not  too  dilute,  throws  down  a  dark-violet  precipitate 
(protoxide  of  titanium?),  which  gradually  turns  white  by  oxidation.  The  violet-blue 
solution,  when  diluted  with  water,  assumes  a  rose-colour,  which  often  remains  unal- 
tered for  several  days.  This  reaction  serves  for  the  detection  of  very  small  quantities 
of  titanium,    (v.  Kobell.) 

Titanous  oxide  dissolves  in  acids,  forming  violet  solutions,  in  which  alkalis  and 
alkaline  carbonates  form  a  dark-brown  precipitate  of  titanous  hydrate,  gradually 
changing,  with  evolution  of  hydrogen,  into  titanic  acid.^ — Carbonate  of  calcium  precipi- 
tates titanous  oxide  completely  from  its  solutions. — Sulphydric  acid  produces  no 
alteration  ;  sulphide  of  ammonium  throws  down  brown  titanous  hydrate.  The  solu- 
tion of  titanous  salts  act  as  powerful  reducing  agents,  precipitating  gold,  mercury,  and 
silver  from  their  solutions  in  the  metallic  state.  Titanous  chloride  throws  down 
white  cuprous  chloride  from  the  solution  of  ncupric  salt,  and  reduces  frric  to  frrous 
salts.  (Ebelmen). 

'  3.  Estimat  i on  and  Separation. — Titanium  is  always  estimated  in  the  form  of 
titanic  oxide,  TiO'.  This  compoiind  is  best  precipitated  from  its  solutions  in  acids  by 
ammonia,  which  throws  it  down  in  the  form  of  a  very  bulky  hydrate  (titanic  acid) 
resembling  hydrate  of  alumina.  A  great  excess  of  ammonia  must  be  avoided,  as  it 
woidd  redissolve  a  small  portion  of  the  titanic  acid.  The  precipitate,  after  ignition, 
contains  60  per  cent,  of  titanium. 

If  the  titanic  acid,  after  precipitation  by  ammonia,  is  to  be  redissolvod  in  acids, 
which  is  sometimes  necessary  in  order  to  separate  it  from  other  metabf,  great  care 
must  be  taken  in  the  precipitation  to  avoid  aU  rise  of  temperature  ;  and  the  precipitate 
must  be  washed  with  cold  water,  because  heat  has  the  effect  of  rendering  titanic  acid 
more  or  less  insoluble  in  acids  (p.  844). 

Titanic  acid  may  also,  in  some  cases,  bo  separated  from  its  acid  solutions  by  boiling ; 
from  the  solution  in  sulphuric  acid,  complete  precipitation  is  effected  by  this  method ; 
but  when  hydrochloric  acid  is  the  solvent,  a  small  portion  of  titanic  acid  always  re- 
mains in  solution  after  boiling. 

Titanic  oxide  (rutile,  &c.)  and  its  insoluble  compounds  are  most  easily  rendered 
soluble  by  fusion  with  acid  sulphate  of  potassium.  The  best  mode  of  proceeding  is  to 
fuse  in  a  platinum-crucible  a  quantity  of  the  acid  sulphate  equal  to  about  six  times 
the  weight  of  the  titanate,  add  the  mineral  in  extremely  fine  powder  to  tliis  cooled 
mass,  and  fuse  again  till  the  whole  flows  quietly,  and  the  puwder  is  completely  dis- 
solved. The  fu.sed  mass  is  then  dissolved  in  a  largo  quantity  of  cold  water,  and  the 
solution  precipitated  by  boiling. 

Scsquioxide  of  titanium  is  precipitated  from  its  solutions  by  ammonia,  and  the  pre- 
cipitate, after  standing  from  24  to  36  hours,  is  converted,  with  evolution  of  hj'drogen, 
into  titanic  acid,  in  which  form  it  may  be  estimated. 

From  the  alkalis  and  alkaline  earths,  titanic  acid  may  be  separated  by  ammo- 
nia, the  solution,  in  the  latter  case,  being  carefully  excluded  from  the  air.  Baryta 
and  strontia  may  also  be  separated  by  sulphuric  acid. 

Titanic  acid  is  separated  from  niaguesia  by  boiling,  if  the  two  are  dissolved  in 
sulphuric  acid;  and  by  precipitation  with  carbonate  of  barium,  when  hydrochloric  acid 
is  the  solvent. 

The  separation  from  alumina,  glucina,  y  ttria,  and  thorina  is  also  effected  by 
boiling  tlie  sulphuric  acid  solution. 

From  zirconia,  titanic  acid  maybe  separated  by  mixing  the  nearly  neutralised 
solution  with  hyposulphite  of  sodium,  and  boiling  till  no  more  sulphurous  anhydride 
is  given  off.  Tlie  titanic  acid  is  then  completely  precipitated,  while  the  zirconia  re- 
mains in  solution. 
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From  cerium  and  the  allied  metals,  titanium  is  separated  by  precipitating  tlio 
former  with  sulphate  of  potassium. 

From  the  metals  which  are  precipitated  as  sulphides  by  sulphide  of  ammonium  — 
viz.,  manganese,  iron,  CO  bait,  nickel,  uranium,  and  zinc — titanium  is  sepa- 
rated by  mixing  the  acid  solution  with  tartaric  acid  and  excess  of  ammonia  (which 
then  forms  no  precipitate),  and  ailding  sulphide  of  ammonmm,  wliich  precipitates 
everything  but  the  titanium.  The  filtfred  solution  is  tlicn  evaporated  to  dryness,  and 
the  residue  ignited  in  a  platinum-crucible  to  expel  ammouiacal  salts,  and  burn  away 
the  carbon  of  the  tartaric  acid.  As  this  carbonaceous  matter  is  very  difficult  to  burn, 
the  ignition  should  either  bo  performed  in  a  muffle-furnace,  or  a  stream  of  oxygtn 
should  be  very  gently  directed  into  the  crucible.  The  residue  consists  of  titanic  oxide, 
wliich  may  then  be  weighed. 

The  separation  of  titanium  from  iron  may  also  be  effected  by  precipitation  with 
ht/i-iosidphitc  of  sodium,  tlie  process  being  conducted  exactly  in  the  same  manner  as  in 
separating  aluminium  from  iron  (i.  1.35). — For  Eiley's  method  of  estimating  titanium 
in  pig-iron,  see  Ikon,  Carburetted  (iii.  375). 

From  molybdenum,  tungsten,  and  vanadium,  titanium  may  be  separated  by 
means  of  sulphide  of  ammonium,  which  dissolves  those  metals  as  sulphides,  and  pre- 
cipitates the  titanium  as  titanic  acid. 

From  bismuth,  cadmium,  copper,  lead,  tin,  &c.,  titanium  is  easily  separated 
by  sulphydric  acid. 

Titanium  may  also  be  separated  from  tin,  by  fusing  a  mixtiu-e  of  stannic  and  titanic 
oxides  with  sulphur  and  carbonate  of  sodium.  On  treating  the  fused  mass  with  water, 
the  whole  of  the  tin  dissolves  as  sulphostannate  of  sodium,  while  the  titanic  acid  remains 
undissolved,  together  with  a  small  quantity  of  sodic  titanate,  which  may  bo  decom- 
posed by  ignition  with  sal-ammoniac  ;  the  chloride  of  sodium  thereby  formed  may  bo 
dissolved  out  by  water,  leaving  pure  titanic  acid. 

From  silicon. — When  silicates  containing  small  quantities  of  titanic  acid  are 
decomposed,  in  the  usual  way,  by  treatment  with  acids,  or  by  fusion  with  an  alkaline 
carbonate,  the  silica  separated  by  evaporation,  &"c.,  and  the  alumina,  ferrous  oxide, 
and  manganouB  oxide  precipitated  liy  ammonia,  the  greater  part  of  the  titflnic  acid 
will  bo  found  in  this  precipitate,  while  the  smaller  portion  remains  with  the  silica. 
The  latter  is  treated  with  hydrofluoric  and  sulphuric  acids,  and  the  residue,  consisting 
of  titanic  oxido,  is  mixed  with  the  previously  ignited  precipitate  of  alumina,  &c.  This 
mixture  is  then  fused  with  twice  its  weight  of  acid  sulphate  of  potassium  till  the 
excess  of  sulphuric  acid  is  for  the  most  part  volatilised,  and  the  cooled  mass  is  dis- 
Bolved  in  water ;  whereby,  if  the  operation  has  been  well  conducted,  and  the  silica 
completely  removed,  a  perfectly  clear  solution  will  be  obtained.  This  solution  is 
largely  diluted,  and  sulphydric  acid  gas  is  passed  through  it,  till  the  whole  of  the 
ferric  oxide  is  reduced  to  ferrous  oxide  ;  and  the  solution,  without  previous  filtration, 
is  boiled  for  half  an  hour,  while  a  stream  of  carbonic  anhydride  is  continually  passed 
through  it  (to  prevent  oxidation  of  the  ferrous  salt).  The  titanic  acid  is  thereby 
completely  precipitated,  while  all  the  other  substances  remain  in  solution.  (Scheerer, 
Ann.  Ch.  Pharm.  cxii.  178.) 

In  treating  titaniferous  silica  with  hydrofluoric  acid  to  expel  the  silicon,  the  addi- 
tion of  sulphuric  acid  is  indispensable,  as  otherwise  a  portion  of  the  titanium  will  also 
be  volatilised  as  fluoride.    (Riley,  Chem.  Soc.  Qu.  J.  xv.  311  ;  Jahresb.  18G'2,  p.  590.) 

From  tantalum  and  niobium,  titanium  is  separated  by  fusing  the  mineral  with 
acid  sulphate  of  potassium,  and  treating  the  fused  mass  with  cold  water,  which 
dissolves  only  the  acid  sulphate  of  titanium  (iv.  51 ;  v.  6G1). 

Volumi.tric  Estimation. — A  method  of  estimating  titanium  volumetrically  is  founded 
on  the  reducibility  of  titanic  oxido  to  titanous  oxide  by  zinc  in  an  acid  solution,  and 
the  oxidability  of  the  latter  by  permanganate  of  potassium.  The  titanic  acid  is  dis- 
solveil  in  hydrochloric  acid  (if  sulphuric  acid  is  present,  the  titanic  acid  must  first  bo 
precipitated  by  ammonia  and  then  redissolved),  the  solution  warmed  with  metallic 
zinc  (in  a  flask  provided  with  a  vertical  tube,  so  as  to  exclude  the  air  as  much  as  pos- 
sible), till  the  colour  of  the  liquid  no  longer  increases  in  depth  ;  and  the  solution,  after 
dilution  with  de-aerated  water,  is  mixed  with  permanganate  of  potassium,  till  the  rose- 
red  colour  of  the  latter  becomes  manifest.  Each  atom  of  iron  corresponding  to  the 
permanganate  gives  1  at.  titanium.  (F.  Pisani,  Compt.  rend.  lis.  208  ;  Jahresb. 
186 1,  p.  705.) 

A  mixture  of  titanic  oxide  and  zirconia  is  first  rendered  soluble  by  fusion  with  acid 
sulphate  of  potassium  ;  the  titanic  acid  is  then  determined  as  above,  and  the  zirconia 
by  difference. 

Ferric  oxide  is  reduced  by  zinc  before  titanic  acid,  and  ferrous  oxide  is  oxidised  by 
the  permanganate  after  it.    To  estimate  iron  and  titanium  together,  the  permanganate 
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is  added  till  the  violi  t  colour  disappears,  and  a  drop  of  the  liquid  begins  to  be  coloured, 
by  sulphocyanate  of  potassium.  The  quantity  of  permanganate  required  for  this  pur- 
pose gives  the  titanic  acid,  and  by  further  addition  the  iron  may  be  determined.  Or 
the  ferric  oxide  may  be  reduced  by  sulphurous  or  sulphydricaeid  (neither  of  which  acts 
upon  titanic  acid),  and  volumt-trically  determined  by  itself.  In  a  mixture  of  titanic 
acid,  zirconia,  and  ferric  oxide,  the  first  and  third  are  determined  as  just  described, 
and  the  zirconia  by  difference.  (Pisani.) 

4.  Atom  ic  Weight  o  f  J itan  iu  17-1.-11.  Rose,  in  1829  (Pogg.  Ann.  xv.  145"),  de- 
termined the  atomic  woiglit  of  this  metal  hy  decomposing  a  weighed  quantity  of  titanic 
chloride,  TiCl',  with  water,  precipitating  the  titanic  acid  with  ammonia,  and  estimating 
the  amount  of  chloinno  in  the  filtrate  with  nitrate  of  silver.  In  four  experiments, 
100  pts.  titanic  chloride  yielded,  as  a  mean,  3017  pts.  silver-chloride;  whence  (for  Ag 
=  108,  and  CI  =  35'.5  )  the  atomic  weight  of  titanium  was  found  to  be  =  48'26. 

An  essentially  similar  method  was  followed  by  Pierre  in  1867  (Ann.  Ch.  Phys. 
[3],  XX.  257),  who,  however,  made  use  of  a  titrated  silver-solution,  instead  of  weighing 
the  chloride  of  silver.  In  five  experiments,  each  made  with  from  700  to  800  milli- 
grammes of  titanic  chloride,  he  found  that  100  pts.  of  that  compound  required  to  pre- 
cipitate the  chlorine  contained  in  them  from  224'58  to  22o-53  pts.  silver.  Hence  Ti 
falls  between  49-50  and  50"38,  and,  as  a  mean  result  of  the  five  experiments,  Ti  = 
50'10.    The  whole  number,  50,  is  now  generally  adopted. 

TZTANXUnx,  FZiTTOSIDE  Or.     Tit  an  on  s  Fluoride,   TiF',  is  obtained 

(though  impure)  as  a  violet  powder,  by  igniting  potassio-titanic  fluoride  (infra)  in  a 
stream  of  hydrogen-gas,  and  treating  the  resulting  mass  with  hot  water.  (K.  Weber, 
Pogg.  Ann.cxx.  287;  Jahresb.  1863,  p.  211.) 

Titan  ic  Fluoride,  TiF.^  is  obtained  by  distilling  a  mixture  of  fluor-spar  and  tita- 
nic oxide  with  fuming  sulphuiMC  acid  in  a  platinum  apparatus  ;  it  then  passes  over  as  a 
fuming  colourless  liquid  (Underdorben).  By  dissolviug  titanic  acid  in  hydrofluoric 
acid,  and  evaporating,  a  syrupy  liquid  is  obtained,  which  deposits  cr^-stals  of  titanic 
fluoride.  These  crystals  are  resolved  by  water  into  soluble  hydrotitivnic  fluoride,  and 
insoluble  titanic  oxyfluoride. 

Hi/drotitnnic  Fluoride,  H-TiF^  =  2HF.TiF^  is  produced,  as  just  stated,  in  the 
decomposition  of  titanic  fluoride  by  water ;  also  by  dissolving  titanic  oxide  in  aqueous 
hydrofluoric  acid  (Berzelius).  It  is  an  acid,  and,  when  neutralised  with  bases, 
yields  double  salts  of  titanic  fluoride,  represented  by  the  general  formula,  2jMF.TiF'. 

Ammonio-titanic  Fluoride,  2NH'F.TiF',  is  produced  by  adding  ammonia  to  aqueous 
hydrotitanic  fluoride,  till  the  precipitated  titanic  acid  no  longer  redissolves.  On  eva- 
porating the  liquid,  it  separates  in  shining  scales,  which,  when  heated  in  a  platinum 
apparatus,  yield,  much  below  a  red  heat,  a  sublimate  of  ammonium-fluoride,  leaving 
a  residue  probably  consisting  of  NH'F.TiF'.  (Berzelius.) 

Ca/cio-titanic  Fl uoride  forms  prismatic  crystals,  which  dissolve  without  decomposition 
in  acidulated  water,  but  are  decomposed  by  pure  water,  with  separation  of  a  white 
powder. — Cupro-titanic  Jhwride,  obtained  by  mixing  the  solutions  of  the  component 
fluorides,  crystallises  in  long,  pale,  blue-green  needles,  soluble  witliout  decomposition 
in  acidulated  water. — The  ferric  salt.  2FeF'.TiF',  is  produced  by  mixing  the  solutions  of 
the  component  salts.  The  yellow  solution  leaves,  on  spontaneous  evaporation,  a  j'ellow 
•syrup,  and  when  gently  heated,  a  pale-yellow  crystalline  mass,  soluble  in  water  without 
decomposition. — The  tnaf/nesiuin-salt,  prepared  in  like  manner,  separates  by  spontaneous 
evaporation  in  long  needles,  which  have  a  bitter  tustc,  are  decomposed  by  pure  water, 
but  dissolves  without  decomposition  in  acidulated  water. — The  lead-salt,  pivpan'd  iu 
like  manner,  forms  small  colourless  crystals,  which  have  a  sweet  and  afterwards  an 
astringent  taste,  and  dissolve  readily  in  water  without  decomposition  (Berzelius). — 
The  nickel-naJt,  NiF-.TiF*.6H'-0,  is  produced  by  dissolving  titanic  acid  and  nickel-oxide 
in  hydrofluoric  acid,  and  separates  in  green,  easily  soluble  crystals.  (Weber.) 

The  fotasdurii-salt,  2KF,TiF',  prepared  like  the  ammonium-salt,  crystallises  iu 
scales,  which,  when  dry,  are  milk-white,  and  have  a  silky  lustre  (Berzelius). — 
Wohler  prepares  it  by  fusing  very  finely-pounded  rutile  in  a  platinum-crucible  with 
twice  its  weight  of  potassie  carbonate,  and  dissolving  tin'  fused  and  pulverised  mass 
in  a  platinum-dish,  in  the  requisite  quantity  of  dilute  hydrofluoric  acid.  The  doulilo 
fluoride  then  partly  crystallises  out,  and  on  heating  the  liquid  to  the  boiling-point, 
adding  water  if  necessary  till  the  salt  is  redissolvod,  and  filtering  hot,  the  greater  part 
separates  in  shining  scales,  so  tliatthe  entire  liquid  solidifies  to  a  pulp.  The  salt  is  to 
bo  washed  on  a  filter  with  cold  water,  pressed  between  filter-paper,  and  crystallised 
from  boiling  water.  It  forms  nacreous  scales  when  diy,  and  melts  without  decomposi- 
tion at  a  white  heat. 

The  and  iu  III -salt  forms  indistinctly  crystalline  crusts,  more  soluble  than  the  potas- 
sium-salt. (Berzelius,) 
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TIT ANIUIW, IODIDE  OP.  TiP.  (R.  Weber,  Pogg.  Ann.  Ixs.  287.— Haute- 
feuillo,  liull.  Soc.  Clic'iii.  1867,  i.  201.) — Produced:  1.  Bypassing  iodine-vaponr 
over  ignited  titanium  (W  eber). — 2.  By  passing  dry  hydriodic  acid  "gas  into  titanic 
chloride  gi-adually  heated  to  its  boiling-point,  and  maintained  at  that  temperature  till 
the  transformation  is  complete  :  the  small  quantity  of  free  iodine  which  gives  the  pro- 
duct a  violet  tinge  may  be  removed  by  three  or  four  distillations  in  a  stream  of 
hydrogen  (Hau tef e u i lie).— 3.  By  passing  the  vapour  of  titanic  chloride,  nii.xfd 
with  hydrogen  and  iodine-vapour,  throuf;h  a  tube  heated  to  dull  redness.  The  iodide, 
which  is  not  very  volatile,  then  condenses  in  the  cold  part  of  the  tube,  mixed,  how- 
ever, with  a  large  quantity  of  free  iodine,  which  renders  it  more  difficult  to  purify 
than  that  obtained  by  the  second  method.  (Hautefeiiille.) 

Titanic  iodide  forms  a  brittle  mass,  having  a  reddish-brown  colour  and  metallic 
lustre.  It  melts  to  a  brown  liquid  at  150°,  remains  in  a  state  of  surfusion  till  cooled 
somewhat  below  100°,  and  crystallises  on  further  cooling,  in  bidky  octahedrons,  which 
change,  in  a  few  days,  to  tufts  of  silky  prismatic  crystals.  It  has  a  sensible  vapour- 
tension  at  ordinary  temperatures,  and  fumes  strongly  in  the  air.  It  boils  at  a  little 
above  360°,  and  distils  without  decomposition.  Vapour-density,  obs.  (at  440°)  = 
18-054  ;  calc.  =  19'334.  The  lower  density  found  by  observation  indicates  an  in- 
creased coefficient  of  expansion  at  high  temperatures,  perhaps  arising  from  dissocia- 
tion. The  superheated  vapour  burns,  in  contact  with  the  air,  with  a  very  bright  flame, 
yielding  iodic  and  titanic  oxides. 

Titanic  iodide  dissolves  rapidly  in  water,  but  with  less  rise  of  temperature  than 
the  chloride.  The  aqueous  solution,  when  exposed  to  the  air,  turns  brown,  and  yields 
titanic  acid. 

TITAXJIITIW,  xriTRXDES  OF.  By  heating  the  ammonio-chloride  of  titanium, 
4NH'.TiCl',  by  itself  (H.  Rose),  or  better  in  a  stream  of  ammonia-gas  (Liebig),  a 
coppi'r-coloured  substance  is  obtained,  which  was  originally  supposed  to  be  metallic 
titanium,  but  which  Wohler  has  shown  to  consist  of  nitride  of  titanium,  Ti'N',  or 
more  probably  Ti"^N'  =  STiNM'i^N^  ;  it  contains  28  per  cent,  of  nitrogen.  This 
compound  is  redder  than  the  cubic  crystals  of  the  blast-furnaces,  which  have  a  tinge  of 
yellow.  Another  nitride  of  titanium,  TiN-,  is  produced  when  titanic  oxide  is  strongly 
heated  in  a  stream  of  ammoniacal  gas.  Its  powder  is  dark-violet,  witli  a  tinge  of 
copper-colour;  in  small  pieces  it  exhibits  a  violet  copper-coloiu'  and  metallic  lustre.  A 
third  nitride,  Ti^N",  or  more  probably  2TiN-.Ti-''N-,  is  formed  when  Rose's  titanium  is 
subjected  to  the  action  of  a  stream  of  hydrogen  at  a  strong  red  heat.  It  has  a  brassy 
or  almost  golden-yellow  colour  and  metallic  lustre.  It  is  also  obtained  (mixed,  however, 
with  carbon)  when  titanic  oxide  is  heated  to  redness  in  a  stream  of  cyanogen-gas  or 
hydrocyanic  acid  vapour ;  no  cyanide  of  titanium  is  formed  in  this  reaction.  All  these 
three  nitrides  of  titanium  sustain,  without  decomposition,  a  temperature  at  least  equal 
to  that  of  melting  silver.  Mixed  in  the  state  of  powder  with  the  oxides  of  copper, 
lead,  or  mercury,  and  heated,  they  emit  a  lively  sparkling  flame,  and  reduce  the  oxides 
to  the  metallic  state.  When  fused  witli  Iiydrate  of  potassium,  they  give  otF  ammonia- 
gas.    (Wohler,  Ann.  Ch.  Pharm.  Ixxiii.  34  ;  Jahresb.  1849,  p.  267.) 

Wohler  and  Deville  (Ann.  Ch.  Pharm.  ciii.  230;  ov.  108;  Jahresb.  1857,  p. 
174),  by  heating  fluoride  of  titanium  and  potassium  or  sodium  in  an  atmosphere  of 
nitrogen,  and  boiling  out  the  cooled  mass  with  hydrochloric  acid,  obtained  a  nitride  of 
titanium  in  the  form  of  a  dark-brown  powder,  composed  of  brass-yellow  laminae  and 
prisms.  When  titanic  chloride  is  passed  through  a  strongly-ignited  glass  tube,  in  the 
fore  part  of  which  lumps  of  sal-ammoniac  are  placed,  so  that  this  salt  may  be  volati- 
lised with  the  titanic  chloride,  hydrochloric  acid  and  nitride  of  titanium  are  imme- 
diately formed  (the  nitrogen  being  derived  from  the  air),  the  latter  coating  the  inside 
of  the  tube  with  a  copper-coloured  deposit.  Nitride  of  titanium  is  also  formed  by 
lieating  a  mixture  of  fluoride  of  titanium  and  potassium,  chloride  of  sodium,  and 
chloride  of  potassium,  with  aluminium  ;  or  by  heating  a  mixture  of  titiinic  chloride  and 
liydrogen-gas  with  aluminium,  in  presence  of  nitrogen. 

TITAWlunx,  NITROCVANIDE  or.  TiCy=.3Ti''N'-.— This  is  the  copper- 
coloured  compound  already  spoken  of  as  occurring  in  iron-smelting  furnaces,  and 
formerly  mistaken  for  metallic  titanium.    (See  Cyanides,  ii.  273.) 

TITAXriUM,  OXIDES  OF.  Two  oxides  of  titanium  are  known  with  cer- 
tainty, viz.  Ti-O^  and  TiO- ;  the  existence  of  a  lower  oxide,  TiO,  is  likewise  pro- 
bable. 

Protoxide  of  Titanium,  TiO  ? — This  oxide  appears  to  be  formed  when  titanic 
oxide  is  exposed,  in  a  charcoal-lined  crucible,  to  the  highest  heat  of  an  air-furnace. 
Where  the  oxide  is  in  contact  with  the  charcoal,  a  thin  coating  of  metallic  titanium 
is  formed  ;  but  within  it  is  changed  to  a  black  mass,  which  is  insoluble  in  all  acids. 
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is  not  othenvise  afFeeted  by  them,  and  is  oxidised  with  difficulty  when  heated  in 
contact  with  the  air,  or  fused  with  nitre.  The  same  oxide  appears  to  be  formed,  in  the 
wet  way,  as  a  dark -purple  powder,  when  a  fragment  of  zinc  or  iron  is  introduced  into  a 
solution  of  titanic  acid  in  hydrochloric  acid ;  but  it  alters  very  quickly  by  absorption 
of  oxygen,  so  that  there  is  considerable  difficulty  in  studying  its  properties ;  the  com- 
position assigned  to  it  is  therefore  hypotht  tical.  The  blue  powder  is,  perhaps,  a  com- 
pound of  titanium-protoxide  with  oxide  of  zinc  or  iron. 

Sesquiozlde  of  Titanium,  or  Tltanous  Oxide,  Ti-0'. — This  oxide  is  obtained, 

by  passing  dry  hydrogen-gas  over  ignited  titanic  oxide,  as  a  black  powder,  which, 
when  heated  in  the  air  to  a  very  high  temperature,  oxidises  to  titanic  oxide.  It  is  not 
attacked  by  nitric  or  hydrochloric  acid  ;  sulphuric  acid  dissolves  it,  forming  a  violet 
solution  (E  b el  men). — A  hydrate  of  titanous  oxide,  or  titanous  hydrate,  is  formed 
(according  to  Fuehs)  by  digesting  a  solution  of  tifcinic  acid  in  hydrochloric  acid  at 
40-"  or  50'  with  metallic  copper,  and  pouring  the  resulting  violet-blue  solution  into 
aqueous  ammonia :  it  then  falls  down  as  a  dark-brown  precipitate,  while  cuprous 
chloride  remains  in  solution.  Instead  of  copper,  silver  reduced  by  zinc  may  be  used 
in  the  preparation  (v.  Kobell).  The  hydrate  is  likewise  formed  (according  to 
Ebelmen)  when  a  solution  of  titanous  chloride  is  precipitated  by  alkalis.  The  dark- 
brown  precipitate  thereby  formed  gradually  turns  black,  blue,  and  finally  white,  while 
hydrogen  is  evolved.  The  blue  colour  is,  perhaps,  due  to  the  formation  of  a  titanous 
titanate. 

Titanous  oxide  dissolves  in  acids,  forming  violet  solutions ;  but  the  sulphate  is  the 
only  titanous  oxysalt  that  has  been  obtained  in  the  solid  state  (see  Sulphates,  p. 
616).  Titanous  chloride  has  been  already  described.  The  solutions  of  titanous  salt^s 
are  powerful  reducing  agents,  and  yield  a  brown  precipitate  of  titanous  hydrate  with 
alkalis  (p.  838). 

Dioxide  of  Titanium,  Titanic  Oxide  or  Anhydride,  TiO-.  Anhydrmts  Ti- 
tanic acid. — This  oxide  occurs  native  in  three  different  forms  :  viz.,  as  rutile  and 
anatase,  which  are  dimetric,  and  as  brookite,  which  is  trimetric.  Entile,  which  is 
the  most  common  form  of  titanic  oxide,  occurs  in  acuminated  dimetric  prisms,  isomor- 
phous  with  tinstone,  and  exhibiting  the  combination  P  .  ooP  .  P<»  .  ooPoo  [fig.  32'2, 
ii.  160),  also  without  Pco  .  For  P,  the  length  of  the  principal  axis  is  0'64-i2.  Angle 
P  :  P  =  123°  8'  in  the  terminal,  and  8-4"  40'  in  the  lateral  edges.  Twin  crystals  occur, 
formed  in  the  same  manner  as  those  of  stannic  oxide  (p.  815).  The  crystals  cleave 
distinctly  parallel  to  ocP  and  ocPoo .  Hardness  =  6  to  6'5.  Specific  gravity  = 
4-18  to  4'25.  Lustre,  metallic  adamantine.  Colour  reddish-brown,  passing  into  red ; 
sometimes  yellowish,  also  black.  Streak  pale-brown.  Subtransparent  to  opaque. 
Fracture  subconchoiial,  uneven.  Brittle. 

Kutile  occurs  in  granite,  gneiss,  mica-slate,  and  .syenitic  rocks ;  sometimes  in  granu- 
lar limestone ;  generally  in  imbedded  crystals.  It  is  found  in  Bnizil,  at  Arendal  in 
Norway,  on  the  Saualp  in  Carinthia,  in  the  Urals,  in  tlie  Tyrol,  on  the  St.  Got- 
hard,  at  Yrieix  in  France,  at  Krumhennersdorff  near  Freiberg,  iu  Castile,  at  Ohlapian 
in  Transylvania,  at  Cairngorm  in  Scotland,  at  Craig  Cailleaoh  near  Ivillin,  and  in 
Benzloe  iu  the  isle  of  Murray,  Shetland  ;  also  at  numerous  localities  in  North  America. 
It  always  contains  from  li  to  2^  per  cent,  ferric  oxide,  and  sometimes  stannic  and 
tungstie  oxides.  A  variety  ft-om  Karingsbricka,  in  Sweden,  contains  a  small  percen- 
tage of  chromium,  and  is  the  titane  o.rydi  chromiferc  of  Ilauj'. 

Anatase,  the  purest  form  of  native  titanic  oxide,  is  also  dimetric;  but  its  form  is 
incompatible  with  that  of  rutile,  from  whicli  it  also  differs  in  its  mode  of  cleavage, 
specific  gravity,  hardness,  and  other  physical  characters.  It  usually'  occurs  iu  very 
acute  unmodified  octahedrons,  having  the  principal  axis  -  1-7723:  and  the  angle 
P  :  P  .  in  the  terminal  edges  =  97°  55',  in  the  lateral  edges  =  136°  30' ;  sometimes 
also  in  a  combination  like  fig.  222  (ii.  235).  Respecting  its  physical  characters,  and 
the  localities  of  its  occurrence,  see  i.  289. 

B rookite,  or  Arka  n si te,  which  consists  of  tit.-nic  oxide  mixed  with  about  3  to 
4i  per  cent,  ferric  oxido.  is  trimetric,  having  the  axes  =  0'5941  :  1  :  0'5611.  Anglo 
P":  P  (braeh.)  =  135°  37';  P  :  P  (m^'fr-)  =  101°  3' ;  P  :  P  (basal)  =  95°  22'; 
oop  :  ooP2  =  99°  50'.  The  crystals  frequently  exhibit  the  combination  oc?qo  . 
00^2  .  P,  like  fig.  273  (ii.  148),  together  with  other  p3'ra.nnds  and  I'orizontal  prisms, 
and  are  generallv  flat  between  the  predominant  faces  oofoo  ;  often  also  of  pyramidal 
character,  exhibiting  the  faces  P,  coP2  equally  developed,  like  fig.  272  -without  f  oo . 
(Kopp' s  Kn/stallographic,  2te  Aufl.  p.  267).  For  the  physical  chamcters  and  the  loca- 
lities of  brookite,  see  i.  680. 

rrcparation. — Pure  titanic  oxide  may  be  prepared  from  rutile,  or  from  the  several 
-varieties  of  titaniferous  iron;  in  the  latter  case  a  considerable  portion  of  the  iron 
may  bo  removed  by  repeatedly  boiling  the  pulverised  mineral  with  hydrochloric  acid. 
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H.  Rose  fuses  the  very  finely-divided  mineral  with  3  pts.  potassic  carbonate,  and  treats 
the  fused  potassic  titanate  thus  obtaim  d  with  cold  water.  The  excess  of  alkali  is 
thereby  removed,  together  with  silicatu,  manganate,  and  staunate  of  potassium  ;  whilst 
acid  titanate  of  potassium  roniaius  undissolved,  together  with  ferric  ox. do,  and 
perhaps  a  small  quantity  of  stannic  oxide.  This  residue  is  washed  on  a  filter  with 
cold  water,  till  the  wash-water  begins  to  run  through  milky,  and  then  dissolved  in 
concentrated  hydrochloric  acid.  To  obtain  pure  titanic  acid  from  this  solution,  Ber- 
thier  dilutes  it  with  a  considerable  quantity  of  water,  passes  sulphydric  acid  gas 
through  it  to  precipitate  anj'  tin  that  may  be  present,  and  adds  ammonia  to  the  filtered 
liquid  as  long  as  any  precipitate  is  thereby  produced.  This  precipitate  contains 
titanic  acid  contaminated  with  sulphide  of  iron,  and  perhaps,  also,  with  sulphiJp  of 
manganese.  The  liquid  (which  should  smell  strongly  of  animonium-sulpliide)  is  to 
be  well  shaken,  and  then  left  to  clarify  by  subsidence ;  afterwards  decanted,  and 
the  precipitate  treated  with  concentrated  aqueous  sulphurous  acid,  which  com- 
pletely dissolves  the  sulphides  of  iron  and  manganese,  but  leaves  the  titanic  acid 
undissolved ;  the  latter  may  then  bo  collected  on  a  filter,  and  washed.  The  solution 
in  hydrochloric  acid  may  also  be  boiled  with  sulphite  of  ammonium  as  long  as  the 
resulting  precipitate  continues  to  increase;  this  precipitate  then  consists  of  pure 
titanic  acid,  the  whole  of  the  iron  remaining  in  solution  as  ferrous  salt.  The  precipi- 
tate must  be  washed  on  a  filter,  out  of  contact  with  the  air,  to  prevent  the  formation 
and  precipitation  of  ferric  oxide,  and  then  ignited.  (Berthier.) 

Wohler  melts  finely-pulverised  rutile,  in  a  platinum-crucible  standing  in  an  earthen 
crucible,  with  twice  its  weight  of  potassic  carbonate,  and  dissolves  the  pulverised  mass 
in  dilute  hydrofluoric  acid,  whereupon  potassio-titanic  fluoride  separates  in  crystals. 
To  dissolve  this  compound,  the  mass  is  heated  to  the  boiling-point,  with  addition  of 
water,  if  necessary,  and  the  liquid  is  filtered  as  hot  as  possible.  If  excess  of  hydro- 
fluoric acid  be  avoided,  the  solution  may  be  effected  in  a  glass  vessel.  The  potassio- 
titanic  fluoride,  which  separates  in  shining  crystalline  scales  on  cooling,  is  washed  on 
a  filter  with  cold  water,  and  purified  by  recrystallisation  from  boiling  water;  its  hot 
aqueous  solution  is  mixed  with  ammonia,  which  throws  down  titanate  of  ammonium  ; 
and  the  salt,  when  ignited,  gives  off  ammonia,  and  is  converted,  with  incandescence, 
into  pure  titanic  oxide.  This  process  is  also  well  adapted  for  preparing  titanic  oxide 
from  titaniferous  iron.  The  mass  obtained  by  fusing  this  mineral  with  carbonate  of 
potassium,  is  dissolved  in  dilute  hydrofluoric  acid,  which  leaves  behind  the  greater 
part  of  the  iron,  in  the  form  of  ferric  oxide.  After  the  greater  part  of  the  potassio- 
titanic  fluoride  has  crystallised  out,  and  been  purified  as  above,  the  ferruginous 
mother-liquors  are  treated  with  chlorine-water,  or  an  alkaline  hypochlorite,  to  bring 
the  iron  to  its  highest  stage  of  oxidation,  and  then  treated  in  the  cold  with  dilute 
ammonia,  which  precipitates  all  the  ferric  oxide,  with  only  a  small  portion  of  titanic 
acid.  This  precipitate  is  quickly  separated  l>y  filtration,  and  the  liquid,  when  boiled, 
deposits  titanate  of  ammonium,  which  maybe  converted,  by  ignition,  into  titanic  oxide. 
(Wohler,  Ann.  Ch.  Pharm.  bcxiv.  212.) 

Merz  (J.  pr.  Chem.  seix.  1.57  ;  Bull.  Soc.  Chim.  [1867],  ii.  400)  modifies  Welder's 
process,  by  fusing  rutile  with  four  times  its  weight  of  potassic  carbonate,  digesting 
the  fused  mass  in  water,  dissolving  the  residual  acid  titanate  of  potassium  by  the  pro- 
longed action  of  strong  hydrochloric  acid,  and  boiling  the  resulthig  solution  in  a 
leaden  dish  with  fluoride  of  potassium.  The  liquid,  on  cooling,  solidifies  to  a  crystal- 
line pulp  of  potassio-titanic  fluoride,  2KF.TiF*,  which  may  be  purified  by  washing 
it  with  a  little  cold  water,  and  precipitating  traces  of  iron  with  a  drop  of  ammonium- 
sulphide.  It  is  then  to  be  redissolved  in  boiling  water,  and  the  titanic  acid  precipi- 
fcited  by  ammonia.  Another  method  is  to  melt  1  pt.  of  rutile  with  6  pts.  acid  sulphate 
of  potassium,  digest  the  fused  mass  in  water,  neutralise  the  liquid  with  soda,  and  heat 
it  to  the  boiling-point,  passing  a  stream  of  sulphydric  acid  gas  through  it,  at  the  same 
time,  to  bring  the  iron  to  the  state  of  ferrous  salt.  Titanic  acid  is  then  precipitated 
free  from  iron.  (Merz.) 

A  very  pure  product  is  likewise  obtained  by  decomposing  titanic  chloride  (pre- 
pared by  igniting  a  mixture  of  rutile  and  charcoal  in  chlorine-gas)  with  water  or 
ammonia. 

Anhydrous  titanic  oxide,  obtained  by  ignition  of  the  precipitated  hydrate,  forms 
reddish-brown  lumps,  which  resemble  rutile  more  nearly  in  !u.stre  and  colour,  in  pro- 
portion as  they  have  been  more  strongly  heatetl.  It  may  be  obtained  in  the  cryr-tal- 
line  form  liy  passing  the  vapour  of  titanic  chloride,  mixed  with  steam,  through  a 
red-hot  tube.  According  to  E  helm  en  (Compt.  rend,  xxxii.  .330),  it  is  obtained,  in 
long  needle-shaped  crystals,  by  exposing  the  amorphous  oxide,  mixed  with  micro- 
cosmic  salt,  to  a  temperature  somewhat  below  that  of  a  porcelain  furnace.  According 
to  Deville  and  Caron  {ihid.  xlvi.  704),  titanic  oxide  crystallised  in  the  form 
of  rutile,  may  be  obtained  by  decomposing  a  fusible  titanate,  especially  slanuous 
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titanate,  with  siliea  at  a  high  temperature.  Dev  i  lie  finds  also  (Compt.  rend.  lii.  1864), 
that  the  amorphous  oxide  is  converted  into  quadratic  crystals  (like  rutile  or  anatase) 
by  ignition  in  hydrochloric  acid  gas ;  the  crj'stals  are  coloured  blue,  in  consequence  of 
the  formation  of  a  small  quantity  of  a  lower  oxide.  Hautefeuille  (Compt.  rend. 
Ivii.  Ii8;  Lx.  188;  Jahresb.  1863,  p.  212;  1864,  p.  213)  has  also  obtained  crystal- 
lised titanic  oxide  by  two  methods  :  a.  By  decomposing  tit,mic  chloride  or  fluoride 
with  aqxieous  vapour. — j8.  By  crystallising  amorphous  titanic  oxide  in  an  atmosphere 
hydrochloric  or  hydrofluoric  acid.  The  second  method  is,  however,  ouly  a  modifica- 
tion of  the  first,  inasmuch  as  titanic  chloride  or  fluoride  is  first  formed,  and  subse- 
quently decomposed.  Under  the  influence  of  hydrochloric  acid,  the  formation  of 
ci-j'stallised  titanic  oxide  takes  place  only  at  verj'  high  temperatures,  and  the  crj'stals 
produced  have  always  the  form  of  rutile  :  under  the  influence  of  hydrofluoric  acid,  on 
the  contrary,  anatase  is  fonned  at  the  lowest  red  heat,  brookite  at  a  somewhat  higher 
temperature,  and  rutile  at  very  high  temperatures. 

Anhydrous  titanic  oxide  molts  only  at  the  heat  of  the  oxyhydrogen-blowpipe.  It  is 
completely  insoluble  in  water,  and  in  all  acids  excepting  strong  sulphuric  acid.  When 
heated  in  the  pulverised  state  with  this  acid  till  the  excess  is  driven  off,  the  residue 
dissolves  in  water  after  cooling.  By  fusing  the  anhydrous  oxide  with  six  times  its 
weight  of  acid  potassic  sulphate,  a  clear  yellow  mass  is  obtained,  which  dissolves  per- 
fectly in  warm  water,  forming  a  clear  solution. 

Potassium  and  sodium  reduce  titanic  oxide  at  a  red  heat,  forming  oxide  of  potassium 
or  sodium,  and  a  black  mass,  which  does  not  acquire  metallic  lustre,  and  appears  to  be 
a  mixture  of  metallic  titanium  with  titanic  or  titanous  oxide. — Charcoal,  at  white  heat, 
reduces  titanic  oxide  to  the  metallic  state. —  Carbonic  (lisuljJiidc,  at  a  strong  red  heat, 
converts  titanic  oxide  into  sulphide  of  titanium,  with  simultaneous  formation  of 
carbonic  oxide  and  carbonic  dioxide  (H.  Rose). — When  dry  chlorine-gas  is  passed 
over  an  ignited  mixture  of  titanic  oxide  and  charcoal,  titanic  chloride  is  produced 
(p.  837).  The  oxide,  fused  with  alkaline  carbonates,  yields  titanates  of  alkali-metal. — 
Ammonia-gas,  at  a  bright  red  heat,  reduces  titanic  oxide  to  violet  nitride  of  titanium, 
TiN^  (Eisner.) 

Titanic  Hydrates  or  Acids. — There  appear-  to  be  two  modifications  of  titanic 
acid,  analogous  in  some  respects  to  stannic  and  metastannic  acid. —  a.  One  of  these, 
called  titanic  acid,  is  precipitated  by  ammonia  from  the  solution  of  titanic  chloride. 
It  is  a  white  powder,  of  specific  gravity  3'8  to  3'93  according  as  it  has  been  exposed  to 
a  higher  or  lower  temperature.  When  heated,  it  assumes  a  transient  yellow  colour, 
becoming  white  again  on  cooling.  Its  conversion  into  titanic  oxide,  at  a  higher  tempe- 
rature, is  attended  with  vivid  incandescence. 

Titanic  hydrate  dissolves  easily  in  suljihuric,  nitric,  and  hydrochloric  acids,  even 
when  these  acids  are  rather  dilute  ;  but  these  dilute  solutions,  when  boiled,  deposit 
metatitanic  hydrate  as  a  soft  white  powder,  which,  like  anhydrous  titanic  oxide, 
is  quite  insoluble  in  all  acids,  excepting  strong  sulphuric  acid.  It  also  resembles  the 
anhydrous  oxide  in  not  exhibiting  incandcseenco  when  heated.  Titanic  hydrate,  pre- 
cipitated by  ammonia,  is  also  converted  into  insoluble  metatitanic  hydrate  by  wash- 
ing with  hot  water,  or  drying  at  a  high  temperature. — According  to  R.  Weber  (Pogg. 
Ann.  cxx.  287  ;  Jahresb.  1863,  p.  210),  a  recently  prepared  aqueous  solution  of  titanic 
chloride  is  not  clouded  by  sulphuric,  nitric,  or  hycU-oehloricaoid,  but  pihosphoric,  arsenic, 
and  hydriodic  acids  give  precipitates  with  it  immediately,  and  acid  potassic  chroniate 
after  some  time.  If,  however,  the  same  solution  be  heated  to  tlie  boiling-point  for  only 
a  few  seconds,  it  immediately  yields,  with  hydrochloric,  nitric,  sulphuric,  hydrofluoric, 
and  even  organic  acids,  a  white  precipitate  of  metatitanic  hydrate,  and  with  dichromate 
of  potassium  an  immediate  orange-yellow  precipitate.  The  precipitated  motatitanic 
hydi'ate  dissolves  completely  in  a  large  quantity  of  water,  after  the  supernatant  acid 
has  been  poured  oflT,  and  is  reprecipitatrd  from  the  solution  by  acids.  Metatitanic 
acid  is  also  produced  by  oxidising  metallic  titanium  with  nitric  acid  of  specific  gravity 
l-2o.  (Weber.) 

Titanic  hydrate  dried  over  oil  of  vitriol,  has,  according  to  IT.  R  o  so,  the  composition, 
H'TiO^,  or  H'O.TiO',  but  always  contains  a  little  ammonia  which  cannot  be  removed 
by  washing.  According  to  Merz  {loc.  cit.),  titanic  hydrate,  after  drying  in  the  air  for 
twenty-four  hours,  contains  H'-Ti 0^.211-0  ;  after  drying  for  several  weeks,  H-TiO^.H'O. 
AVhen  dried  over  oil  of  vitriol,  it  qui<'kly  loses  1  at.  water:  and  after  being  loft  for 
some  time  over  oil  of  vitriol,  or  dried  at  0(1°,  it  contains  3H-TiO^TiO-',  and  finally, 
after  drying  at  100°,  H-TiO'.TiO=. 

Metatitanic  acid,  deposited  from  its  solution  in  sulphuric  acid  on  boiling,  contains, 
after  prolonged  drying  in  the  air,  or  for  twentv-four  hours  over  oil  of  vitriol,  H'-TiO';  at 
60°.  it  contains  H-^TiO'.TiO- ;  at  100°,  H-TiOX2TiO' ;  at  120°,  H=TiO'.3TiO' ;  at  160°, 
jls'fiO' 4TiO-.  In  short,  niefatitanic  acid  gives  up  its  water  more  easily  than  titanic 
acid.  (Merz.) 
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When  a  sulution  of  titanic  hydrate  in  hydrochloric  acid  is  siihjeeted  to  dialysis, 
insoluble  gelatinous  titanic  hydrate  remains  in  the  dialyser  (Graham,  Chem.  See.  J. 
XV.  256).  A  solution  of  gelatinous  titanic  hydrate  in  hydrochloric  acid,  prepared  in 
the  cold,  and  containing  only  1  per  cent.  TiO-,  when  left  in  the  dialyser  for  some  days, 
yields  liquid  titanic  acid,  which,  when  subjected  to  the  action  of  alcohol  and  other 
liquids,  form  compounds  analogous  to  those  produced  in  like  manner  with  silicic  acid. 
(Graham,  ibid.  xvii.  325;  Jahresb.  1864,  p.  178.) 

Titanic  Salts. — Titanic  hydrate  acts  as  a  weak  base,  and  likewise  as  an  acid, 
forming  salts  both  with  acids  and  with  alkalis.  The  salts  in  which  it  plays  the  part 
of  base  are  very  unstable.  The  oxalate,  phosphate,  and  sulphate  have  been  partially 
studied  by  H.  Kose  (iv.  266,  684 ;  v.  606) ;  tlie  sulphate,  phosphate,  and  nitrate  also 
by  Merz  {loc.  cit.). 

Nitrate. — Titanic  hydrate  dissolves  in  concentrated  nitric  acid,  and  tlie  solution, 
evaporated  over  quicklime,  first  becomes  covered  with  an  iridescent  film,  and  then 
yields  a  mass  of  shining  lamin»,  containing  5TiO\N-0\6H-0,  or  6H2Ti0^2HNO^— 
This  salt  dissolves,  though  imperfectly,  in  cold  water;  the  clear  solution,  heated  to 
100°,  deposits  titanic  oxide.  (Merz.) 

Pliosphatc. — Phosphate  of  ammonium,  added  to  a  solution  of  titanic  hydrate  in  hy- 
drochloric acid,  throws  down  nearly  all  the  titanium  in  the  form  of  a  white  gelatinous 
precipitate,  which,  when  washed  and  dried,  fonns  a  porcelain-like  mass,  containing 
2TiO-.P-'0'.  Merz  is  of  opinion  that  the  original  precipitate  contains  TiO^P-0^  but 
that  the  phosphoric  acid  is  partly  removed  by  washing.  (Merz.) 

I^idphate. — The  solution  of  titanic  h3"drate  in  sulphuric  acid  deposits  the  hydrate  on 
dilution  with  water.  Titanic  hydrate,  moistened  with  very  strong  sulplmrie  acid, 
becomes  hot,  and  dissolves  completely  at  the  boiling  heat.  The  solution  gelatinises  on 
cooling;  but  if  part  of  the  sulphuric  acid  is  evaporated,  there  remains  a  white  powder, 
which,  when  dried  on  a  porous  tile  and  then  heated  to  180°,  contains  TiO-.SO'\)r 
Ti"'(SO^)-.TiO-.  This  salt  gives  up  iiU  its  sulphuric  acid  at  a  reel  heat,  or  when  treated 
with  water.  Hydrochloric  acid  dissolves  it  slowly  in  the  cold,  more  easily  when 
heated.  (Merz.) 

Titanates. — These  salts  have  not  been  much  studied.  Most  of  them  mav  be 
represented  by  the  formulse  M'TiO'  =  2M20.TiO-,  and  M^TiO'  =  M^O.TiO-, 
analogous  to  the  ortho-  and  nieta-silicates.  The  titanates  of  calcium  and  iron 
occur  as  natural  minerals.  The  titanates  of  the  alkali-metals  are  formed  by  fusing 
titanic  oxide  with  alkaline  hydrates,  carbonates,  or  acid  sulphates — some  of  them 
also  in  the  wet  way.  "When  finely  pulverised  and  levigated,  they  dissolve  in  mode- 
rately warm,  concentrated  hydrochloric  acid ;  but  the  greater  part  of  the  dissolved 
titanic  acid  is  precipitated  on  boiling  the  solution  with  dilute  acids.  The  neutral 
titanates  of  the  alkali-metals,  M^TiO^,  are  insoluble  in  water,  but  soluble  in  acids. 
The  titanates  of  the  earth-metals  and  heavy  metals  are  insoluble,  and  may  be  obtained 
by  precipitation.  Hautefeuille  has  prepared  several  of  them  in  crystals,  the  form  and 
physical  characters  of  which  are,  in  some  cases,  identical  with  those  of  native  titanates. 

Titanate  of  Calcium,  CaTiO*. — This  compound  occurs  native  as  PerowsMte,  in 
small  cubes  and  other  monometrio  forms,  with  cubic  cleavage  tolerably  perfect.  Kard- 
ness  =  5-5.  Specific  gra\'ity  =  4-017.  Lustre  metallic  adamantine,  less  bright  on 
the  cleavage-faces.  Colour  greyish  to  iron-black.  Streak  uncoloured  to  greyish. 
Opaque  to  subtranslucent. 

jhudysis: — a.  From  Achmatow.sk,  near  Slatoust,  in  the  Ural:  black  (Jacobson, 
Pogg.  Ann.  Ixii.  596). — b.  From  the  same:  brown  (Brooks,  ibid.). — c.  From  the 
Ficdelen  Glacier,  near  Zermatt  (Damour,  Ann.  Min.  [4],vi.  313). — d.  From  Vogts- 
burg  on  the  Kaiserstuhl  (Seneca,  Ann.  Ch.  Pliarm.  civ.  371): 


b. 

d. 

Titanic  oxide 

.  58'-96 

59-00 

59'^23 

59-12 

Lime 

.  39-20 

36-76 

39-92 

35  81 

Magnesia  . 

0-11 

Ferrotis  oxide  . 

2-06 

4-79 

1-14 

6-11 

iW22 

100-66 

Too -2  9' 

101-04 

Sphene  (or  titanit.e)is  a  silico-titanate  of  calcium,  CaSiO^.CaTiO'  (p.  398).  Re- 
specting the  artificial  crystallisation  of  this  compound  and  of  calcic  titanate,  seo 
TiTANiTE  (p.  835).  The  artificial  crystals  of  calcic  titanate  are  said  by  Hautefeuille 
to  be  dimetric,  whereas  those  of  natural  perowskite  are  monometric. 

Titanates  of  Iron. — a.  Ferric  titanate  \s  prepared  by  igniting  finely-pulverised 
titaniferous  iron  (p.  846)  with  several  times  its  weight  of  calcivim-chloride,  treating  the 
fused  mass  with  water  to  remove  calcium-chloride  and  ferric  chloride,  and  the  residue 
with  concentrated  hydrochloric  acid,  which  dissolves  titanate  of  calcium.  Ferric  tita- 
nate then  remains  in  long,  thin,  opaque  needles,  liaving  a  dark  stcel-grey  colour  and 
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Lrilliant  lustre.  The  crystals  dissolve  in  melting  acid  potassic  sulphate,  forming  a 
yellow  liquid,  which  dissolves  in  water  when  cold:  they  are  not  altered  by  ignition  in 
contact  with  the  air,  or  in  chlorine-gas,  or  by  boiling  with  strong  hydrochloric  or  sul- 
phuric acid.    (Li eb ig  and  AVohl  er.) 

/3.  Ferrous  tlianate,  Fe'TiO^  or  2FeO.TiO-,  is  produced  by  fusing  a  mixture  of 
2  pts.  titanic  oxide,  5  pts.  ferrous  fluoride,  and  a  large  excess  of  sodium-chloride.  Ou 
treating  the  fused  product  with  a  large  quantity  of  water,  removing  the  lighter  sub- 
stances by  levigation,  and  heating  the  residue  with  dilute  acetic  acid  tiU  all  laminar 
products  are  dissolved  out,  ferrous  titanate  remains  in  small  prismatic  crj-stals,  having 
a  dark-purple  colour  and  the  lustre  of  steel,  and  yielding  an  ochre-yellow  powder. 
Their  specific  gravity  is  4  37  ;  they  are  not  magnetic,  and  do  not  contain  auy  ferric 
oxide.    (Hautef eui  1  le,  Jahresb.  1864,  p.  218.) 

7.  The  mineral  called  Titanif erous  Iron,  or  llmenitr — also,  in  certain 
varieties,  Crichionite,  Menakan,  Menaccanite,  KibdelojuhaJic,  Basanoinelanc,  Hys- 
tatite,  Wasldngtonite,  Mohsite  —  consists,  sometimes  of  nearly  pure  ferrous 
titanate,  sometimes  of  magnesio-ferrous  titanate,  sometimes  of  isomorphous  mix- 
tures of  ferrous  titanate  with  ferric  oxide  and  ferroso-ferric  oxide.  It  occurs  in  he- 
mihedral,  rhombohedral  crystals  (tetartohedral  to  the  hexagonal  type),  isomorphous  with 
iron-glance,  having  the  principal  axis  =  1-3767,  the  angle  R  :  R  in  the  terminal  edges  = 
85°  43',  and  cleaving  imperfectly  parallel  to  R  and  oR  ;  where  the  cleavage  appears  to 
be  perfect,  it  is  probable  that  combination-faces  of  different  individuals  exist  (Kopp's 
Krystallographie,  p.  211).  The  crystals  are  more  or  less  tabular,  often  forming  twins, 
■united  by  the  face  R  or  oR ;  also  implanted  or  imbedded,  and  united  into  groups,  with 
scaly  or  granular  structure.  The  mineral  likewise  occurs  compact,  in  massive  or  in 
loose  grains,  and  in  the  form  of  sand  (titaniferous  sand,  titaniferous  ironsand).  Hard- 
ness =  5-0  to  6-0.  Specific  gravity  =  4-6  to  5-0.  Lustre  submetaUic.  Colour  iron- 
black  to  steel-grey.  Streak  black  to  brownish-red.  Opaque.  Fracture  conchoidal. 
Slightly  magnetic.  Before  the  blowpipe  it  is  infusible,  or  becomes  rounded  in  the 
reduction-flame  at  the  edges  only  (the  variety  from  Uddewalla,  in  Sweden,  is  fusible, 
according  to  Plantamour).  With  fluxes  it  gives  the  reactions  of  iron  ;  the  microcosmic 
salt  bead  becomes  red  or  brown-red  in  the  inner  flame,  and  violet  when  treated  with 
tin  upon  charcoal ;  many  varieties  give  the  manganese  reaction  with  soda  and  nitre. 
The  finely-pulverised  mineral  dissolves  with  more  or  less  facility  in  hydrochloric  acid, 
leaving  a  residue  of  titanic  acid.  The  solution  is  generally  yellow,  containing  both 
fi-rric  and  ferrous  oxides.  When  heated  with  strong  sulphuric  acid,  it  acquires  a  dark- 
blue  colour,  which  however  disappears  on  addition  of  water,  titanic  acid  then  remain- 
ing undissolved. 

Analyses : — A.  Containing  little  or  no  Ferric  Oxide. — a.  From  St.  Christophe,  near 
Bourgd"Oisans,inDauphine  :  Crichtonitc;  specific  gravity  =  4-727  (Marignac,  Ann.  Ch. 
Phys.  [3],  xiv.  50). — b,  lugelsberg,  near  Hofgastein.  in  the  Pinzgau:  Axotomous  Iron- 
ore ;  Kibdelophane:  crystallised;  non-magnetic,  or  very  slightly  magnetic  ;  a.  Specific 
gravity  =  4-661  (v.  Kobell,  Schw.  J.  Ixiv.  59.  245);  /8.  Specific  gravity  =  4-689 
(Rammelsberg,  iV//?!ernWm«',  p.  408).— c.  Rio  Chico,  province  of  Antioquia,  New 
Granada:  giains  from  the  auriferous  and  platiniferous  sand  (Damour,  Ann.  Min. 
[3],  li.  445). — d.  Layton's  Farm  in  the  State  of  New  York :  crystallised,  yielding  a 
brown-black  powder;  non-magnetic  ;  specific  gravity  =  1-293 — 4-313(Rammelsberg): 

b. 


a. 

c. 

d. 

Titanic  oxide 

.  52-27 

69-00 

53-03 

57-09 

bi-n 

Ferric  oxide 

.  1-20 

4-25 

2-66 

Ferrous  oxide 

.  46-53 

36-00 

38-30 

42-12 

26-82 

Manganous  oxide 

1-65 

4-30 

0-80 

0-90 

Magnesia 

1-65 

13-71 

100  00 

100-90 

99-94 

100-01 

99-14 

If  tne  small  quantity  of  ferric  oxide  in  a  and  b,  $  be  deducted,  and  the  magnesia  and 
manganous  oxide  converted  into  their  equivalents  in  ferrous  oxide,  the  composition  of 
these  minerals  may  be  nearly  represented  by  the  formula  FeO.TiO-  or  Fe"TiO^  which 
requires  53  72  TiO-  and  46-28  FoO. — c  is  also  nearly  the  same,  but  may  be  more  closely 

represented  by  the  formula  8Fe0.9TiO=.— is  magnesio-ferrous  titanate,  ^iO',  or 

FeO.TiO^  +  MgO.TiO^  the  calculated  composition  of  which  is  58-82  per  cent.  TiO', 
20-47  FeO,  and  14-71  MgO. 

Shephard's  paracolumbite.  (iv.  341)  is,  according  to  Pisani  (Sill.  Am.  J.  [2], 
xxxvii.  359),  a  ferrous  titanate,  difficult  to  sejiaralo  from  the  matrix.  It  has  a  hard- 
ness =  4-5  ;  specific  gravity  =  4-363 ;  melts  to  a  black  magnetic  bead,  and  gives  by 
analysis : 
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■J'iO'=.  SiO^.        Al^O'.       Fp203.        FeO.         MgO.  CaO. 

aS-GG       10-66       7-66       3-48       39  08       1-94       2-06    =  100-54 

E.  Iso7norphous  Mixtures  of  Ferrous  Titnnatf.  and  Ferric  Oxide. — Titaiiiferous  iron 
occurs, containingthesecompoundsmixedin  various  proportions,  between  9FeTiO'.Fe^O^ 
and  l'"eTiO'.13Fe''0^.  The  following  forniulie  must  be  regarded,  not  as  representing 
definite  compounds  of  ferrous  titanate  and  ferric  oxide,  but  merely  as  approximate 
expressions  of  the  composition  of  the  several  varieties  of  the  mineral  as  determined  by 
analysis.  For  the  discussion  of  the  formulae,  see  Eammelsberg's  Miiuralchemie 
(pp.  409— 419). 

a.  From  Egersund  in  Norway:  massive;  nearly  black  ;  specific  gravity  =  4-744 — ■ 
4-791  (Kam  m  els  berg). — h.  Krageroe,  Norway:  massive;  specific  gravity  =  4-701 
(Ra m melsberg). — c.  St.  Paul's  Bay,  Canada:  massive,  granular,  slightly  magnetic; 
specific  gravity  =  4-56— 4-66  (Hunt,  Sill.  Am.  J.  [2],  xi.  231). — d.  Cienaga,  Pro- 
vince of  Antioqtiia,  New  Granada  (Dainou  r, /or.  cit.). — c.  Ilnien  Mountains,  near 
Mi  ask  :  //wif^tVe  ;  crystallised  ;  powder  brown-black  ;  slightly  magnetic  (Eammels- 
berg).  — /'.  Chateau-Richer,  Canada  :  non-magnetic  grains  ;  specific  gravity  =  4-65 — 
4-68  (Hun  t). — g.  Iserweise,  in  the Riesengebirge:  Jserin  (in part) :  granules  varying  in 
specific  gravity,  magnetic  po-wer,  and  composition  ;  the  analysis  given  is  of  a  strongly 
magnetic  grain  (Rammelsberg). — h.  Liclifield,  Connecticut:  Washivgtoiiite  ;  crys- 
tallised, slightly  magnetic,  yielding  a  black  powder;  specific  gravity  =  4-986  (Ram- 
melsberg).— i.  Eisenach,  Tliiiringerwald.-  massive,  yielding  a  black  powder;  not 
magnetic;  specific  gravity  =  5-060  (Rammelsberg). — Uddewall a,  Sweden  :  mas- 
sive; slightly  magnetic  (Plan  tamou  r,  J.  pr.  Chem.  xxiv.  302). — 1\  Aschaffenburg  : 
massive,  laminar,  mostly  polar-magnetic  ;  specific  gravity  =  4-78  (v.  Kobell,  he.  cit.). 
■ — I.  Snaruni,  Norway  :  massive,  accompanying  serpentine  and  hydrotalcite  ;  specific 
gravity  =  4  913  (Rammelsberg). — m.  St.  Gothard:  crystallised,  yielding  a  black 
powder,  non-magnetic;  specific  gravity  =  5-187  (Rammelsberg). — m.  Krageroe 
(so-called  iron-glanee) ;  crystallised,  slightly  magnetic ;  specific  gravity  =  6-240 
(Rammelsberg) : 


TiO'. 

F.'-03. 

FeO. 

MnO. 

MrO. 

a. 

9FeTiOlFe-'0'  . 

.  61-30 

8-87 

39-83 

0-40 

100-40 

h. 

.  46-92 

11-48 

39-82 

1-22 

99-44 

.  48-60 

10-16 

37-30 

3-60 

99-66 

</. 

.  48-14 

9-45 

41-66 

1-69 

100-94 

e. 

6FeTiOlFe20'  '. 

,  45-93 

14-30 

36-52 

2-72 

0-59 

100-06 

,/; 

4FeTi0^re'^0'  . 

.  41-91 

20-63 

35-04 

1-61 

99-09 

.'/• 

3FeTiO^Fe-03  . 

.  39-70 

27  02 

30-34 

2-23 

99-29 

h. 

FeTiO^.Fe^O^ 

.  23-72 

53-71 

22-39 

0-25 

0-50 

100-57 

i. 

FeTiO''.2Fe-0'  . 

.  16-20 

69-91 

12-60 

0-77 

0-55 

100-03 

j- 

.  15-56 

68-31 

14-00 

97-87 

k. 

FeTi'0l3Fe=0'  '. 

.  11-16 

75-00 

10-04 

0-80 

100 

!. 

FcTiO-\4Fc-0'  . 

.  10-47 

80-63 

8-90 

100 

on. 

FeTiO^SFe^O'  . 

.  12-67 

82-49 

4-84 

100 

11. 

FeTiOMSFe-^O'  . 

.  3-55 

93-63 

3-26 

100-44 

C.  taniferous  Iron  of  abnormal  composition. — This  group  includes  ferric  titanates, 
ferroso-ferric  titanates,  and  isomorphous  mixtures  of  ferrous  titanates  and  ferroso-ferric 
oxide  (magnetic iron-ore). 

a.  Harthau,near  Chemnitz:  crystallised  in  six-sided  plates  (Hesse,  Jahresb.  1856, 
p.  839).— i.  Iserweise,  in  the  Riesengebirge  :  grains  with  octahedral  outline  (pro- 
bably rhombohedral,  -with  the  faces  oR),  occurring  among  the  grains  of  iserin, 
having  a  much  lower  specific  gravity  than  the  latter,  and  rather  strongly  magnetic 
(Rammelsberg). — c.  Unkel,  on  the  Rhine  (formerly  called  scuriaccous  magnetic  iron- 
ore)  :  crude  masses,  having  a  conclioidal  fracture,  iutergrowu  with  basalt,  yielding  a 
black  powder  ;  specific  gravity  =  4-905  (Ram  m elsbe rg ). — d.  On  the  banks  of  the 
Mersey  :  magnetic;  specific  gravity  =  4  82  (Edwards,  J.  pr.  Chem.  xxi.  124)  : 

Ti(i2.  Fe^O'.  FpO.        MiiO.  MgO. 

a.  4Fe^O'.9TiO'  .       .       .    53-01  47-35    =  100-36 

h.  4(FeO.TiO-).Fe-0\3TiO«.    67-19  15-67  26-00      .     .       1-74  =  100-60 

c.  2(FeO.TiO-).3(Fe0.2Fe-0')    8-27  51-81  37  22      2-03       0-78  =  100-11 

d.  3(FcO.TiO=).5(FeO.Fe-Oa)   15-28  48  71  36-01       .     .       .     .  =  100 

A  titaniferous  iron-ore,  imbedded  in  the  diallage  and  augitic  gabbro  of  Baste  in  the 
Harz,  was  found  by  Streng  (Jahresb.  18tl2,  p.  715)  to  contain  46-77  per  cent.  TiO-, 
44-55  Fe'^0',  and  0-56  Cr'O^ 

Magnetic  Ironsand. — In  many  localities,  black  ferruginous  grains  occur,  strongly 
attracted  by  the  magnet,  and  partly  in  the  form  of  regular  octahedrons.    In  a  speci- 


848 


TITANIUM:  SULPHIDE. 


men  from  the  coast  of  Finland,  Klaproth  found  14  per  cent.,  Maly  33  percent,,  titanic 
oxide;  Cordier  has  found,  in  similar  specimens,  from  11  to  16  per  cent,  titanic  oxide. 
In  an  ironsand  containing  octahedrons  from  the  Etna  lavas,  v.  Walteriiausen  found 
12-38  per  cpnt.  TiO- and  92-18  Fe'O^  which  is  an  excess  of  i  od,  indicating  the 
presence  of  ferrous  oxide.  A  specimen  of  very  fine  ironsand  from  the  Miijrgel  Lake, 
near  Berlin,  yielding  a  black  powder,  and  having  a  specific  gravity  of  5-075,  was  found 
by  Eammelsberg  to  contain  5-20  percent.  TiO-,  6136  Fe-'O',  30  25  FeO,  1-23  MnO, 
and  0-48  MgO  (  =  98-52),  which  may  be  nearly  represented  by  the  formula  FeO.TiO'-'. 
6(FeO.Fe"0^) ;  but  all  these  substances  are,  perhaps,  merely  mixtui-es  of  ferrous 
titanate  and  magnetic  iron-ore,  and  the  occurrence  of  definite  proportions  is  merely 
accidental. 

Titaniferons  Iron  containing  Tantalum  and  Niobium. — In  the  diamond-sand  of  Dia- 
mantino  in  Brazil,  Damour  found  black  grains,  yielding  a  dark-green  powder,  and 
having  a  specific  gravity  of  4-82,  which  contained  74-32  per  cent.  TiO',  6-67  Ta-0', 
2-04  SnO=,  and  16-97  FeO. 

According  to  A.  E.  Nordenskjold  (Pogg.  Ann.  cxxii.  615),  a  mineral  resembling 
titaniferous  iron,  or  ilmenite,  but  containing  niobic  as  well  as  titanic  acid,  occurs  near 
the  village  of  Torro,  in  Finland. 

Titanate  of  Magnesium. — The  monobasic  salt,  MgTiO'  =  MgO.TiO^  is  formed 
by  heating  1  pt.  titanic  oxide  to  whiteness  for  a  short  time  in  a  closed  vessel,  with  10 
pts.  chloride  of  magnesium,  and  a  small  quantity  of  sal-ammoniac.  On  treating  the 
fused  product,  first  with  water  containing  acetic  acid,  then  with  pure  water,  the  mono- 
magnesic  titanate  remains,  in  shining  six-sided  crystals,  probably  belonging  to  the 
trimetric  system,  and  coloured  reddish  by  a  trace  of  manganese.  They  scratch  ghxss, 
and  have  a  density  of  3-91.  If  the  chloride  of  ammonium  be  omitted  in  the  pre- 
paration, the  proportion  of  magnesium  in  the  crystals  will  be  somewli.-it  greater 
(Hautefeuille).— The  dibasic  snft,  Mg'TiO^  =  2MgO.TiO-,  is  obtained  by  fusing 
2  pts.  titanic  oxide,  1  pt.  magnesia,  and  40  pts.  chloride  of  magnesium,  and  proceeding 
as  in  the  preparation  of  the  corresponding  ferrous  salt  (p.  84G).  It  forms  very 
brilliant  regular  octahedrons,  harder  than  glass  and  having  a  specific  gravity  of  3-42. 
(Hautefeuille.) 

Manganoiis  Titanates  (Hautefeuille). — The  dibasic  saZi,  Mn"TiO',  is  ob- 
tained by  heating  titanic  oxide  with  fluoride  of  manganese,  but  always  mixed  with 
the  laminar  monobasic  salt ;  neither  of  these  compounds  has  been  further  examined. 

Titanates  of  Potassium. — The  monobasic  salt,  K-TiO'  =  K'-'O.TiO',  is  ob- 
tained by  fusing  titanic  oxide  with  excess  of  potassic  carbonate.  Two  fused  layers  are 
then  formed,  the  upper  containing  the  excess  of  carbonate,  the  lower  the  monobasic  potas- 
sium-titanate.  This  salt  forms  a  yellowish,  fibrous,  easily  fusible  mass,  which  is  resolved 
by  water  into  an  insoluble  acid  salt,  and  a  soluble  salt  containing  a  larger  proportion 
of  base. — The  acid  salt  is  a  soft  white  powder,  which,  after  ignition,  contains  17-33  to 
18-01  per  cent.  K'-'O,  and  82  67  to  81-99  TiO».  On  treating  it  with  strong  hydrochloric 
acid,  and  saturating  the  liquid  with  ammonia,  a  precipitate  is  formed,  which,  after 
ignition,  contains  91-3  per  cent.  TiO=  to  8-7  K-O.    (H.  Eose.) 

A  silico-titanatc  of  potassium  is  formed  by  igniting  titanic  oxide  with  excess  of 
silica  and  excess  of  potassium-carbonate,  and  remains  behind  on  treating  the  mass 
with  water,  which  dissolves  out  carbonate  and  s^icate  of  potassium.  When  moist,  it 
dissolves  easily  in  concentrated  hydrochloric  acio,  forming  a  solution,  which,  when 
boiled,  deposits  flocks,  somewhat  soluble  in  water,  and,  when  mixed  w-ith  ammonia, 
yields  a  precipitate  of  silicic  and  titanic  acids. 

Titanates  of  Sodium. — The  monobasic  salt,  Na-TiO'  =  Na'O.TiO-,  prepared 
like  the  corresponding  potassium-salt,  is  resolved  by  water  into  an  insoluble  acid  salt 
and  free  soda.  This  acid  salt  forms  white  sandy  grains,  containing  15-14  to  15-30 
per  cent.  Na-O,  74-73  to  75  47  TiO'-,  and  10-13  to  9  23  wat«r.  On  treating  it  with 
strong  hydrochloric  acid,  and  neutralising  with  ammonia,  tliere  remains  a  residue  con- 
taining 962— 9656  per  cent.  TiO=  to  3-8— 344  Na=0.    (H.  Rose.) 

Titanate  of  Zirconium  is  precipitated  on  mixing  the  solutions  of  zirconic  and 
titanic  chlorides,  and  adding  sulphate  of  potassium  (Berzel iu  s).  Titanate  of  zirco- 
nium is  one  of  the  constituents  of  a?schyuite,  fergusonite,  and  polymignitc  (i.  59 ;  iv. 
66,  687). 

TITANITJIW,  OXYCHLORIDE  OF.  See  p.  837. 
TITANIUIVI,  OXVFIiUORIOS  Or.    See  p.  840. 

TITANIUBI,  SUIjPHIDX:  OF.  TiS'. — This,  the  only  known  sulphide  of  tita- 
nium, was  discovered  by  H.  l?ose,  who  prepared  it  by  slowly  passing  tlie  vapour  of 
carbonic  disulphide  over  titanic  oxide,  very  strongly  ignited  in  a  porcelain  tube. 
Berzelius  obtained  it  by  igniting  a  mixture  of  1  -pt.  pulverised  rulile,  1  pt.  dry  carbon- 
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ate  of  Sodium,  1  pt.  sulphur,  and  i  pt.  charcoal,  in  a  crucible  lined  with  charcoal. 
Larger  quantities  are  best  prepared  by  passing  a  stream  of  dry  sulphydric  acid  gas 
into  a  tubulated  retort,  containing  titanic  chloride,  and  having  its  neck  connected  with 
a  glass  tube  laid  horizontally  over  a  furnace.  As  soon  as  this  tube  is  heated  to  com- 
mencing redness,  the  retort  is  warmed  to  such  a  degree,  that  the  sulphydric  acid  gas 
may  pass  into  the  tube  saturated  with  the  vapour  of  titanic  cliloride,  at  a  temperature 
somewhat  below  the  boiling-point  of  the  latter.  Hydrochloric  acid  vapours  are  then 
given  off,  and  titanic  sulphide  remains  in  the  tube.  (Ebelmen,  Ann.  Ch.  Phys.  [3], 
XX.  285.) 

Titiinic  sulphide  thus  prepared  forms  large,  brass-yellow,  metallically  lustrous 
scales,  which,  when  rubbed  on  the  skin,  cover  it  with  a  shining  coating  like  mosaic 
gold.  When  ignited  in  the  air,  it  burns  readily,  yielding  titanic  oxide  and  sulphurous 
oxide,  which  is  volatilised.  It  detonates  when  heated  with  nitre.  It  is  decomposed  by 
dry  chlorine-gas,  the  products  being  chloride  of  sulphur  and  chloride  of  titanium. 
With  nitric  acid  it  is  resolved,  with  rise  of  temperature  and  disengagement  of  nitric 
oxide,  into  titanic  oxide  and  sulphur.  It  is  oxidised  by  warm  nitromuriatie  acid, 
yielding  titanic  acid  (the  greater  part  of  which  remains  undissolved)  and  sulphuric 
acid.  It  dissolves  slowly  in  hydrochloric  acid,  with  evolution  of  sulpliydric  acid  (H. 
Eose).  At  a  tolerably  strong  red  heat,  it  decomposes  vapour  of  water  with  great 
facility,  and  is  converted  into  titanic  acid,  with  evolution  of  sulphydric  acid  and 
hydrogen-gas  (Regnault).  It  is  also  gradually  decomposed,  with  evolution  of  sulphy- 
dric acid,  by  exposure  to  moist  air.  When  digested  with  aqueous  potash,  it  is  rapidly 
converted  into  white  titanate  of  potassium,  which  is  pi-ecipitated,  and  sulphydrato  of 
potassium,  which  dissolves :  TiS^  +  2KH0  =  TiO»  +  2KIIS.  (Rose.) 

TXTATTXTTDX-CBEEXI'.  Ferrocyanide  of  titanium,  precipitated  by  ferrocyanide 
of  potassium  from  a  solution  of  titanic  chloride,  has  been  recommended  as  an  inno- 
cuous substitute  for  Schweinfurt-green  and  other  arsenical  green  pigments;  its  colour, 
however,  is  far  inferior  to  that  of  Schweinfurt-green.  (Eisner,  Dingl.  pol.  J.  cv.  130. 
— Grentele.  ibid.  clx.  238  ;  see  also  Jahresb.  1847-48,  p.  1058.) 

TXTAIO'nrnx-SAN'S.    Pulverulent  titaniferous  iron  (p.  847). 

TITANlunx-ST3E:x:Zi.    See  Iron,  Alloys  of  (iii.  370). 

TXTRATIOir.    See  Analysis,  Voutmetric  (i.  254). 

TIZA_  Boronatrocalcite,  occurring  in  lumps  in  the  deposits  of  nitrate  of  soda  in 
Peru  (i.  649). 

TOBACCO.  This  substance,  so  extensively  used  for  smoking,  snuffing,  and  chewing, 
is  prepared  from  the  leaves  of  several  species  oi Nicotiana — chiefly  N.  Tahacum,  Virginia 
tobacco;  N.  macrophj/lla,  Maryland  tobacco;  N.  rustica.  and  N.  quadrioah'is.  The 
tobacco-plant  is  indigenous  in  tropical  America,  but  thrives,  under  various  climatic 
conditions,  as  high  as  the  fiftieth  degree  of  latitude,  and  is  extensively  cultivated  in 
most  countries  within  those  limits. 

The  earliest  chemical  investigation  of  tobacco-loaves  is  tliat  of  Posselt  and 
Reimann  (Geiger's  Mag.  xxiv.  138;  xxv.  [2],  57),  who  found,  in  1,000  pts. : 


Nicotine  .  .  .0-6 
Nicotianiue .  .  .  O'l 
Bitter  extractive  .  .  287 
Resin  .  .  .  .27 
Albumin  and  Glutin  .  13'1 
Gum  ....  17-4 


Malic  acid,  malates,  and 

nitrates  .  .  .  97 
Other  potassium-salts  .  1-2 
Phosphate  of  calcium  .  17 
Woodyfibre,  water,  &c.  .  924'8 


According  to  later  investigations,  the  proportion  of  the  poisonous  alkaloid,  nico- 
tine, is  much  larger.  Sch  losing  (Ann.  Ch.  Phys.  [3],  xix.  230)  found,  in  different 
sorts  of  tobacco,  from  2  to  8  per  cent,  nicotine,  tlie  better  and  milder  varieties,  such  as 
that  from  Havannah,  containing  the  smallest  quantity.    (See  Nicotine,  iv.  45.) 

Another  volatile  constituent  of  tobacco  is  nicotianine,  or  tobacco-camphor 
(iv.  44).  Vauquelin  (Ann.  Chini.  Ixxi.  139)found  in  tobacco  an  organic  acid,  which 
he  regarded  as  malic  acid,  a  result  confirmed  by  Posselt  and  Reimann.  Barral 
(Compt.  rend.  xxi.  1374)  regarded  it  as  a  peculiar  acid,  designating  it  as  nicotic  acid. 
According  to  Goupol  (Ann.  Ch.  Phys.  [3],  xvii.  503),  the  acid  of  tobacco-leaves  is 
malic  acid  with  a  little  citric  acid  :  from  100  grms.  of  the  dried  leaves  he  obtained  from 
3  to  4  grms.  of  acid  ammonium-malate. 

Tobacco  contains  a  considerable  amount  of  inorganic  constituents,  the  dricil  leaves 
yielding  from  18  to  23  per  cent,  of  ash.  According  to  Casaseca  (Ann.  Ch.  Phys. 
[3],  xlv.  479),  good  Havannah  tobacco  contains  from  16  to  16'8  per  cent,  ash  ;  inferior 
sorts  from  17'8  to  19'4  per  cent. ;  the  latter  contained  a  trace  of  iodine,  which  was  not 
found  in  the  better  kinds.    Vogel  (Repert.  Pharm.  [1858],  vi.  100)  found,  in  Turkish 
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tobaeco  from  various  localities,  17  to  23  per  cent. ;  in  Russian,  21-9  to  2-1-9 ;  in  Grecian, 
19  per  cent.  ash.  Will  and  Fresenius  (Ann.  Ch.  Pliarm.  1.  387)  have  analysed  the 
ash  of  several  varieties  of  Hungarian  tobacco  (No.  i.  to  viii.  of  the  following  table),  arid 
Merz  (ihid.  Ixxix.  109)  has  analysed  that  of  tobaeco  grown  in  the  neighbourhood  of 
Niirnberg  (No.  ix.)  : — 


Ash  of  Tobacco. 


I. 

n. 

ni. 

rv. 

V. 

VI. 

VII. 

Till. 

rs. 

Ash  per  cent,  of  dry  substance : 
Leaves  ..... 
Stalks  

18-9 
22-9 

19-8 
32-5 

23-0 
19-8 

21-1 

23-3 

23-3 

22-8 

27-3 

Potash  

Soda 

Lime  ...... 

Magnesia  ..... 

Chloride  of  sodium 

Chloride  of  potassium 

Ferric  phosphate        .  . 

Phosphate  of  calcium  . 

Sulphate  of  calciiim  . 

Silica  ...... 

29-1 
2"2 

27-7 
7-2 
0-9 

"8-8 

6-4 
17-6 

18-8 

"27-'8 
15-7 
11-4 
3-9 
6-8 

io-i 

60 

8-2 

42-8 
13-9 
2-2 

8-  5 
61 

's-o 

9-  3 

19-5 
03 
44-5 
11-1 

3-  5 

4-  3 
6-0 

5-  6 

6-  1 

9-7 

49-3 
14-6 
4-6 

4-  4 

5-  2 

6-  7 
5-5 

9-3 

49-4 
15  6 
3-2 
3-3 
6-7 

61 
6-3 

10-3 

39-5 
15-0 

6-  4 
3-0 

7-  5 

9-4 

8-  3 

11-  2 

47-0 

12-  8 

2-  6 

3-  0 
6-3 

5-1 
12-0 

26-9 
2-7 

39-5 
9-6 
9-6 

4-2 

4-5 

2-8 

99-9 

100-5 

99-0 

99-9 

100-0 

99-9 

99-4 

100-0 

99-8 

Schlo  sing  (J.  pr.  Chem.  Ixxxi.  148)  has  determined  the  quantities  of  potash, 
lime,  magnesia,  sulphuric  acid,  and  chlorine  in  tobacco  grown  on  various  soils.  In 
the  air-dxied  leaves  of  twelve  different  sorts,  he  found  90  pts.  of  dry  substance  and 
10  pts.  water: — 


I. 

II. 

m. 

rv. 

v. 

VI. 

■VII. 

■vm. 

IX. 

X. 

XI. 

xn. 

Potash  .... 

1-0 

1-0 

2-6 

1-7 

2-1 

1-6 

2-2 

2-5 

1-1 

0-8 

1-4 

2-0 

Lime  .... 

7-7 

7-5 

6-6 

7-2 

6-2 

7-3 

6-2 

6-6 

8-5 

8-3 

7-7 

7-4 

Magnesia  .... 

1-0 

0-8 

0-8 

0-7 

0-6 

0-6 

1-0 

1-1 

0-9 

0-8 

Sulphuric  anhydride  . 

1-0 

0-9 

1-0 

0-9 

0-8 

1-0 

0-8 

10 

0-S 

0-8 

1-0 

1-0 

Chlorine  .... 

0-7 

0-5 

0-4 

1-6 

0-4 

0-4 

0-4 

0-5 

1-8 

1-7 

0-5 

The  combustibility  of  tobacco  is  influenced  to  a  considerable  extent  by  the  propor- 
tion of  the  potash  and  lime  contained  in  it,  and  the  manner  in  which  tlicse  bases  are 
combined  with  acids.  The  ash  of  the  more  combustible  tobaccos  is  comparatively 
rich  in  Ciirbonate  of  potiissium,  showing  that  in  these  tobaccos  the  potash  is  in  combi- 
nation with  organic  acids  ;  whereas  the  ash  of  the  less  combustible  tobaccos  cont.ains 
sulphate  and  chloride  of  potassium,  together  with  carbonate  of  calcium,  instead  of 
carbonate  of  potassium,  showing  that  in  these  tobaccos  the  organic  acids  are  combined 
with  lime.  A  slowly-burning  tobacco  may  bo  rendered  more  combustible  by  adding 
to  it  an  organic  potassium-salt,  in  such  quantity  that  the  amount  of  potash  in  the  a>h 
may  be  more  than  equivalent  to  the  sulphuric  and  hydrochloric  acids  present ;  and,  on 
the  other  hand,  the  combustibility  of  tobacco  may  be  diminished  by  mixing  it  witli 
such  a  quantity  of  sulphate  or  chloride  of  magnesium,  calcium,  or  ammonium,  that 
the  amount  of  hydrochloric  or  sulphuric  acid  in  the  ash  may  bo  more  than  equivalent 
to  the  potash,  so  that  the  ash  will  not  contain  any  potassic  carbonate.  (Schlo- 
sing.) 

Tobacco  always  cont.ains  nitrates.  According  to  Sohlosing,  these  salts  are  most 
abundant  in  the  midrib  of  the  leaf,  which,  in  different  varieties,  contains  from  0-15  to 
6-1  per  cent,  nitric  acid,  the  leaf,  deprived  of  its  midrib,  containing  from  (1-02  to  2-0 
per  cent.  The  ready  inflammability  of  tobacco,  and  its  capability  of  burning  with  a 
smouldering  flame,  are  duo,  in  great  part,  to  tliis  Large  amount  of  nitrates. 

In  the  smoking  of  tobacco  an  imperfect  combustion  takes  place,  one  part  of  the  tobacco 
burning  in  contact  willi  the  air,  and  producing  by  its  combustion  a  quantity  of  heat 
sufficient  to  decompose  the  remainder  by  destructive  distillation,  producing  water  and 
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tar  (oil  of  tobacco),  ■which,  when  tho  toLacco  is  smoked  in  a  pipe,  condense  as  liquid 
products.  Tobacco-smoke  consists  partly  of  permanent  gases — namely,  carbonic  oxide, 
carbonic  dioxide,  and  perhaps  also  one  or  more  hydrocarbons — partly  of  condensable 
vapours,  including,  according  to  Zeiso  (Ann.  Ch.  Pharm.  xlvii.  212),  ammonia, 
butyric  acid,  probably  also  acetic  acid,  paraffin,  cmpyreumatic  oil,  and  resin,  but  no 
creosote.  Melsens  found  nicotine,  the  presence  of  which  is,  indeed,  sufficiently  indi- 
cated by  the  narcotic  action  of  the  tobacco-smoke.  Vogel  (Kepert.  Pharm.  vi.  1 
155  ;  vii.  97,  514  ;  viii.  145)  found  sulphydric  and  hydrocyanic  acids,  and  determined 
their  quantity,  as  well  as  that  of  tho  ammonia:  from  100  grms.  tobacco  he  obtained 
07  to  2  8  grms.  ammonia.  The  proportions  of  the  several  constituents  of  tobacco- 
smoke  vary,  of  course,  according  to  the  freedom  of  access  of  air  during  the  combus- 
tion :  hence  the  dilTerence  in  the  action  of  tobacco,  according  as  it  is  smoked  in  pipes 
or  in  cigars. 

Respecting  the  manufacture  of  tobacco  and  snuff,  see  t/rc's  Dictionary  of  Arts,  &c., 
iii.  907  ;  Handw.  d.  Chem.  viii.  462. 

TOBACCO-CAMPHOR.    Syn.  with  Nicotianine  (iv.  44). 

TOBACCO-OXK.  The  cmpyreumatic  oil  produced  in  the  destructive  distillation 
of  tobacco. 

TOBACCO-SEBB  OXXi.  Tobacco-seeds  are  said  to  yield,  by  pressure,  about  36 
per  cent,  of  a  greenish-yellow,  mild,  inodorous  oil,  of  specific  gravity  0'923  at  15°, 
solidifying  at  —  25°,  and  quickly  drying  when  exposed  to  the  air. 

TOBDAXiEA.    See  Lopez-eoot  (iii.  733). 

TO:LAX.I.-X-I.-SVI.PHXnE.  (C'H*)'S.— A  product  obtained,  together  with 
others,  by  the  dry  distillation  of  sulphide  or  disulphide  of  benzyl.  After  repeated 
crystallisation  from  alcohol,  it  forms  a  white  crystalline  powder,  very  sparingly  soluble 
in  alcohol,  more  easilyin  ether  or  in  benzene,  and  melting  at  143° — 145°.  (Miircker, 
Ann.  Ch.  Pharm.  cxxxvi.  75.) 

TOXiESrE.  C'»H'«.— The  oily  constituent  of  tolu-balsam  (i.  498).  The  balsam 
•distilled  with  water  yields  0'2  per  cent,  of  the  oil  (Deville),  1*1  per  cent. 
(Schar ling),  which  may  be  rectified  over  hydrate  of  potassium.  Scharling  further 
treats  it  with  potassium,  and  then  rectifies  it  again. 

Tolene  is  a  colourless  very  mobile  liquid,  having  a  pungent  odour,  and  a  specific 
gravity  of  0-858  at  10°  (E.  Kopp).  It  boils  at  170°  (Devi lie  ;  Scharling),  at  154°  — 
160°  (E.  Kopp).  Vapour-density  =  5'1  (Deville).  When  exposed  to  the  air,  it 
quickly  takes  up  oxygen,  and  becomes  resinised  ;  it  likewise  oxidises  when  boiled  with 
water  and  mercuric  oxide,  forming  a  small  quantity  of  carbonic  anhydi-ide  ;  but  tho 
oxidation  is  not  easily  completed,  and  does  not  yield  any  well-characterised  products 
(Schorling).    Tolene  mixed  with  bromine  forms  a  black-brown  tarry  liquid. 

TOXiXB.    A  name  sometimes  applied  to  benzyl,  CH'. 

TOXiIW.    Syn.  with  Toluene. 

TOXiTT-BAXiSAM.    See  BALSAMS  (i.  498). 

TOXiTTAiniC  ACXB.    C'H°NO^.— Syn.  with  OxYTOLtiAMic  Acid  (iv.  321). 

TOIiITEH'E,  or  TOXiTTOt.  C'H^ — Syn.  with  Benzylic  Hydride,  under  which 
name  the  compound  has  been  already  described  (i.  574). 

Besides  the  modes  of  formation  there  mentioned,  it  is  produced  : — a.  By  distilling 
vulpie  or  oxytolic  acid  with  potassium-hydrate  (MoUer  and  Strecker,  Ann.  Ch. 
Pharm.  cxiii.  69). — J3.  In  the  dry  distillation  of  several  organic  substances,  namely  of 
drai-on's-blood  (Grlduard  and  Boudault,  liii.  325),  wood  (Cahoars;  Volc- 
kel),  and  coal  (Mansfield),  being,  in  fact,  a  constant  constituent  of  coal-tar 

oil.  y.  By  the  action  of  methyl-iodide  and  sodium  on  monobromobenzene  (Fittig 

and  ToUens): 

C«H^Br  +  CWl  +  Na^-    =    NaBr  +  Nal  +  CTI». 
This  and  the  following  mode  of  formation  show  that  toluene  may  be  regarded  as 
methylic  benzene,  C«H»(CH'),  or  phenyl-methyl,  C«H».CH^ 

S.  By  the  mutual  action  of  benzene  and  methyhc  hydride  (marsh-gas)  in  the 
nascent  state,  as  when  an  intimate  mixture  of  2  pts.  acetate  and  1  pt.  bonzoate  of 
sodium  is  subjected  to  dry  distillation  (Berthelot,  Bull.  Soc.  Chim.  [1867],  i. 
116); 

CH"  +  CH«    =    C'H«  +  H^ 
Other  homologues  of  benzene— namely,  xylene,  CH'",  and  cumene,  Cm'=— are  produced 
at  the  same  time  by  similar  reactions.    The  formation  of  these  homologues  of  benzene 
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in  the  destructive  distillation  of  coal  is  probably  due,  in  like  manner,  to  the  reaction  of 
benzene  and  marsh-gas  at  the  moment  of  their  elimination  from  certain  constituents  of 
the  coal. — e.  Toluene  is  found,  together  with  many  other  hydrocarbons,  in  Ilangoon  tar 
(iv.  3). 

Toluene  is  most  advantageously  prepared  from  coal-naphtha  ;  in  fact,  the  coal- 
naphtha  now  occurring  in  commerce  consists  mainly  of  toluene  and  its  higher  homo- 
logues.  It  may  be  obtained  tolerably  pure  by  collecting  the  portion  of  the  naphtha 
which  distils  between  100°  and  120°,  agitating  it  with  half  its  weight  of  strong  sul- 
phuric acid,  and  rectifying  it  repeatedly,  collecting  apart  the  portion  which  distils 
between  108°  and  110°. 

Toluene  has  a  specific  gravity  of  0  8654  at  15°  (Mendelejcf,  Jahresb.  1860,  p.  7) ; 
0-8824  at  0°  0  8720  at  15°  (Warren,  ihid.  1865,  p.  525).  It  boils  at  110-3° 
(corrected).  (Warren.) 

Toluene- vapour  passed  through  a  porcelain  tube  heated  to  bright  redness,  is  decom- 
posed, yielding  uncondensable  gases  and  a  tarry  liquid,  which  may  be  resolved ,  by  two 
series  of  rectifications,  into  benzene,  C'^H'' ;  unaltered  toluene,  C"H^;  naphthalene, 
C'"H*;  benzyl,  C"H",  and  a  hydrocarbon  apparently  isomeric  therewith;  anthracene, 
C'^H'",  chryseno,  C'*H'- ;  and  hydrocarbons  of  higher  atomic  weight.  The  formation 
of  these  hydrocarbons  may  be  represented  by  the  equations  : 

2C'H«    =    C"H"  +  H-. 
Toluene.  Benzyl. 

40^1^     =    3C»H«  +  CHS  +  3H'. 
Toluene.  Benzene.  Naphtha- 

lene. ' 

2C'W    =    C"Hi«  -I-  3R\ 

Toluene.  Anthra- 
cene. 

18C'H8    =    7C'«H'2  +  30H2. 

Toluene.  Chrysene. 

Or  the  chryseno  may  be  formed  from  benzene,  according  to  the  equation  SC'JEI*  = 
C'«H'=  -1-  3H'.    (Berthelot,  Bull.  Soc.  Chim.  [1837],  i.  218.) 

Toluene  oxidised  with  dilute  nitric  acid  yields  oxytolic  acid,  C'H'O' (Fittig, 
iv.  321);  but  fuming  nitric  acid  converts  it  into  nitro  dracylic  acid,  C'H'(NO^)0-', 
isomeric  with  nitrobenzoic  acid  (iv.  60). 


Derivatives  of  Toltune. 

The  rational  formula  of  toluene,  CH'.CH',  indicates  the  existence  of  two  series  of 
substitution-products,  according  as  the  hydrogen  of  the  phenyl-molccule,  or  of  the 
methyl-molecule,  is  replaced  by  other  radicles,  e.g. : 

CH^Cl.CH^  Cff.CH-Cl 

Monochloroto-  Benzylic  chlo- 

luene.  ride. 

C''H'(HO).CH'  C»H'.CH=(HO) 

Cresol.  Benzylic  alcohol. 

C'H<(NH=).CH»  C''H\Cn=(Nn-) 

Toluidine.  Benzylamine. 
These  isomeric  derivatives  differ  considerably  from  one  another  in  their  properties. 
Those  in  the  left-hand  column,  formed  by  replacement  of  hydrogen  in  the  phenyl-molo- 
cule,  are  comparatively  stable  and  indifferent  compounds,  like  those  derived  in  like 
manner  from  benzene,  C^H";  whereas  those  in  the  right-hand  column,  formed  by  re- 
placement of  hydrogen  in  the  methyl-molecule,  are  more  active  bodies,  capable  of 
easily  exchanging  their  chlorine,  hydroxyl,  &c.  for  other  radicles  by  double  deconijMisi- 
tion.  Thus  benzylic  alcohol,  treated  with  hydrochloric  acid,  yields  benzylic  chloride; 
this  compound,  heated  with  alcohol  ammonia,  yields  bcnz)'laniine  ;  the  chloride  is  also 
easily  converted  into  the  acetate,  cyanide,  &c.  by  treatment  with  the  corresponding 
potassium-salts.  In  short,  tlicse  last-mentioned  toluene-derivatives  exhibit  reactions 
exactly  like  those  of  the  corresponding  compounds  of  the  fatty  series,  and  may,  in  like 
manner,  bo  supposed  to  contain  an  idcohol-radicle,  C'H',  called  benzyl  or  tolyl,  and 
referred  to  the  water-typo,  auimonia-type,  &c.:  e.g.,  benzylic  chloride  =  C'H' CI- 
benzylic  alcohol  =  C'H'.II.O  ;  bonzj-lamino  =  C'H'.H-.N,  &c.  '  ' 

Jlmldotoluene,  C'lI'N  =  C'n'(NH-)  =  C''H'(NH»).CH^  Syn.  with  Tolvi- 
DINE  (p.  865). 

Azotoluenes.    See  Azotoluidines  (p.  867). 

Bromotoluenes.    (Glinzer  and  Fittig,  Ann.  Ch.  Pliarm.  cxxxiii.  47;  cxxxvi. 
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oOl — K  ekuli,  Ann.  Cli.  Phatni.  cxxxvii.  183,  192. — Lauth  and  Grimaux,  Bull. 
Soo.  Chim.  [1 8G6],  i.  647  ;  [18G7],  i.  108). — Bromine  acts  directly  upon  toluene,  forming 
nionobromotoluono,  or  bcnzylio  bromide,  according  as  the  reaction  takes  place  at  low  or 
at  high  temperatures.  Higher  substitution-products  appear  to  bo  formed  at  the  same 
time,  but  they  havo  not  been  isolated. 

MoNOBEOMOToi.uENE,  C'H'Br  =  C''H''Br.CH^,  is  prepared  by  gradually  adding 
brolninc  to  toluene  kept  cool  and  in  excess,  leaving  the  liquid  to  itself  for  a  few  days,  and 
piu'ifying  the  piroduct  by  agitation  with  potash-ley,  and  rectification  over  solid  potash. 
It  is  a  colourless  liquid,  having  a  faint,  not  unpleasant  odour  when  cold,  but  (accord- 
ing to  Lauth  and  Grimaux)  extremely  irritating  to  the  eyes  when  heated  ;  according 
to  Fittig  and  Kekule,  on  the  other  hand,  pure  bromotolueno  docs  not  exhibit  this 
irritating  property.  It  has  a  specific  gravity  of  1-4092  at  15°,  and  boils  at  179° 
(Glinzerand  Fittig);  at  181°  (Lauth  and  Grimaux);  at  182--5°— 183°  (Ke- 
kule). It  is  a  very  stable  compound,  and  is  not  decomposed  by  heating  with  ethylate 
of  sodium,  acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  or  alcoholic 
ammonia. 

Bcnzylio  bromide,  CH'.Br  =  CH^.CH-Br,  is  easily  obtained  by  the  action  of 
gaseous  hydrobromic  atid,  or  the  saturated  aqueous  acid,  on  benzylic  alcohol ;  also  by 
the  action  of  bromine  on  boiling  toluene.  It  is  a  colourless  liquid,  fuming  slightly  in 
the  air,  and  boiling  at  198°— 199°  (Kekuld) ;  at  202°,  according  to  Lauth  and 
Grimaiix;  but  their  product  was  probably  impure.  It  has  at  first  a  pileasaut  aro- 
matic odour,  but  cxjiosurc  to  its  vapour  produces  a  copious  flow  of  tears.  It  gives  up 
its  chlorine,  by  double  decomposition,  with  great  facility,  being  rapidly  attacked  by 
acetate  of  potassium,  acetate  of  silver,  cyanide  of  potassium,  alcoholic  solution  of  hy- 
drate or  sulphydrato  of  potassium,  and  alcoholic  ammonia,  yielding  benzyl-compounds 
in  all  cases. 

Di nnoMOTOLUENB,  C'H'Br'. — Toluene  is  capable  of  yielding  three  dibromin- 
ated  derivatives,  corresponding  to  the  dicHorinated  toluenes  (p.  854) ;  but  the  only  one 
liitherto  obtained  in  the  pure  state  is  that  which  corresponds  to  chlorobenzol,  viz. 
dibromobenzol,  or  bromide  of  beuzylidene,  CH^-Br'^  =  C"'H^CBr''II,  which  is  produced 
liy  tile  action  of  pliosphoric  pentabromidc  on  benzoic  hydride  (bitter-almond  oil).  It 
is  decomposed  by  distillation  under  the  ordinary  atmospheric  pressure,  but  distils 
easily  in  a  vacuum.  When  txeated  witli  sodium,  or  sodium-amalgam,  it  yields  toluene 
and  isenzyl,  C"H'^  (Michaelson  and  Lippmann,  Ann.  Ch.  Pharm.  Supp.  iv.  113). 
See  p.  870. 

Lauth  and  Grimaux  have  likewise  obtained  other  brominated  derivatives  of  toluene, 
but  not  in  sufficient  quantity  for  accurate  investigation. — a.  If  the  first  drops  of  bro- 
mine be  added  very  slowly  to  the  toluene,  no  disengagement  of  hydrobromic  acid 
takes  place  ;  but  the  mixture,  which  remains  colourless,  deposits  a  small  quantity  of  a 
compound  in  hexagonal  tables,  perhaps  resulting  from  the  direct  fixation  of  bromine 
on  toluene. — j8.  When  the  crude  bromotoluene  is  distilled  till  the  boiling-point  rises 
to  185°,  a  black  viscid  residue  is  left,  extremely  irritating  to  the  eyes,  and  becoming 
filled,  after  a  few  days,  with  needle-shaped  crystals,  difficult  to  purify  from  a  thick 
viscid  substance  with  wliich  they  are  impregnated. —  y.  When  toluene  was  treated 
with  2  at.  bromine  (for  the  pireparation  of  dibromotoluene),  a  thick  liquid  was  formed, 
which  remained  coloured  even  after  the  excess  of  bromine  had  been  removed.  This 
liquid,  when  distilled,  began  to  boil  at  187°,  continued  to  give  off  hydrobromic 
acid  till  the  temperature  rose  to  210°,  and  left  a  black  residue  which  did  not  soli- 
dify. 

Chlorotoluenes. — The  action  of  chlorine  upon  toluene  gives  rise  to  a  number  of 
substitution-piroducts,  differing  in  constitution  according  as  the  reaction  takes  pilace  at 
high  or  at  low  temperatures.  Compounds  isomeric  with  some  of  these  are  also  ob- 
tained from  benzylic  alcohol. 

Of  the  two  monochlorinated  compounds  whose  existence  is  indicated  by  theory,  viz. 
monochlorotoluene  and  benzylic  chloride,  the  former  is  produced  at  low,  the  latter  at 
high  temperatures,  as  is  the  ease  with  the  corresponding  bromine-compounds. 

MoNOCHLOROTOLiTENE,  CH'Cl.CH'. — Dovillc  obtained  this  compound  by  saturat- 
ing toluene  (prepiared  from  tolu-balsam)  witli  chlorine  (i.  574);  and  Beil stein  and 
Gcitner  have  lately  shown  (Ann.  Ch.  Pharm.  cxxix.  331  ;  Bull.  Soe.  Chim.  [1867], 
i.  251),  that  it  is  always  produced  when  cooled  toluene  is  treated  with  chlorine.  As, 
however,  the  action  is  attended  with  rise  of  temperature,  benzylic  chloride  is  apt  to  be 
pi'oduced  at  the  same  time  ;  but  pure  chlorotoluene  may  be  obtained  by  treating 
the  crude  product  with  any  of  the  reagents  by  which  benzylic  chloride  is  decomposed. 
Pure  chlorotoluene,  free  fi-om  benzylic  chloride,  is  also  produced  at  once  by  treating 
toluene  with  chlorine  in  presence  of  iodine.  The  same  compound  is  pirobably  formed 
by  the  action  of  chlorine  ou  cresol. 
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Chlorotolnene  boils  at  157°— 158°  (Beilstein  and  Geitner);  at  164° (corrected) 
(Limpricht).  Specific  gravity  =  l-080atl4°.  It  is  not  attacked  by  water  at  200°, 
by  ammoniacal  alcohol  at  100°,  or  by  alcoholic  sulphide,  sulphydrate,  or  ethylate  of 
sodium  at  150°.  Treated  with  sodium,  it  jrields  toluene,  and  a  hydrocarbon  boiling 
at  about  200°,  but  no  benzyl;  nearly  the  same  decomposition  takes  place  also  when 
the  vapour  of  the  compound  is  directed  upon  hot  soda-lime.  (Limpricht,  Bull.  Soc. 
Chim.  1866,  ii.  467.) 

Benzylic  chloride,  C^ff.CH-Cl,  the  compound  isomeric  with  chlorotoluenc, 
first  obtained  by  the  action  of  hydrochloric  acid  on  benzylic  alcohol  (Cannizzaro,  i.573), 
is  likewise  produced  by  distilling  toluene  in  a  current  of  chlorine-gas,  keeping  the 
temperature  between  110°  and  140°;  above  that  limit,  more  highly  chlorinated  pro- 
ducts are  formed.  The  condensed  product  is  redistilled,  collecting  the  portion  which 
goes  over  below  170°,  and  again  submitted  to  the  action  of  chlorine.  In  this  manner, 
after  a  few  rectifications,  a  quantity  of  benzylic  chloride  is  obtained,  equal  to  about  91 
per  cent,  of  the  toluene  employed,  and  distilling  between  170°  and  180°,  the  greater 
portion  also  between  175°  and  176° — a  certain  quantity  of  more  highly  chlorinated 
product  always  remaining  in  the  retort,  in  the  form  of  a  thick  irritating  oil.  (Lauth 
and  Grimaux,  Bull.  Soc.  Chim.  1867,  i.  105.) 

Chloride  of  benzyl  boils  at  176°  (Cannizzaro),  at  183°  (corrected)  (Limpricht).* 
Specific  gravity  =  1'07  at  14°  (Limpricht).  When  heated  with  7!iiric  ac!<i  diluted 
with  ten  times  its  bulk  of  water,  it  is  converted  into  benzoic  hydride  (bitter-almond 
oil) : 

C'H'Cl  +  NHO'    =    C'H^O  +  HNO'  +  HOI. 

Benzoic  acid  is  also  formed  in  this  reaction;  but  if  nitrate  of  lead  is  used  instead  of 
nitric  acid,  and  the  operation  is  conducted  in  a  current  of  carbonic  anhydride,  benzoic 
hydride  is  the  only  product.  Benzylic  chloride,  boiled  with  recently  precipitated 
hydrate  of  lead,  is  converted  into  benzylic  alcohol : 

2C'H'C1  +  PbH-0=    =    2C'H«0  +  PbCP 

Heated  with  an  equivalent  quantity    potassic  phenate,  in  alcoholic  solution,  it  yields 
C^H^ ) 

benzylic  phenate,  gejj?  [  0-    Benzylic  valerate  is  obtained  in  a  similar  manner,  but  is 

decomposed  by  distillation.  Benzylic  chloride  heated  to  115°  in  a  closed  vessel  with 
rosaniline,  or  its  hydrochlorate,  in  alcoholic  solution,  yields  a  very  fine  violet  colouring- 
matter  in  the  form  of  a  dry  mass,  having  a  shining  lustre  and  bronze-green  colour, 
and  insoluble  in  water.  To  obtain  a  good  violet,  however,  the  treatment  must  be  re- 
peated three  or  four  times.  The  base,  set  free  by  soda,  is  colourless  at  the  moment  of 
precipitation,  but  soon  turns  blue  on  exposure  to  the  air.    (Lauth  and  Grimaux.) 

Benzylic  chloride  heated  with  water  to  180°  yields  benzyl,  benzylic  ether,  and 
antliracone  (identical  with  that  from  coal-tar) : 

4C'H'C1  +  2W0    =    C"H"<  +  C'*H'°  +  4HC1  +  2H^0. 

Benzyl.  Anthra- 
cene. 

2C'H'C1  +  H=0    =    (C'H')-O  +  2HCI. 

Benzylic 
ether. 

The  benzylic  other  thus  produced  is  identical  with  that  which  Cannizzaro  obtained  by 
the  action  of  boric  anhydride  on  benzylio  alcohol.  (Limpricht.) 

DicHj:,oHOToi.tJENE,  CH^Cl",  and  its  isomers. — Kckules  formula  of  toluene, 
C^H'.CH',  suggests  the  possible  existence  of  three  dichlorinated  derivatives,  viz, : 

CH'CP.CH'  C»H'C1.CH=C1  C^ff.CHCl'. 

Dichlorotoluene.  Chlorobenzylic  Chlorobeniol. 

chloride. 

The  true  dichlorotoluene  does  not  appear  to  have  been  yet  obtained,  at  least  not  in 
the  pure  state.  Monoehlorotolutno  treated  with  chlorine  yields  a  body  which  gives 
up  one  of  its  chlorine-atoms  more  readily  than  the  otlior,  and  is,  therefore,  not  diclilo- 
rotoluono,  but  cldorobcnzylic  chloride. 

Chlorobenzol  is  formed  by  the  action  of  phosphoric  pontachloride  on  benzoic  hydride: 
its  two  cldorino-atoms  are,  therefore,  situated  in  the  same  manner  as  the  single  oxygen- 
atom  of  benzoic  hydride  (which,  according  to  Kekulo's  theory,  is  CH^.COH)  : 

C'H^COH  -I-  PCP    =    C^H'.CCPII  +  PCFO. 

Benzoic  Benzochloryl- 
hydride.  hydride  (chloro- 

beniol). 


*  Linipriclit's  product  was  probably  impure :  the  mode  of  preparation  Is  not  given. 
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Chlorohcm ylic  chloride,  CII'Cl.CH-Cl  (olten  called  Dichlorotobwne). — This 
compound  is  produced,  as  above  statrd,  by  tlic  action  of  chlorine  on  benzylic  chloride, 
or  on  mouochlorotoluene,  and  therefore  also  by  the  action  of  chlorine  on  toluene. 
Beilstein  (Ann.  Ch.  Pharm.  cxvi.  336)  saturates  toluene  in  diffused  daylight  with 
chlorine,  either  at  ordinary  or  at  higher  temperatures ;  distils,  collecting  the  product 
■which  passes  over  between  186°  and  22(1°  ;  and  rectifies  it  several  times.  It  is  diffi- 
cult to  obtain  a  product  of  constant  boiling-point ;  that  of  the  pure  compound  appears 
to  be  somewhat  below  200°.  (Compare  Lauth  and  Grimaux,  BuU.  See.  Chim. 
[1867],  i.  108). 

Chlorobcnzylic  chloride  is  a  colourless,  strongly  refracting  liquid,  the  vapours  of 
which  excite  tears.  It  easily  gives  up  one-half  of  its  chlorine,  but  the  other  half  is  more 
fixed,  as  in  true  substitution-products. — With  alcoholic  potash,  it  yields  a  chlorinated 
oil,  C"H"C10,  boiling  at  215° — 220°,  which  is  the  ethylic  ether  of  monochlorinated 
C'H''C1  ( 

benzyl-alcohol,     -g-     S  0  (Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii.  249);  and-vrith alcoholic 

sulphide  of  2}oiassium,  a.  hemt'iiuWy  crystallised  compound,  which  is  the  sulphydrate 

C^IfCl  t 

or  mercaptan  corresponding  to  the  same  alcohol,  ^  ^  ""M  S    (Beilstein).  Chloro- 

bcnzylic  chloride  is  not  converted  into  benzoic  hydride  by  heating  with  water  to  130° 
— HO" ;  neither  does  it  yield  benzoic  acid  on  exposure  to  moist  air.    (Naqu  et.) 

Chlorohcnzol,  CH^Cl-  =  CH^CCPH.  (Cahours,  Ann.  Ch.  Pharm.  Ixx.  39; 
ibid.  Suppl.  ii.  253,  306. — AVicke,  Ann.  Ch.  Pharm.  cii.  356.— Engelhardt, 
Jahresb.  1857,  p.  470.— Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii.  249,  258.)— This 
compound,  ah-eady  described  as  chloride  of  benzylone,  (C'H°)"C1'  (i.  577),  is  pro- 
duced by  the  action  of  phosphoric  pentachlorido  on  benzoic  hydride.  According  to 
Lauth  and  Grimaux  (Bull.  Soc.  Chim.  [1866],ii.  347),  it  is  also  formed,  together  with 
benzylic  and  chlorobcuzylic  chlorides,  when  toluene  is  distilled  in  a  current  of  chlorine, 
and  remains  iu  the  retort,  together  with  chlorobcuzylic  chloride,  after  the  benzylic 
chloride  has  been  distilled  off. 

Chlorobenzol  is  a  colourless,  strongly  refracting  oil,  having  a  faint  odour  in  the 
cold,  strongly  irritating  when  heated,  and  boiling  at  206°.  Specific  gravity  =  1'295 
at  16°.  It  gives  up  the  whole  of  its  chlorine  with  great  facility,  in  exchange  for 
oxi/gcn,  producing  benzoic  hydride,  the  reaction  being,  in  fact,  the  opposite  of  that  by 
which  it  is  produced  : 

C«H^CCPH  -t-  H-0    =    C«H^COH  +  2HC1. 

Thus,  when  heated  with  water  or  aqueous  potash  to  120° — 130°,  it  is  converted  into 
benzoic  hydride ;  and  in  contact  with  moist  air,  it  yields  benzoic  acid,  evidently 
resulting  from  oxidation  of  the  previously  formed  hj^dride  (Cahours).  Heated  with 
alcoholic  sidphydratc  of  fotassium.,  it  yields  the  sulphxir-analoguo  of  benzoic  hydride, 
C'H°S,  commonly  called  sx(lphohen~ol  (Cahours). — Sodium  decomposes  it,  forming 
chloride  of  sodium,  and  benzylcne,  C'H".  Wiien  its  vapour  is  directed  upon  ignited 
soda-livic,  benzene  is  formed,  together  with  carbonic  oxide  and  hydrochloric  acid 
(Limpricht,  Bull.  Soc.  Chim.  1866,  ii.  467): 

C'ffCl^  -t-  H=0    =    C'W  +  CO  +  2HC1. 

Tbichloeotoluene,  and  its  isomers. — Of  the  numerous  isomeric  compounds 
which  might  be  included  under  the  empirical  formula  CH^'CP,  only  two  are  known 
with  certainty,  viz. : 

CH^CP-CH^Cl  and  Cff.CCP. 

Dichlorobonzylic  Benzotrichlo- 
clilorido.  ride. 

The  true  trichlorotoluenc,  CH-'CP.CH^,  may  perhaps  be  formed  by  the  action  of 
chlorine  on  toluene,  but  it  has  not  been  isolated. 

Dichlorohcnz iilic  chloride,  CH'Cl'-.CH-Cl. — This  compound  is  formed  by  the 
prolonged  action  of  chlorine  upon  toluene,  and  separated  by  repeated  fractional  dis- 
tillation (Naquet,  Ann.  Ch.  Pharm.  Suppl.  ii.  248).  It  is  commonly  regarded  as 
trichlorotoluenc,  but,  according  \o 'Ke'kulc  {Lchrbuch,  ii.  561),  it  should  rather  be 
regarded  as  a  substitution-derivative  of  benzylic  chloride,  inasmuch  as  its  formation  is 
preceded  by  that  of  monochlorobenzylic  chloride.  It  is  a  colourless  liquid,  having  a 
pungent  odour,  and  a  specific  gravity  of  1  ■44.  Under  the  ordinary  atmospheric  pres- 
sure, it  boils,  with  partial  decomposition,  at  240°;  but  under  a  reduced  pressure  of 
10  mm.  of  mercury,  it  distils  without  decomposition  at  135° — 143°.  It  may  be  heated 
with  water  to  2tio°  for  several  days,  without  forming  benzoic  acid ;  according  to 
Naquet,  however,  it  yields  that  acid  when  strongly  heated  with  alcoholic  potash. 

Benzotrichloride,  ov  Chlorinated  Chlorobenzol,  C^H^CP.  (Schischkoff 
and  Eosing,  Jahresb.  1858,  p.  279.— Ca h ours,  Ann.  Ch.  Pharm.  Suppl.  ii.  306. — 
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Limpricht,  ibid,  cxxxiv.  55,  exxxY.  80;  Bull.  Soe.  Chim.  1S6G,  ii.  468.) — This 
substance,  analogous  in  composition  and  properties  to  chloroform,  was  discovered,  in 
1848,  by  SchischkofF  and  Rosing,  who  obtained  it  by  the  action  of  phosphoric  penta- 
ehlorido  on  benzoic  chloride,  to  which  it  is  related  in  the  same  manner  as  ehloro- 
benzol  to  benzoic  hydride  : 

C'=H^C0C1  +  PCl^    =    C«H^CCP  +  POCl'. 

Benzoic  Benzo- 
chloride.  trichloride. 

To  prepare  it,  benzoic  chloride  is  heated  with  pentachlorido  of  phosphorus  to  180° 
for  48  hours.  It  is  also  formed  by  the  action  of  chlorine  on  chlorobenzol.  (Cahours.) 

Benzotrichloride  is  a  liquid  smelling  like  benzoic  chloride,  and  boiling  at  215°— 
218^.  It  is  insoluble  in  water,  by  which,  however,  it  is  converted  (slowly  in  the  cold, 
quickly  at  140°)  into  benzoic  acid. — Sodium  does  not  act  upon  it,  even  at  the  boiling 
heat. — Dry  silver-oxide  converts  it  into  benzoic  anhydride ;  with  silver-oxide  moistened 
with  alcohol,  it  forms  benzoic  acid  and  benzoic  ether.  When  heated  with  alcohol  to 
130°,  it  likewise  yields  benzoic  acid,  according  to  the  following  equation  : 

C'ffCl^  +  3(C^ff.H.O)    =    C'H^O^  +  ZCrWCl  +  H=0. 

Sidphydrate  of  potassium  in  alcoholic  solution  acts  upon  it,  with  evolution  of  heat, 
forming  a  orystallisable  sulpho-compound,  not  yet  investigated. 

Benzotrichloride  heated  to  140°,  with  aqueous  ammonia,  yields  a  large  quantity  of 
benzonitrile,  behaving  in  this  respect  just  like  chloroform  : 

C-ffCP  +  NH»    =    C'H'N  +  3HC1. 
It  also  reacts  like  chloroform  with  ethylate  of  sodium,  forming  a  compound  (boiling' 
at  220° — 225°),  analogous  to  the  so-called  tribasic  formic  ether : 

C'H'CP  +  3C=H'NaO  =  3NaCl  +  [c^H»)''|*^" 
With  acetate  of  silver,  it  forms,  in  the  first  instance,  a  compound,  C"H"0*  which 
may  be  regarded  either  as  an  acetyl-compound  (Q^jjaQ^sj  O^i  analogous  to  the  ethylic 
ether  just  mentioned,  or  as  a  compound  of  acetic  and  acetobenzoic  anhydride, 
C'H^OC^  '  C^H^Oi  ■  This  body  decomposes  easily,  apparently  with  separation  of 
acetic  anhydride,  and  leaves  a  crystalline  compound,  which  has  the  composition  of  accto- 
benzoic  anhydride,  q7jj5q  [  O,  and  separates,  after  a  while,  into  acetic  and  benzoic  an- 
hydrides. (Limpricht.) 

(C^H')'") 

AVith  aniline,  benzotrichloride  forms  a  base,  C"H'*N^  •=  (C'H*)-  ^N',  which  yields 

crystallisable  salts.  (Limpricht) 

Tetrachlobotoltjene,  C'H'Cl*,  and  its  isomers. — A  body  having  this  com- 
position, and  probably  consisting  of  trichlorobenzylie  chloride,  C'H^CP.CH'Cl,  is  found 
among  the  products  of  the  action  of  chlorine  on  toluene.  It  forms  needles,  melting  at 
96°,  and  boils  without  decomposition  at  276°.  It  is  not  decomposed  by  heating  with 
water  to  230°.  (Limpricht.) 

Chlorobcnzoic  trichloride,  C'H-CIH^.CCP,  the  analogue  of  the  true  chlorobenzoic 
acid,  is  produced  (together  with  benzotrichlorido)  by  the  action  of  phosphoric  penta- 
chlorido on  chloride  of  benzoyl.  It  is  a  liquid,  Ijoiling  at  250°,  not  solidifying  at  0°, 
and  converted  into  chlorobenzoic  acid  by  heating  with  water  (Limpricht).  Identical 
with  this  is  the  tetrachloride,  which  was  found  by  Kiimmerer  and  Carius  (.-Inn. 
Ch.  Pharm.  cxxx.  158)  among  the  products  of  the  action  of  phosphoric  pentachloride 
on  chloride  of  benzoyl ;  also  that  which  Cahours  obtained  (rtiW.  Suppl.  ii.  254)  by 
the  action  of  chlorine  on  chlorobenzol.  Kolbo  and  Lautemann  {ihid.  cxv.  195),  by 
distilling  salicylic  acid  with  pentachloride  of  phosphorus,  obtained  a  tetrachloride 
isomeric  with  the  preceding,  and  perhaps  consisting  of  C'H'CIH.CCP.  It  melted  at 
30',  and,  when  heated  with  water  to  150°,  was  converted  into  chlorosalylic  acid, 
isomeric  with  chlorobenzoic  acid.   (See  p.  185.) 

Pentachlorotoluene,  C'H'CP. — A  bodj-  having  this  composition  is  said  by 
Limpricht  to  be  obtained,  together  with  previously  described  products,  by  the  action  of 
phosphoric  pentachloride  on  chloride  of  benzoyl. 

IIexciilorotoi.uene,  C'lPCl'. — A  body  of  this  composition  was  obtained  by 
Deville  (Ann.  Ch.  Pharm.  xliv.  304)  as  the  final  product  of  tlio  action  of  chlorine  on 
toluene  (from  tolu-balsam).    A  bo<ly  of  the  same  composition,  and  perhaps  identical 
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therewith,  was  obtained  by  Cabours,  by  treating  clilorobenzol  with  chlorine.  It  forms 
sillty  neodlos,  wliich  sublime  without  decomposition,  and  may  bo  recrysfallised  from 
ether. 

Respecting  the  dihydrochlorate  and  trihydrochlorate  of  pentachlorotoluene,  obtained 
by  Deville,  see  i.  574. 

Ethyltoluene,  C»H'=  =  C'H^(C^IP)  =  C''HXC=H5).CH^  (Glinzer  andFittig, 
Ann.  Ch.  Pharm.  exxxvi.  303;  Jahrcsb.  18G5,  p.  537.) — This  compound,  homologous 
with  ethylbonzene  or  phenyl-ethyl  (iv.  484),  is  produced  by  the  action  of  sodium  on  a 
mixture  of  bromotoluene  and  ethylic  bromide.  It  has  a  peculiar  odour,  like  tJiat  of 
methyltoluene  {infra),  boils  at  159° — 160°,  and  has  a  speeitic  gravity  of  0'8652  at 
21°.  From  the  isomeric  body  cumeno  (obtained  from  cuminic  acid  or  from  coal-tar),  it 
is  distinguished  by  its  boiling-point  (cumeno  boiling  at  144° — 148°),  and  from  mesity- 
lene,  with  which  it  is  likewise  isomeric,  by  its  behaviour  with  reagents. — Cold  fuming 
nitric  ucjc?  converts  it  into  an  oily,  non-distillablenitro-compound,  probably  CTI'"(NO'')^. 
— With  warm  7ii<nc  acid,  it  forms  trinitro-ethyltoluene,  C"H"(NO')^,  which  separates  in 
large  apparently  rhombohedral  crystals,  melting  at  92°. —  Chromic  acid  oxidises  it  to 
tercphthalic  acid. 

Hydroxyltol-aene.   Cresol.    Cresylic  Alcohol.    C'H'O  =  C"HXOH).CH'.— 

This  compound,  isomeric  with  benzylic  alcohol,  C'H^CH'-(OH),  and  related  to  toluene 
ia  the  same  manner  as  phenol  to  benzene,  has  already  been  described,  under  the  last- 
mentioned  name  (ii.  10(i),  as  a  colourless,  strongly  refracting  liquid,  obtained  from 
coal-tar  and  the  tar  of  fir-wood.  It  is,  however,  produced  in  a  state  of  greater  purity 
from  toluidine — namely,  by  treating  nitrate  of  toluidino  with  nitrous  acid,  converting 
the  resulting  nitrate  of  diazotoluene  into  sulphate,  and  decomposing  this  compound  by 
boiling  \vith  water  (p.  867).    As  thus  prepared,  it  is  solid  and  crystalline. 

The  nitrocresols  are  described  under  Ckesyuc  Alcohol  (ii.  106).  Amidodi- 
nitrocresol,  C'H*(NO-)-(NH-),  is  produced  by  saturating  an  alcoholic  solution  of 
trinitroci'csol,  first  with  ammonia,  then  with  sulphydric  acid  gas.  The  deep  red  liquid  is 
evaporated  to  dryness,  the  residue  exhausted  with  ammoniacal  water,  and  the  filtered 
solution  acidulated  with  very  dilute  sulpluiric  acid,  whereby  the  amidodinitrocresol  is 
thrown  down  as  a  very  dark-coloured  pireeipitate,  which  may  bo  purified  by  repeated 
crystallisation  from  hot  water  or  hot  alcohol.  It  then  forms  yellow  needles,  which  dis- 
solve but  sparingly  in  hot  water,  are  nearly  insoluble  in  cold  water,  but  dissolve  easily 
in  alcohol  and  in  ether.  The  salts  of  amidodinitrocresol  are,  for  tho  most  part,  but 
slightly  soluble. — Tlie  magnesium-salt  is  tho  most  characteristic ;  it  separates,  on 
mixing  concentrated  solutions  of  the  ammonium-salt  and  magnesium-sulphate,  in 
small  crystals,  the  solution  of  which  in  warm  water  yields  the  salt  in  needles  an  inch 
long.    (Kellner  and  Beil stein,  Ann.  Ch.  Pharm.  cxxviii.  164.) 

IWetbyltoluene,  C'H'"  =  C"H'(CH')  =  C''H'(CH^).Cff.  (Glinzer  and  Fittig, 
loc.  cit.) — This  compound,  isomeric  with  ethylbenzene  or  phenyl-ethyl  (iv.  484),  is 
prepared,  similarly  to  the  latter,  by  the  action  of  sodium  on  a  mixture  of  bromotoluone, 
methylic  iodide,  and  ether,  perfectly  free  from  water  and  alcoliol,  and  cooled  with  ice. 
It  is  a  colourless  mobile  liquid,  having  a  peculiar  odour,  not  like  that  of  benzene,  a 
specific  gravity  of  0-8621  at  195°,  and  boiling  at  139° — 140°  (six  or  seven  degrees 
higher  than  ethylbenzene).  It  is  probably  identical  with  xylene  from  coal-tar  oil,  and 
forms  with  fuming  sulphuric  acid  a  sulpho-acid,  whose  barium-salt  crystallises,  like 
the  xylene-s\ilphite,  in  spherical  aggregations  ;  the  potassium-salt,  CH'KSO',  forms 
silky  laminae. 

By  oxidation  with  chromic  acid,  methyltoluene  (like  xylene)  yields  terephthalicacid, 
C''H''0^,  whereas  ethylbenzene  yields  benzoic  acid. 

Methyltoluene,  warmed  with  fuming  nitric  acid,  forms  two  isomeric  dinitro-eonj- 
pounds,  C°H'(NO'^)^  one  of  which  molts  at  123-5°,  and  crystallises  in  long  capillary 
needles  ;  while  tho  other,  which  melts  at  93°  (like  dinitroxjdene),  forms  large,  colour- 
less, monoclinic  crystals.  When  methyltoluene  is  dropt  into  a  mixture  of  2  vols, 
nitric  and  1  vol.  fuming  sulphuric  acid,  cooled  at  the  commencement,  trinitrome- 
thyltoluene,  C''H'(NO'')',  is  formed  as  a  white  precipitate,  which  separates  from 
alcohol  in  rather  largo  stellate  crystals,  melting  at  137°. 

Dioxymcthyltoluene,  C'-'H'^O-  =  C'H"(CH^O)=. — Already  described  as  me- 
thylate  of  benzylene  (i.  577).  When  heated  with  acetic  acid,  it  is  converted  into 
benzoic  hydride  and  methylic  acetate  : 

C'H''(CH''0)^  +  2(C=H^0.H0)    =    C'H«0  -f  2(C-H^0.CH'0)  +  IPO. 

Hydrochloric  acid  likewise  converts  it  into  benzoic  hj-drido.  (Cannizzaro,  Bull. 
Soc.  Chim.  [1866],  ii.  216.) 

STitrotoIuenes  (i.574). — Mononitroiolucnc,G'''R''(S.O-),\s,  there  described  as  a  liquid; 
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but,  according  to  Ja  worsky  (Jahresb.  I860,  p.  542),  a  purer  product  may  he  obtained 
by  dissolving  ordinary  nitrotoluene  in  fuming  sulphuric  acid,  and  treating  the  pi-oduct 
with  water,  whereupon  nitrotoluone-sulphuric  acid  (p.  8(30)  remains  dissolved,  and  puro 
nitrotoluene  is  precipitated  ;  also  by  redistilling  the  ordinary  product  of  the  action  of 
nitric  acid  upon  toluene,  and  collecting  the  portion  which  distils  below  240°.  It 
separates  from  alcohol,  in  white  shining  crystals,  which  melt  at  54°,  and  distil  without 
decomposition  at  238^. 

CMoroyiitrotoIuenc,  C''H^(N0')C1.CH^,  is  formed  by  the  action  of  fuming  nitric  acid 
upon  chlorotoluene.  The  isomeric  compound  nitrobenzylic  Moridc,  C''H'(N0'-).CH-C1, 
is  formed  in  like  manner  from  benzylic  chloride.  It  crystallises  from  alcohol  in  fine 
colourless  lamina;.    Chromic  acid  converts  it  into  nitrodracylic  acid. 

Benzylic  chloride,  treated  with  fuming  nitric  acid,  likewise  yields  an  oily  liquid, 
slightly  soluble  in  alcohol,  which  has  not  been  much  examined.  This  liquid,  treated 
with  chromic  acid,  also  yields  nitrodracylic  acid.  (B  eilstein  and  Geitner,  Bull. 
Soc.  Chim.  [186G],  ii.  469.) 

Ir'miirotolucne,  C'II*(NO^)',  is  obtained  by  keeping  toluene  in  a  state  of  gentle 
ebullition  with  fuming  nitric  acid  for  several  days,  and  precipitating  with  water.  It 
forms  white  needles,  which  melt  at  82°,  aro  very  slightly  soluble  in  cold,  easily 
soluble  in  boiling  alcohol  and  in  ether.  It  is  isomeric  with  chrysanisic  acid. 
(Wilbrand,  Ann.  Ch.  Pharm.  cxxviii.  178.) 

Oxytolic  Acid,  C'II"0'. — An  acid  isomeric  with  oxybenzoic  and  salicylic  acids, 
produced  by  oxidising  toluene  with  dilute  nitric  acid  (iv.  321). 

Sulphur-derivatives  of  Toluene,  and  Compounds  isomeric  with  them. 

Miireker  (Ann.  Ch.  Pharm.  cxxxvi.  79;  Jahresb.  1865,  p.  543)  has  obtained  a 
toluenic  sulphydrate  analogous  to  cresol,  and  the  isomeric  compound,  benzylic  sulphy- 
drate,  analogous  to  benzylic  alcohol ;  also  toluenic  disulphide,  and  the  corresponding 
benzylic  disulphide ;  and  benzylic  protosulphide,  to  which  no  corresponding  loluonc- 
compound  has  yet  been  produced. 

Benzylic  Sulphydrate,  C'H'S  =        |  ^  =  C'H*.CH:=(SH),  is  obtained  by  mixing 

an  alcoholic  solution  of  potassic  sulphydrate  (or  sulphocarbonate)  with  chlorotoluene 
or  bromotoluene  (?  benzjdic  chloride  or  bromide),  adding  water  after  24  hours,  and 
rectifying  the  oil  thereby  precipitated  (Marcker,  Ann.  Ch.  Pharm.  cxxxvi.  75 ; 
Jahresb.  1865,  p.  543).  It  is  a  colourless  strongly  refractive  liquid,  having  a  dis- 
agreeable alliaceous  odour,  and  makes  the  eyes  water.  It  has  a  specific  gravity  of 
1-058  at  20°,  and  boils  at  194° — 195°.  It  decomposes  mercuric  oxide,  forming  the 
compound  C"H"Hg"S^  which  crystallises  from  hot  absolute  alcohol  in  long  needles. — 
AVith  mercuric  chloride,  in  alcoholic  solution,  it  forms  a  precipitate  containing 
C'^H"IIg"S-.Hg"Cl'. — With  acetate  of  lead,  in  alcoholic  solution,  it  forms  a  crystalline 
precipitate  of  plumbobenzylic  sulphydrate,  C"H"Pb"S;  with  silver-  and  cadniiuin- 
salts,  white  precipitates;  with  nickel-  and  copjKr-salls,  green  precipitates  ;  and  witli 
iron-,  cobalt-,  platinum-,  and  ffold-salis,  brown  precipitates.  Benzylic  sulphydrate  is 
converted,  by  exposure  to  the  air,  into  benzjdic  sulphide  (p.  859). 

Toluenic  or  Meiabenzylic  Sulphydrate,  C»H\SH).CH'.  (Marckor,  loc. 
cit. — Jaworsky,  Jahresb.  1865,  p.  642.) — This  compound,  isomeric  with  the 
preceding,  ia  prepared  by  distilling  toluone-sulphochloride,  C'H'SO'Cl  (p.  859), 
with  zinc  and  dilute  sulphuric  acid.  It  then  passes  over  with  the  vapour  of 
water,  while  the  less  volatile  toluenic  sulphide  remains  behind.  It  crysUillises 
very  easily  from  ether,  in  large  white  laminse,  unctuous  to  the  touch,  and  h.aving 
a  peculiar  odour.  It  is  very  soluble  in  ether,  .fparingly  soluble  in  alcohol,  in- 
soluble in  wafer;  melts  at  42'5°  to  43°,  volatilises  easily  with  vapour  of  w.ator,  and 
distils  by  itself  without  decomposition.  The  alcoholic  solution  becomes  heatod  in 
contact  with  mercuric  oxide,  and  forms  the  compound  C'*II"Hg"S-',  which  crystallises 
in  laminae  h.aving  a  satiny  lustre;  with  mercuric  chloride,  it  fonns  the  compound 
O'K'^Ilg'&^.Ug'Cr-.— Lead-salts  throw  down  the  compound  C"II"Pb"S-,  in  orange- 
yellow  flocks. — Silver-salts  form  a  siskin-green,  pilatinic  chloride  an  orange-yellow, 
auric  chloride  a  liglit-greon,  nickel-salts  a  green,  aippt  r-salts  a  green,  and  chloride  of 
cobalt  a  violet  precipitate.  Toluylcnic  sulphydrate  dissolves  in  warm  concentrated 
sulphuric  acid,  with  evolution  of  sulphurous  anhj-dride,  forming  a  deep-blue  solution, 
from  wliich  water  throws  down  a  reddish  resinous  body,  redissolvcd  willi  blue  colour 
by  sulphuric  acid.    Benzylic  sulphydrate  docs  not  exhibit  this  reaction.  (Miireker.) 

Benzylic  sulpliydrato  is  oxidised  by  strong  nitric  acid,  forming  sulphuric  acid,  benzoic 
hydride,  and  small  quantities  of  other  products.  Toluylcnic  sulphydrate,  on  the  other 
hand,  when  added  to  nitric  acid  of  specific  gr.ivity  13,  is  converted  into  tohiylenic 
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(lioxysulphide,  C'lI'O'S-,  whilo  nitrotoluene-sulphiiric  acid  remains  in  solution, 
(Miircker.) 

Q6JJ5  > 

Bctizi/lic  Sul2)kidc,{G'''EL''yS  =  ^^j^^'q^AS.  (Miircker,  foe.  cit.). — This  com- 
pound is  produced  by  the  action  of  an  alcoliolic  solution  of  potassic  monosulphide  on 
chlorotolueno  (more  probably  tolylic  or  benzylic  chloride),  and  separates,  on  dilution 
with  water,  as  an  oily  mass,  which  soon  solidifies.  It  is  insoluble  in  ivatcr,  but 
dissolves  easily  in  alcohol  and  ether,  and  crystallises,  by  slow  evaporation  of  its  solu- 
tions, in  long  needles  by  rapid  cooling,  in  shining  laminae.  It  melts  at  49°,  volatilises 
■^fithout  decomposition,  and  is  not  precipitated  by  metallic  salts.  When  added  to 
cooled  nitric  acid  of  spiocific  gravity  1'3,  it  is  converted  into  oily  oxybenzylic  suljihide, 
(C'H')'SO,  which  becomes  crystalline  on  being  mixed  with  water.  Benzylic  sulphide 
boiled  with  niirio  acid  of  specific  gravity  rS,  or  treated  with  stronger  acid,  dissolves 
almost  completely,  with  formation  af  sulphuric,  benzoic,  and  nitrobenzoic  acids,  and  a 
small  quantity  of  a  yellow  acid,  the  barium-.salt  of  which  crystallises  in  yellow laminre. 

Benzylic  sulphide,  subjected  to  dry  distillation,  gives  off  a  large  quantity  of  sul- 
phydricacid  gas,  and  yields  (at  200°)  a  distillate,  consisting  of  toluene  (boiling  at  112°) 
and  benzylic  sulphydrate.  Between  240°  and  250°,  tolylene,  C'H',  passes  over,  solidify- 
ing in  the  crystalline  form  as  it  cools ;  and  at  still  higher  temperatures,  the  distilla- 
tion being  ultimately  conducted  in  a  current  of  air,  two  other  crystalline  bodies  collect 
in  the  neck  of  the  retort — viz.,  tolallylic  sulphide,  (C'H^/S  (p.  851),  and  a  body  con- 
sisting of  C-''H'*S,  which  is  insoluble  in  water,  very  sparingly  soluble  in  absolute 
alcohol  even  at  the  boiling  heat,  more  soluble  in  ether  or  benzene,  and  crystallises  in 
long  white  needles;  it  melts  at  180°,  sublimes  in  needles  or  laminae,  and  is,  perhaps, 
identical  with  Laurent's  tliionessal  (p.  779). 

Benzylic  Oxysulphid  e,  (C'H')'-'OS,  formed  by  the  action  of  cooled  nitric  acid  on 
benzylic  sulphide,  crystallises  from  hot  water,  or  from  alcohol,  in  laminae  having  a  satiny 
lustre,  melts  at  130°,  and  sohdifies  again  at  the  same  temperature.  It  dissolves 
readily  also  in  ether,  and  melts  under  boiling  water  before  dissolving.  (Marcker.) 

QbJJS  QJJ2  ) 

Benzylic  Bisulphide,  C"H'''S-  =  Q6jj5'Q-m>S^isformed,  as  above  mentioned, 

by  the  oxidation  of  benzylic  sulphj-drato  in  contact  with  the  air,  more  quickly  on 
evaporating  a  solution  of  the  sulphydrate  containing  ammonia,  or  by  the  action  of 
potassium-disulphido  on  chlorotolueno  (benzylic  chloride),  in  alcoholic  solution.  It 
crystallises  in  white  shining  lamina;,  melts  at  65°  or  67°,  dissolves  easily  in  ether  and 
in  boiling  alcohol,  but  not  in  water.  It  decomposes  when  heated,  yielding  the  same 
compounds  as  the  monosulphide,  and  is  reconverted  by  nascent  hydrogen  into  ben- 
zylic sulphydrate.    It  does  not  precipitate  metallic  salts.  (Marcker.) 

Toluenic  or  Metahemylic    Bisulphide,    Qsjj4|Qjj.,j>S-,  isomeric  with  the 

preceding,  remains  in  the  residue  obtained  in  preparing  toluenic  sulphydrate 
from  toluene-sulplioehloride,  and  is  likewise  formed,  on  evaporating  a  solution  of 
toluenic  sidphydrato  in  alcoholic  ammonia.  It  crystallises  in  large  needles  or 
laminae,  melts  at  41°,  is  insoluble  in  water,  but  dissolves  easily  in  hot  alcohol, 
and  especially  in  ether.  By  hydrogen  it  is  reconverted  into  toluenic  sidphydrate. 
(M  iircker.) 

Benzylic  Bioxy sulphide,  CH'^O^S',  produced  by  the  action  of  nitric  acid  on 
toluenic  sulphydrate  (p.  858),  is  insoluble  in  water  and  in  aqueous  potash,  but  dis- 
solves in  ether,  alcohol,  or  benzene,  and  crj'stallises  in  large  transparent  prisms,  which 
melt  at  74°,  solidify  again  at  the  same  temperature,  and  when  quickly  heated,  burn 
with  brilliant  scintillation.  The  alcoholic  solution  of  this  compound  is  not  precipi- 
tated by  mercuric  chloride.  (Miircker.) 

TOiUErJE-SULPHAlWIEE.  C'lI'.SOlNH^.  Syn.  with  Sulphotoi.uolamide 
(p.  527). — Produced  by  the  action  of  aqueous  ammonia  on  toluene-sulphochloride  or 
toluene-sulphobromide. 

TOX.VEIffS-SXJI.PHOBROnilDZ:.  C'H'SO^Br.  (Otto,  Zcitschr.  f.  Chem. 
1866,  p.  657. — Otto  and  v.  Gruber,  ibid.  1867,  p.  222.) — Produced  by  the  action 
of  bromine  on  toluene-sulphurous  acid  (p.  860)  suspended  in  water.  It  forms  long, 
obliqiie,  rhombic  prisms,  in.«oluble  in  water,  easily  soluble  in  ether  and  in  benzene,  and 
melting  at  95° — 96°.  By  warm  absolute  alcohol,  it  is  converted  into  ethylic  toluene- 
sulphate  ;  by  potash  into  potassic  toluene-sulphate ;  by  ammonia  into  toluene-sidpha- 
mide. 

TOI.UENX:-SXrX.PHOCHX.ORIX»B.  C'H'SO-Cl.  (Fittirf^,  Ann.  Ch.  Pharm. 
evi.  280.— Miircker,  ihid.  cxxxvi.  79. — Jaworsky,  Zeitschr.  f  Chem.  1865,  p.  221. 
— Otto,  ibid.  1866,  p.  657.) — Obtained  by  triturating  toluene-sulphate  of  sodium  with 


860       TOLUENE-SULPHURIC— SULPHUROUS  ACID. 


an  equal  weight  of  phosphoric  pentachloride,  and  repeatedly  washing  the  product  with 
water.  It  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether,  and  benzene,  and 
separates  from  ether  in  beautiful  rhombic  plates,  or  sometimes  in  largo  prisms.  It 
melts  at  68° — 69°,  and  boils,  with  almost  complete  decomposition,  at  25(.)°. 

It  is  scarcely  attacked  by  water  in  the  cold,  but  is  slowly  decomposed  on  boiling, 
and  quickly  when  heated  with  it  in  a  sealed  tube  to  a  temperature  above  100°,  yield- 
ing hydrochloric  and  toluene-sulphuric  acids.  The  same  decomposition  is  produced 
by  prolonged  boiling  with  alkalis  in  aqueous  solution,  rapidlj'  in  alcoholic  solution. 
The  chloride  acts  gradually  upon  alcohol,  even  in  the  cold,  forming  ethyltoluene- 
sulphate.  With  aqueous  ammonia  and  solid  ammonium-carbonate,  it  easily  forms 
toluene-sulphamide.  When  a  solution  of  tolucne-sulphochloride  in  pure  and  dry 
ether  is  treated  with  sodium-amalgam,  toluene-sulphurous  acid  is  produced.  The 
chloride,  treated  ■with  zinc  and  dilute  sulphuric  acid,  yields  toluene-sulphydrato. 

Toluene-sulphochloride  dissolves  without  alteration  in  a  mixture  of  nitric  and  sul- 
phuric acids,  and  is  not  attacked  by  strong  nitric  acid,  even  at  the  boiling  heat.  When 
distilled,  it  gives  off  sulphurous  anhydride,  and  yields  a  liquid  distillate,  probably 
consisting  of  monochlorotoluene. 

TOX.UENE-SUI.PHURXC,  TOIiTTOXi-SUXiPHTTXlIC,  or  SUXiPHOTOXiUZC 

ACm.    C'H'SO'  =  C'H'.SO'H  =  C^H'jgQjg.    (Deville,  Ann.   Ch.  Pliarm. 

xliv.  306.— Church,  Jahresb.  1855,  p.  634.— Fittig  and  Tollcns,  Ann.  Ch.Pharm. 
cxxxi.  3M). — Miireker,  ibid,  exxsvi.  85. — Jaworsky,  Zeitschr.  f.  Chem.  18G5,  p. 
220. — Otto,  ibid.  1866,  p.  656.) — This  acid,  already  partly  described  as  Be>-zvlsul- 
PHUEOUS  Acid  (p.  553),  was  discovered  by  Deville,  who  obtained  it  by  the  action  of 
fuming  sulphm-ic  acid  on  toluene  from  tolu-balsam.  It  was  afterwards  prepared  in 
like  manner  by  Church,  though  in  an  impure  state,  from  the  toluene  of  coal-tar  ;  and  by 
Fittig  and  ToUens  from  sjTithetically -formed  methylbenzene  or  phenyl-methyl  (iv. 
486).  Otto  obtained  it  by  oxidation  of  toluene-sulphi\rous  acid,  and  Miircker  pro- 
duced it,  together  with  nitrotoluene-sulphiiric  acid,  by  treating  toluene-sulphydrate 
with  nitric  acid.    A  few  of  its  salts  have  been  examined  by  Jaworsky. 

The  barium-salt,  C"II"Ba"S'-0'^,  obtained  by  dissolving  toluene  in  fuming  sulphuric 
acid,  neutralising  with  water  after  a  few  days,  aud  saturating  with  carbonate  of 
barium,  forms  crystals,  permanent  in  the  air,  easily  soluble  in  water  and  in  alcohol. — 
The  lead-salt,  C'*H"Pb"S-0^,  usually  forms  nodular  crystalline  masses,  but  may  be 
obtained,  by  slow  evaporation,  in  needle-shaped  crystals ;  it  is  easily  soluble  in  water 
and  in  alcohol. 

Ethylic  toluene-sulphate,  C'H'.SO'(C^II*),  is  easily  produced  by  the  action  of  toluenc- 
sulphocliloride  or  tolueno-sulphobromide  on  alcohol.  It  is  insoluble  in  water,  but 
soluble  in  alcohol  aud  ether,  and  crystallises  in  fine  thick  prisms,  which  melt  at  32°. 

Amidotoluene-siilpliuric  Acid,  C'II*(NH-).SO'H.  Syn.  with  Sulphotolyiajiic 
or  Benzylsui^phamic  Acid.    (See  StiLpmiEous  Ethers,  p.  527.) 

mtrotoluene-sulphuric  Acid,  C'H«(NO=).SO^H  =  CH^NO') | gQ,^-— There 

appear  to  be  two  modifications  of  this  acid,  the  one  produced  from  nitrotoluene  by 
the  action  of  fuming  sulphuric  acid,  the  other  by  that  of  nitric  acid  on  toluene- 
sulphydrate,  being  evidently  formed  by  the  nitration  of  toluene-sulphuric  acid.  But 
the  two  acids  have  not  been  sufficiently  examined  to  render  their  separate  existence 
a  matter  of  certainty. 

Nitrotoluene- sidphwric  add  is  produced  by  treating  toluene-sulphydrate  with  nitric 
acid,  of  specific  gravity  1'3,  and  remains  in  solution,  while  toluene-disulpliide  crystal- 
lises out  (p.  859).  By  evaporating  the  solution,  it  is  obtained  in  deliquescent  crj-stals. — 
Its  barium-salt,  [C'H''(N0-)S0']-'Ba".2H-0,  forms  colourless,  transparent,  four-sided 
tablets,  which  dissolve  easily  in  hot,  slightly  in  cold  water,  are  insoluble  in  alcohol, 
and  give  off  thoir  water  of  crystallisation  at  1 10°.~The  lead-salt,  [C'H'^(N0-)S0']-Pb". 
4H'0,  forms  transparent,  very  bulky,  crystalline  lamina;.  (Miircker.) 

Paranitrotoluene-sulphuric  acid  is  produced  by  gently  heating  nitrotoluene  with  fum- 
ing sulphuric  acid.  Its  barium-salt  forms  shining  pale-yellow  crystals,  which  contain 
LC'H''(N0')S0']W.3H-'0,  and  give  ofif  their  water  at  110°.  (Church;  Jawor- 
sky.) 

TOX.UEN'E-STTI.PHVROUS  ACID.    C'H'.S0=H  =  C^IV  j^^,-^.—  Toll/lsul- 

phurous  or  Bcn:ylsnlphurous  Hi/dridr.  (Otto,  Zeitschr.  f.  Chom.  1866,  p.  655.) — 
This  acid  is  obtained,  similarly  to  the  homologous  compound  benzcno-sulpliurous  acid 
or  phenylsulphuroffs  hydride  (p.  561),  by  treating  tolueiio-sulphoohloride,  dissolved  in 
other  free  from  water  and  alcohol,  with  .sodium-ainalgam,  and  divumposing  the  result- 
ing sodium-saU  with  hydrochloric  acid.  [At  the  same  time  there  is  formed  a  secondary 
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product,  having  tho  empirical  fonnula  CTI"'SO^,  wliicli  dissolves  in  hot  alcohol,  and 
crystallises  therefrom  in  oblique  rhombic  prisms,  melting  at  75" — 76°.] 

Toluene-sulphurous  acid  crystallises  from  water  in  rhombic  tables,  unctuous  to  the 
touch,  and  having  a  brilliant  satiny  lustre ;  or  from  dilute  solutions  in  long  needles 
united  in  largo  tufts.  It  melts  at  80°,  dissolves  sparingly  in  cold  water,  easily  in 
boiling  water — also  in  alcohol,  other,  and  benzene. 

It  is  easily  converted  by  oxidation  into  toluene-sulphuric  acid,  this  effect  being  pro- 
dued  even  by  the  oxj-gen  of  tho  air,  thougli  not  so  quickly  as  with  benzene-sulphurous 
acid.  When  immersed  in  water,  and  sulijected  to  the  action  of  chlorine  (best  at  a 
moderate  heat),  it  is  converted  into  toluene-sulphoehloride,  hydrochloric  acid  being 
formed  at  tho  same  time.  With  bromine,  in  like  manner,  it  yields  hydrochloric  acid 
and  toluene-sulphobromide. 

Toluene-sulphites. — The  6«rHm-saZ<,  (C'H'SO^)^Ba",  is  anhydrous,  and  crys- 
tallises in  small  shining  laminne,  slightly  soluble  in  cold  water,  more  soluble  in  hot 
water  and  in  ether. — Tho  caJcmm-salt,  (C'H'S0-)'Ca".8H^0,  resembles  the  barium- 
salt  in  form  and  solubility. — The  silver-salt,  C'H'SO^Ag,  forms  anhydrous  iridescent 
laminae,  somewhat  soluble  in  boiling  water. 

Ethylic  tolmne-sulphitc,  C'H.'.SO-(CTI^),  is  easily  produced  by  heating  the  acid  with 
alcohol  containing  hydrochloric  acid.  It  is  liquid,  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether. 

TOXiTTENYt.    Syn.  with  Tolyi,  or  BenzYl. 

TOXiU-EUCEirirK.    Syn.  with  Eugeno-tolitic  Anhtdbide  (ii,  605). 
TOI.UCI.TCXC  ACZO.    Syn.  with  Tolueic  Acid. 

TOI.VIC  ACID.    C«IPO-    =    ^"^'"^lo     =     C'ff.CmCO'H  (Kekule). 

Toluolic  Acid.  Toluylic  Acid.  (Noad  [1847],  Phil.  Mag.  [3],  xxxii.  19.— Kraut, 
Dissertation  uber  Curninol  iind  Ct/mc7i  [Gottingeu,  1854],  p.  20. — Cahours,  Ann. 
Ch.  Pharm.  cviii.  315. — Cannizzaro,  ibid.  xcvi.  246;  cxix.  253;  cxxiv.  252; 
Jahresb.  1861,p.  421 ;  1862,  p.  267.— Mo  Her  and  Strecker,  Ann.  Ch.  Pharm.  ciii. 
64. — Temple,  ibid.  cxv.  277. — Griess,  iVu'rf.  cxvii.  61. — Beilstein  and  Yssel  de 
Sehepper,  ibid,  cxxxvii.  301;  BuU.  Soc.  Chim.  1866,  i.  286.— Kekule,  2i/<^.  1866, 
ii.  46.) — An  aromatic  acid,  homologous  with  benzoic  acid,  and  isomeric  with  anisylous 
acid  and  methylie  benzoato.  It  is  produced:  1.  By  the  action  of  dilute  nitric  acid  on 
cymene  (Noad),  or  xylene  (Bei  Istein) : 

C'°H"  +  0"    =    CH'O^  +  G=H=0'  +  2H'0. 

Cymene.  Toluic  Oxalic 

acid.  acid, 

C«H'»  +  0^    =    C^H'O^  +  H=0. 

Xylene.  Toluic 
acid. 

2.  Synthetically  by  the  action  of  sodium  and  carbonic  anhydride  on  bromololueno  (Ke- 
kuU): 

C'H'Br  +  Na'  +  CO"    =    NaBr  +  C'H'.CO'Na. 

Bromoto-  Toluateofso- 
iuene.  dium. 

Tho  toluic  acid  obtained  by  either  of  these  three  processes  exhibits  exactly  the  same 
properties,  and  is  the  true  honiologue  of  benzoic  acid.  A  modification,  called  alpha- 
toluic  acid,  differing  from  toluic  acid  in  some  of  its  properties,  but  agreeing  with  it 
in  composition,  and  in  the  essential  character  of  being  resolved  bj'  heat  into  toluene  and 
carbonic  anhydride,  (C'H^O-  =  C'H'  +  CO''),  is  produced  by  boiling  nilpic  acid  or 
cyanide  of  benzyl  with  alkalis  (Cannizzaro).  Another  modification,  obtained  l)y 
Griess,  by  tho  action  of  nitrous  acid  on  an  alcoholic  solution  of  amidotoluic  or  oxyto- 
luamic  acid  (iv.  321),  has  been  regarded  as  homologous  with  salylic  acid  ;  but  as  this 
acid  has  lately  been  shown  to  be  identical  with  benzoic  acid  (p.  185),  it  is  probable 
that  the  toluic  acid  obtained  by  the  last-mentioned  process  is  likewise  identical  with 
ordinary  toluic  acid. 

Prefaration  of  Toluic  Acid. — 1.  From  cymene. — One  pt.  of  cymene  is  distilled  in 
a  capacious  retort  with  4  pts.  of  a  mixture  of  common  nitric  acid  with  six  times  its 
volume  of  water,  tho  distillate  being  repeatedly  poiu-ed  back  into  the  retort.  The 
reaction  takes  place  quietly,  the  oil  first  becoming  blue,  then  dark-yellow,  then  viscid, 
and  finally  sinking  to  the  bottom.  The  operation  is  finished  when  tho  drops  of  oil, 
■which  at  first  float  upon  the  distillate,  are  replaced  by  white  cryst.als,  and  on  cooling 
the  retort  becomes  filled  with  these  crystals  (Noad).  If  this  method  (which  requires 
continuous  boiling  for  a  week)  is  exactly  followed,  and  the  toluic  acid,  as  it  is 
formed,  is  removed,  so  as  to  prevent  any  further  action  of  the  nitric  acid,  tho  acid  is 
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obtained  perfectly  pure  (Kraut). — The  toluic  acid  is  the  purer  the  weaker  the  nitric 
acid,  and  the  more  slowly  the  distilkition  is  conducted  ;  stroni;er  acid  acts  violently, 
and  forms  nitrotoluic  acid,  which  is  ditficult  to  separate.  In  order  to  eflfect  the  sepa- 
ration, the  mixture  is  first  freed  from  nitric  acid  and  a  yellow  resin,  by  boiling  with 
milk  of  lime  ;  the  filtered  solution  of  the  calcium-salt  is  then  precipitated  by  hydrochloric 
or  nitric  acid;  the  precipitated  acids  are  dissolved  in  baryta-water,  and  evaporated  on 
a  water-bath ;  the  residue  is  treated  with  water  ;  the  solution  filtered  from  the  nitro- 
toluate  of  barium,  which  is  difficultly  soluble,  is  next  evaporated,  again  treated  witli 
cold  water,  and  filtered  ;  and  this  treatment  is  repeated  till  no  more  nitrotoluate  of 
barium  separates  out ;  the  liquid  is  then  precipitated  by  an  acid,  and  the  product  is  re- 
crystallised.    (No  ad.) 

2.  Trom  xylene. — The  hydrocarbon  is  oxidised,  as  in  the  preceding  process,  ■with 
nitric  acid  diluted  with  five  or  six  times  its  bulk  of  water,  and  the  product  is  freed 
from  the  small  quantity  of  nitrotoluic  acid,  formed  at  the  same  time,  by  distillation  and 
treatment  with  sulphide  of  ammonium.    (Beilstein  and  De  Schepper.) 

3.  From  toluene. — Bromotoluene,  mixed  with  toluene,  is  introduced  into  a  long- 
necked  flask,  provided  with  an  upright  condensing-tube  ;  sodium,  in  quantity  rather 
greater  than  that  required  by  theory,  is  added  in  small  pieces  ;  the  whole  is  heated  in 
a  water-bath;  and  a  stream  of  carbonic  anhydride  is  passed  into  the  vessel  for  24  to 
48  hours.  The  sodium  soon  becomes  covered  with  a  blue  crust,  and  is  converted  into 
a  pasty  mass  of  the  same  colour.  As  soon  as  the  reaction  is  finished,  the  product  is 
treated  with  water ;  the  solution  is  filtered,  to  separate  oil}'  matters,  consisting  of  un- 
altered toluene  and  bromotoluene,  together  with  secondary  products  ;  and  the  filtered 
solution  of  sodium-toluate  is  acidulated  with  hydrochloric  acid,  to  precipitate  the  toluic 
acid.  (KekuU.) 

Properties. — Toluic  acid  is  precipitated  from  the  solutions  of  its  alkaline  salts  by 
acids,  as  a  white  curdy  mass,  which  appears  crystalline  under  the  microscope.  It  is 
very  soluble  in  boiling  water,  and  crystallises  therefrom  in  needles  on  cooling.  It  dis- 
solves very  readily  also  in  alcohol  and  ether.  AVhen  pure,  it  is  tasteless  and  inodorous. 
It  melts  at  a  temperature  above  100°  (at  175°  to  175-5°,  according  to  KckuU),  and 
sublimes,  without  decomposition,  in  fine  needles. 

Decompositions. — Toluic  acid,  heated  with  lime  or  baryta,  is  resolved  into  toluene 
and  carbonic  anhydride  :  C'HW  =  C'H«  +  CO-.— When  boiled  for  some  time  with 
strong  nitric  acid,  it  is  converted  into  nitrotoluic  acid. — By  distillation  with  pcnta- 
cMoridc  of  phosphorus,  it  yields  toliuc  chloride,  C'H'OCl  (Cahours). — When  intro- 
duced into  the  animal  organism,  it  passes  into  the  urine  as  toluric  acid  (p.  868). 

A  mixture  of  toluate  and  formate  of  calcium  yields  by  distillation,  toluic  aldehyde, 
C«H«0  (Cannizzaro,  p.  804) : 

C'«H'<Ca"0«  +  C=H=Ca"0'    =    2C'H'0  +  2Ca"C0'. 

Toluate  of  Form.ite  of  Tolujlic 

calcium.  calcium,  aldehyde. 

Toluates. — Toluic  acid  is  monobasic,  and  its  salts  are  mostly  crystalline ;  they  have 
not,  however,  been  much  cxaminecL— The  am»wytium-sall  forms  small  prisms. — The 
barium-salt,  C'^H'^Ba"©',  obtained  by  neutralisation,  forms  confused  crystals. — The 
calcium-salt,  C'°II"Ca"0*,  separates  from  its  concentrated  aqueous  solution  in  long 
shining  needles. — The  cupric  salt,  C"'H"Cu"0',  is  deposited,  on  mixing  the  potassium- 
salt  with  cupric  sulphate,  as  a  blue  precipitate,  slightly  soluble  in  water. — The  j'otas- 
sium-salt,  obtained  by  neutralisation,  forms  long  shining  needles. — The  silver-salt, 
C'H'AgO^,  is  obtained,  by  double  decomposition,  as  a  curdy  precipitate,  crj-stallising 
from  hot  water  in  small  needles. — Tho  sodiuni-salt  is  more  soluble  than  the  potas- 
sium-salt, and  does  not  crystallise. 

Derivatives  of  Toluic  Acid. 

loDOTOLTJic  Acid,  C*H'I0=. — Produced  by  the  action  of  hydriodic  acid  on  diazo- 
tolu-oxytoluamic  acid  (iv.  322).  It  forms  white  laminse  or  needles,  slightly  soluble 
in  water,  freely  in  alcohol  or  other.  (Grioss.) 

Nithotoluic  Acid,  C''H'(N0-)0-. — This  acid  is  easily  produced  by  boiling  toluic 
acid  with  strong  nitric  acid.  It  may  also  be  prepared  directly  from  cjTnene,  by  boiling 
that  hydrocarbon  with  the  strongest  fuming  nitric  acid,  as  long  as  red  fumes  are 
evolved.  The  residue  deposits  a  lai-ge  quantity  of  crystals  on  cooling,  and  gives  a  con- 
siderable precipitate  when  treated  witli  water ;  the  whole  mass  is  then  washed  on  a  filter 
with  cold  water,  then  digested  with  ammonia  and  filtered,  whereby  a  little  oily  matter 
is  separated.  The  filtrate  is  decomposed  with  hydrochloric  acid ;  the  precipitated 
nitrotoluic  acid  is  washed  with  water,  dried,  dissolved  in  hot  alcohol,  and  boiled  with 
animal  charcoal ;  and  the  filtrate  is  left  to  evaporate. 

Nitrotoluic  acid  forms  beautiful  pale-yi-Uow  rhombic  prisms,  slightly  soluble  in  cold 
water,  soluble  in  hot  alcohol. 
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Nitroiuluate  of  Ammoniuvi  forms  long  needles  ;  it  easily  gives  up  part  of  its  am- 
inonia,  and  the  whole  when  boiled  witli  anim;il  charcoal, — The  barium-salt, 
C'"H'^Ea"(NO-)''0',  is  thrown  down,  on  mixing  the  ammonium-salt  with  chloride  of 
barium,  as  a  white  curdy  precipitate,  which  dissolves  abundantly  in  hot  water,  and 
separates  in  stellate  groups  of  needles  on  cooling. — The  calc/'um-salt,  C"'H"'Ca"(NO*)-0 ', 
is  obtained  in  like  manner  as  a  crystalline  precipitate,  more  soluble  in  water  than  the 
barium-salt,  and  crystallising  therefrom  in  oblique  rhombic  prismB.—Cupric  salt. 
Cupric  sulphate  forms,  with  the  perfectly  neutral  ammonium-salt,  a  precipitate  con- 
sisting of  a  basic  salt. — Tho  jjotassmm-salt  is  very  soluble,  and  crystallises  with 
difficulty  in  small  needles. — 'She:  silver-salt,  C''H.''Ag(NO-)0'^,  is  a  white  curdy  precipi- 
tate, very  much  like  chloride  of  silver,  very  soluble  in  boiling  water  (blackening  if  too 
long  boiled),  from  which  it  separates  in  feathciy  crystals  on  cooling ;  slightly  soluble 
in  alcohol. — The  sodium-salt  is  uncrystallisable. — The  stroniium-salt  is  very  much 
like  the  barium-salt,  excepting  that  tho  crystals  are  larger,  and  more  soluble  in  water. 
(Noad.) 

Nitrotoluic  Ethers.— The  cthylic  ether,  C»H«(C'H=)(N0=)02,  is  prepared  by  dis- 
tilling the  alcoholic  solution  of  the  acid  saturated  with  hydrochloric  acid  gas,  till  tho 
mixture  of  hydrochloric  acid  and  alcohol  begins  to  show  turbidity  with  water;  the  oil 
remaining  in  the  retort  then  solidifies  to  a  crystalline  mass,  which,  after  being  washed 
with  carbonate  of  potassium  and  with  water,  is  dried  between  blotting-paper.  The 
ether  melts  in  the  water-bath,  and  forms  a  clear  liquid,  which,  on  cooling,  solidifies  to 
a  radiated  crystalline  mass.  It  has  a  pleasant  odour.  It  is  decomposed  by  potash  into 
alcohol  and  toluic  acid  ;  does  not  form  an  amide  with  ammonia.  (Noad.) 

Methylic  Mtrotuluate,  C''H''(CH^)(NO-)0-,  is  prepared  like  tho  ethyl-compound  ;  but, 
as  it  is  generally  contaminated  with  black  greasy  secondary  products,  it  must  be  dis- 
solved in  strong  nitric  acid,  boiled  therewith  for  a  short  time,  and  precipitated  by  water ; 
it  then  falls  down  in  oily  drops,  which  soon  solidify  in  the  crystalline  state.  It  may 
be  completely  purified  by  distillation  with  water,  and  is  then  quite  colourless.  It  dis- 
solves easily  in  ether,  and  is  resolved  by  potash  into  nitrotoluic  acid  and  methylic 
alcohol.  (Noad.) 

DiNiTROTOLTJic  AciD,  C''II°(NO-)-0-. — This  acid  is  obtained  by  digesting  nitro- 
toluic acid,  for  two  days,  with  a  mixture  of  equal  parts  of  fuming  nitric  and  fuming 
sulphuric  acid  ;  and  is  precipitated  from  the  solution  by  water,  in  crystals,  which  may 
be  purified  by  recrystallisation  from  boiling  water. — The  silver-salt,  C^H-^Ag(NO^)-0^, 
is  a  white  precipitate.    (Temple,  Ann.  Ch.  Pharm.  cxv.  277.) 


OxYToiTJAMic  Acid,  (CH^'O)  i-p.  or  Amidotolttic  Acid,  C'H'(NH^)0^  has  been 
H  3" 
already  described  (iv.  321). 

Biaxotolu-oxytoluamic  Acid,  C'H^N^O-.C^H'NO' (iv.  322). 


Alpbatolulc  Acid,  C'H^O^.  (Cannizzaro,  Ann.  Ch.  Pharm.  scvi.  216;  further, 
Compt.  rend.  lii.  966;  liv.  1225;  Jaliresb.  1861,  p.  421;  1862,  p.  267.— Moller  and 
Strccker,  Ann.  Ch.  Pharm.  cxiii.  64.) — Cannizzaro  found,  in  1855,  that  by  boiling 
cyanide  of  benzyl  (i.  673),  with  potash-ley,  an  acid  is  obtained  having  the  composition 
of  toluic  acid,  but  melting  below  100°.  Mijllcr  and  Strecker,  in  1857,  by  boiliug 
vulpic  acid  with  baryta-water,  also  obtained  an  isomer  of  toluic  acid,  which  they 
denominated  alphatoluic  acid;  and  Cannizzaro  subsequently  found  that  this  acid 
was  identical  with  that  which  ho  had  obtained  from  benzj-lic  cyanide. 

Preparation. — Benzylic  cyanide  (i.  573)  is  boiled  with  strong  potash-ley  till  the 
whole  is  dissolved,  and  no  more  ammonia  is  given  off ;  the  liquid  is  then  diluted  with 
water,  and  the  concentrated  filtrate  precipitated  with  hydrochloric  acid  (Cannizzaro). 
— 2.  Vulpic  acid  is  boiled  for  several  hours  with  a  solution  of  barium-hydrate,  saturated 
while  warm  (potash  or  soda  would  pi-oduce  oxotolylic  acid,  iv.  217),  till  tho  liquid  has 
become  colourless ;  the  solution  is  then  filtered,  to  separate  oxalate  of  barium ;  and 
the  filtrate  is  supersaturated  with  hydrochloric  acid,  which,  as  the  liquid  cools,  throws 
down  the  greater  part  of  the  alphatoluic  acid  as  a  crystalline  precipitate.  The  fil- 
tered solution,  when  evaporated,  deposits  a  small  additional  quantity  of  the  same  acid, 
together  with  a  large  quantity  of  barium-chloride. 

Alphatoluic  acid,  purified  by  recrystallisation  from  boiling  water,  forms  broad,  thin, 
colourless,  shining  laminae,  having  the  form  of  acute  rhombs,  very  much  like  benzoic 
acid.  It  has  an  odour  like  that  of  the  perspiration  of  horses.  It  melts  at  76'5°,  and 
gives  off  {even  below  100°),  vapours  which  excite  coughing.  It  boils  without  decompc 
sition  at  265-5^  (corrected;  the  temperature  directly  observed  was  262°).  The  specific 
gravity  of  the  solid  acid  is  nearly  1-3  ;  that  of  the  fused  acid,  compared  with  water  at 
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4°  is  1-0778  at  83°,  and  1-0334  at  135°.  It  therefore  expands  very  strongly  in 
melting.  It  dissolves  sparingly  in  cold,  froely  in  boiling  water,  and  tlie  solution, 
saturated  at  the  boiling  heat,  deposits  the  acid  on  cooling  in  oily  drops,  which  af^r- 
wards  solidify.    The  acid  is  also  very  soluble  in  alcohol. 

The  alph  atoluates  are  for  the  most  part  soluble  :  those  of  the  alkali-metals  and 
alkaline  earth-metals  crj'stallise  with  difficulty,  on  account  of  their  great  solubility. 
The  solution  of  the  ammonium-salt  gives  a  light-green  precipitate  with  cupric  sulphate. 
— Tho  silver-salt,  CH'AgO-',  forms  small  colourless  lamina?,  soluble  in  boiling  water. 

Decompositions. — 1.  Alphatoluic  acid  is  but  slowly  attacked  by  oxidising  agents,  but 
when  boiled  with  dilute  sulphuric  acid  and  potassic  chrumate,  or  mayiganic  peroxide, 
it  gives  oflf  carbonic  anhydride,  formic  acid,  and  benzoic  hydride. — 2.  When  wanned 
with  fuming  nitric  acid,  it  dissolves,  with  transient  red  coloration  ;  and  the  solution,  on 
cooling,  deposits  colourless  needles  of  a  nitro-acid,  which  forms  yellowish  solutions 
with  alkalis. — 3.  With  pentachloridc  of  phosphorus,  alphatoluic  acid  yields  hydrochloric 
acid,  phosphoric  oxychloride,  and  alphatoluic  chloride,  which  distils  over  as  a 
colourless  heavy  liquid.  This  chloride,  treated  with  a?«?;i«Ji!«,  yields  alphatolua- 
mide,  CH^NO,  in  crystalline  scales  moderately  soluble  in  boiling  water. 

4.  A  mixture  of  alphatoluate  and  formate  of  calcium  yields,  by  distillation,  alpha- 
toluic aldehyde,  which  forms,  with  acid  sulphite  of  sodium,  the  crystalline  compound 
C'H"O.NaHSO^.  On  separating  the  aldehyde  from  this  compound  by  carbonate  of 
sodium,  and  dissolving  it  in  ether,  it  remains  in  the  form  of  a  gelatinous  mass.  By 
oxidation  with  nitric  acid,  it  yields,  not  alphatoluic  acid,  but  an  acid  which  appears  to 
be  a  mixture  of  benzoic  and  nitrobenzoic  acids.    (Cann  izzaro.) 

Faracblorotolulc  Acid,  C'H'CIO-. — This  name  is  given  by  Vollrath  (Bull. 
Soc.  Chim.  1867,  i.  342),  to  an  acid  which  he  obtains  by  oxidising  monochloroxylene, 
CH'Cl,  with  chromic  acid.  It  crystallises  in  slender  needles,  very  slightly  soluble  in 
water,  and  melting  at  203°.— The  barium-salt,  C"^H'=Ba"CP0'.3H=0,  and  the  calcium- 
salt,  C"'H'^Ca"Cl"0'.3H'0,  crystallise  in  slender  needles,  soluble  in  water. 

TOIiTTXC  ilX.OEHVI>S.  CH^O  =  CH'O.H.  (Cannizzaro,  loc.  This 
body  is  produced  by  distilling  a  mixture  of  toluate  and  formate  of  calcium  (p.  862). 
The  oily  distillate,  agitated  with  acid  sulphite  of  sodium,  forms  a  crystalline  compound, 
which,  when  treated  with  carbonate  of  sodium,  yields  tho  aldehyde  as  an  oil  having  a 
peppery  odour,  and  boiling  at  204°.  On  exposure  to  tho  air,  it  gradually  takes  up 
oxygon,  and  is  converted  into  toluic  acid.  With  alcoholic  potash,  it  forms  pot;issic 
toluate  and  toluylic  alcohol  (p.  869) : 

2C»n»0  -I-  KHO    =    C'H'KO-  +  C«H'°0. 

TOXiVXC  ANBTDRXDE,  (C'II'O)-O,  is  not  kno^vn. — Salicylotoluic  A  nhy- 

(C'H^O)"] 

dride,  C'''II"0'  =  C'H'O  \  0'',  is  formed  by  heating  dry  salicylate  of  sodium  with  an 
H    i  . 

equivalent  quantity  of  toluic  chloride.  On  agitating  the  product  with  a  mixture  of 
water  and  other  till  it  dissolves,  and  leaving  tho  ethereal  solution  to  evaporate,  it 
remains  as  a  yello'n'ish  viscid  mass.  (Kraut.) 

TOXiUXC  CKX.OZIXSE.  C'H'OCl.  Chloride  of  Oxi/iohit/l  or  Toluoxyl. 
(Ca hours,  Ann.  Ch.  Pharm.  c^nii.  315.) — Produced  by  distilling  toluic  acid  wilh 
phosphoric  pentachloride.  Colourless,  strongly  refracting  liquid,  of  specific  gravity 
1-175,  boiling  at  214° — 216°.  Fumes  in  moist  air,  and  reacts  with  water,  alcohol,  and 
carbonate  of  ammonium  like  other  acid  chlorides.  Heated  with  salicylol,  it  yields 
tolusalicylol  (p.  170) ;  with  eugenic  acid,  in  like  manner,  it  yields  eugenotoluic  anhy- 
dride (ii.  605). 

TOXiUXC  ETHERS.  Ethylic  toluate,  C''H'(C-H*)0-,  is  obtained  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  toluic  acid,  distilling  to  about  two- 
thirds,  and  adding  water  to  tho  residue.  It  is  then  precipitated  as  a  heavy  black 
oil,  which,  after  washing  with  ammonia  and  water,  is  dried  over  chloride  of  calcium, 
and  rectified.  It  is  a  colourless  aromatic  liquid,  smelling  like  benzoic  ether,  having  a 
bitter  taste,  and  boiling  at  228°.  (Noad.) 

Phcni/lic  toluate,  C''ir(C''H^)0-,  is  obtained,  by  distilling  salicylotoluic  anhydride 
(see  above),  as  a  colourless  oil,  which  quickly  solidifies,  and  may  be  purified  by  boiling 
for  a  short  time  with  weak  potash-ley,  and  recrystallisation  from  ether-alcohol.  It 
forms  white  nacreoiis  lamina,  melting  at  71°  to  72°,  and  smelling  like  gerai-iums  when 
heated.  (Kraut.) 

TOIiUISENE,  or  BENZ'S'I.XSEN'E.  C'll". — An  aldehyde-radicle,  related  to 
tolyloue  or  bonzylene  (ii.  677),  in  the  same  manner  as  ethylidone  to  ethylene. — The 
bromide,  C'lI^Br',  is  formed  by  the  action  of  phosphoric  pcutabromidc  on  bitter-almond- 
oil,  C'H"0  (p.  853). 
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By  heating  toluidiiie,  rosanilino,  and  other  bases  with  bittor-almond-oil,  compounds 
are  obtained,  derived  from  the  original  compound  by  substitution  of  1  at.  toluidene  for 
2  at.  hydrogen. 

Be7izylidene-rosaniline,  (C-''H'°)''(.N^,  is  a  eopper-coloured,  crystalline,  feebly  basic 

compound,  obtained  by  heating  rosaniline  with  bitter-almond -oil  to  100°  or  120° 
(Schiff,  Compt.  rend.  Ixv.  45).  The  other  substitution-products,  just  mentioned, 
will  be  described  iinder  Toluidine  (p.  867)  and  Tolylene-diamine  (p.  872). 

TOXiVXDES.  Compounds  homologous  with  the  anilides  (iv.  419),  derived  from 
toluidino-salts  by  abstraction  of  water,  or  from  toluidine  by  substitution  of  an  acid- 
radicle  for  hydrogen,  and  produced  in  many  instances  by  heating  toluidine  with  acids  ; 
e.g.: 

C-H^O.H.O  -I-  C'H'.NH^  -  H-0    =  C'?P(C-H='0).NH^ 

Acetic  acid.  Toluidine.  Acetotoluide. 

They  may  be  regarded  as  amides  containing  the  radicle  tolyl  or  benzyl;  e.g.,  aceto- 

toluide  =  tolylacetamide,    C'H'  vN.    See  ToLYLACETAjnDE,  Tolylbenzamide,  &c. 
H  i 

(pp.  871,  872). 

TOXiTTIDIirE.  C'H'N-  =  Am.idotoluene.CWQs'ii-). — A  crystalline  base, produced 
by  the  reducing  action  of  sulphydric  acid  or  ferrous  acetate  on  nitrotoluene.  It  has 
been  already  described  as  Benzylamine  (i.  676);  but  Cannizzaro  has  shown  that  a  base 
having  the  same  composition  but  different  properties,  is  formed  by  the  action  of  alco- 
holic ammonia  on  benzylic  chloride  (p.  867).  The  compound  thus  formed  is  a  true 
ammonia-baso  or  amine,  and  is  properly  designated  as  bonzylamine  or  tolylamine, 

and  represented  by  the  formula  jjj  >  N  ;  whereas  the  base  obtained  by  reduction  of 

nitrotoluene  is  rather  to  be  I'ogarded  as  amidotoluene  or  toluidine,  C'n'(NH-). 

Frejiaration.  (See  i.  bio). — For  preparing  toluidine  on  the  large  scale,  Hugo 
Miillor  (Zoitschr.  f.  Chem.  1864,  p.  161  ;  Jahrosb.  1864,  p.  423)  converts  commer- 
cial toluene,  boiling  at  108"^  to  114°  (pure  toluene  boils  at  111°),  into  nitrotoluene,  by 
pouring  a  mi:stiu'e  of  nitric  and  sulphuric  acids  into  it  in  a  slow  stream  (if  the  action 
becomes  too  rapid,  dinitrotoluene  is  also  formed),  and  reduces  this  product  witli  iron 
and  acetic  acid.  The  crystalline  toluidine  thus  obtained  is  freed  from  adhering  liquid 
base  by  drenching  it  with  the  portion  of  American  petroleum  or  Burmese  naphtha, 
which  boils  between  80°  and  100°  (chiefly  heptylic  hydride),  and  finally  recrystallising 
it  from  this  hydrocarbon.  E.  Sell  (Chem.  Soc.  J.  xvi.  186)  prepares  toluidine,  in 
considerable  quantity,  from  that  portion  of  the  residue  of  the  aniline  manufacturo 
{queues  aniline),  which  boils  below  270^  (the  higher  portions  containing  paraniliue, 
&e.,  iv.  352).  This  liquid  is  distilled  in  a  large  copper  retort  provided  with  a  long 
eondensing-tube  not  cooled  ;  the  portion  of  the  distillate  boiling  between  180°  and 
230°  is  subjected  to  fractional  distillation  ;  the  several  portions  of  the  distillate  are 
treated  with  a  hot  solution  of  oxalic  acid  ;  and  the  sparingly  soluble  oxalate  of  tolui- 
dine is  decomposed  by  potash-ley  as  soon  as  a  sample  of  the  base  separated  by  ammonia 
solidifies  at  once.  The  brown  toluidine  thus  separated,  which  crystallises  on  cooling,  is 
washed  with  water,  pressed  between  paper,  and  distilled.  It  passes  over  between  198° 
and  200°,  and  solidifi.es  in  the  receiver  in  snow-white  crystals,  which  gradually  turn 
brown  in  contact  with  the  air.  (Sell.) 

Toluidine  boils  at  205° — 206°,  under  a  pressure  of  730  mm.  (Stiideler,  J.  pr. 
Chem.  xcvi.  65.) 

Beactions. — Toluidine  is  absolutely  incapable  of  neutralising  dilute  sulphuric  acid 
(Wankly  n.  Laboratory,  i.  3).  When  moderately  heated  with  fuming  sulphuric  acid, 
it  forms  tolylsulph'amic  or  sulphotolylamic  acid,  C'H^NSO'' (p.527  ;  Sell, 
for.  cit.). — An  aqueous  solution  of  sulphate  of  toluidine  mixed  with  cyanate  of  potas- 

(CO)"] 

i-utm,  deposits  white  needles  of  monotolylcarbamide,  C'H'  I N- (Sell).  Finely- 

j 

dinded  toluidine  combines  rapidly  with  cthylic  cyanate,  forming  tolyl- et  hylcarba- 
CO  ■\ 

mi&cfQ^^W.  (Sell.) 
H-  . 
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An  alcoholic  solution  of  toluidino,  heated  (not  above  80°)  with  an  equal  volume  of 

(csy  ] 

carbonic  disulj>hide,  forms  ditolylsulpliocarbamide,(C'H')-  -N^.  (Sell.) 

.  .      .     S=  j 

Toluidine,  fused  with  an  equal  weight  of  succinic  acid,  forms  tul vlsuccinimide, 
/■rMTTin^v' )  (C'H'O-)  ) 

C'H'     |n,  and  ditolylsuccinamide,  (C^'f  jx-.  (Sell.) 

A  mixture  of  toluidine  and  acdic  acid,  treated  with  trichloride  of  phosphorus,  yields 
eth  enyl-ditoluidine,*  C^H'^N^  (Hofraann;  see  p.  867). — With  hcn:oic  hydride 
(bitter-almond-oil),  toluidine  forms   dibeuzy lidene-tolylamine,  C'H-^N'  = 

N'(C'H'')^(C'H')^  (Schiff,  Jahresb.  xviii.  429). — With  gimwnc  and  perchloroquinone, 
toluidine  forms  compounds  homologous  with  those  produced  bj- aniline  (Hof man n, 
iv.  426). — A  mixture  of  1  at.  hydroehlorate  of  toluidine  and  1  at.  acobnizoie  is  con- 
verted (at  230°)  into  a  black  mass,  containing,  together  with  unaltered  toluidine,  a  raby- 
red  colouring-matter  soluble  in  hot  water,  a  violet  substance  somewhat  less  soluble  in 
water,  and  a  blue  substance  soluble  in  alcohol. — With  nitrohmzrnc,  in  like  manner,  a 
tarry  greenish  mass  is  formed,  which  does  not  contain  any  colouring-matters  (Stade- 
ler,  Jahresb.  186.5,  p.  409). — Toluidine  heated  with  half  its  weight  of  acetate  of  rosa- 
niline,  forms  tritolyl-rosaniline  or  toluidine-blue,  C^°H'*(C'B[')'N'.  (Hof- 
mann,  iv.  472.) 

Cyanotoluidine,  C^H'N-  (i.  576),  is  resolved,  by  evaporation  of  its  hydroehlorate, 
similarly  to  cyaniline  (iv.  443),  into  sal-ammoniac,  hjcbochlorate  of  toluidine,  oxamide, 
monotolyloxamide,  and  ditolyloxamide.  (Sell.) 

Derivatives  of  Toluidine  containing  Alcolwl-radiclcs. 

Phenyxtoltjidine,  C'^H"N  =  C'H''(;C''ff).NH^— This  base,  which  Hofmann 

obtained  by  the  dry  distillation  of  a  salt  of  tritolyl-rosaniline  (iv.  472),  is  likewise  pro- 
duced, together  with  diphenylamine  and  ditolylamine,  bj-  heating  hydroehlorate  of 
toluidine  with  aniline,  or  hydroehlorate  of  aniline  with  toluidine.  The  three  bases 
may  be  separated  by  fractional  distillation,  but  the  separation  is  diiBcult,  as  their 
boiling-points  do  not  differ  by  more  than  2i5°  or  30°.  Phenj-ltoluidine  boils  at  about 
SSO"^.    (De  Laire,  Girard,  and  Chapoteaut,  Bull.  Soc.Chim.  1866,  ii.  360.) 

Benzyltoluidine,  or  Tolyltoi-uidine,  C'^H'^N  =  C"H«(C"H').NH^ 
Ditolylamine. — Produced  by  heating  1  at.,  hydroehlorate  of  toluidine  with  \\  at.  of  the 
free  base,  to  210° — 240°,  in  a  long-necked  "flask  provided  with  a  condensing-tubc,  or 
more  quickly  by  heating  the  mixture  in  a  scale  i  tube  under  a  pressure  of  four  or  five 
atmospheres.  On  treating  the  product  with  hydrochloric  acid  diluted  with  twenty  or 
thirty  times  its  bulk  of  water,  the  hydroehlorate  of  benzyltoluidine  is  decomposed  by 
the  water;  and  the  benzyltoluidine  thus  separated,  floats  on  the  surface  as  an  oil  which 
solidifies  on  cooling,  and  may  be  purified  by  recrystallisation.  It  boils  between  355° 
and  360°.  It  forms  \instable  salts,  which  are  decomposed  by  water.  Nitric  acid  turns 
it  yellow,  a  character  by  which  it  is  distinguished  from  diphenylamine.  (De  Laire, 
Girard,  and  Chapoteaut,  loc.  cit.) 

Dibenzyltoluidine,  C-'H-'N  =  C"H*(C'H')-.NH-. — This  base,  isomeric 
with  tribcnzylamine,  (C'H')n'N  (i.  576),  is  produced  by  heating  an  alcoholic  solution 
of  1  at.  toluidino  with  2  at.  benzylic  chloride,  and  subjecting  the  base,  separated  from 
the  product  by  potash,  to  a  repetition  of  the  same  treatment.  It  crystallises  in  slen- 
der needles,  melting  between  64'5''  and  55°  (tribenzj-lamine  crystallises  in  small 
tables,  and  melts  at  about  93°).  It  is  insoluble  in  water,  slightly  soluble  in  cold, 
easily  in  hot  alcohol,  and  becomes  yellowish  on  exposure  to  light. — The  ht/drochlornte 
dissolves  readily  in  alcohol,  and  is  decomposed  by  water,  with  separation  of  the  base. — • 
The  chloroplatinate,  which  is  also  decomposed  by  water,  ciystallises  from  an  alcoholic 
solution  mixed  with  ether.  (Cannizzaro.) 

Derivatives  of  Toluidine  containini/  Aldehyde-radicles. 
These  compounds  are  formed  by  the  action  of  aldehj'des  on  toluidine. — Dicihylidenc- 

ditoluidine,  C"*H"N2  ^  C"H'<'(C=H')=.(NH=)=  =  (C^'H')=.(C"H')'N%  obt.ained  by 
the  action  of  acetic  aldehyde  on  toluidino,  crystallises  in  yellow  nodules,  and  fuiras 

red  resinous  salts  with  acids. — DiaUylidcnc-diloluidine,  (C^H')-(C"n')-N',  is  obtained 
in  like  manner  with  acrolein,  as  a  brown  resinous  mass. — Diben^ylidtnc-ditoluidinc, 

'  Rthcnyl,  C^H^,  is  the  triatoniic  r.ndicle  commonly  called  Vinyl.  For  Hofm-mn's  sjsteinatic  nomcn- 
clnture  of  hydrocarbons,  see  I'roc.  Roy.  Soc.  xv.  bf>. 
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C^H^N^  =  (C'H")'(C'H')^N-,  prodiiowl  l.y  the  action  of  bitter-almond-oil  on  tolvii- 
dino,  separates  from  alcohol  as  a  yellow,  crystalline,  inditfercnt  body,  which  melts 
in  boiling  water,  and  is  converted,  at  160°,  into  yellow  needles,  melting  at  120° — 126-', 
and  eajiable  of  combining  with  acids  and  chlorides.  (Schiff,  Zeitschr.  f.  Chem.  18G5, 
p.  400.) 

Elhcnyl-ditoluidinc,  C'n¥m'  =  C'm'\CW)'".{^Wy.  (Hofmann,  Proc.  Roy.  Soe. 
XV.  55  ;  Jahresb.  1865,  p.  415.) — This  base,  derived  from  2  at.  toluidine  by  substitution 
of  the  triatomic  radicle  ethenyl  (vinyl)  for  3  at.  hydrogen,  is  produced  by  the  action  of 
fcricliloride  of  phosphorus  and  chloride  of  acetyl  on  toluidine  at  160°: 

eC'lPN  +  .3C-H'0C1  +  PCP    =    3C'«Ii'»N2  +  PH^O^  +  6HC1. 
When  purified  by  recrj^stallisation  from  alcohol,  it  forms  white  laminse,  resembling  the 
corresponding  phenyl-componnds. 

Acotoluklines. 

AzoTOLuiDiNE,  Or  D I A  z  0  T  o  L  u  E  N  B,  C'H^N^  =  C'H'N"'.NH^  (Grriess,  Chem. 
Soe.  J.  XX.  86.) — The  salts  of  this  base  (which  has  not  been  obtained  in  the  free  state) 
exhibit  considerable  analogy,  in  their  properties  and  modes  of  formation,  to  the  corres- 
ponding aniline-derivatives  (iv.  430) ;  they  appear,  however,  to  be  somewhat  more 
stable,  and  to  crystallise  more  readily. 

The  nitrate,  C'H''N'.NHO',  is  best  prepared  by  the  action  of  nitrous  acid  on  an 
aqueous  solution  of  nitrate  of  toluidine,  but  it  may  also  be  formed  from  azoditolui- 
dine.  It  forms  long  white  needles,  which  are  decomposed  on  boiling  with  water, 
according  to  the  equation  : 

C'H'NINHO^  +  H^O    =    CH^O  +  NHO'  -i-  N-. 

Nitrate  of  Cresol. 
Azotoluidine. 

The  other  salts  are  obtained  from  the  nitrate  in  the  same  manner  as  the  correspond 
ing  phenyl-compounds.— The  cMoropIatinate,  2(C'H"N-.HCl).PtCP,  is  precipitated,  in 
fine  yellow  prisms,  on  adding  platinic  chloride  to  a  dilute  solution  of  the  hydrochlorate. 
When  ignited  with  soda,  it  yields  an  aromatic  oil,  having  the  composition  of  chloroto- 
luone,  C'H'Cl. 

The  sulphate,  C'H^N-.SH^OS  is  obtained  in  brilliant  plates,  needles,  or  prisms, 
according  to  the  circumstances  imder  which  it  crystallises.  When  heated  "with  strong 
sulphuric  acid,  it  gives  off  the  whole  of  its  nitrogen,  and  is  converted  into  di  sul  pho  - 
tolylenic  acid,  C'II"'S-0«  =  C'H'*.2SH'0*,  the  barium-salt  of  which,  C'H'Ba".S-0", 
crystallises  in  long  white  needles. — The  pcrhronmle,  C'H''N'^.HBr',  is  precipitated  by 
bromine-watrr  from  aqueous  nitrate  of  azotoluidine,  as  a  yellow  oil,  which,  after 
evaporation  of  the  excess  of  bromine,  solidifies  to  a  crj-stalline  mass. 

AZODITOLUIDINE,    C'*H"N^     =    C"H"N"'.(NI-P)-,    or  DlAZOTOLrENE-AMIDOTO- 

LTJENE,  ] QTjjr^jvjjj'.'y — This  base  is  produced  bypassing  nitrous  acid  vapour  through  a 

solution  of  toluidine  in  a  small  quantity  of  strong  alcohol  mixed  with  two  or  three 
times  its  volume  of  ether,  till  a  drop  of  the  .solution  leaves,  on  evaporation,  a 
residue  of  yellow  needles.  The  solution  of  these  crystals,  left  to  evaporate,  deposits 
the  base  in  yellow  needles,  which  must  be  washed  with  alcohol,  and  recrystallised 
from  a  mixture  of  alcohol  and  ether.  The  crystals  have  a  strong  lustre,  and  correspond, 
in  solubibty  and  other  properties,  with  azodiphenyl-diamine  (iv. 459). 

The  chloroplatinate,  C"fl'*N'.2HCl.PtCl',  is  obtained  in  glittering  plates,  resembling 
iodide  of  lead,  on  mixing  an  alcoholic  solution  of  the  base  with  platinic  chloride ;  it 
deflagrates  at  a  high  temperature.    (Griess,  Chem.  Soe.  J.  xix.  67.) 

AZOPHENTLTOLUIDINE,   C'H'^N^  =   C"H'N'".(NH')',  Or  DlAZOTOLTJENE-AMIDO- 

BENZENE,  Qjjjj.j^jj,.^  I ,  obtained  by  the  action  of  aniline  on  nitrate  of  azotoluidine, 
crystallises  in  beautiful  long  yellow  needles.    (Griess,  Chem.  Soe.  J.  xx.  87.) 

Appendix  to  Toluidine. 

Benzylamiue,  C'H»N  =  *-^'gi|N.    (Canuizzaro,  Bull.  Soc.  Chim.  1864,  ii.  126; 

1865,  ii.  218.) — This  base,  isomeric  with  toluidine,  is  formed,  together  with  tribenz^I- 
amine,  (C'IP)'N  (i.  574),  and  probably  also  with  dibenzylamine,  (C'H')^HN,  by  the 
action  of  alcoholic  ammonia  on  benzylic  chloride,  C'H'Cl.  The  mixture,  after  a  few 
days,  dejiosits  tabular  crystals  of  tribenzylamine,  and  on  evaporating  the  filtered 
liquid  in  the  water-bath,  and  treating  the  residue  with  hot  water,  a  further  piortion  of 
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tribonzylamino  remains  undissolved,  and  the  solution  contains,  together  with  sal- 
ammoniac,  the  hydrochloratc  of  bonzylamine,  and  probably  also  of  dibenzylamine.  The 
liydroclilorate  of  benzylamiue  is  separated  from  the  more  soluble  portion  by  fractional 
crystallisation ;  and  the  free  base  separated  from  this  salt  by  potash  is  dissolved  in 
ether,  freed  from  ether  by  evaporation,  dehydrated  by  fused  pota.-^h  out  of  contact  -n-ith 
the  air,  and  then  distilled — the  portion  vrhieh  gives  over  at  182°  being  collected  apart. 
For  complete  purification,  it  is  converted  into  the  solid  carbonate  bv  exposure  to  a 
stream  of  dry  carbonic  anhydride  ;  the  carbonate  is  washed  with  anhydrous  ether, 
and  dissolved  in  hydrochloric  acid ;  and  the  crystallised  hydrochloratc  is  decomposed 
with  potash  as  above. 

Benzylainine,  thus  prepared,  is  a  colourless  liquid,  not  altered  by  light,  and  boiling 
at  182° — 183'-'.  (Toluidine,  described,  at  vol.  i.  p.  575,  as  benzylamine,  is  crystalline  at 
ordinary  temperatures,  and  melts  at  40°).  It  mixes  with  water  in  all  proportions 
(toluidine  is  but  slightly  soluble  in  cold  water),  and  is  separated  therefrom  by  potash, 
witli  faint  yellowish  colour.  It  absorbs  carbonic  anhydride  rapidly,  forming  a  crys- 
talline compound  ;  has  a  strong  alkaline  reaction ;  forms  white  fumes  with  hydrochlo- 
ric acid,  and  unites  with  acids,  producing  i-ise  of  temperature.  Altogether,  it  appears 
to  be  a  stronger  base  than  toluidine. — Hydruchlorate  of  bemi/lamine,  C'H'N.HCl, 
crystidlises  in  striated  tables  ;  the  cMoraplaiinate  in  orange-coloured  laminae. 

Bibenzylaviine,  (C'H')-HN,  isomeric  with  benzyltoluidine,  has  not  been  isolated, 
but  appears  to  be  formed,  together  with  mono-  and  tri-benzylamine,  in  the  process 
above  described. 

Tribeiizylamine,  (C'H')'N,  isomeric  with  dibenzyltoluidine  (p.  S6C),  has  been 
already  described  (i.  57-i). 

Phenyl -benzylami7ie,C^^'3}m  =  C'H4n.    (Fleischer,  Ann.  Ch.  Pharm. 

H  ) 

cxxxviii.  p.  225;  Bull.  Soe.  Chim.  [1866],  ii.  235.)— This  base,  isomeric  with  Hof- 
mann's  tolylaniline  (iv.  454),  is  produced  by  mixing  aniline  ^rith  benzylic  chloride 
(boiling  at  170°).*  The  mixtivre  becomes  hot,  and  deposits  white  crystals,  consisting 
of  Jiydrochlorate  of  aniline,  together  with  phenyl-benzylamine  : 

C'H'Cl  +  2C'=H'N    =    C«H'N.HC1  -i-  C'»H"N. 

The  mixture  must  be  heated  to  160°  for  twenty-four  hours,  to  complete  the  reaction  ; 
and  on  dissolving  out  the  hydrochlorate  of  aniline  from  the  product  by  water,  the  phenyl- 
benzylamine  remains  as  an  oil,  which  is  converted  by  hydrochloric  acid  into  crystals  of 
the  hydrochlorate,  C'^H'^N.HCl.  On  decomposing  tfiis  salt  with  soda,  and  distilling 
the  liberated  base  under  a  pressure  of  45  millimetres,  the  greater  part  passes  over, 
between  200 and  220°,  in  the  form  of  an  oily  liquid,  which  solidifies  at  a  low  tempera- 
ture, and  may  be  purified  by  pressure  between  bibulous  paper,  and  recry stall isatiou 
from  boiling  alcohol. 

Phenyl-benzylamine  crystallises  in  colourless  four-sided  prisms,  insoluble  in  water, 
but  soluble  in  alcohol  and  in  ether.  It  melts  at  32°,  remains  in  a  state  of  surfusion  at 
12°,  and  boils  under  the  ordinary  pressure  at  a  temperature  above  310°.  (Tolvlanilino 
melts  at  87°,  and  boils  at  334°).— The  hydrochlomtc,  C'H'^N.HCl,  forms  colourless 
crystals. — The  oxalate,  (C''II'^N)-.C^H'-OS  forms  white  laminie. — The  base  forms,  with 
chloride  of  cadmium,  the  compoiind  C"H"N.CdCl^. 

Phenyl-benzylamine,  fused  with  mercuric  chloride,  forms  at  first  a  green  mass, 
which  dissolves  in  alcohol  vnth  tine  blue  colour ;  but  by  the  prolonged  action  of  heat, 
tliis  mass  assumes  a  dark  colour,  and  then  forms  witli  alcohol  a  crimson  solution. 

Phenyl-benzylamine  treated  with  chloride  of  benzoyl  forms  p  li  eny  1-bonzy  1-ben- 
zamide,  (C''II*)(C'H')(C'H''0)N,  which  crystallises  in  oblique  prisms. 

TOXiTTOXi.    Syn.  with  Toluene. 

TOX-UOIiIC  iLCXD.    Syn.  with  Toluic  Acid. 

TOIitrONITBIIiE.    Syn.  with  Benztlcyantde  (i.  573). 

TOX.UOSAX.XCVII,  or  TOXiTTOSAXiICTXiOXi.    See  S-iT-iCYXOL  (p.  170). 

TOIiUOXVXi.  C'H'O.— The  radicle  of  tohiic  acid  and  its  derivatives.  (Footnote, 
p.  869.)  H 

XOI.VRXC  ACXD.   C'»n"NO^  =  '^^^^^Q  -^.—  Tolughjcic  Acid.  Ghjcocol-io- 

H 

In ic  Acid.     (Kraut,  Ann.  Ch.  I'Lann.  xcviii.  360.)  —  An  acid   liomologous  with 


•  ClilnroloUiene  (according  to  F  !  e  i  s  cli  e  r),  but  the  boiling-poinl  shows  that  the  compound  used 
was  really  benzylic  chloride  (p.  851). 
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hippiuMC  acid,  produced  in  the  passage  of  toluic  acid  tlirough  the  animal  body,  just  as 
liippuric  acid  is  formed  from  benzoic  acid  (iii.  158).  To  obtain  it,  toluic  acid  is 
Kwailowcd  in  doses  of  several  grammes  (wliich  may  be  done  without  injury  to  the 
health) ;  the  acid  urine  afterwards  voided  is  evaporated  to  a  syrup  ;  this  residue  is 
exhausted  with  alcohol ;  the  solution  is  mixed  with  oxalic  acid  and  left  to  evaporate;  and 
the  residue  is  finally  exliausted  with  alcoliolic  etlier.  Tlie  yellowisli  toluric  acid  still 
contaminated  with  oxalic  acid,  which  remains  on  evaporating  this  last  solution,  is 
boiled  witli  calcic  carbonate  ;  the  calcium-salt,  which  crystallises  out  on  cooling,  is 
purified  by  repeated  crystallisation,  anil  then  decomposed  by  heating  it  with  dilute 
hydrochloric  acid  ;  and  the  acid,  which  crystallises  out  on  cooling,  is  purified  by  solution 
in  boiling  water.  It  may  be  obtaiui'd  in  large  crystals,  by  spontaneous  evaporation  of 
the  alcoholic  solution. 

Toluric  acid  crystallises  from  boiliug  water  in  colourless  laminae  ;  from  alcohol  in 
trimetric  prisms,  exhibiting  the  combination  ccP  .  ooPoo  .  Poo ,  also  with  oP  ;  they 
arc  as  hard  as  gypsum,  and  have  a  vitreous  and  nacreous  lustre.  The  acid  is  inodo- 
rous, molts  at  160° — IGi)"^,  and  decomposes  at  a  stronger  heat,  emitting  an  aromatic 
odour.  It  dissolves  freely  in  boiling  water,  slightly  in  cold  water  ;  in  almost  any  pro- 
portion of  hot  alcohol,  abundantly  also  in  cold  alcohol,  sparingly  in  ether  free  from 
alcohol. 

Toluric  acid,  boiled  with  hj-drocbloric  acid,  is  resolved,  similarly  to  hippuric  acid, 
into  toluic  acid  and  glycocino : 

Toluric  acid.  Toluic  Glycocine. 

acid. 

Tolurates. — Most  of  those  salts  are  soluble  in  water,  those  of  the  alkali-metals 
being  the  most  soluble. 

The  barium-salt,  C-'''H-''Ba"N^0*.5H-0,  crystallises  in  small  needles,  apparently  tri- 
metric, exhibiting  the  faces  ooP,  ooPoo  ;  it  dissolves  easily  in  hot  water. — The 
ca/cium-salt,  C"'H-"Ca"N-0''.3H"0,  forms  flattened  crystals,  one  or  two  millimetres  long, 
and  strongly  streaked  parallel  to  their  axis ;  very  soft,  and  having  a  silky  lustre  ;  spar- 
ingly soluble  in  cold,  easily  in  hot  water. — The  silver-salt,  C'"H"'AgNO',  obtained  by 
double  decomposition,  is  very  soluble  in  hot  water,  and  separates  in  well-defined  crys- 
tals on  cooling. — The  sodium-salt  crystallises  from  water  in  feathery  needles. 

The  solution  of  the  sodium-salt  forms  a  white  precipitate  with  neutral  acetate  of 
lead,  brownish-yellow  with  ferric  chloride.  The  latter  precipitate  is  soluble  in  alco- 
hol, and  melts  piartially  when  boiled  with  water. 

TO^UlTIi.  C^H". — The  radicle  of  toluylic  alcohol  and  its  allied  compounds ;  * 
isomeric  with  xylyl.  Free  toluyl,  Qsjjofi  obtained  by  the  action  of  sodium  on  to- 
luylic chloride,  is  a  thick  liquid,  boiling  at  296°.  (Vollrath,  Zeitschr.  f.  Chcm.  [2], 
ii.  488  ;  Bull.  Soc.  Chim.  [1867],  i.  343.) 

XOXXTYIiAXMCIWE.    A  name  sometimes  applied  to  toluidine. 
TOIiUYIiEM'S.    A  name  sometimes  given  to  tolylene  or  benzyleno,  C'H^  but 
more  properly  belonging  to  the  hydrocarbon  CH". 

TOIitnri.lC  ACETATE,  C-'H'(C«H')0-,  obtained  by  the  action  of  toluylic  chloride 
on  acetate  of  potassium,  or  (better)  on  acetate  of  silver,  is  a  liquid  having  an  agreeable 
odour,  and  boiling  at  226°.    Alcoholic  potash  easily  converts  it  into  toluylic  alcohol. 

TOI.inrZ.IC  ACID.    Syn.  with  Toluic  Acid  (p.  861). 

TOI.UYX.XC  AI.COHOX..    CH'^O  =  '^'g'lo.    Toluic  ov  Tolucnylic  Alcohol. 

(Tannizzaro,  Compt.  rend.  liv.  122.T  ;  Jahresb.  1862,  p.  267.) — An  alcohol  isomeric 
with  xj'lylic  alcohol,  obtained  :  1.  By  the  action  of  alcoholic  potash  on  toluic  aldehyde 
(Cannizzaro) : 

2C-H«0  +  KHO    =  C'H'KO"-  -i-  C8H"'0. 

Toluylic  Toluate  Toluylic 

al  Jehyde.  of  potas-  alcohol. 

Slum. 

2.  By  the  action  of  alcoholic  piotash  on  toluylic  acetate  (Vollrath).  It  is  a  white 
crystalline  body,  which  melts  at  58-5-' — 59'6°,  and  boils  at  217°  (xylylic  alcohol  is  an 
oil,  which  merely  becomes  viscid  at  — 18°,  and  boils  at  about  220°).  Toluylic  alcohol 
is  slightly  soluble  in  cold  water,  somewhat  more  fi-eoly  in  boiling  water,  and  separates 

•  Th("  name  toluyl  is  also  applied,  sometimes,  to  C"H"0,  the  radicle  of  toluic  acid  ;  sometimes  to  the 
r;idicle  C~H7,  more  properly  called  t  o  1  y  1 ;  which  latter  name,  on  the  other  h^nd.  is  given  by  Voll- 
riitli  to  the  radicle  Ci*H'.  To  avoid  all  this  ccmfuston,  it  is  .advisable  to  designate  C'H"  as  tolyl  or 
b  e  n  z  yl,  CIl'  as  t  ol  u  y  1,  and  t'"H'0  as  o  x  y  t  o  1 1'  y  I  or  t  o  luo  x  y  1. 
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therefrom  iu  oily  drops,  which  aftenvards  solidify  in  needle-shaped  crygtals  ;  it  is 
easily  soluble  in  alcohol  and  in  other.  Kitric  acid  converts  it  into  toluic  aldehyde. 
Heated  in  a  stream  of  chlorine-gas,  it  is  converted  into  toluylic  chloride,  CII'Cl ;  and 
this  compound,  heated  with  cyanide  of  potassiiun  in  alcoholic  solution,  is  transformed 
into  toluylic  cyanide,  C'H'N  =  C'H'CN,  which,  when  distilled  with  potash,  yields  al- 
phatoluic  acid  (p.  864). 

TOX.Tm.XC  CHXiORXSE,  C^H'Cl  (Vollrath,  Zeitschr  f.  Chem.  [2],  ii.  4881, 
produced  by  the  action  of  chlorine  on  xylene,  CH'",  at  the  boihng  heat,  is  a  liquid 
having  a  disagreeable  odour,  and  boiling  at  193°.  When  treated  with  cyanide  of 
potassium,  in  presence  of  alcohol,  and  then  with  potash,  it  yields  alphaxj'l)lic  acid, 

C'H'»0=  =  CH*  I       coHO    ^^^'^  Xyxtlic  Acid.) 

TOX.TnrX.XC  SVX.PHXSZ:  and  STTX.PHTI>R.&T&.  Both  sulphide  and  sul- 
phydrate  of  potassium  act  very  strongly  on  toluylic  chloride,  producing  in  the  one  case 
the  sulphide  of  toluyl,  (C*H»)=S,  in  the  other  sulphydrate,  C'H'.H.S.  Both 
these  compounds  are  liquids  of  disagreeable  odour.  The  sulphydrate  forms  a  bulky 
white  precipitate  with  an  alcoholic  solution  of  mercuric  chloride,  and  yellow  with  acetate 
of  lead.  (Vollrath.) 

TOX.TIi,  or  BEirZTX..  C'H'  =  C«H'(CH^).— A  monatomic  radicle,  which  may 
be  supposed  to  exist  iu  benzylie  alcohol,  benzylamine,  tolylic  or  benzylic  bromide, 
chloride,  &c.  The  name  hmzyl  is  the  most  convenient  for  it,  as  tolyl  is  too  much  like 
toluyl. 

Benzyl  in  the  free  state,  C'^H'*,  is  obtained  by  heating  benzylie  chloride  with  excess 
of  sodium  to  100°,  treating  the  product  with  ether,  and  evaporating  the  ethereal  solu- 
tion. It  then  remains  as  an  oily  body,  which  crj-stallises,  after  some  time,  in  needles 
and  laminae.  When  purified  by  pressure  between  paper,  and  repeated  crystallisation 
from  strong  alcohol,  it  forms  white  monoclinic  crystals,  exhibiting  the  combination 

coPoo  .  +Poo  .  —Poo  .  oP  .  —  ^Poo,  tabular  from  predominance  of  —Poo,  and  in- 
distinctly cleavable  parallel  to  ooP  and  [  ooPoo  ].  The  following  angular  magni- 
tudes have  been  approximately  determined  :  ooPoo  :  -t-Poo   =  150°;  [  ooPoc  ]  :  +P 

=  132°;  oP  :  H-Poo  =  131|°.  Benzyl  melts  between  51-5°  and  525°,  distils 
without  decomposition  at  284°,  is  insoluble  in  water,  but  dissolves  in  alcohol,  ether, 
and  sulphide  of  carbon.  (Cannizzaro  and  Bossi,  Ann.  Ch.  Pharm.  cxxi.  250;  Jah- 
resb.  1861,  p.  548.) 

Benzyl  is  likewise  produced  by  the  action  of  sodium  on  bromide  of  benzylidene, 
C'H'Br-  (p.  853).  Sodium  acts  rapidly  on  this  compound  at  180°,  hydrobromic  acid 
being  given  off',  and  a  thick  black  mass  formed,  which  is  partly  soluble  in  ether.  On 
distilling  the  soluble  portion  of  the  product,  toluene  is  given  off  at  109°  ;  and  the  black 
resinous  residue,  if  further  distilled  in  a  stream  of  aqueous  vapour,  gives  off"  an  oily 
liquid,  which  soon  solidifies  to  a  crystalline  mass  of  benzyl,  C"H"  (Michaelson  and 
Lippmann,  Ann.  Ch.  Pharm.  Suppl.  iv.  113;  Jahresb.  18C5,  p.  550).  The  authors 
regarded  the  product  thus  obtained  as  isomeric  -with  benzyl,  and  called  it  isobenzyl, 
because  it  appeared  to  unite  directly  with  bromine,  instead  of  forming  substitution- 
products,  like  the  benzyl  obtained  by  the  process  of  Cannizzaro  and  Kossi;  but  Fittig 
has  shown  (Ann.  Ch.  Pharm.  cxxxvii.  271),  that  benzyl  obtained  by  either  process  acts 
in  the  same  manner  with  bromine. 

Several  substitution-derivatives  of  the  molecule  C'^H'*,  called  dibenzyl-com- 
pounds,  have  been  obtained  by  Stellingand  Fittig  (Ann.  Ch.  Pharm.  cxxxvii.  257; 
Jahresb.  1865,  p.  547). 

Amidobenzyl,  or  Diamidodibenzyl,  C"H'W  =  C'*H"(NH')=,  is  produced 
by  reducing  nitrobenzyl  (p.  871)  with  tin  and  strong  hydrochloric  acid,  and  is  thrown 
down  by  ammonia — from  the  solution  previously  freed  from  tin— as  an  amorphous  pre- 
cipitate. It  resembles  the  homologous  compound,  amiJophenyl  or  benzidine  (iv.  411), 
and  crj'stallises  from  hot  water  in  colourless  scales,  wliich  are  nearly  insoluble  in 
cold  water,  very  soluble  in  alcohol,  melt  at  132°,  and  sublime,  almost  without  decompo- 
sition, at  a  higher  temperature.    It  is  a  base,  and  forms  crystalline  s;ilts. 

The  hydrochlonitc,  C"H"'N^.2HC1,  is  very  soluble  in  water  and  alcohol,  and  sepa- 
rates from  strong  hydrochloric  acid  in  small  colourless  crystals. — The  chloroplatinatc, 
0"H"'N'-.2HCl.PtCl'.  forms  easily  decomposiblo  needles,  united  in  concentric  groups. 
— The  sulphate,  C'^H'^N^.H-SO',  is  a  white  crystalline  powder,  slightly  soluble  in 
water. — The  neutral  oxalate,  C"H"'N*.C-H-0',  is  a  crystalline  precipitate;  tlie  acid 
oxalate,  C"H'"N'.2C-H'0'.3H'0,  is  deposited  in  hard,  transparent,  prismatic  crystals, 
nearly  insoluble  in  cold  water. — The  phosphate  is  a  white  precipitate. — The  chromate 
forms  easily  decomposible  yellow  needles. 

Isonitrobenzyl  is  easily  reduced  by  tin  and  bydroeliloric  acid  to  a  base,  which  soon 
changes  to  a  taxry  mass. 
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"Bromohoizyls. — Bcuzyl,  suspended  in  water  and  mixed  with  bromine,  yields  a 
pasty  mass  consisting  of  several  substitution-products.  On  dissolving  the  product,  deco- 
lorised with  soda-ley,  in  hot  alcohol,  dibromodibenzyl  crystallises  out  first,  while  the 
mouobrominated  compound  remains  in  solution. — Monohromodihcnzyl,  CH'^Br,  when 
purified  by  distillation,  is  a  colourless  viscid  oil,  having  a  specific  gravity  of  1'398  at 
9°.  It  solidifies  below  0°,  in  the  crystalline  form,  boils  at  a  temperature  above  310°, 
and,  like  the  following  compound,  is  not  decomposed  by  heating  to  140°  with  alcoholic 
solution  of  ammonia,  iodide  of  potassium,  or  cyanide  of  potassium. — Dihromodibemyl , 
CH-^Br'',  is  nearly  insoluble  in  cold  alcohol  and  benzene,  very  sparingly  soluble  in 
hot  alcohol,  melts  at  114° — 11  o°,  and  crystallises  in  colourless  prisms  or  needles. — 
rW4?-o;Morfii!ic?i.r^^,  C'^H"Br'' (or,  perhaps,  C"H'^Br.Br-),  is  formed,  together  with  di- 
bromodibenzyl, when  the  quantity  of  bromine  used  is  sufficient  to  cause  the  mass,  which 
is  pasty  at  first,  to  become  solid  and  friable.  It  is  still  less  soluble  in  alcohol  than  the 
dibrominated  compound,  and  in  the  piu-e  state  forms  nacreous  laminae,  which  decom- 
pose at  170°,  without  previous  fusion. — Hc3:hromodihcn:yl,  CH'^Br",  is  obtained  by 
bringing  dibromodibenzyl  in  contact  with  excess  of  bromine,  and  recrystallising  the 
product  from  benzene,  in  hard,  colourless,  well-defined  prisms,  nearly  insoluble  in  al- 
cohol. 

Bromide  of  Baizyl,  or  Bibromidc  ofDibcn:yl,  C'''H"Br-. — -This  compound  is  formed, 
together  with  monobromobenzyl, by  adding  bromine  to  an  ethereal  solution  of  benzyl; 
and  crystallises  in  colourless  silky  needles,  not  fusible  without  decomposition.  It 
dissolves  in  boiling  alcohohc  potash,  with  formation  of  monobromodibenzyl.  (Micli- 
aelson  and  Lippmann  ;  Fittig.) 

Hitrohenzyl,  or  Dinitrodibcmyl,  C'*II'-(NO^)". — Fuming  nitric  acid  acts 
violently  on  benzyl,  even  in  the  cold,  converting  it  into  two  isomeric  nitro-compounds, 
which  may  be  separated  from  one  another  by  crystallisation  from  alcohol.  The  hot 
saturated  solution  first  deposits  long  slender  needles  of  nitrobonzyl,  insoluble  in 
water,  only  slightly  soluble  in  hot  alcohol,  ether,  chloroform,  or  benzene,  and  melting 
at  106° — 107°.  The  mother-liquor,  when  concentrated,  deposits  the  more  soluble  iso- 
■nitrobmzyl,  partly  in  crystalline  nodules,  partly  as  a  thick  oil.  This  compound 
crystallises  from  alcohol  in  extremely  fine  needles,  which  form  a  bulky  woolly  mass 
when  dry,  and  melt  at  74° — 75°.  These  nitro-compounds  are  reduced,  by  tin  and 
hydrochloric  acid,  to  the  corresponding  amido-compounds  (p.  870). 

Nitrobro7nobcnzyl,  C"II"'(NO-)-Br^,  is  produced  by  dissolving  bromobenzyl  in  warm 
fuming  nitric  acid.  When  purified  by  washing  the  crystals  which  separate  on  cooling, 
with  hot  alcohol,  and  recrystallising  the  undissolved  powder  from  benzene,  it  forms 
well-developed  sword-shaped  crystals,  which  molt  at  204° — 205°,  are  nearly  insoluble 
in  hot  alcohol,  more  soluble  in  hot  benzene. 

TO]:.VIiilCETAnaXS£:,  or  BENZYXiACSXAnSIDE,  C°H>>NO^  = 
C'll'  ) 

C^H'O  N,  or  ACETOTOX.irXDE,  C'H''(C'H^O).NH-.    (Kiche  and  B^rard,  Ann. 
H  j 

Ch.  Pharm.  cxxix.  77;  Jahrcsb.  1863,  p.  428. — Stadeler  and  Arndt,  Jahresb. 
1864,  p.  426.) — This  compound,  homologous  with  phenylacetamide  (iv.  418),  is  pro- 
duced by  distilling  1  at.  toluidine  with  1  at.  acetic  acid,  and  remains,  on  treating  the 
last  portion  of  tho  distillate  with  acidulated  water,  as  a  white  residue  melting  at  145° 
(Riche  and  Berard).  It  is  likewise  formed  in  the  manufactiu'e  of  aniline  by  reduc- 
tion of  commercial  nitrobenzene  with  iron  and  acetic  acid.  The  viscid  oils  which  pass 
over  towards  the  end  of  the  operation,  contain  a  solid  body  whicb,  when  purified  by 
pressure  between  paper  and  repeated  crystallisation,  exhibits  the  composition  of 
acetoluide  (Riche  and  Berard).  Stadeler  and  Arndt  found  the  solid  mass,  obtained 
by  repeated  distillation  of  crude  commercial  aniline  with  glacial  acetic  acid,  to  consist 
chiefly  of  acetanilide  and  acetoluide.  The  latter  was  separated  by  solution  in  strong 
sulpluu'ic  or  acetic  acid,  precijatation  with  water,  and  crystallisation,  or  sublimation  in 
a  stream  of  carbonic  anhydride. 

Acetoluide,  when  sublimed  or  quickly  crystallised,  forms  small  slender  needles  like 
sublimed  benzoic  acid;  by  slow  crystallisation,  it  is  obtained  in  longer  and  thicker 
brittle  needles.  It  is  tasteless,  and  at  ordinary  temperatures  inodorous,  melts  at  145° 
— 145'5°,  evolving  aromatic  cough-exciting  vapours,  and  boils  at  310° — 350°.  It  is 
sparingly  soluble  in  cold  water  (in  1780  pts.  6-5^),  easily  soluble  in  boiling  water,  also 
in  alcohol  and  ether.  It  dissolves  in  concentrated  acids,  and  is  precipitated  therefrom 
by  water — not  decomposed  by  boiling  with  dilute  acids,  or  with  aqueous  alkalis 
(Stadeler  and  Arndt).  According  to  Riche  and  Berard,  il^  is  slowly  decom- 
posed by  boiling  with  aqueous  potash,  and  quickly  by  distillation  over  fused  potassium- 
hydrate,  into  toluidine  and  acetic  acid  ;  the  same  decomposition  is  easily  produced  by 
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alcoholic  potash  (Stadeler  and  Arndt).  Its  solution  in  strong  sulphuric  acid  acqxiires 
a  fine  green  celour  on  addition  of  potassic  chromate.    (Stadeler  and  Arndt.) 
TOXiTXiAMZN'E.    Sj-n.  with  Benztlamute  (p.  867). 

TOX.'S'Z.A.NlX.ZNi:.  C''H'(C'H').NH-.— A  base  isomeric,  if  not  identical,  with 
phenyltoluidine  (iv.  454  ;  v.  866). 

TOXiTX.BEN'ZAnKZSZ:,  BEM'ZTI.BEM'Zil.KZDE,  or  BBXI'ZOTOX.irinE, 

C"H"N  =  C'H'.C'H'^O.HN  =  C'H«(C"H'0).XH-.  (Jaillard,  Conipt.  rend.  Ix. 
1096  ;  Jahresb.  186-5,  p.  428.) — Prepared  by  treating  chloride  of  benzoyl  vrilh  tolui- 
dine,  washing  tho  resulting  hard  mass  with  acidulated  water,  and  dissolving  it  in 
boiling  alcohol  of  90  per  cent.  It  then  crystallises,  on  cooling,  in  long,  colourless,  and 
inodorous  needles,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether.  It  melts 
at  100°,  and  volatilises  without  decomposition  at  232^.  When  heated  with  alkalis,  it 
is  resolved  into  benzoic  acid  and  toluidine. 

TOZ.TIiCil.RBAiaXSE,  BEN'ZTX.CABBAniXBE,  or  CARBOTOXiITZSE. 

(CO)-] 

C^H'WO    =    C'H'  ■^'^.—Benzyl-urea  (Sell,  Chem.  Soc.  J.  xvi.  190;  Jahresb. 
W  ) 

1865,  p.  426)  separates,  on  mixing  a  hot  aqueous  solution  of  toluidine-sulphate  with 
a  recently  prepared  solution  of  potassium-cyanate,  in  white  needles,  whicli  liave  a 
sweetish  taste,  dissolve  sparingly  in  cold,  easily  in  hot  water,  also  in  alcohol  and  in 
ether,  and  are  resolved,  at  158"^,  into  ammonia  and  ditolylcarbamide.  It  is  related  to 
the  isomeric  compound  obtained  by  Noad  from  nitrotolylamide,  in  the  same  manner 
as  the  true  phenyl-urea  to  tho  compound  which  Chancel  obtained  by  reduction  of 
nitrobenzamide    (See  Caebamides,  i;  754,  755.) 

Tolyl-ethylcarbamide,  C'°H'<N=0  =  (C0)"(C'H')(C2ff)H=N=,  is  obtained  by 
direct  combination  of  toluidine  with  ethylic  cyanate,  and  separates  from  a  boiling  mix- 
ture of  alcohol  and  water,  in  white  crystals.  It  is  insoluble  in  water,  but  soluble  in 
alcohol.   (Sell,  loc.  cit.) 

Ditolylcarbamide,  C'-W^-O  =  (CO)"(C"H")-HW,  is  produced  by  boiling  an 
alcoholic  solution  of  ditolylsulphocarbamide  with  mercuric  oxide,  as  long  as  mercuric 
sulphide  is  thereby  separated.  The  filtered  solution  yields  ditolylcarbamide  in  white  crys- 
tals. It  is  likewise  obtained,  together  with  the  products  of  decomposition  of  ordinary  urea, 
by  the  dry  distillation  of  monotolylcarbamide.  It  is  insoluble  in  water,  easily  soluble 
in  alcohol,  and  is  decomposed  by  strong  sulphuric  acid,  in  the  manner  shown  by  tho  equa- 
tion, into  tolylsidphamic  or  sulphotolylamic  acid,  carbonic  anhydride,  and  water  (p.  527): 

C'=H'WO  +  2H'S0«    =    2(C'H'X.S0')  +  CO'  +  H^'O. 

(csy  ) 

Bitolylsulphocarbamide,  C'^H'^N^S  =  (C'H')' t  N%  is  obtained  by  warming 

.  .       .     H=  i 

a  concentrated  alcoholic  solution  of  toluidine  with  an  equal  volume  of  carbonic  disul- 
phide,  not  above  80°,  till  tho  evolution  of  sulphydric  acid  ceases,  distilling  off  tho 
excess  of  carbonic  disulphidc,  and  recrystallising  the  remaining  crystalline  mass  from 
alcohol.  It  is  insoluble  in  water  and  in  cold  alcohol,  has  a  bitter  taste,  and  forms 
large  acuminated  prisms,  which  molt  at  lGt°,  and  sublime  without  decomposition.  (Sell.) 

TOX.TZ.-BXPHEN'TX.-ROSiiNZX.IIS'E.    See  Phexyiamixes  (iv.  473). 

TOX.YXiBN'E.    C"H«.— Syn.  with  Benztlene  (i.  577). 

TOX.-S-X.ElirE.Z>ZAIVIZIirE.    C"H'»X'  =  (^^°)  "|n'.    (Hofmann,  Proc.  Eoy. 

Soc.  xi.  518.) — This  base,  first  obtained  as  a  by-product  in  Colin's  aniline  factory 
at  Paris,  is  prepared  by  distilling  dinitrotolueno  with  a  mixture  of  iron-filings  and 
acetic  acid.  When  recently  prepared,  it  forms  crystals  which  become  slightly  coloured 
on  exposure  to  the  air,  but  may  bo  rendered  colourless  again  by  treatment  with 
animal  charcoal.  It  melts  at  99°,  and  distils  without  decomposition  at  about  280°. 
It  is  dissolved  in  considerable  quantity  by  boiling  water,  and  separates  on  cooling  in 
needles,  sometimes  an  inch  long.  It  is  easily  soluble  in  alcohol  and  ether.  Its  solutions 
havo  an  alkaline  reaction. 

Hydrohromate  of  tolylcnc-diamiirc,  C"II"'N'.2HBr,  forms  short  needle-shaped  ciys- 
tals,  soluble  in  water  and  in  alcoliol. — Tlie  hydrocMnraic  is  easily  soluble  in  water, 
even  at  ordinary  temperatures,  but  crystallises  easily  from  strong  hydrocliloric  acid. — 
The  chloroplaHnate  forms  yellow  neodIi\s,  very  easily  soluble  in  water. — The  sulphate, 
C'H'"N-.ir-SO\  forms  long  wcll-dofiued  noodles,  wliich  become  reddish  on  exposure  to 
tho  air. 

Tolylcno-diamino,  treated  with  ocnanthol,  forms  diccnanthylidcue-tolylene- 
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diamine,  C-'H"N-  =  (C'H'*)-(C'II'')"N',  as  a  heavy  non-basic  oil,  soluble  in  alco- 
hol, but  insoluble  in  ■water.    With  bitter-almond-oil,   in  like  manner,  it  yields 

dibonzylidene-tolylene-diamine,  C-'H'»N-  =  (aC'ff)"(/3C'H'')"m  (Schmidt, 
Jahrpsb.  1865,  p.  429.) 

TOXiTXiEM'E-'XRIiLnzm'SS.  (DeLaire,  Girard,  and  Chapoteaiit,  Compt. 
rend.  Ixiii.  904  ;  liv.  416.) — Hol'mann  has  shown  that  rosaniline  (iv.  468)  has  the 
composition  of  ditolyleue-phenylone-triamine,  (C'H'')^(C"H')H'N',  being  formed  by 
elimination  of  6  at.  hydrogen  from  a  mixture  of  2  at.  toluidine  and  1  at.  aniline. 
Other  bases  of  similar  constitution  may  be  obtained  by  the  action  of  oxidising  or  dehy- 
drogenising agents  on  toluidine,  aniline,  and  mixtures  of  the  two  : 

o.  Tritolijlcne-triaminc,  or  Chrysotoluidinc,C-^WW  =  ^  -^3'  5N',  is  a  yellow 
base,  resulting  from  the  oxidation  of  3  at.  toluidine  : 

3(C'H')H-N  -  H»    =  (C'H«)3H'Nl 

(8.  Triphmylcnc-triamine,  or  Violanilinc,  C'lI'^N'  =  ^  ^  N',  is  a  violet  base, 

formed,  in  like  manner,  from  3  at.  aniline. 

(C«'H')n 

y.  Dij)henyIcne-tolylene-rosanilinc,  or  Mauvaniline,  C'°II"N'  =  (C'H")"  I     — This 

) 

base  is  formed  (together  with  violanilinc  and  a  small  quantity  of  rosaniline)  when  the 
aniline  used  is  not  quite  free  from  toluidine: 

2(C«H=)H-N  +  (C'H')H-N  -  3H'    =  (C"H<)-(C"n'*)HW. 

Aniline.  Toluidine.  Mauvaniline. 

Mauvaniline  is  a  crystallised  base  of  light-brovni  colour,  becoming  darker  when 
heated.  The  crystals  are  hydratod,  containing  2C"'H"N^H-0.  They  retain  their 
water  at  120° — i30°,  and  give  it  up  only  at  a  temperatiire  at  which  they  begin  to 
decompose. 

Mauvaniline  is  soluble  in  alcohol,  ether,  and  benzene,  insoluble  in  cold,  very 
soluble  in  boiling  water.  It  dissolves  in  acids,  forming  crystallisable  salts,  whicli 
have  a  bronze-green  reflex,  like  those  of  rosaniline.  They  are  slightly  soluble  in  cold, 
moderately  soluble  in  boiling  water,  and  in  strongly  acidulated  water.  They  rival  the 
salts  of  rosaniline  in  tinctorial  power,  imparting  a  fine  mauve  colour  to  silk  and  wool. 

Violanilinc,  mauvaniline,  rosaniline,  and  chrysotoluidine,  form  an  arithmetic  series, 
w-hose  common  difference  is  CH-.  The  formation  of  violanilinc,  m.auvaniline,  and 
chrysotoluidine  being  strictly  analogous  to  that  of  rosaniline,  these  bodies  may  also 
bo  expected  to  result  from  the  oxidation  of  commercial  aniline.  It  is  well  known, 
indeed,  that  the  quantity  of  rosaniline  obtained  in  the  preparation  on  the  kirge  scale 
is  consideraljly  less  than  that  which  corresponds  to  the  quantity  of  aniline  and 
toluidine  transformed,  and  that  there  is  produced,  at  the  same  time,  a  quantity  of 
resinous  matter,  of  violet  to  brownish-yellow  colour,  and  possessed  of  basic  properties. 
This  resinous  matter  is  a  mixture  of  several  compounds,  extremely  difficult  to  separate, 
and  doubtless  consisting  in  great  part  of  the  three  homologues  of  rosaniline  just  men- 
tioned. The  authors  have,  in  fact,  detected  mauvaniline  in  the  residues  of  the  prepara- 
tion of  rosaniline-salts ;  they  likewise  attribute  the  decided  violet  tint  exhibited  by 
certain  commercial  aniline-reds  to  the  presence  of  mauvaniline,  and  the  yellow 
tint  sometimes  observed  in  commercial  rosaniline-salts  to  admixture  of  chrysotoluidine. 

5.  The  three  atoms  of  typic  hydrogen  in  each  of  the  bases  above  mentioned  may  bo 
replaced  by  alcohol-radicles,  ethyl,  methyl,  phenyl,  tolyl,  &c.,  forming  derivatives 
analogous  to  triethyl-  and  triphenyl-rosaniline  (iv.  471,  472),  and  obtainable  by  simi- 
lar methods. 

€.  The  secondary  monamines,  diphenylamine,  ditolylamine,  methyl-phcnylamine, 
&c.,  subjected  to  the  action  of  dehydrogenising  agents,  likewise  give  off  6  at.  hydro- 
gen, and  yield  substituted  triamines  of  rosiiniline,  chrysotoluidine,  and  violanilinc  ;  e.g. : 

3(C'H')H^N  -  H=    =  [c'H'Pi^'- 

Ditolylamine.  Tiitolvl  chryso- 

tohi  idine, 

TOXaTXi-ETHVXi-ITIlEA.    Syn.  with  Tolyl-ethyl-caebamide  (p.  872). 

T0I.VI.-PHX:N"S'X.AMIN'Z:.    Syn.  with  ToLYL.iNiLiNE  (iv.  454). 

TOZiYX.SA.IiZCYZ>AnSISZ:.  Tliis  name  isgiven  by  Jaillard  (Compt.  rend.  Is. 
1096)  to  a  compound  oblainrd  l.y  healing  a  mixture  of  toluidine  and  salicylol  to  50°, 
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and  crystallising  the  product  from  hot  alcoliol.  It  forms  yellow  crystals,  inodorous, 
insoluble  in  water,  soluble  in  alcohol  and  ether,  melts  at  100°,  volatilises  at  a  higher 
temperature,  and  is  decomposed  by  alkalies.  According  to  Jaillard,  it  has  the  same 
composition  as  tolylbenzamide,  C'^H'^NO,  and  its  hydi-ochlorat©  gives,  with  platinic 
chloride,  a  double  salt,  containing  2(C'^H"X0.HCI)Pt.Cl'. 

TOXiVXiSvcczNinixsz:,  or  svcciiiroTOX.TTxi}x:.  C"H"NO-  = 
^^C^H''''  1^  =  C-H5(C<H'0^)".NH-.— This  compound  is  formed  by  melting  equal 
weights  of  succinic  acid  and  toluidine,  and  crystallising  the  cooled  mass  from  boiling 
water.  It  volatilises  without  decomposition,  dissolves  easily  in  hot  water,  alcohol,  and 
ether,  and  separates  from  solution  in  colourless  crystals. 

Bitolylsuccinamide,  CH^N'O*  =  (C'H'O-)"  ^N-,  is  the  portion  of  the  above-men- 

) 

tioned  product  insoluble  in  hot  water;  it  crystallises  from  hot  alcohol.  (Sell.) 

TOZ.TZ.SVX.PHUROUS  BROIWISE  and  CHX.ORXBE.    Syn.  with  ToLU- 

ENE-SULPHOBEOJIIDE  and  ToLUENE-SULPHOCHLOBIDE  (p.  859). 

TOIiVXiSTJXPHVBOUS  HYDRIDE.  SjTi.  with  ToLrENE-suxPHrBOUS  Acid 
(p.  860). 

TOIiTIi-THXOSXN'AKIXI'E.  By  heating  toluidine  with  oil  of  mustard  to 
100°  for  several  hours,  a  mass  is  formed,  which  solidifies  in  laniinse  on  coohng,  and 
may  be  purified  by  recrystallisation  fi-om  alcohol.  It  is  inodorous,  insoluble  in  water, 
easily  soluble  in  alcohol  and  ether,  melts  at  100°,  and  is  converted,  by  oxide  of  lead  or 
mercury,  into  a  non-sulphuretted  compound,  which  crystallises  in  needles.  (Jail- 
lard.) 

TOniBAC.  An  alloy  of  copper  and  zinc  containing  about  SO  per  cent,  copper. 
(S'^e  Copi'Eu,  Alloys  of,  ii.  47,  49.) 

TOniBAZXTE.  Breithaupt's  name  for  a  variety  of  nickel-glance  from  a  mine 
near  Lobenstein. 

TONKA-BEAM'S.  The  fruit  of  Diptcrix  odorata,  a  leguminous  tree,  indigenous 
in  Guiana.  They  are  about  the  size  of  a  large  almond,  rather  cylindrical  than  flat, 
and  pointed  at  both  ends.  The  outer  shell  is  dark-brown,  wrinkled,  and  lias  a  fatty 
lustre.  The  beans  have  an  aromatic  bitter  taste,  and  a  very  agreeable  odour,  like  that 
of  melilot  and  woodruiF.  They  contain  coumarin  (ii.  93),  and  a  fixed  oil,  besides  sugar, 
gum,  starch,  malic  acid,  salts,  and  woody  fibre  (BouUay  and  Boutron-Char- 
lard,  J.  Pharm.  xi.  426;  ihid.  [3]  vii.  160).  They  are  used  as  a  perfume,  especially 
for  snuff. 

The  so-called  English  tonka-beans  (from  Dipterix  oppositifolia)  are  rather  smaller 
and  darker,  but  otherwise  not  essentially  different  from  those  just  described. 

TOPAZ.  Physalitc.  PyrophysaUtc.  Pycnitc.  Schorlartigcr  Beryl.  Stangen- 
stcin. — A  tribasic  silicate  of  aluminium,  Al'O'.SiO^,  having  part  of  tlio  oxygen  replaced 
by  fluorine.    It  occurs  in  trimetric  crystals,  exhibiting  the  combination  P  .  ocP, 

00^2,  like  fig.  265  (ii.  147),  also  with  the  basal  face  oP,  and  the  face  2f  co  replacing 
the  terminal  edges  between  P  and  P ;  frequently  also  with  other  faces  subordinate. 
Axes  a:b:c  =  0-5285  :  1  :  0-4770.    Angle  P  :  P  (brach.)  =  141°  0' ;  P  :  P  (macr.) 

=  101°  40' ;  P  :  P  (basal)  =  87°  18'.  The  crystals  are  usually  hemimorplious,  the 
extremities  being  unlike.  Cleavage  very  perfect  parallel  to  the  base.  The  mitieral 
also  occurs  granular,  coarse  or  fine.  Hardness  =  8.  Specific  gravity  =  3-4 — 3-65. 
Lustre  vitreous.  Colour  yellow,  white,  groon  or  blue  ;  p:de.  Streak  uncolonred. 
Transparent  to  subtranslucent.  Fracture  subconchoiVlal  to  uneven.  Pyroelectric. 
Before  the  blowpipe  on  charcoal,  it  does  not  fuse,  but  when  strongly  heated  becomes 
covered  with  small  blisters,  which  crack  as  soon  as  formed.  The  pale-yellow  varieties 
become  colourless  when  heated,  the  dark-yellow  become  rose-red  or  hyacinth-red. 
■\V'lion  strongly  heated  iu  a  glass  tube  with  microcosmic  salt,  it  exhibits  "the  fluorine 
reaction.  With  borax  it  slowly  fuses  before  the  blowpipe  to  a  colourless  glass; 
with  microcosmic  salt  it  forms  a  silicious  skeleton,  the  bead  becoming  op.ilescent  on 
cooling;  with  carbonate  of  sodium  it  forms  a  tumid,  semitransparent  slag;  with  a  large 
quantity  of  the  sodium-salt,  a  tumefied  infiit-ible  mass.  It  is  insoluble  in  acids;  and 
when  digested  for  some  time  with  strong  sulphuric  acid,  it  gives  off  hydrofluoric  acid. 

The  analyses  of  topaz  from  Fahlun  in  Sweden,  and  Trumbull  in  Connecticut,  by 
Forchhammer  (J.  pr.  Chem.  xxix.  294  ;  xxx.  400).  give  from  34  39  to  3ii  fi6  percent, 
silica,  54-88  to  5d-9(i  alumina,  and  about  17  percent,  fluorine,  showing  lliat  topaz  may 
bo  regarded  as  a  mixturoor  compound  of  tribasic  aluMiinhim-silicate  with  silico-aluminic 
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fluorido  in  the  proportion  represented  by  the  formula  (2APF^.SiF').5(APO'.SiO'). 
The  older  analyses  by  Berzelius,  Vauquelin,  and  Klaprothgave  the  amount  of  fluorine 
about  3  per  cent,  too  low. 

Topaz  oeciirs  in  gneiss  or  granite,  with  tourmaline,  mica,  and  beryl,  occasionally  with 
apatite,  fluor-spar,  and  tin ;  also  in  talcose  rock,  as  in  Brazil,  with  euelase,  &c.,  or  in 
mica-slate.  Fine  topazes  come  from  the  Ural  and  Altai  Mountains,  from  Miask  in 
Siberia,  and  from  Kamtschatka,  of  green  and  blue  colours  ;  from  Villa  Rica  in  Brazil, 
of  deep  yellow  colour ;  blue  crystals  occur  at  Cairngorm,  Aberdeenshire,  and  in  the  tin- 
mines  of  Schlackenwald,  Zinnwald,  and  Ehrenfriedersdorf ;  smaller  crystals  also  at 
Schneckenstein  and  Altonberg  iu  Saxony,  and  on  the  Mourno  Mountains  in  Ireland. — 
Pycnite  is  a  massive,  subcolumnar  variety  of  topaz  from  Altonberg,  Schlackenwald, 
Zinnwald,  and  Kongsberg. — Phi/sa/ite,  or  Pyrophysalite,  is  a  coarse  nearly  opaque 
variety,  which  intumesccs  when  heated.  It  is  found  in  yellowish-white  crystals,  of 
considerable  size,  at  Fossum  in  Norway,  and  at  Finbo  and  Broddbo  in  Finland  ;  a  crys- 
tal was  found  in  this  last  locality,  weighing  eighty  pounds.  Topaz  occurs  in  the  United 
States,  at  Trumbull  and  Middletown  in  Connecticut,  and  at  Crowdor's  Mountain, 
North  Carolina. 

The  finer  varieties  of  topnz  ai-e  much  valued  as  gems.  The  best  crystals  are  brought 
from  Minas  Geraes  in  Brazil.  The  coarse  varieties  may  bo  employed  as  a  substitvito 
for  emery. 

TOPAZ  BOCX.  This  name  was  applied  by  Werner  to  a  rock  composed  of  quartz, 
tourmaline,  lithomarge,  and  topaz,  forming  a  considerable  vein  iu  the  mica-slate  of 
the  Saxon  Voigtland. 

TOPAZOIiXTE.    A  name  sometimes  applied  to  yellow  garnet. 

TORBAIflTB,  or  TORBAITE  BXIiXi  nUM-ERAZ..    See  CoAX  (i.  1033). 

TOKBERXTE.    See  UnANiTE. 

TORnXEITTXIiIiA.  The  roots  of  Tormentilla  erecta  were  formerly  used  in 
medicine  as  Bed  tormentilla.  They  contain,  in  the  fresh  state,  from  5  to  6  per  cent, 
of  a  tannin,  which,  according  to  Stenhouse,  forms  a  dark-green  precipitate  with  feiTous 
sulphate,  bluish-red  with  ferric  acetate;  it  is  also  precipitated  by  gelatin  and  by  tartar- 
emetic.  It  has  been  proposed  to  substitute  this  root  for  that  of  rhatany  for  use  in 
medicine. 

The  leaves  of  the  plant  contain,  according  to  Sprengel,  63  per  cent,  water,  33  dry 
vegetable  substance,  and  4  ash.  The  ash  contains,  in  100  pts.,  12-0  per  cent,  potash, 
3'0  soda,  2'2'7  lime,  2'3  magnesia,  10'3  ferric  oxide,  5'1  alumina,  41'4  silica,  2'0  sul- 
phuric anhydride,  0'5  phosphoric  anhydride,  and  0'8  chlorine. 

TORPEDO.  The  electric  organ  of  the  Torpedo  Galvanii  has  been  examined  by 
Schulzo  (Jahresb.  1859,  p.  622).  The  aqueous  extract  contains  a  proportionally 
large  quantity  of  urea  and  calcic  phosphate,  together  with  creatinine,  syntonin,  an 
organic  body  precipitable  by  tannin,  and  several  compounds  precipitable  by  chloride  of 
zinc — some  in  the  crystalline,  others  in  the  syrupy  form.  Eespecting  the  electric  pro- 
perties of  the  torpedo,  see  Electricity  (ii.  476). 

The  name  torpedo  is  likewise  applied  to  explosive  engines,  which  are  sunk  in  tho 
water  of  harbours,  and  fired  by  electricity  on  tho  approach  of  a  hostile  vessel. 

TORREXiITE.    Syn.  with  Niobite. 

TORKXCEZ.XiXAXI'  VACUirM.  The  space  above  the  mercury  in  a  barometer- 
tube,  which  is  free  from  air,  but  contains  vapour  of  mercury  ;  the  tension  of  this 
vapour,  however,  is  imperceptible  at  ordinary  temperatures. 

TOUXiOUCOUn-A  or  TtriXTCXXNA  Oil..    Syn.  with  Carapa  Oil  (i.  749). 
TOUIiOURON  OII^.    A  brown  train-oil  obtained  from  Pagurns  Latro,  and  used 
by  the  negroes  of  Senegal  as  a  remedy  for  rheumatism. 

TOTTRMAXiXM'E.  Schorl.  EidjcJlitc.  Indicolitc.  Aphrisite.  Aphrite.  Zcuxitc. 
— A  well-marked  group  of  rhombohcdral  double  silicates,  cliaracterised  geometrically 
and  physically  by  hemimorphism  and  pyroelectrieity,  and  chemically  by  the  presence 

of  boracic  acid.  Tho  crystals  usually  exhibit  the  combination  ocP2  .  '—-^  terminated 

by  R  and  other  rhombohedrons.  The  primary  form  may  be  assumed  to  be  a  rliom- 
bohcdron  R,  having  the  principal  axis  equal  to  0-4472,  and  the  angle  E  :  R  in  the 
terminal  edges  =  133°  10';  but  the  magnitude  of  tho  angle  differs  to  a  certain  ex- 
tent in  tho  several  varieties.  The  crystals  exhibit  traces  of  cleavage  parallel  to  E. 
They  are  brittle,  with  subeonchoi'dal  to  uneven  fracture. 

Hardness  =  7  to  7'5.  Specific  gravity  =  2-94  to  3-3.  Lustre  vitreous.  Colour 
black,  brown,  blue,  green,  red,  or  white;  some  specimens  are  red  internally,  and 
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green  external]}';  otlicrs  red  at  one  extremity,  and  green,  blue,  or  black  at  tho 
other.  The  crystals  exhibit  dichroism  (iii.  670).  Their  streak  is  uncoloured. 
They  are  transparent  to  opaque;  luilike  in  transparency  across  the  prism,  and  in  the 
line  of  the  axis.  Transparent  tourmalines  transmit  light  only  when  polarised  in  a 
plane  perpendicular  to  their  principal  axis  (iii.  655).  The  crystals  are  strongly  pyro- 
electric  (ii.  411). 

The  numerous  analyses  which  have  been  made  of  tourmalines  (for  which  see  Ram- 
melah  eTg' B  Mincralc?>£mie, -p-p.  6T3~679 ;  Dana's  Mineralogy,  ii.  272),  show  that 
these  minerals  contain,  as  protoxides,  magnesia,  ferrous  oxide,  manganous  oxide,  lime, 
lithia,  potash,  soda,  and  that  the  relative  proportions  of  these  bases,  especially  of  the  mag- 
nesia, ferrous  and  manganous  oxides,  vary  within  very  wide  limits :  hence  Raramels- 
berg,  to  whom  the  greater  number  of  those  analyses  are  due,  divides  tourmalines  into 
magnesium-tourmalines,  magnesium-iron  tourmalines,  iron-tour- 
malines, iron-manganese  tourmalines,  and  manganese-tourmalines; 
the  last  two  varieties  contain  lithia,  tlie  others  do  not.  The  sesqiiioxidcs  contained  in 
tourmalines  are  alumina,  and,  according  to  most  authorities,  likewise  ferric  and  man- 
ganic oxides;  according  to  A.  Mitscherlich,  however  (J.  pr.  Chem.  Ixxxvi.  1),  the 
iron  and  manganese  in  tourmalines  are  whoUy  in  the  state  of  protoxide.  All  tourma- 
lines likewise  contain  boric  oxide  or  anhydi-ide,  which  may  be  regarded  as 
replacing  part  of  the  alumina.  As  the  most  general  expression  of  the  composition  of 
tourmalines,  Eammelsberg  gives  the  formula : 

(2M-O.SiO=)  .  «(E=0»;B'0')SiO-, 

M  denoting  a  monatomie  metal  (2  at.  of  which  may  of  course  be  replaced  by  M"),  and 
R  a  triatomic  metal.  Most  tourmalines  contain  also  a  small  quantity  of  fluorine, 
which  (as  in  topaz)  may  be  regarded  as  replacing  part  of  the  oxygen.  For  the  full 
discussion  of  the  formula,  see  Rammelsberg  (loc.  cit.). 

Tho  following  are  examples  of  the  composition  of  the  several  varieties  of  tourma- 
line above  enumerated,  according  to  analyses  by  Rammelsberg: — 

a.  Magnesium-tourmaline,  from  Gouvemeur,  St.  Lawrence  County,  New  York  : 
brown;  specific  gravity  =  3'049. — b.  Magnesium-iron  tourmaline,  from  Texas, 
Lancaster  County,  Pennsylvania :  very  thin,  dark-green,  translucent ;  specific  gravity 
=  3"043. — e.  Iron-tourmaline,  from  Sonnenberg.  near  Andreasberg,  in  the 
Harz:  specific  gravity  =  3'243  (the  heaviest  tourmaline). — d.  Iron-manganeso 
tourma li ne,  from  Elba :  green,  often  reddish  or  blackish  at  one  end;  specific  gra- 
vity =  3-112. — e.  Manganese-tourmaline,  from  Paris,  in  tho  State  of  Maine: 
dark-red;  specific  gravity  =  3-019  : 


a. 

b. 

d. 

Fluorine  . 

2-28 

2-36 

1-64 

2-35 

2-58 

Phosphoric  anhydridi 

B  . 

0-20 

0-12 

0-27 

Silica 

38-85 

38-45 

36-51 

38-19 

38-33 

Boric  anhydride 

8-25 

8-48 

7-62 

7-39 

900 

Alumina  . 

31-32 

34-66 

32-92 

39-16 

4315 

Manganic  oxide 

4-74 

1-12 

Ferric  oxide 

1-27 

3-31 

8-13 

3-14 

Ferrous  oxide  . 

0-09* 

9-6'2t 

? 

Magnesia  . 

14-89 

9  U 

0-78 

1-00 

1-02 

Lime 

1-GO 

0-71 

0-72 

0-84 

Soda 

1-28 

2-00 

1-36 

2-40 

2-60 

0-74 

1-17 

Potash 

0-26 

0-73 

0-58 

0-34 

0-68 

Loss  by  ignition 

3-19 

3^30 

2-31 

3^8 

3-61 

The  colour  of  tourmalines  varies  according  to  their  composition  :  red  tourmalines 
(ruhcliite,  sihcritc,  daouritc,  apyrite)  are  those  whicli  contain  litiiium  and  manganese, 
with  little  or  no  iron  (manganese-tourmalines) ;  the  violct-bluo  and  green  vai-ieties 
generally  contain  lithium,  iron,  and  manganese  (iron-nianganese  tourmalines) ;  the 
black  {scliorl)  are  either  iron-  or  magnesium-iron  tourmalines  ;  tho  yellow  and  brown 
mostly  magnesium-tourmalines.  Hence  the  clicmical  characters  of  tourmalines  vary 
to  a  considerable  extent,  according  to  their  colour. 

Tourmalines  not  contjiining  lithia,  whcu  heated  before  the  blowpipe,  form,  with 
.strong  intumesouce,  and  more  easily  in  proportion  as  they  contain  more  iron,  white  or 
yellowish  masses,  which  afterwards  melt  to  white,  3-ellowisli,  or  grey  .slags.  Ileated 
with  fluor-spar  and  acid  sulphate  of  potassium,  they  give — like  all  other  tourmalines — 
ll\o  reaction  of  boric  acid.  Magnesium-iron  tourmalines  yield,  after  swelling  up>,  a 
white,  grey,  yellowish,  greenish,  or  brown  slag  ;  iron-tourmalines,  after  intumescence, 
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brown  or  bluek  slags ;  iron-mangancso  tourmalines  (the  dark-coloured  or  Llue)  melt 
before  the  blowpipe,  with  difficulty  and  slight  intumescence,  to  grey  or  brownish  slags, 
and,  when  heated  in  a  furnace,  bake  together  to  compact  dark-brown  masses.  Green 
tourmalines,  heated  before  the  blowpipe,  become  white  and  opaque,  melt  on  very  thin 
edges  to  an  enamel  covered  with  small  bubbles,  and  when  heated  in  a  crucible,  form 
porcelain-like  masses  without  fusing;  only  the  green  tourmaline  of  Brazil,  and  that  of 
Chesterfield  in  Massachusetts,  swell  up  before  the  blowpipe,  and  yield,  partly  a 
greyish-yellow  slag,  partly  an  unfused  violet-green  mass  ;  when  strongly  heated  in  a 
crucible,  they  form  an  opaque  brownish  slag.  Manganese-tourmalines  generally  exfo- 
liate before  the  blowpipe,  becoming  white  and  opaque,  and,  when  heated  in  a  crucible, 
sometimes  sinter  slightly  togetlier. 

At  a  strong  red  heat,  all  tourmalines  lose  several  percent,  of  their  weight,  in  conse- 
quence of  the  escape  of  silicic  fluoride,  and  perhaps  also  of  boric  fluoride.  It  is  only 
after  having  undergone  this  change  that  the  pulverised  tourmaline  can  be  decomposed 
by  hydrofluoric  acid  ;  whereas  this  acid  acts  but  slightly  on  the  original  tourmaline, 
and  other  acids  still  less  or  not  at  all.  According  to  v.  Kobell,  pulverised  tourmaline  is 
imperfectly  decomposed  by  sulphuric  acid  before  fusion,  almost  completely  after  fusion. 

Tourmalines  are  usvially  found  in  granite,  gneiss,  or  mica-slate ;  they  also  occur  in 
dolomite  or  granular  limestone,  and  in  sandstone  near  dykes  of  igneous  rocks.  Largo 
black  tourmalines  occur  in  Greenland  ;  at  Horlberg,  near  Bodenmais,  in  Bavaria  ;  at 
Karingbricka,  in  Sweden,  and  near  Bovey  in  Devonshire.  Small  brilliant  crystals, 
occurring  in  decomposed  felspar,  at  Andreasberg  in  the  Harz,  constitute  the  variety 
culled  aphritc.  liubellito  and  green  tourmalines  occur  near  Ekatherinenburg  in 
Siberia  ;  pink  crystals  are  found  in  Elba  ;  pale  yellowish-brown  crystals  in  talc  at 
Windsch-Kappell  in  Carinthia ;  green  at  Airolo,  in  Switzerland ;  white  specimens 
(nchro'ile)  come  from  St.  Gothard,  Siberia,  and  Elba.  Black  tourmalines  occur  with 
the  emery  of  Naxos.  Magnificent  red  and  green  tourmalines  have  been  found  at 
Paris,  in  the  State  of  Maine,  some  above  an  inch  in  diameter,  transparent  ruby-red 
within,  surrounded  by  green  or  red  at  one  extremity,  and  green  at  the  other.  (Res- 
pecting other  American  localities,  see  Dana,  ii.  274.) 

TOURMAIiINE,  ARTIPICIAI..  This  name  has  been  applied  to  sulphate  of 
iiidiiijuinine,  on  account  of  its  optical  properties.    (See  Quinine,  p.  2.5.) 

TOUIIIMCA.I.IN'E-ROCIC.  TOmiIWSAI.IN-E-SI.ii.TE.  Tourmaline  and 
quartz  are  found  united  in  rocks  like  mica  and  quartz,  and  thus  form  tourmaline-rock 
and  tourmaline-slate.  Tlie  former  is  a  crystallo-granular  mixtiu-e,  containing  also 
crystals  of  fels^jar ;  in  the  latter,  tourmaline,  varying  in  structure  from  acicular  to  gran- 
ular, occurs  in  alternate  layers  with  granular  quartz.  These  slates,  by  taking  up  mica, 
pass  into  mica-slate,  or  by  taking  up  felspar  into  gneiss  ;  the  mixtiu-e  called  tourma- 
line-rock passes,  in  like  manner,  into  tourmaline-granite.  (Ilandw.  d.  Chem.  viii.  1046.) 

TOWANITE.    Syn.  with  Copper-ptbites  (ii.  77). 

TRACHYDOZ.ERXTE.  This  name  is  applied  to  certain  rocks,  resembling  both 
trachyte  and  dolerite  in  external  appearance,  and  consisting  of  oligoclase  orlabradorite 
and  amphibole  or  augite,  with  more  or  less  magnetic  iron-ore.  The  mixture  is  tine- 
grained,  and  usually  forms  a  grey  or  brown  mass,  in  which  small  crystals  of  the 
above-named  minerals  are  imbedded.  Specific  gravity  =  27  to  2-8.  The  proportion 
of  silica  in  the  rock  is  from  60  to  60  per  cent.  On  the  trachydolerite  of  the  Sieben- 
gebirge,  see  De  iters  (Inaugura,l  dissertation  ;  De  connexu  inter  trachi/ten  ct  hasalten, 
i.\c..  Bounce,  1861  ;  Jahresb.  1861,  p.  1069);  on  that  of  Madeira  and  Porto  Santo, 
Gochius  (J.  pr.  Chem.  xciii.  129;  Jahresb.  1864,  p.  872). 

TRACHYTE.  A  felspathic  rock,  having  a  rough  surface  of  fracture,  and  usually 
consisting  of  a  fine-grained  or  compact  ground  mass  of  sanidin,  oligoclase,  albite,  or 
labradorite,  or  two  of  these  minerals  togetlier,  enclosing  crystals  or  crystalline  particles 
of  those  felspars,  also  of  amphihole  or  augite,  and  dark-coloured  mica.  When  the  fel- 
spathic ground-mass  is  decomposed,  the  rock  becomes  an  indurated  clay,  and  is  then 
sometimes  called  domite;  such  an  altered  trachyte  occurs  on  the  Puy-de-D6me. 
Nodules  of  trachyte,  bound  together  by  a  trachytic  cement,  form  trachy  te-conglo- 
merate  or  trachyte-breccia.  Trachyte- porphyries  are  trachytes  in  which  the 
ground-mass  is  more  or  less  compact,  and  the  imbedded  crystals  of  sanidin  are  more 
distinct  than  in  ordinary  trachyte;  the  rock  also  frequently  contains  brown  or  black 
crystals  of  mica,  and  sometimes  small  crystals  or  grains  uf  quartz.  On  the  trachytes  of 
the Eugenesian  Mountains,  near  Padua,  see  G.  v.  Ratli  (Jahresb.  1865,  p.  916);  on 
those  of  Auvergne,  Kossmann  {ibid.  918). 

TRAGACAN-TH.    See  Gum  (ii.  955). 

TBAGOPOCON'.    The  goat's-beard,  Tragopogon  pratcnsis,  a  composite  plant  of 
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the  suborder  Cichoraceo',  conUiins,  according  to  Sprongel  (J.  f.  techn.  Chein.  viii. 
363),  in  100  pts.  of  tlie  fresli  plant,  79'0  water,  19-9  organic  substance,  and  1-10  ash. 
The  ash  free  from  carbonic  acid  contains,  in  100  pts. : 

K20.  Na20.  CaO.  MgO.  Al^Q!'.  Fe^O^.  Mn^O^.  SiO^.  SO'.  P20\  CI. 
2-1-6        2-4        33'9       7'4       1-4       0-3       0-2       3-9       8-6       9-8  7-4 

TRArrSPIBATIonr.    A  term  applied  by  Graham  io  the  passage  of  gases  and 
liquids  through  capillary  tubes.    (See  G-ases,  ii.  820  ;  and  Liquids,  iii.  722.) 

TRAXrSVBATXOir.    A  physiological  term,  denoting  the  passage  of  liquids  from  ■ 
the  bloodvessels,  without  laceration  or  perforation,  into  closed  or  open  cavities  of  the 
Ijody,  into  the  parenchyma  of  the  organs,  or  sometimes  on  to  the  surface  of  the  body. 
(See  Serous  Fluids,  p.  235.) 

TRAP.  A  geological  term,  which  was  applied  to  melaphyre,  basalt,  dolerite, 
diabase,  gabbro,  &c.,  and  generally  to  more  or  less  compact,  dark-coloured,  eruptive 
rocks,  before  the  several  species  were  distinguished  according  to  their  constituents. 
Trap-porphyry  is  an  old  name  for  the  so-called  greenstone-porphyries,  melaphyres,  and 
phonolites. 

TRAP  A.  The  mineral  constituents  of  this  water-plant  and  of  the  water  of  a  pond 
near  Nurnberg, in  which  it  grows,  have  been  examined  by  Gorup-B esanez  (Ann. 
Ch.  Pharm.  cxviii.  220  ;  Jahresb.  1861,  p.  761). — A  is  the  composition  of  the  ash  of 
the  plant  gathered  in  June  (stem-leaves,  radical  leaves,  and  roots) ;  B,  that  of  the 
plant  gathered  in  May ;  C  that  of  the  fruit  (the  whole  in  percentages,  after  deduction 
of  charcoal  and  sand) ;  D,  the  composition,  in  100  pts.,  of  the  ignited  water-residue 
(amounting  to  0'8044  pt.  in  10,000  pts.  of  water)  : 


Ash 
per  cent. 

A.  1.5-92 

Si02. 

Fe'Oa 

Mn'O'. 

CaO. 

MgO. 

K20. 

Na^O. 

CI. 

S03. 

27-34 

23-40 

14-70 

17-65 

5-15 

6-06 

2-71 

0-46 

2-53 

B.  29-46 

28-66 

29-62 

7-57 

14-91 

7-66 

6-89 

1-41 

0-65 

2-73 

C.  7-75 

4-84 

68-60 

9-63 

9-77 

0-91 

1-26 

0-62 

0-41 

3-92 

D.    .  . 

1-90 

1-11 

0-15 

42-24 

18-08 

9-07 

9-21 

1-18 

17-03 

From  the  considerable  proportion  of  iron-  and  manganese -oxides  iu  the  ash  of  the 
plant,  and  from  the  different  proportions  of  the  several  constituents  in  the  plant-ash 
and  in  the  water,  Gorup-Besanez  concludes  that  water-plants  possess  the  power  of 
selecting  the  constituents  of  the  nutritive  matters  presented  to  them. 

TRASS.  A  volcanic  mass  resembling  pumice,  and  containing  silicates  decompos- 
ible  by  slaked  lime,  so  that  it  is  available  for  the  preparation  of  cements.  (See  Sili- 
cates OF  Calcium,  p.  251.) 

TRA'VERSEZi:bXTE.  A  name  applied  by  Scheerer  (Pogg.  Ann.  xciii.  109) 
to  certain  pseudomorphs  of  hornblende  after  augite  (regarded  by  him  as  paramorphs, 
iv.  360'),  occurring  at  Traversella  in  Piedmont.  These  pseudomorphs  are  remarkable 
for  retaining  the  form  of  the  augite  crystals,  while  the  substance,  in  consequence  of 
the  transformation,  has  acquired  a  fibro-crystalline  structure,  so  that  the  augitic 
crystals  are  made  up  of  parallel  fibres. 

TRffiVERTIWO.  Calcareous  tufa,  occurring  at  Tivoli,  Viterbo,  Ascoli,  and  other 
places  in  Central  Italy. 

TREHAIiA,  or  TRICAIiA.  A  substance  imported  from  Persia,  and  consisting 
of  the  hollow  cocoons  of  a  coleopterous  insect  (Larmus  rnaculatus).  The  larva  of  this 
insect  eats  the  branches  of  Echinops  persica,  for  the  sake  of  the  sugar,  starch,  and  gum 
contained  in  them,  and  afterwards  voids  these  substances  to  form  its  cocoon.  The 
organic  portion  of  trehala  consists,  according  to  Guibourt(J.  Pharm.  [3],  xxxiv.  81; 
Jahresb.  1858,  p.  485),  of  66-5  per  cent,  starch,  4-6  sparingly  soluble  gum,  28-9  sugar, 
and  bitter  principle.  The  sugar,  called  trehalose,  appears  to  be  identical  with  the 
mycose  of  ergot-of-rye  (iii.  1698).  The  starch  differs  from  that  of  the  potato,  being 
more  like  that  of  sago,  or  still  more  like  the  insoluble  portion  of  gum-tragacanth. 
Trehala  yields  4-6  per  cent,  ash,  of  which  3  pts.  are  soluble  in  water,  and  consist  of 
alkaline  carbonates,  sulphates,  and  chlorides,  with  small  quantities  of  phosphate  ;  1-4 
pts.  insoluble,  consisting  chiefly  of  calcic  carbonate  with  a  little  ferric  phosphate  ;  and 
0-2  sand.  Trehala  has  a  sweetish  taste,  swells  up  in  water,  and  is  converted  into  a 
thick  mucilaginous  paste. 

TREHAXiOSE.    See  Mycose  (iii.  1068). 

TREIVIEI>ZiA.  A  genus  of  gelatinous  alga?.  Tr.  mesenterica  was  found  by  Brandes 
to  contain,  in  the  dry  state,  84  pts.  of  a  substance  which  swelled  up  iu  water,  and 
5  pts.  of  a  peculiar  crystallisable  resinous  body,  called  t  re  me  11  in,  but  not  fui-ther 
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investigated.  Tr.  Nostoc  contains,  in  tho  frcsli  state,  97  per  cent,  water  and  2-5  dry 
substance;  tho  ash  consists  mainly  of  potassium-salts.  (Braconnot.) 

TRESXSIO'HEZIBITE.  A  name  given  by  Piddington  to  a  black,  scaly,  metallically 
lustrous  mineral,  probably  an  impure  graphite,  containing  85'7  per  cent,  carbon, 
together  with  earthy  matters,  sulphide  of  iron,  and  water.  (l)ana,  ii.  30.) 

TREMO^ITS.    A  subspecies  of  hornblende  (iii.  1G9). 

TBI.  In  this  Dictionary  the  syllable  ti-i,  prefixed  to  the  name  of  a  radicle  occurring 
in  any  compound,  denotes  that  the  compound  in  question  contains  three  atoms  of  that 
radiclo :  c.  </.,  trichloride  of  bismuth  =  BiCP;  trioxido  of  antimony,  Sb-0' ;  trisodic 
phosphate,  Na^PO' ;  triethylamino,  (C-H^)-'N,  &c.  The  prefix  ttr  is  often  used  in  the 
same  sense.    (See  Nomenclature,  iv.  125,  127.) 

Individual  tri-compounds  are,  for  the  most  part,  described  under  the  several  general 
headings:  o.  ff.,  trichloride  of  bismuth  under  Bismuth,  Cuxorides  of;  trisodic  pltos- 
under  Phosphates  of  Sodium;  <wi'%/a»iw!c  under  Ethyxamines,  &c. 

TRIAX.X.YK-SVI.PBIODZDE.  (C^H^)'SI.  TriaUyhulfiniodiir.—Th.is  com- 
pound is  obtained  by  heating  allylie  sulphide  with  methylic  iodide  in  prismatic  crystals, 
soluble  in  water,  and  forming  an  alkaline  liquid  with  silver-oxide.  (Cahours, 
Jahresb.  18G5,  p.  476.) 

TRXAnXTZ.-GX>YCEBXN-,    C'^ff'O'   =   ^(-,5jj,/^3 1  0',  appears  to  be  produced 

by  heating  1  vol.  acrolein,  3  vols,  amylic  alcohol,  and  0-5  vol.  acetic  acid,  to  110°  for 
twelve  hours.    It  is  decomposed  by  distillation.    (Alsberg,  Jahresb.  1864,  p.  495.) 
TRXAmYIiIBSM'E.    See  Tkioxamtlamine. 

TRIANOSPERIWii..  In  the  root  of  Trianosperma  ficifolia,  a  climbing  cucurl>i- 
tacoous  plant,  indigmous  in  Brazil,  Peckholt  (Arch.  Pharm.  |2],  cxiii.  104)  found 
a  drastic  bitter  principle  (toguyin),  a  small  quantity  of  a  body  slightly  soluble  in  alco- 
hol and  water,  insoluble  in  ether,  and  crystallising  in  pointed  needles  (trianospcrmin), 
and  another  {trianospcrmitin),  crystallising  in  white  grains,  soluble  in  other,  but 
insoluble  in  alcohol  aud  in  water,  besides  several  resins. 

TRICii.I.A.    Syn.  with  Trehala  (p.  878). 

TRICAPRONYI.AIVIZIiTE.     See  TEia?NANTHYXAMINE. 

TRXCA.RBAXI.YX.ZC  ACID.  CH'^O''  =  (C°ffO^)'  f  q,^  Maxwell  Simp- 
son, Proc.  Roy.  Soc.  xii.  2oG;  xiv.  77;  Chom.  Soc.  J.  xviii.  331. — Wichelhaus, 
Ann.  Ch.  Pharm.  cxxxii.  GO. — lllasiwetz,  Zeitschr.  Ch.  Pharm.  1864,  p.  734  ; 
.lahresb.  1864, p.  395.) — A  tribasic  acid,  formerly  called  carbaUylic  acid,  discovered 
by  Maxwell  Simpson,  who  obtained  it  by  the  action  of  potash  upon  allylie  tricyanide  : 

C^ff(CN)'  -4-  3KH0  +  m-0  =  C'H^K^O"  h  3NH'. 
Dessaignes  (Corapt.  rend.  Iv.  510),  by  treating  aconitic  acid  with  sodium-amalgam, 
obtained  a  peculiar  acid,  which,  however,  he  did  not  succeed  in  preparing  in  the  pure 
state  ;  and  this  acid  has  been  shown  by  Wichelhaus  to  be  identical  with  tricarballylic 
acid.  Lastly,  Hlasiwetz  has  obtained  the  same  acid  by  the  action  of  sodium-amalgam 
on  aconitic  ether. 

Preparation. — 1.  Prom  Allylie  tricyanide. —  1  at.  allylie  tribromide  and  3  at. 
pure  potassium  cyanide  are  heated  to  100°  in  a  closed  flask  for  sixteen  hours  with  a 
large  quantity  of  alcohol,  and  tlie  decanted  alcoholic  solution  is  bailed  with  potassium- 
hydrate  as  long  as  ammonia  is  evolved.  The  alcohol  is  then  distilled  off ;  the 
remaining  potassium-salt  decomposed  by  nitric  acid  ;  the  dried  mass  exhausted  with 
alcohol ;  and  the  acid  remaining  after  evaporation  of  the  alcohol,  first  converted  into 
.an  ammonium-salt,  then  into  tho  less  soluble  silver-salt.  By  decomposing  the  latter 
with  sulphydric  acid,  the  tricarballylic  acid  is  obtained  pure  (Simpson). — 2.  From 
Aconitic  acid. —  The  sodium-s.alt  obtained  by  the  action  of  sodium-amalgam  on 
aconitic  acid  is  precipitated  with  aeutate  of  lead  ;  the  washed  precipitate  is  decom- 
posed with  sulphydric  acid;  the  acid  thereby  liberated,  is  repeatedly  crystallised,  and 
then  converted  into  a  silver-salt,  to  free  it  from  obstinately  adhering  resinous  substance, 
and  this  salt  is  decomposed  by  sulphydric  acid  (Wichelhaus). — When  ethylic  aconi- 
tate  is  mixed  with  a  quantity  of  sodium-amalgam  (containing  0'8  per  cent,  sodium), 
sufficient  to  form  a  thick  unctuous  mass,  the  mixture  being  cooled  from  time  to  time, 
and  this  mass  is  treated  with  ether,  the  ethereal  solution  boiled  with  potash,  then 
neutralised  and  precipitated  with  acetate  of  lead,  a  lead-salt  is  obtained,  which,  when 
decomposed  by  sulphydric  acid,  yields  tricarballylic  acid.  (lllasiwetz.) 

Properties. — Tricarballylic  acid  forms  colourless  ciystals,  which  (according  to 
Miller's  determination)  are  trimetric,  and  exliibit  the  combination  ooPoo  .  ooP  .  ^foo 
.  ooI'2  .  2P2.    Angle  ooPoo  :  ^Poo    =  113°  34';  ^Pco  :  |f oo    =  131°  52';  ooPco 
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:  aP  =  134°  0';  ooP  :  coP  =  92°  0';  oofoo  :  oojP2  =  152°  38';  coPoo  :  2^2 
=  142°  19';  <»P:2?2  =  147°  37';  o=P2  :  2? 2  =  153°  1'.  The  crystals  cleave 
perfectly  parallel  to  ooPqo  .  The  acid  is  easily  soluble  in  water  and  in  alcohol,  spar- 
ingly soluble  in  ether,  and  has  an  agreeably  acid  taste.  It  resembles  succinic  acid  in 
not  being  decomposed  by  nitric  acid,  and  in  forming,  after  neutralisation,  a  red-brown 
precipitate  with  ferric  chloride;  but  it  is  distinguished  from  that  acid  by  melting  at 
158°,  and  decomposing  at  a  higher  temperature.  (Simpson.) 

Tricarballylates. — The  neutralised  solution  of  the  acid  gives  precipitates  with 
the  chlorides  of  barium  and  calcium  only  after  addition  of  alcohol. — The  barium-salt, 

C'^H'WO'^eH^O,  gives  up  its  water  at  130°  (Hlasiwetz).— The  calcium-salt, 

C'2H'»Ca'0'^.4H-0,  is  a  white,  amorphous,  slightly  soluble  powder. — The  cujpric  salt, 

C'=H'»Cu'0'2,  is  a  bluish-green,  the  lead-salt,  C"W>Y\?0^-,  a  white  precipitate.  The 
aqueous  solution  of  the  acid,  boiled  with  recently  precipitated  mercuric  oxide,  yields  a 
filtrate,  which  on  evaporation  deposits  white  crystals,  having  a  silvery  lustre. — The 
silver-salt  contains  CH'^Ag'O^ — The  sodium-salts  of  tricarbaUylic  acid  are  easily  solu- 
ble, and  difficult  to  crystallise. — The  disodic  salt  has  probably  the  composition 
C''H«Na^0''.2H=0.  (Simpson.) 

TRICiLRBA.X,X.YI.IC  ETHERS.    The  ethi/lic  ether,  ^^^y]^0\  is  formed  by 

passing  hydrochloric  acid  gas  into  a  solution  of  tricarbaUylic  acid  in  absolute  alcohol, 
and  distilling  the  product,  after  freeing  it  from  excess  of  alcohol.  It  is  a  colourless 
liquid,  boiling  between  295°  and  305°,  slightly  soluble  in  water,  and  having  a  sharp 
taste.  (Simpson.) 

The  amylic  ether,  ^  ^Q5-g-,,y  1 0^  prepared  in  like  manner,  is  a  heavy  oily  liquid, 
having  a  sharp  taste,  and  a  very  high  boiling-point.    (Si  mp  so n.) 

Glycerin-tricarballylic  acid,     (C^H*)'"  >  0^  ?,  is  formed  by  heating  tricarbaUylic  acid 

H'  ) 

with  twice  its  weight  of  glycerin  to  200°  for  several  hours.  On  neutralising  the  pro- 
duct with  baryta,  and  treating  the  salt  left  on  evaporation  with  absolute  alcohol,  to 
remove  the  excess  of  glycerin,  a  barium-salt  is  obtained,  which  appears  to  have  the 

composition     (C^H^)"'>-0^  (Simpson.) 
'Bal'W) 

TBICHiLXiCITE:.  Cu^As^0*.5H^0. — A  cupric  arsenate,  allied  to  tyrolite,  occur- 
ring in  stellate  groups  and  dendritic  crusts  on  fahl-ore  at  an  unnamed  locality  in 
Siberia. 

It  has  a  verdigris-green  colour  and  silky  lustre ;  hardness  =  2.  When  heated  in 
a  tube,  it  decrepitates  very  strongly,  gives  off  a  large  quantity  of  water,  and  becomes 
dark-brown.  The  dehydrated  mineral  melts  to  a  bead  on  charcoal,  in  the  outer  blow- 
pipe-flame ;  in  the  inner  flame  it  gives  off  arsenic  vapours,  and  is  reduced  to  granules 
of  copper.  It  dissolves  easily  and  completely  in  hydrochloric  and  in  nitric  acid, 
without  evolution  of  gas.    (E.  Hermann,  J.  pr.  Chem.  Ixxiii.  212.) 

TRICHOPITRZTE.  Syn.  with  Caplllary  Pyeites  or  Native  Sulphide  of  Nickbi, 
(iv.  42). 

TRICZiASITE.  Syn.  with  Fahltjnite  (ii.  615). 
TK.IDAC1U3VT.    Syn.  with  Thbidacium  (p.  788). 

TRZQECYI.,  HVSRISE  OP.  C'^H^'  =  C"'H".H.  Hydride  of  Cocinyl.—A. 
hydi-ocarbon  of  the  marsh-gas  series,  occurring  in  American  petroleum.  It  boils  at 
216° — 218°,  has  a  strong  turpentine-like  odour,  burns  with  a  very  smoky  flame,  and  is 
converted  by  chlorine  into  chloride  of  tridecyl,  C"H-'C1.  (Pelouze  and  Cahours, 
Jahresb.  1863,  p.  530.) 

TRIETHVai.GX.-SrCERIig',  or  TRIETH12-X.XXir.  C»H™0^  =  ^(Cm^y^  \  ~ 
This  compound,  which  Reboul  and  Lourcencjo  obtained  by  treating  diethyl-chlorhy- 
drin  with  sodiura-ethylate  (ii.  884),  is  likewise  produced  by  heating  1  vol.  acrolein, 
1  vol.  alcohol,  and  0'5  vol.  acetic  acid  to  100°;  also,  in  small  quantity,  by  gently  heating 
a  mixture  of  acrolein  and  alcohol  saturated  with  sulphurous  acid  gas  ;  but  in  this  case 
brown  resinous  products  are  likewise  formed. 

Triethylin  is  a  liquid  having  a  pleasant  ethereal  odour,  somewhat  soluble  in  water, 
boiling  at  186°,  and  of  specific  gravity  0-8955  at  15°.  (Alsberg,  Jahresb.  1865,  p. 
495.) 
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TBlETHTri.SUI.PHIWB.    Soo  the  next  nrlioie. 

TRIETHYIiSUXiPHUKOUS  COMPOUNDS.  (A.  v.  Oeffole,  Chem.  Sue. 
J.  xvii.  106;  Ann.  Cli.  i'hai'ni.  oxxxii.  82;  Jaliresb.  1864,  p.  478. — Cahours,  Ann. 
Ch.  Pbarm.  exxxv.  352;  cxxxvi.  151;  Jaliresb.  1865,  p.  476. — Duhn,  Ann.  Ch. 
Pharm.  Suppl.  iv.  83  ;  Jahresb.  1865,  p.  479.)— Ethylic  njonosulpliiJo,  (C'-II-'^fS,  and 
ethylic  iodide,  when  heated  together,  unite  and  lorm  triethylic  sulphiodido, 
(C-IP)'SI ;  this  compound,  decomposed  by  moist  oxide  of  silver,  yields  the  corresponding 
hydroxylato,  (C-'H^)''S(HO) ;  and  from  this,  which  is  a  strong  base,  the  correspond- 
ing chloride,  sulphate,  nitrate,  &c.,  may  be  prepared  in  the  usual  way.   (v.  Oeffele.) 

Bromide  and  chloride  of  ethyl  unite,  m  like  manner,  with  ethylic  sulphide,  but  less 
readily  than  the  iodide.  (Cahours.) 

Triethylic  sulphiodide  is  also  produced  by  the  action  of  ethylic  iodide  on  ethylic 
sulphydrate  (mercaptau),  or  of  hydriodic  acid  on  ethylic  sulphide  (Cahours),  thus  : 

C-'H'>.H.S  +  2C^H*I    =    (C=H^)'SI  +  HI. 
2(C-H*)-S  +  HI    =    (Cnp)»SI  +  C-H^H.S. 

Triethylic  sulphobromide  is  further  produced,  together  with  other  sulphobromides 
of  ethyl  and  ethylene,  by  heating  ethylic  sulphide  with  ethylenic  bromide  and  water, 
the  reaction  taking  place  by  several  stages,  as  follows  : 

{C'WyS,  +  C-H'Br'    =    (C-H'jS  +  2G-IPBr. 

Ethylic  Etliylc'iio  Eihylenic  Kthylic 

sulphide.  bromide.  sulphide.  biomide. 

C-H*S  +  C'H'Br^    =  (C'H')-SBr'. 

Ethylenic        Ethyhnic  Ethylenic 
sulphide.         bromide.  sulphodibro- 
mide. 

(C^H=')^S  +  C^H'Br     =  (C=H'^)^SBr. 

Ethylic  Ethylic  Triethylic 

sulphide.         bromide.  sulphobro- 
mide. 

(C2H5)=S  +  C=>H»Br2    =    (C=ff  )(CTP)'SBr^ 

Ethylic  Ethyle»iic  Ethyh'ne-diethylic 

sulphide.  bromide.  sulphodibromide. 

The  mode  of  separating  these  products  will  be  described  further  on. 
The  constitutions  of  those  triethylic  sulphur-compounds  may  be  represented  in  three 
difl'erent  ways.    The  iodide,  fur  example,  may  be  regarded : 

a.  As  triethylic  sulphiodide,  (C-H')^  j. 

j8.  As  iodide  of  triethylsulphine,  (C-H*)'S'".I. 

y.  As  sulphurous  triethiodide,  S''  j  ^    j-  ^  . 

In  the  first  of  these  foniiula;  the  sulphur  is  diequivalent,  in  the  second  triequiva- 

lent,  and  in  the  third  tetraequivalent,  as  in  sidphurous  acid,  jj2jO''.    The  last  is, 

perhaps,  the  most  probable  view  of  the  constitution  of  these  bodies. 

In  the  ethylenic  sulphodibromide,  obtained  by  Dehn,  in  the  manner  above  men- 
tioned, the  sulphur  may,  in  like  manner,  be  regarded  as  hexequivalent,  as  in  sulphuric 
acid ;  thus : 

((C-'H')" 

(C'H')'SBr2    =    Sulphuric  Diethylene-dibromide,  S""^  (C^H-")". 

<■  Br^ 

{(C^H')" 

(C'H')(C'ff)^SBr'    =    Sulphuric  Ethylene-diethyldibromide,  S'K  (C''H=)^ 

I  Br^ 

Sulphur  oils  Bromotricthidc,  S(C^H^)'Br. — This  compound  is  produced,  as 
above  stated,  by  heating  1  at.  ethylic  sulphide  with  1  at.  ethylic  bromide,  to  130° — 
140'^,  for  eight  or  ten  hours.  It  crystallises  in  colourless  rhombic  needles,  is  ex- 
tremely soluble  in  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether.  (Cahours; 
Dehn.) 

Sulphurous  Chlorotricthidc,  S(C'-H^)'C1. — Ethylic  chloride  heated  to  100° 
for  sixty  hours  with  ethylic  sulphide  yields  only  traces  of  this  compound  (Cahours). 
Dehn  prepares  it  from  the  mixture  of  products  obtained  by  heating  ethylic  sulphide 
with  ethylenic  bromide  (supra)  as  follows : — The  watery  portion  of  the  product, 
containing  sulphurous  bromotricthidc,  sulphuric  dibromo-dicthylenide,  and  sulphuric 
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dibromo-ethylone-diethidp,  is  separated  from  the  oily  layer  (containing  diethylenic 
sulphide),  and  evaporated ;  the  residue  is  redissolved  in  water ;  the  filtrate  digested 
with  recently- precipitated  silver-oxide,  and  a  small  quantity  of  silver-sulphide;  and 
the  liquid  (freed  from  silver  and  sulphuric  acid)  is  supersaturated  with  hydi-oehlorio 
acid,  concentrated,  and  fractionally  precipitated  with  platinic  chloride.  The  first 
scanty  precipitates  thereby  obtained  consist  of  the  chloroplatinates  of  sulphuric  di- 
chloro-diethylenide,  S(C'H^)-'Cr-.PtCr',  and  sulphurous  dichloro-ethylene-diethide, 
S(C^H^)(C-H*)'CRPtCl^ ;  finally,  the  chloroplatinate  of  sulphurous  chlorotriethide 
crystallises  out ;  and  this  salt,  decomposed  by  sidphydric  acid,  yields  sulphurous 
chlorotriethide. 

Sulphurous  chlorotriethide  volatilises  with  vapour  of  water,  deliquesces  in  moist 
air,  is  insoluble  in  ether,  very  slightly  soluble  in  alcohol,  and  crystallises  from  a 
syrupy  aqueous  solution  in  white  needles.  It  unites  with  metallic  chlorides. — The 
cMoromercurate,  S(C^II^)^C1.4HgCP,  crystallises  in  needles  or  laminae,  which  dissolve 
in  63-8  pts.  water  at  20°  (or  in  8  pts.  at  80°),  melt  and  partially  sublime  at  a  tempe- 
rature a  little  above  100°. — The  chlorostannate  is  a  very  soluble  salt,  crystallising  in 
needles.  (Dehn.) 

The  chloroplatinate,  2S(C^H*)"'Cl.PtCP,  prepared  as  above,  crystallises  from  a  hot 
saturated  solution  in  small  light  red  needles,  and  by  slow  cooling  of  a  warm  non-satu- 
rated solution  in  gaxmet-red,  well-developed  crystals,  which  (according  to  A.  Knop's 
determination)  are  monoclinic,  and  usually  exhibit  the  combination  coP  .  oP  .  ooPco  . 
-I-  Poo  ,  the  last  two  faces  being  subordinate,  and  sometimes  wanting,  whereby  the 
crystals  acquire  a  rhombohedral  character.  Ratio  of  axes,  a  :  b  :  c  =  0'6745  :  1  : 
1-1068.  Angle  6  :  c  =  55°  6';  ooP  :  ooP  (clinod.)  =  78°  62';  ooP  :  oP  =  68° 
40' and  111°  20';  oP:  -fPoo  =  152°  0';  ooP  :  aPoo  =  129°  36'.  The  crystals 
melt  at  about  170°,  dissolve  in  30  pts.  water  at  20°,  in  3  to  4  pts.  at  100°,  are  nearly 
insoluble  in  alcohol,  and  quite  insoluble  in  ether.  (Dehn.) 

Sulphurous  Hydroxy.ltriethicLe,'&''Y-  -q^'  ,     Hydrate  of  Triethylsul'phine, 

(C^H*)^S.HO,  prepared  by  agitating  or  boiling  the  iodide  with  recently-precipitated 
silver-oxide,  forms  a  strongly  alkaline  solution,  which  quickly  absorbs  carbonic  acid, 
precipitates  metallic  salts  like  hydrate  of  potassium,  and  dries  up  over  oil  of  vitriol  to 
a  crystalline,  extremely  deliquescent  mass  (v.  Oeffele).  According  to  Dehn,  it  dis- 
solves the  skin  like  caustic  potash,  eliminates  ammonia  from  its  salts  when  warmed 
with  them,  emitting  at  the  same  time  a  slight  odour  of  ethylie  sulphide :  forms  a 
green  precipitate  with  cupric  sulphate,  black  at  the  boiling  heat ;  white  with  zinc-sul- 
phate and  lead-acetate,  the  precipitate  in  either  case  being  insoluble  in  excess  ;  with 
alum,  &c.  it  forms  a  gelatinous  precipitate,  easily  soluble  in  excess. 

Sulphurous  lo  dotriethide,  S(C^H*)'I,  is  prepared  by  heating  equivalent  quan- 
tities of  ethylie  sulphide  and  iodide  to  105° — 110°  ;  or  1  at.  mereaptan,  2  at.  ethylie 
iodide,  and  1  at.  absolute  alcohol  to  140°.  It  separates  from  alcoholic  solution  in 
small  crystals,  belonging  to  the  trimetric  system,  and  exhibiting  the  combination 
ooPoo  .  {"oo  .  Poo  .  ooP,  often  tabular  from  predominance  of  ooPoo  ,  and  with  the  faces 
Poo  generally  occurring  hemihedrally.  The  salt  dissolves  easily  in  water  and  in  hot 
alcohol,  but  is  nearly  insoluble  in  ether  ;  when  heated  above  100°,  it  melts,  and  decom- 
poses into  ethylie  sulphide  and  iodide,  without  separation  of  iodine. — When  the  ether- 
alcoholic  mother-liquor  remaining  in  the  preparation  of  the  iodide,  and  containing  a 
large  quantity  of  free  iodine,  is  shaken  up  with  mercury,  the  compound  S(C  -H^)^I.HgP 
is  formed,  and  crystallises  from  alcohol  in  light-yellow  needles  or  laminae,  sparingly 
soluble  in  water.  (Dehn.) 

j^Qs'  ,  or  nitrate  of  Triethylsulphine, 

(C2H^)'.S'N'0',  obtained  by  treating  the  hydrate  with  nitric  acid,  forms  deliquescent 
needles,  uniting  in  radiate  laminae ;  it  combines  with  nitrate  of  silver,  forming  the 
scaly  double  salt,  S(C^H^)'(NO').AgNO^  sparingly  soluble  in  cold  water  and  in 
alcohol. 

Sulphurous   Sulphatotricthide,   S'|^gQ4|"  ,ot  Sulphate  of  Tricthylsulphim, 

[(C■'II*)'S]*.SO^  obtained  by  decomposing  the  chloride  with  silver-sulphate,  forms 
indistinct  crystalline  aggregates,  easily  soluble  in  water,  sparingly  in  alcohol. 

Acetate. — When  sulphurous  bromotriethide  is  decomposed  with  acetate  of  lead,  and 
the  filtrate  freed  from  lead  by  sulphydric  acid,  crystalline  crusts  are  formed,  which 
separate  from  alcohol  covered  with  a  layer  of  ether,  in  large  crystals  containing  bro- 
mine— perhaps  a  compound  of  sulphurous  bromotri  et  hide  with  sulphurous  acetotriethide ; 
and  by  completely  removing  the  bromine  with  acetate  of  silver,  the  acetotriethi  de, 
or  acetate  of  tri  ethyls  ulphine,  (C^H*)^S(C'^H'0'^),  is  obtained  as  a  gummy  mass. 
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slightly  soluble  in  absolute  alcohol,  and  precipitated  therefrom  in  flocks  by  ethor. 
(Dohn.) 

Sulphvroiis  lodomethodiethide  and  lodo-amyldicthide  are  obtained,  like  sulphurous 
iodotricthide,  by  heating  ethylic  sulphide  with  methylic  or  amylic  iodide.  The  former, 
treated  with  silver-oxide,  yields  a  deliquescent  hydrate  ;  and  from  this  a  platinum-salt 
may  be  obtained,  crystallising  in  needles,  and  containing  2CH'(C'''H*)-SCl.PtCl*. 
(Cahours  ;  Dehn.) 

Ti^XSTHYIi-TI^XTYXiPBYCXTZ:.    See  Teitylphycite  (p.  895.) 

TRIFOIiIunX.  The  ash  of  three  species  of  this  genus,  used  as  fodder  for  cattle — 
viz.,  Tr.pratensc, common  clover  (I.),  Tr.jiratcnse'perewic  (II.), and  Tr.  werfiKm(IU.) — 
has  been  analysed  by  Way  and  Ogston  (Roy.  Agr.  Soc.  J.  xi.  [2],  636  ;  Jahresb.  1860, 
p.  668),  with  the  following  results :  j  jj  jjj 

AVater,  in  100  pts.  of  air-dried  substance.       .       .    81-0       81-0  78-6 
Ash  per  cent,  in  dry  substance        ....      9'66       8'45  7'97 
Sulphm-  per  cent,  in  dry  substance  ....      0-27       O'lO  0-20 

Compositio7i  of  the  Ash  in  \00 pts. 

KCl.  NaCI. 
2-4  1-5 
.  .  3-4 
0-8  2-5 

Way  (Koy.  Agr.  Soc.  J.  xiv.  [1],  171),  has  also  determined  the  percentage  composi- 
tion of  the  following  species  : 


K-'O. 

Na^O. 

CaO. 

MgO. 

Fe203. 

SO'. 

Si02. 

C02. 

r-'05. 

I. 

36-4 

22'6 

41 

0-2 

1-8 

0-0 

23-5 

6-7 

II. 

22-1 

2-8 

26-6 

10-2 

0-3 

21 

11 

22-7 

8-5 

III. 

34-7 

24-6 

4-5 

0-2 

11 

0-6 

25-5 

6-4 

Water. 

Alhu- 

Fat. 

Sugar. 

Cellu- 

min. 

lose. 

TV.  praiense 

.  81-0 

4-3 

0-69 

8-4 

3-7 

Tr.  pratensc  perenne  . 

.  81-0 

3-6 

0-78 

8-0 

4'9 

Tr.  incarnatum  . 

.  821 

2-9 

0-67 

6-7 

6-8 

Tr.  medium 

.  741 

6-3 

0-92 

9-4 

6-2 

Tr.  procumhens  . 

.  83-5 

3-4 

0-77 

7-2 

3-7 

Tr.  rcp>cns  ... 

.    79  7 

3-8 

0-89 

81 

6-4 

1. 

11. 

III. 

80-6 

83-6 

76-7 

3-6 

4-5 

4-8 

13-8 

10-2 

16-4 

2  0 

1-6 

2-0 

Volcker  (Scott.  Agr.  Soc.  J.,  July  1853),  gives  the  following  composition:  No.  I. 
for  Tr. pratensc  (red  clover) ;  No.  II.  for  Tr.  rcpcns  (white  clover) ;  No.  III.  for  Tr.hij- 
bridum  (Alsike  clover) : 
Water 

Nitrogenous  substance 
Non-nitrogenous  substance 
Ash  

100  pts.  of  the  dry  seed  of  Tr.  pratensc  give  4-68  pts.  ash,  of  which  1'21  is  soluble  in 
water,  3'19  soluble  in  hydrochloric  acid,  and  0'28  consists  of  silica;  14'6  grnis.  of  the 
air-dried  plant  of  Tr.  pratensc  gi'own  in  sand  yielded  0  96  grm.  ash,  and  the  same 
quantity  of  the  plant  grown  in  artificial  soil  yielded  r6  grm.  ash,  containing  respec- 
tively : 

In  sand.       In  artificial 
soil. 

Soluble  in  water  ....  0-62  0-66 
Soluble  in  hydrochloric  acid  .       .    0-35  0'94 

Silica   0-09  0^08 

0-96  1-68 

TRXGENXC  ACID.  C'H'NW  =  (CN)=O.C=IP(NH*)0.  (Woh ler  and  Li e- 
big,  Ann.  Ch.  Pliarm.  lis.  296.) — This  acid,  containing  the  elements  of  cyanic  anhy- 
dride and  aldehyde-ammonia,  is  obtained,  togethej  with  other  products,  by  passing  the 
vapour  of  cyanic  acid  over  aldehyde.  The  action  is  violent,  and  therefore,  to  avoid 
projection,  only  a  few  grammes  of  aldehyde  should  be  used,  and  the  vessel  kept  cool 
with  ice.  The  mass  soon  enters  into  ebullition,  giving  off  carbonic  anhydride,  and 
concretes  into  a  thick  substance,  like  calcined  borax  ;  frequently  also  a  syrupy  mass  is 
obtained,  in  which  crystalline  crusts  gradually  form.  This  product  contains  trigeuic 
acid,  cyamelide,  aldehyde-ammonia,  and  perhaps  other  accidental  products.  On  dis- 
solving it  in  moderately  strong  hydrochloric  acid,  boiling  the  solution  as  long  as 
vapours  of  aldehyde  continue  to  go  off,  and  then  filtering,  the  trigenic  acid  crystallises 
out  on  cooling;  if  yellow,  it  must  be  decolorised  with  animal  charcoal.  Its  formation 
may  be  represented  by  the  equation  : 

C-II^O  +  3CNH0    =    C'H'N^O=  +  C0\ 

Alcleliyile.         f'y.inic  Trigfiiic 
:u'id.  acul. 
3  L  2 
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Trigonic  acid  crystallises  in  small  prisms,  slightly  soluble  in  wat«r,  nearly  insolu- 
ble in  alcohol.  When  subjected  to  dry  distillation,  it  melts  and  carbonises,  giving  oif 
alkaline  vapours,  which  have  the  odour  of  chinoline,  and  appear  to  consist  of  that  alka- 
loid ;  cyanic  acid  is  also  produced. 

Trigenic  acid  is  not  precipitated  by  nitrate  of  silver  unless  ammonia  is  also  added, 
in  which  case  triyotate  of  silver,  C''H''AgN^O',  is  precipitated  in  the  form  of  a  powder, 
appearing  under  the  microscope  to  consist  of  crystalline  spherules  ;  when  exposed  to 
liglit,  it  acquires  a  violet  tint.  It  dissolves  in  boiling  water,  and  is  deposited  in 
the  pulverulent  state  on  cooling.  Between  120°  and  130°  it  gives  oiF  water,  and 
becomes  light-brown  ;  and  at  160°  it  melts,  tMning  black,  and  giving  oif  a  thick 
vapour  haviiiff  the  odour  of  chinoline. 

TBIGXiOCHXXJ.  Arrow-grass. — A  genus  of  plants  belonging  to  the  juncaginaceous 
order.  Tr.  maritimum  contains,  according  to  Sprengel  (J.  techn.  Chem.  v.  293;  vi. 
92),  in  100  pts:  76-0  water,  207  organic  substance,  and  2-24  ash  (I.).  Tr.  pahistre 
contains75-0  percent,  water,  227  organic  substance,  and  2-12  ash  (II.).  The  ashesof 
these  two  plants  contain,  in  100  pts. : 

K-O.       Nh20.        CaO.      MgO.      APO'.    Fe^O'.  Mn-O^.  Si02.        CI.        P^O''.  S03. 
I.  177       22-3       10-0       2-2       0  2       17      .  .     4-4      3-28       4-9  3-8 
II.  137       20  7       14-6       3-9       0-2       0  4      1-5     5-1       13-0       0-6  26-1 
The  root  of  Tr.  maritimum  is  said  to  yield  a  large  quantity  of  starch. 

TBIGlTCOIiIiABIlC  ACID.    See  GrLYcoi,i,AMic  Acros  (ii.  905). 

TBlHEPTYIiAMINE.  (C'H'*)'N. — Trianianthylaminc.  (Petersen  and 
Gossmann,  Ann.  Ch.  Pharra.  ci.  310;  cii.  312  ;  .lahresb.  1857,  p.  388. — Petersen, 
Ann.  Ch.  Pharm.  exxxii.  158;  Jahresb.  1865,  p.  420.) — Tliis  base,  originally  regarded 
as  triliexylamine  (tricapronylamine),  is  produced  by  heating  sulphite  of  oenanthyl- 
ammonium  with  three  times  its  weight  of  a  mixture  of  quicklime  and  slaked  lime : 
3(C'H'^)(NH^)S0^  -h  3CaO    =    (C'H">)''N  +  2NH'  +  3ChS0^ 

It  is  also  formed  by  heating  oenanthyl-ammonium-sulphite  by  itself  to  260° — 270°  in 
a  sealed  tube.  When  purified  by  boiling  with  sodic  carbonate,  washing  with  water, 
and  rectifying  in  a  stream  of  hydrogen,  it  forms  a  liquid,  pale-yellow  by  transmitted, 
greenish-yellow  by  reflected  light,  and  strongly  efflorescent  ;  it  has  an  alkaline  reac- 
tion a  peculiar  aromatic  odoui-,  and  an  alkaline  aromatic  taste,  producing  afterwards 
a  scratching  sensation  in  the  throat.  It  is  lighter  than  water,  and  nearly  insoluble 
therein,  easily  soluble  in  .alcohol  and  in  ether.  It  precipitates  alumina  and  ferric  oxide 
from  their  salts,  and  redissolves  them  in  excess  ;  does  not  decompose  ammonia-salts. 

The  base  turns  brown  on  exposure  to  the  air ;  its  salts  are  all  deliquescent,  easily 
alterable,  and  form  oily  drops  or  syrupy  masses. — The  chJoroplatinate,  2C^'H^^NC1. 
PtCP,  separates  from  alcoholic  solution,  by  evaporation  in  a  vacuum,  in  yellow  shining 
scales. 

The  base,  left  in  contact  for  several  weeks  with  ethylic  iodide,  or  heated  with  it  to 
100°  for  24  to  48  hours,  forms  a  red  oily  mass,  consisting  of  iodide  of  triheptyl- ethyl- 
ammonium,  (C'H'T(t!-H^)NI. 

TBIHEPTYllDENE-l>IH,OSAWII.lWE.    C"H"N«    =    ^(^'"glijal  N"  = 

(Cff)  (-N". — Tri(zna)dhylidcnc-dirosanilLne.  (H.  Schiff,  Compt.  rend.  Ixi.  45; 
(CH")') 

Jahresb.  1865,  p.  420.) — Produced  as  an  acetate,  by  the  action  of  cenanthol  on  crystal- 
lised acetate  of  rosaniline  at  ordinary  temperatures,  and  separated  by  potash,  from  the 
blue  alcoholic  solution  of  that  salt,  in  red  crystalline  flocks  : 

2(C^»H'«)ffN=  +  3C'H"0    =    (C™H"')2(C'H")5N«  +  3H=0. 

Kosaniline.  USnanthol.  Triheptylidene-dirosa. 

niline. 

It  forms  crystalline  copper-coloured  salts,  insoluble  in  water,  and  several  platinum- 
salts.  Both  the  base  and  its  salts  decompose  even  below  100°,  especially  in  presence  of 
excess  of  cenanthol,  yielding  a  yellow  resinous  mass,  consi.sting  mainly  of  heptyli- 
dene-dibenzylidene-diamine,  C^'H'^N'  =  (C'H")(C'H'')'N^  This  compound 
scarcely  exhibits  basic  properties,  but  nevertheless  forms  a  yellow  platinum-salt, 
2(C'^'H"'N^.HCl).PtCP.  Its  formation  probably  takes  place  in  the  manner  represented 
by  the  equation : 

(CH")")  '  ' 

Triheptylidene-  Heptylidone-  Heptjlidene- 

dirosHiiiline,  diphenylene-  dibeiizylidene- 

diamine.  diamine. 
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TRXRTBROCARBOXiriaXC  ACID.  Sec  IlYnBOCARBOXYLic  AcrDS  (iii.  189). 
TKIiaERCVRASrili,  rriTRATE  or.    Syn.  with  NlTKATE  OF  DiPllENYL- 

TBIMKKCUHAMMONIUM.      {tiuii  PuEN5  LAMMONIUMS,  iv.  475.) 

TRXI«ETHTI.-CX.TCERZir,  or  TRZItXETHYX.nr,  C"H"0'  =  ^*^q^'])3  |  O'*. 

is  forniBd  by  lieating  1  vol.  aproloin,  .3  vols,  mni  hylic  alcuiiul,  and  0-5  vol.  acetic  acid, 
to  100°  for  several  hours.  It  is  a  liquid  having  an  agreeable  odour,  somewhat  soluble 
in  water,  boiling  at  148'-',  and  having  a  specific  gravity  of  0-9433  at  0°.  (Alsberg, 
Jahresb.  1865,  p.  495.) 

TRiaZETHYX.SUZ.PHIM'Z:.    See  the  next  artic 

TRiniETHYI.SITI.PHUR01TS  COMPOTTWI>S.  (Cahours,  Ann.  Ch. 
Pharm.  cxxsvi.  151  ;  Jahresb.  1865,  p.  476.— l)ehn,  Ann.  Ch.  Pharm.  Suppl.  iv.  83  ; 
Jahresb.  1865,  p.  479.) — These  compounds  arc  analogous  in  composition  to  the  tri- 
cthylsulphurous  compounds  above  described  (p.  881),  and  are  obtained  by  similar  re- 
actions. 

Sttlpfiurous   lodotrimethidc,   S''^^    ^'  ,    or  Iodide  of  Trimctli^hu/phine, 

(CH^)^S.I,  is  produced  by  direct  combination  of  methylic  sulphide,  (CH^)'S,  and  me- 
thylic  iodide,  CH^I ;  the  two  substances  unite,  at  ordinary  temperatures,  to  a  white 
crystalline  mass,  which  dissolves  easily  in  hot  water,  and  separates,  by  slow  evaporation, 
iu  large  prisms,  quickly  turning  brown  on  exposure  to  light.  The  same  compound  is 
produced,  together  with  methylic  sulphydrate,  by  heating  methylic  sulphide  with  hy- 
driodic  acid  in  a  sealed  tube  (Cahours) : 

2(CH5)nS  +  HI  =  (CH')»SI  +  CmH.S. 
A  mixture  of  methylic  sulphooyanate  and  methylic  iodide  also  solidifies  on  cooling  to 
a  crystalline  mass  consisting  mainly  of  sulphurous  iodotrimethide.  Tliis  compound 
is  slightly  soluble  in  strong  alcohol,  insoluble  in  ether,  and  crystallises  from  aqueous 
alcohol  in  white  needles,  made  up  of  small  rhoml)ic  tablets.  The  aqueous  solution 
is  partly  decomposed  on  evaporation,  yielding  methylic  sulphide  and  free  iodine. 
(Dehn.) 

The  iodide,  decomposed  with  recently-precipitated  silver-oxide,  yields  sulphurous 

hydroxyltrimethide,  S"j-jjQ  or    hydrate    of  trimethylsulpbine, 

(Cn')SHO,  which  is  a  strongly  alkaline  base,  and,  when  neutralised  with  hydrochloric 
acid,  yields  the  corresponding  cliloride  iu  colourless  deliquescent  prisms. — The 
chloroplatinate,  2(CH-'')^SCl.PtCI',  crystallises  from  hot  water  in  sparingly  soluble 
orange-yellow  prisms. — The  chloroauratc  and  chloromcrcurate  also  crystallise  distinctly. 
The  other  salts,  obtained  by  decomposing  the  iodide  with  silver-salts,  are  crystallisable 
and  deliquescent  (CahoursV — The  nitrate  forms,  with  nitrate  of  silver,  a  sparingly 
soluble  double  salt,  which  crystallises  in  needles.  (Dehn.) 


Stdphnrous  lodo-cthyldimethide,  S'" 


(CH^)'' 

C-'H^   ,  is  produced  by  the  combina- 
(  I 

tion  of  methylic  sulphide  -with  ethylic  iodide.  (Cahours.) 

]3p2    >  is  produced  by  adding  bromine  to 

methylic  sulphide  diffused  through  half  its  bidk  of  water,  and  treating  the  resulting 
reddish-yellow  crystalline  compound  with  a  few  drops  of  methylic  sulphide.  It  '\a 
deliquescent,  and  separates  from  its  colourless  aqueous  solution,  by  e\  aporation  in  a 
vacuum  over  oil  of  vitriol,  in  amber-yellow  octahedral  crystals.  Moist  silver-oxide 
converts  it,  at  ordinary  temperatures,  into  the  corresponding  oxide,  S(CH')-SO,  which 
does  not  exhibit  any  alkaline  reaction.  (Cahours.) 

,.„((C=H^)" 

SKlphicrous  D  ibromo-cthylcne-tctramcthidv,  ii--l{CWy  ,  is  produced,  by 

heating  1  at.  ethylenic  bromide  with  2  at.  methylic  sulphide  to  100°,  as  a  crystalline 
mass,  which  dissolves  readily  in  water,  and  eryst.-illises  in  a  vacuum,  in  colourless 
well-defined  crystals.  It  is  deliquescent,  is  dissolved  in  all  proportions  by  hot  water, 
less  easily  by  alcohol,  is  insoluble  in  ether,  and  is  precipitated  by  ether  from  the  alco- 
holic solution  in  white  prisms.  AVitli  silver-salts  it  yields  silver-bromide,  and  very 
deliquescent  salts ;  with  recently-precipitated  silver-oxide,  a  caustic  alkaline  solution, 

containing  the  oxide,  S-^  (CIP)'.— The  chlo,oplatimtc,  (C-H')(CIP)'S-Cr-'.PtCP,  is 


orange-yellow  uud  crystalline.  (Cahours.) 
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Sulphurous  Tribromo-ethenylhcxmethide,  S^J  (C^H^)'",  is  produced  by  com- 

(  Br^ 

bination  of  3  at.  methylic  sulphide,  (CH')'S,  with  1  at.  monobromethylenic  bromide, 
CH'Br.Br'.  It  is  crystallisable,  deliquescent,  and  reacts  with  silver-oxide  like  the 
preceding.  (Cahours.) 

Iodoform  dissolves  easily  in  methylic  sulphide,  and  crystallises  out  unaltered,  on 
leaving  the  liquid  to  evaporate;  but  the  mixture,  if  heated  to  180°,  turns  brown,  and 
deposits  a  dark-coloured  crystalline  mass,  analogous  in  composition  to  the  bromide  last 
decribed.  (Cahours.) 

TRXMSTHYXi-TEXiIiVSOUS  COMPOUIO'DS.    (Cahours,  foe.  cit.)—Tel- 

lurolis  iodotrimethide,  Te''^    j  '  ,  produced  by  direct  combination  of  methylic 

telluride  with  methylic  iodide,  is  crystalline,  slightly  soluble  in  water,  easily  soluble 
in  alcohol.  The  alkaline  base,  obtained  from  it  by  the  action  of  silver-oxide,  yields, 
when  neutralised  with  hydrochloric  acid  and  treated  with  platinic  chloride,  a  cMoro- 
platinate,  2(CH^)'TeCl.PtCl',  isomorphous  with  the  corresponding  sulphur-compound. 

Similar  compounds  are  formed  with  ethylic  telluride  and  iodide ;  also  with  the  cor- 
responding selenides  and  iodides. 

TSXMORPHXSIW.    See  Dimobphism  (ii.  331). 

TRIirACIlITS.  A  mineral  from  the  palagonite  tufa  of  Cape  Passaro,  in  Sicily, 
in  which  it  occurs  mixed  with  siderosilicite.  It  contains  31'82  percent.  SiC,  33'95 
Fe^O',  5-26  APO^  2-52  CaO,  4  57  MgO,  419  Na^O,  and  3-4  K^O.  (S.  v.  Walters- 
hausen,  Vidcanische  Gesieine,^).  232.) 

TRXCEN'AII'THYXiAMIia'S.    Syn.  with  Thiheptyiaminb  (p.  884). 

TRKETJiVUTHYLIDSTJS-DIROSiVNILINE.    Syn.  with  Tbiheptyiidene- 

BIBOSANILINE  (p.  884). 

TRXOXXiXTS.  A  name  applied  by  Haidinger  to  the  sulphide  of  iron,  FeS,  occur- 
ring in  meteorites.    (Jahresb.  1863,  p.  905.) 

TRXOXA.IHVZ.AnXXXTE.  (C'H"0)^N.  (J.  Erdmann,  Ann.  Ch.  Pharm.  cxxx. 
211  ;  Jahresb.  1864,  p.  420.) — A  base  produced  by  heating  anhydrous  valeral-ammo- 
nia,  or  a  mixture  of  valeral  and  strong  aqueous  ammonia,  to  130°  in  sealed  tubes  for  six 
or  eight  hours : 

3(C=H'"0.NH')    =    (C^H"0)3N  +  2Nm 

Erdmann  designated  this  base  as  triamylidenoccydammonia,  or  trioxamylidene  ;  the 
name  and  formula  above  given,  which  represent  the  base  as  analogous  to  hydrobenza- 
mide,  &c.,  were  suggested  by  Petersen.   (Ann.  Ch.  Pharm.  cxxxii.  158.) 

To  obtain  the  pure  base,  the  oily  layer,  which  floats  on  the  liquid  when  the  reaction 
is  completed,  is  distilled  with  water;  the  non-volatile  portion,  separated  from  the 
water,  is  dissolved  in  strong  hydrochloric  acid ;  and  the  hydrochlorate,  (C^H"0)^N.IIC1, 
which  separates  from  the  solution  in  crystalline  crusts,  is  washed  with  a  little  water, 
pressed  between  filter-paper,  recrystallised  from  alcohol,  washed  with  ether,  and  then 
shaken  up  with  ammonia  and  ether.  The  resulting  solution  yields  the  base,  on  evapo- 
ration, as  a  colourless  viscid  oil,  having  a  pmigent  odour  when  warm,  and  a  specific 
gravity  of  0'879  at  22°.  It  is  partially  decomposed  by  distillation,  with  evolution  of 
ammonia,  has  a  strong  alkaline  reaction,  is  but  slightly  soluble  in  water,  easily  solu- 
ble in  alcohol,  and,  when  once  separated,  unites  but  slowly  with  acids,  forming  crys- 
tallisable salts. — The  cUoro flatmate,  2(C'^H^^0'lSf.HCl).PtCP,  is  resinous,  and  crys- 
tallises from  alcohol  in  yellowish-red  granules. 

Trioxamylamine,  heated  for  several  hours  with  ethylic  iodide,  is  partially  acted  on, 
forming  an  iodide,  which,  when  treated  with  silver-oxide,  yields  a  very  bitter  alkaline 
base,  obtainable  in  the  form  of  a  soft  yellowish  resin. 

TRXOXlTAXiXZARX:^.    Syn.  with  Pseudopurpubin.    (See  Purpuein,  iv.  751.) 

TRXOXVPROTSXN'.    See  Pbotein  (iv.  738). 

TRIPE-STONE.  A  variety  of  anhydrous  calcic  sulphate,  composed  of  contorted 
plates. 

TRIFHjfiWE.    Syn.  with  Spodumene  (p.  403). 

TRXPHVXiXiXI\rB.  Lithio-ferroso-manganous  phosphate,  (Li2;Fe;Mn'yP20». 
(See  Phosphates,  iv.  572.) 

TRXPXiE  SAIiTS.  A  name  sometimes  applied  to  salts  containing  three  diffe- 
rent bases,  such  as  microcosmic  salt,  Na(NH')HPO*, 
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THZPIiXTE.    Forroso-manganous  phosijhate.  (See  Phosphates,  i v.  571.) 
TRZPOdASX:.    Syn.  with  Thomsonite  (p.  784). 

TRZPOIiX.  Quarz  ahiminifhe  tripolien.  Argile  tripoUcnne.  Terra  tripolitana. — 
A  iniueral  consisting  chiefly  of  silica,  with  small  quantities  of  alumina,  ferric  oxide, 
and  water,  occurring  massive  in  beds  and  nodules  in  various  formations.  Its  struc- 
ture is  coarsely  or  finely  earthy,  sometimes  rather  slaty  in  the  mass  ;  of  whitish,  yel- 
lowish, greyish  to  blackish  colour;  sometimes  spotted  or  striped;  dull;  opaque; 
somewhat  rough  to  the  touch  ;  soft  to  friable,  and  of  specific  gravity  r86  to  2'7.  It 
may  be  regarded  as  an  earthy  variety  of  opal. 

TRXTBIOIO'IC  ACXB.    H'S^O«.    See  Sulphur,  Oxygen-Acids  of  (p.  639). 

TRXTXCITT.    A  name  sometimes  applied  to  the  gluten  of  wheat. 

TRITXCVM,  A  genus  of  grasses  inchidiug  wheat.  The  rootstock  of  TV.  repens 
(couch-grass)  is  distinguished  by  its  sweetish  taste.  PfalF found  in  it  a  peculiar  sugar, 
which  Berzelius  regarded  as  maunite.  Stenliouse  (Ann.  Ch.  Pharm.  li.  354),  by 
exhausting  the  extract  of  the  plant  with  alcohol,  obtained  no  mannite,  but  needle- 
shaped  crystals  of  acid  potassic  oxalate,  and  an  uncrystallisable,  easily  fermentable 
sugar.  Volcker,  however  (^'ii'a!.  lix.  380),  has  frequently  observed  the  occurrence  of 
mannite  in  the  extract  of  couch-grass  root;  he  found,  indeed,  that  the  extract  of  roots 
grown  in  the  hot  and  dry  siimmer  of  1849,  solidified  almost  entirely  to  a  mass  of 
needles  of  mannite.   (Handw.  d.  Chem.  viii.  1U31.) 

Eespecting  the  composition  of  wheat  {Tr.  vulgare,  &o.),  and  of  its  ash,  see  Ceeeai-S 
(i.  824—828). 

TRXTOMXTE.  Ahydrated  silicate  of  cerium,  lanthanum,  calcium,  &c.,  occurring 
in  the  syenite  of  the  island  of  Lamo,  near  Brevig  in  Norway,  in  imbedded  tetrahedrons 
exhibiting  no  distinct  cleavage,  but  only  a  conchoi'dal  fracture.  Hardness  =  5'5.  Specific 
gravity  =  3-90  to  4'66.  Colour  brown  to  yellow  ;  streak  yellowish-grey.  Lustre 
semi- metallic.  Opaque  or  translucent  on  the  edges  only.  When  heated  before  the 
blowpipe,  it  often  splits  violently,  swells  up,  and  turns  white.  With  borax,  it  forms 
a  reddish-yellow  bead,  becoming  colourless  on  cooling  ;  when  heated  in  a  tube,  it  gives 
off  water  and  fluorine.  In  the  pulverulent  state,  it  dissolves  in  hylrochloric  acid,  with 
evolution  of  chlorine  and  separation  of  gelatinous  silica. 

TRITOXXDS.  A  term  formerly  used  to  denote  tbe  third  in  a  series  of  oxides,  the 
fir^t  and  second  terms  of  which  were  called  protoxide  and  deutoxidc.  (See  Nomen- 
clature, iv.  123.) 

TRXTYZi  (better  known  as  PBOPYI.)  is  the  third  radicle  of  the  series  C"!!-'"*'. 
Existing  in  combination,  its  formula  is  C^H'.  In  the  free  state  it  can  hardly  be  said 
to  be  known  as  an  actual  substance,  but,  in  accordance  with  received  doctrines,  its  for- 
mula must  be  C^H",  and  it  is  probably  identical  with  the  hydride  of  hexyl  occurring 
in  petroleum  (iii.  163). 

Isotrityl,  or  isopropyl,  differs  from  propyl,  and  has  hevw  obtained  by  Schor- 
lemmer  (Proe.  Eoy.  Soc.  xvi.  35),  by  acting  on  iodide  of  isopropyl  with  sodium  in 
presence  of  ether.  It  is  a  colourless  mobile  liquid,  resembling  the  hcxyl-hydride  of 
petroleum  in  smell,  but  having  a  lower  boiliug-poiut,  viz.  68°.  ISpecific  gravity  at  10° 
-=0-6769.  It  is  easily  attacked  by  chlorine  in  the  cold,  yielding  C"H'  CI.  With  chlorino 
and  iodine  it  gives,  not  C"H"C1,  but  C'H'-Cl-,  and  pioducts  still  more  highly 
chlorinated.    Dilute  chromic  acid  oxidises  it  to  acetic  and  carbonic  acids. 

Isopropyl  combines  with  alcohol-radicles  when  it  is  liberated  nascent,  in  presence  of 
the  radicles  also  in  the  nascent  state.  Thus  Schorl emmer  (luc.  cit.)  obtained 
amylisopropyl,  CH",  a  colourless  liquid,  boiling  at  109- — 110\  and  of  specific 
gravity  0-0980  at  1  G-6°,  by  attacking  a  mixture  of  iodide  of  amyl  and  iodide  of  isopropyl 
with  sodium. 

The  dilTei-ence  in  structure  between  normal  trityl  and  isotrityl  is  expressed  by  the 
following  formuhe  : 


(See  SKroNiiARY  Alcohols,  p.  215).  Our  knowledge  of  the  entire  trityl-group  is  very 
imiicrfect,  and,  for  the  most  part,  of  very  rcemt  dale. 


Compound  of 
normal  tntyl. 


Compound  of 
isottifvl. 
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Of  normal  trityl-compouuds  we  know  common  butyric  acid,  which  is 

f  CH=CH' 

C  H 
ICOOH 


CH* 
CH'' 
HOCO, 


being  "  propylated "  acetic  acid,  or,  what  is  the  same  thing,  a  compoimd  of  normal 
propyl  with  oxatyl  (0  =  C-OH)'.    (Erankland  and  Duppa.) 

Propylamine,  obtained  by  Mendius,  who  treated  cyanide  of  ethyl  with  nascent 
hydrogen,  is  a  normal  trityl-compound,  giving,  as  Chapman  and  Thorp  have  shown, 
propione-aldehyde  and  propionic  acid  when  subjected  to  the  process  of  "  limited 
oxidation." 

Hydride  of  propyl  must  belong  to  both  the  normal  and  the  iso-series,  as  is  obvious 
on  inspection  of  the  formulae  : 

Normal  propylic  hydride.  Isopropylic  hydride. 

CH-CH'  CH'  ^CH'  CH' 

I        or  CH'  <^]h^'  CH' 

H  CH'  Ih  CH' 

In  both  normal-  and  iso-hydride  of  propyl,  there  is  an  atom  of  carbon  which  is 
directly  united  with  two  atoms  of  hydrogen  and  with  two  eqmvalents  of  carbon  be- 
longing to  separate  atoms  of  carbon.* 

With  the  exception  of  butyric  acid  and  its  derivatives,  propylamine  and  its  deriva- 
tives, cyanide  of  propyl  and  propyl -hydride,  wherein  the  two  series  become  fused 
together,  there  is  at  the  present  date  (1867)  no  known  compound  which  can  be  said 
with  certainty  to  contain  normal  propyl.  Whether  a  numerous  set  of  normal  propyl- 
compounds  is  inherently  impossible,  or  only  not  discovered,  remains  to  be  seen. 

One  of  the  earliest  (if  not  the  earliest)  recognitions  of  the  trityl-group  is  to  be  found 
in  Chancel's  note  in  the  Comptes  Rendus,  xxxvii.  410  (1853),  which  describes  a 
trityl-alcohol  extracted  by  fractional  distillation  from  large  quantities  of  crude  amylic 
alcohol.  Great  uncertainty  surrounds  this  research  of  Chancel's,  which  requires  con- 
firmation by  the  much-improved  methods  of  later  years,  before  we  can  receive  it  as  an 
established  fact  that  some  varieties  of  fusel-oil  contain  tritylic  alcohol. 

Attempts  to  form  normal  trityl-alcohol  by  synthesis  have  hitherto  failed.  Attempts 
have  been -made  to  produce  it  by  means  of  propylamine,  prepared  by  the  method  of 
Mendius  from  cyanide  of  ethyl  and  nascent  hydrogen.  Nitrous  acid  attacks  the  pro- 
pylamine, but  no  modification  of  the  method  of  experimenting  has  yet  succeeded  in 
converting  the  propylamine  into  the  normal  alcohol.  The  attempt  to  make  it  through  the 
aldehyde—  which,  if  Williamson's  reaction  were  of  general  application,  should  be  formed 
by  the  distillation  of  a  mixture  of  propionate  and  formate  of  barium — has  miscarried 
even  earlier  in  the  process,  for,  according  to  recent  researches,  propione-aldehyde  itself 
fails  to  be  formed. 

It  yet  remains  to  try  to  add  hydrogen  to  the  normal  propione-aldehyde  obtained 
by  the  oxidation  of  Mendius's  propylamine,  or  to  chlorinate  the  hydride  of  propyl,  and 
then  proceed,  through  the  resulting  chlorine-compound,  to  the  acetic  ether  and  alcohol. 

Isopropyl-compounds  are,  on  the  other  hand,  obtained  with  facility,  and  in  a  per- 
fectly satisfactory  condition. 

Berthelot  has  shown  that  propylene,  the  olefine  of  the  group,  is  easily  hydrated 
by  means  of  acids  : 

C'H«  +  H-0    =  C'H«0. 

Propy-  Isopropyl- 
lene,  alcohol. 

Erlenmeyer  has  transformed  glycerin  into  iodide  of  isopropyl,  which  is  capable  of  giving 
the  isoalcohol : 

H'COH  ffCH 
HCOH   +  SHI     =       HCI    +  3H'0  +  2P. 
H'COH  H'CH 

Glycerin.  Iodide  of 

Isopropyl. 

*  A  striking  example  of  the  value  of  these  latest  developments  of  chemical  theory  has  just  been 
given  by  Schorlemmer,  who  has  prepared  hydride  of  isopropyl  by  the  action  uf  zinc  <ind  hydrochloric 
acid  on  iodide  of  isopropyl.  It  is  identical  with  mirmal  hydride  of  propyl,  giving  normal  chloride  of 
propyl  when  attacked  by  chlorine  in  presence  of  iodine. 
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Finally,  Frk'dol  has  added  hydrogfn  to  acetone,  and  produced  the  iso-alcohol.  This 
important  roaclion  completely  clears  up  the  structure  of  the  isopropyl-compoimds  : 

rCH^  CH^ 


CH^ 


(C] 
10 


+  H=    =    C-jypj     =  HCOH. 

CH»  '  H' 


Acetone.  Isoproiiyl- 
alcohC'I. 

(See  Secondary  Alcohols,  p.  215.)  J.  A.  W. 

TRXTVXi  AIiCOKOXiS.  Normal  trilyl  alcohol  is  not  known  with  certainty.  It 
is  said  to  boil  at  96°  to  97°,  and  to  be  a  fruity  liquid,  very  soluble  in  water,  but  not 
soluble  in  all  proportions,  and  to  bo  contained  in  some  samples  of  crude  amylic  alcohol. 
(Chancel,  Conipt.  rend.  [1853]  xxxvii.  410.) 

A  tritylsulphuric  acid,  formed  by  the  action  of  sulphuric  acid  on  the  alcohol,  is  also 
described. 

Isotrityl  alcohol,  or  Isopropyl  alcohol,  or  P sextclopropyl  alcohol,  or 
Propylene-hydrate. — Formed,  as  just  described,  from  propylene,  glycerin,  or 
acetone. 

Preparation. — a.  From  Oxalate,  or  Acetate  of  Isopropyl,  which  may  be  easily 
decomposed  by  potash  or  soda.  If  the  alcohol  is  wanted  in  large  quantities,  this 
would  probably  prove  the  most  convenient  process,  inasmuch  as  the  iodide  of  isopropyl, 
from  which  the  oxalate  or  acetate  may  be  readily  prepared,  is  easily  obtained  pure 
and  in  large  quantity. 

/8.  From  A  c  e  t  o  n  e. — One  vol.  of  acetone  is  added  to  5  vols,  of  water,  and  then  treated 
with  sodium-amalgam.  After  a  while,  an  oily  layer  separates.  The  whole  liquid  is 
then  to  be  distilled,  and  the  oily  distillate  mixed  with  water,  and  again  treated  with 
sodium-amalgam.  By  repeating  this  process  six  times,  a  transformation  of  much  of 
the  acetone  into  the  isoalcohol  is  effected.  In  order  to  purify  the  product,  it  is  dried 
with  carbonate  of  potassium  and  distilled,  then  rubbed  up  with  powdered  and  well- 
dried  chloride  of  calciiira.  The  mass  is  subsequently  dried  in  a  vacuum  over  sulphuric 
acid,  when  the  acetone  evaporates,  leaving  a  dry  powder,  consisting  of  the  compound  of 
i.'ioalcohol  with  chloride  of  calcium.  Simple  heating  drives  off  tlie  isoalcohol  from 
this  compound,  and  rectification  suffices  to  purify  it  completely.  (Linneniann,  Ann. 
Ch.  Pharm.  cxxxvi.  37.) 

Propcriica. —  Isopropyl  alcohol  is  a  colourless,  not  very  mobile  liquid,  having  a 
peculiar  odour,  not  at  all  resembling  that  of  amyl  alcohol.  Boils  at  83° — 84°,  under 
a  pressure  of  739  ram.  At  15°,  its  specific  gravity  is  0-791.  It  does  not  freeze  at 
—  20°.  It  does  not  act  on  polarised  light.  It  is  very  difficult  to  dr}',  mixing  with 
water  in  all  proportions,  and  forming  several  hydrates  of  considerable  stability.  The 
existence  of  these  hydrates  was  first  observed  by  Erlenmeyer,  and  afterwards  confirmed 
by  Linnemann.    The  following  is  the  composition  of  these  hydrates  : 

I.  (3C'H»0.2H20)  boils  at  78°— 80°  ;  specific  gravity,  0-832  at  15°. 
II.  (2C^H'*O.H20)  „  80° 

in.  (SC'H'O.H-O)  „  81°;  specific  gravity,  0-800  at  15°. 

The  second,  discovered  by  Erlenmeyer,  simulates  common  alcohol,  having  exactly 
the  same  percentage  composition  as  that  substance.  It  boils  only  slightly  higher 
than  common  alcohol,  and  retains  water  so  strongly,  that  it  does  not  render  blue 
the  white  anhydrous  sulphate  of  copper.  In  order  to  dehydrate  it  completely,  it  is 
■well  to  use  a  little  metallic  sodium.  To  distinguish  between  this  hydrate  and  common 
cthylic  alcohol,  the  readiest  ])lan  is  to  submit  the  liquid  to  the  action  of  iodine  and 
2>ki>$phorus,  which  transforms  the  one  into  iodide  of  isopropyl,  and  the  other  into  iodide 
of  ethyl.  The  resemblance  extends  very  far.  Both  compounds  yield  acetic  acid 
on  oxidation,  the  hydrate  of  isopropyl  alcohol  giving,  however,  carbonic  acid  in 
addition. 

The  characteristic  property  of  isopropyl  alcohol  is,  that  it  yields  acetone  by  oxidation 
with  dilute  chromic  acid.  This  important  observation  was  made  by  Friedel,  after  it 
had  been  predicted,  in  a  most  remarkable  manner,  by  Kolbe,  who  had  had,  so  to 
speali,  a  vision  of  the  secondary  alcohols  with  their  leading  characteristics.  On 
pushing  the  oxidation  fui-ther,  the  acetone  breaks  up  into  acetic  acid,  carbonic  anhy- 
watcr : 

CH 


H 
OH 

Isopropyl 
alcohol. 


9?'  +  O     =     cjcH^  +  H=0. 


0 
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C  CH»  +  0^    =     C-^0     +  CO'  +  H'O. 
(0  (OH 

Acetone.  Acetic 
acid. 

Bromine  attacks  isopropyl  alcohol,  -nntlidrawing  hj'drogen,  and  leaving  acetone.  In 
practice,  this  reaction  is  very  complicated,  the  hydrobromic  acid  resulting  from  this 
change  attacking  some  of  the  isoalcohol,  and  giving  bromide  of  isopropyl,  and  the 
acetone  suffering  a  further  attack. — Distilled  with  acetate  of  potassium  and  sulphuric 
acid,  it  yields  acetate  of  isopropyl. — Digestion  at  140°  with  acetic  acid  also  gives  the 
acetate  of  isopropyl.    The  butyric  ether  is  formed  similarly,  and  distils  at  about  1 30°. 

J.  A.  W. 

TRITYXi  ETHSKS.  The  normal  trityl  ethers  are  scarcely  known,  but  several 
isotrityl  ethers  have  been  prepared  : — 

Bromide  of  Isopro-pyl,  C'H'Br,  is  obtained  by  heating  the  alcohol  with  hydro- 
bromic acid,  also  by  the  action  of  bromine  on  the  iodide  of  isopropyl.  It  is  a  liquid. 
Specific  gravity  =  1-320  at  13°.    Boiling-point  =  60°  to  63^  at  739  mm.  pressure. 

Chloride  of  Isopropyl,  C^H'Cl,  prepared  by  the  action  of  hydrochloric  acid  on 
the  alcohol,  is  a  liquid,  boiling  at  36^  to  38°,  at  741  mm.  pressure.  Specific  gravity 
at  10°  =  0-874. 

Cyanide  of  Trityl,  C^H'.CN.  (See  Butyeonitrtle,  i.  698.)— This  compound  is 
obtained  from  normal  btityric  acid,  and  yields  normal  butyric  acid  and  ammonia  when 
it  is  made  to  take  up  water. 

Cyanide  of  Isopropyl,  C^'S.''CS.  (Erlenmeyer.) — AVhen  1  at.  iodide  of  iso- 
propyl and  1  at.  cyanide  of  potassium,  dissolved  in  alcohol,  are  digested  in  the  water- 
bath,  iodide  of  potassium  is  formed,  the  liquid  acquires  a  very  disagreeable  smell,  and 
there  results  an  alcoholic  solution  of  cyanide  of  isopropyl.  It  is  difficult  to  separate 
the  alcohol  from  the  cyanide,  which  boils  at  about  80°.  On  boiling  cyanide  of  isopro- 
pyl with  alcoholic  potash,  ammonia  is  evolved,  and  isobutyrate  of  potassium  produced  : 

C^H'CN  +  2IP0    =    C'H'COOH  -i-  NH'. 

Isobutyric  acid  is  quite  distinct  from  butyric  acid,  and  was  the  first  recognised  example 
of  an  iso-fatty  acid. 

Iodide  of  Isopropyl,  C^H'I.  (Erlenmeyer,  Zeitschr.  Ch.  Pharm.  1861,  pp. 
362,  673.) — Obtained  by  the  action  of  hydriodic  acid  on  propylglycol,  iodide  of  ally], 
isopropyl  alcohol,  propylene,  or  glycerin.  It  is  most  conveniently  prepared  by  dis- 
tilling glycerin  with  a  great  excess  of  strong  hydriodic  acid  : 

CWO"  +  SHI    =    C^H'I  +  ZWO  +  2P. 

The  reaction  is  perfectly  neat,  if  proper  precautions  be  taken.  The  conditions  to  be 
satisfied  are  these  : — The  hydriodic  acid  used  must  be  sufficiently  strong  (boiling-point 
about  126°) ;  if  too  dilute  it  may  be  concentrated  by  distillation,  the  strong  acid  re- 
maining behind  in  the  retort.  There  must  be  always  great  excess  of  hydriodic  acid. 
The  iodine  set  free  should  be  reconverted  into  hydriodic  acid  by  means  of  phosphorus. 
The  operation  succeeds  either  on  the  small  or  the  large  scale.  The  iodide  of  isopropyl 
has  been  recently  manufactured  in  quantity. 

Preparation. — 100  lbs.  of  iodine,  5  lbs.  of  phosphorus,  and  100  lbs.  (or  rather  more) 
water,  are  employed.  A  little  of  the  water  is  warmed,  and  put  into  a  large  vessel ;  and 
the  iodine  and  phosphorus  and  water  are  added  by  degrees,  and  well  stirred  up.  The  stir- 
ring renders  the  reaction  quite  manageable.  The  first  quantity  of  water  is  warmed  to 
start  the  reaction,  afterwards  the  water  is  added  cold.  In  this  way  there  is  obtained  a 
strong  solution  of  hydriodic  acid  containing  also  some  phosphoric  acid.  This  solution 
is  put  into  an  iron  still  and  distilled,  until  very  concentrated  hydriodic  acid  begins  to 
pass  over.  When  the  concentration  is  sufficient,  a  charge  of  11  lbs.  of  glycerin  is  put 
into  the  still,  and  3  lbs.  of  phosphorus  added  by  degrees.  A  very  energetic  action  is  thus 
set  up,  and  iodide  of  isopropyl  distils  over  very  rapidly,  accompanied  by  water  and  hy- 
driodic acid.  When  the  action  has  become  moderate,  a  second  charge  of  1 1  lbs.  of 
glycerin  and  3  lbs.  of  phosphorus  is  introduced  into  the  still.  When  the  second  charge 
has  worked  off,  a  small  third  charge  may  be  put  in.  _ 

Ultimately  the  products  are  iodide  of  isopropyl,  hydriodic  acid,  and  phosphoric  acid. 
When  the  phosphoric  acid  has  accumulated,  it  is  necessary  to  distil  off.  The  hydriodic 
acid  is  ready  for  a  second  operation.  By  operating  as  above  described,  a  quantity 
of  iodide  of  isopropyl  may  be  obtained,  very  close  upon  that  required  by  theory,  and 
in  a  series  of  operations  very  nearly  all  the  iodine  used  may  be  transformed  into  the 
organic  iodide. 
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The  ioiline,  as  it  is  set  free,  is  transformed  into  Iiydriodic  acid  by  the  action  of  tho 
phosphorus  and  water,  and  becomes  available. 

If  an  insufficient  quantity  of  hydriodic  acid  be  allowed  to  aet  on  the  glycerin  in  the 
above  process,  the  iodide  of  isopropyl  will  be  contaminated  with  iodide  of  allyl. 

Maxwell  Simpson  has  shown  that  iodide  of  allyl  is  transformed  into  iodide  of  iso- 
propyl by  treatment  with  hydriodic  acid. 

Properties. — Iodide  of  isopropyl  is  an  oil,  boiling  at  89°  to  90°,  under  a  pressure  of 
735  mm.  Specific  gravity  1'70  at  16°.  In  smell  it  resembles  iodide  of  ethyl.  It  is 
nearly  insoluble  in  water,  and  dissolves  phosphorus  and  iodine. 

With  sodium,  in  presence  of  ether,  it  gives  propylene,  hydride  of  propyl,  and  di- 
isopropyl  (Schorlemmer). — Bromine  drives  out  the  iodine,  forming  a  bromide  of  the 
radicle. — C/s/omic  attacks  it  more  deeply,  giving,  among  other  products,  trichlorhydrin, 
C^H^CP. — With  oxalate  of  silver,  it  gives  oxalate  of  isopropyl. — With  acetate  of  silver, 
it  yields  acetate  of  isopropyl,  boiling  at  90° — 93°,  according  to  Friedel. 

With  oxide  of  silver  axAwater,  it  gives  isopropyl  ether,  Q3pp|C)>  isopropyl  alcohol, 

and  propiylene,  C'H*. 

With  alcoholic  potash  it  gives  propylene.  It  reacts  on  anwionia,  giving  some  pro- 
pylene and  an  organic  base.  It  forms  new  bases  when  made  to  act  on  wniline  or  on 
rosajiiline. 

Carefully  oxidised  with  dilute  chromic  acid,  it  gives  acetic  and  carbonic  acids,  and  no 
propionic  acid.    (Chapman  and  Thorp.)  J.  A.  AV. 

TKITYXi,  KYDBISS  OF.  This  compound  appears  to  occur  in  American  jietro- 
leum  (Ronalds).  By  heating  to  276°  a  mixture  of  bromide  of  propylene,  C^H"Br-, 
iodide  of  potassium,  and  water,  with  metallic  copper,  there  is  obtained  propylene,  hy- 
dride of  propyl,  and  carbonic  acid.  Hydride  of  propyl  is  a  gas,  which  is  soluble  in 
alcohol.  J.  A.  W. 

fC'H' 

TRITYXiAMIM-i:,  or  PROPYX.AMIStrz:.    NJ  H    .—This   base    is  isomeric 

with  trimethylamine,  which  has  often  been  mistaken  for  it.  The  only  process  by 
which  it  has  been  prepared  is  that  of  Mendius,  viz.,  by  the  hydrogeuation  of  cyanidd 

0  t'  ethyl : 

C=H^CN  +  H'    =  C'H'N. 

To  prepare  propylamine,  36  grms.  of  c_yanide  of  ethyl,  600  grms.  of  common  alcohol, 
200  grms.  of  watei-,  and  500  grms.  of  20  per  cent,  hydrochloric  acid,  are  allowed  to 
act  on  excess  of  granulated  zinc,  and  then  distilled.  The  distillate  is  put  back  once, 
and  400  grms.  of  hydrochloric  acid  are  added.  The  product  is  distilled  to  get  rid  of 
the  alcohol,  then  excess  of  alkali  added  to  the  residue,  and  the  distillation  continued, 
thereupon  propylamine  and  water  come  over. 

From  36  grms.  of  the  cyanide  of  ethyl,  9  grms.  of  pure  propylamine  have  been  ob- 
tained (Mendius).    Propylamine  is  dried  by  distillation  from  solid  jwtash. 

Properties. — Bright,  colourless,  highly  refracting,  very  mobile  liquid,  possessing  a 
peculiar,  strongly  ammoniacal  odour,  very  different  from  that  of  methylamine.  It  is 
miscible  wich  water,  becoming  hot  in  contact  with  it.  Boils  at  50°.  Its  aqueous  solu- 
tion precipitates  the  oxides  of  iron,  copper,  lead,  aluminium,  nickel,  cobalt,  and 
mercury,  and  does  not  dissolve  the  precipitate  when  added  in  excess. 

The  precipitate  formed  with  silver-solutions  is  soluble  in  excess. 

The  propylamine,  prepared  as  just  described,  is  a  true  normal  propyl-compound, 
giving,  on  oxidation  with  dilute  chromic  acid,  propione-aldeliyde  and  propionic  acid, 
and  not  giving  any  carbonic  acid  or  acetic  acid.    (Chapman  and  Thorp.) 

It  combines  with  acids,  forming  eryst  alii  sable  salts. — The  chloride,  NCH'HCl, 
forms  very  deliquescent  crystals,  freely  soluble  in  alcohol,  almost  insohible  in  ether. 
A  little  above  100°  it  melts,  and  sublimes  unchanged.  It  may  be  obtamed,  in  large 
siiuare  plates,  by  crystallisation  from  strong  alcohol. — The  chloruplatniatc,  2NC^H"'C1. 

1  tCl\  is  moderately  soluble  in  hot  water  and  alcohol,  and  insoluble  in  ether.  It  often 
fi  rms  fine  crystals,  a  quarter  of  an  inch  long. 

Sulphate  of  propylamine  IS  crystalline  and  deliquescent. 

On  treating  propylamine  with  iodide  of  ethyl,  the  following  products  are  obtained: 

[C»H'          (C«H'  rC'H' 

-H*       m  C'W  N  C'H^ 

Ic^IP  (C^H* 

HI               HI  C-H^I. 

The  last  compound,  iodide  of  trieth/l-propylammo7iium ,  is  a  wliite  crystalline  mass, 
ii;soluble  in  pota.^h-ley.    From  its  alcoholic  solution  it  crystallises  in  long  needles. 


I  CI 

m  c-i 


892  TRITYLENE— TRITYLENIC  ETHERS. 


Oxide  of  silver  reacts  iipou  it,  giving  a  strongly  caustic  solution  of  hydrate  of  the 
ammoDium-baso.— The  chloruplatinate,  2NC=H'(C''H^)'Cl.PtCP,  forms  deep  orange- 
coloured  octahedrons,  rather  soluble  in  alcohol  and  water.  (Mendius,  Ann.  Ch.  Pharm. 
cxxi.  129.)  J.  A.  W. 

TRTTYX.En'E,  or  PROPYI.EUE,  C'H«,  the  oleflne  of  the  trityl-group,  was 
discovered  by  Reynolds  in  1851.  It  is  olrtained,  more  or  less  impure,  when  fusel-oil 
or  valerianic  acid  is  passed  tlu-ough  a  red-hot  tube ;  by  the  destructive  distillation  of 
oleic  acid  with  lime  or  soda-lime  ;  and  by  the  destructive  distillation  of  sugar  mixed 
with  an  equal  weight  of  soda-lime.  According  to  Dusart  (Ann.  Ch.  Pharm.  xcvii. 
127),  it  is  obtained  on  distilling  an  intimate  mixture  of  equivalent  quantities  of  oxa- 
late of  calcium  and  acetate  of  potassium. 

It  is  prepared  most  conveniently  by  acting  on  iodide  of  allyl  with  mercury  and 
strong  hydrochloric  acid.  The  mercury  should  contain  a  trace  of  zinc,  according  to 
the  observation  of  von  Than.    The  following  are  the  details  of  the  process  : — 

Iodide  of  phosphorus  is  prepared  by  acting  on  1  pt.  of  phosphorus  with  8  pts.  of 
iodine.  50  grms.  of  this  iodide  of  phosphorus,  and  50  grms.  of  glycerin,  distilled 
together,  yield  30  grms.  of  iodide  of  allyl.  From  this  quantity  of  the  iodide,  3  litres 
of  propylene  may  be  obtained  by  employing  150  grms.  of  mercury  and  50  grms.  of 
fuming  hydrochloric  acid.  The  gas  obtained  in  this  operation  is  chemically  pure  pro- 
pylene.   (Berth elot  and  De  Luca,  Ann.  Ch.  Pharm.  xcii.  306.) 

According  to  Eieth  and  Beilstein,  chloride  of  carbon,  acted  upon  by  zinc-ethyl, 
yields  a  mixture  of  propylene,  ethylene,  and  chloride  of  ethyl,  also  chloride  of  zinc. 
Iodide  of  isopropyl  and  alcoholic  potash  also  give  propylene. 

Properties. — Colourless  gas,  not  condensable  at  —  lio*-".  It  has  a  distinct  phosphoric 
odour,  as  is  generally  the  case  with  the  olefines,  and  a  sweetish  taste.  According  to 
von  Than  : 

100  vols,  of  water  absorb  41  vols,  of  propylene  at  0°. 

)>  35  „  „  5°. 

..     .        28        „  „  10°. 

>.  »  23        „  ,,  15°. 

22        „  „  20°. 

Absolute  alcohol  dissolves  12  to  15  times  its  volume  of  this  gas — glacial  acetic  acid 
6  volumes. 

Like  ethylene,  it  combines  readily  with  chlorine  and  bromine,  and  is  capable  of 
uniting  with  iodine;  the  resulting  compounds  are  C^H.^GV,  C^H^Br^  CTI^I-. 

It  is  absorbed  hy  cuprous  chloride,  but  not  to  the  same  extent  as  ethylene. —  Fuming 
sulpjhurio  acid  absorbs  it  very  readily. — Common  oil  of  vitriol,  hydrochloric,  hydro- 
hromic,  and  hydriodic  acids  combine  with  it  far  more  readily  than  with  ethylene. 
These  acids  convert  it  into  isopropyl-compounds. — On  oxidation  with  dilute  chromic 
acid,  it  gives  acetic  and  carbonic  acids.  It  is  not  very  readily  oxidised. — With  per- 
manganate of  potassium  in  an  acid  liquid,  it  gives  the  same  products  as  with  chromic 
acid;  with  permanganate  in  an  alkaline  liquid,  acetic  and  formic  acids.      J.  A.  W. 

TRXTTI.SM'XC  A.I.COHOIi.    C^H'Q-   =   ''^'gP  |  O'^  Trit.yl,ov  Propylglycol. 

— Prepared  from  the  tritylenic  acetate  just  described,  by  distillation  with  caustic 
potash,  in  the  oil-bath.    It  is  a  colourless  oily  liquid,  sweet  to  the  taste,  soluble  in 
water  and  alcohol  in  all  proportions,  and  soluble  in  12  to  13  pts.  of  ether.  Ita 
specific  gravity  at  0°  is  1-051.    Boiling-point  188°  to  189°. 
Platinum-black  oxidises  it  to  lactic  acid: 

C^ffO-'  +  0-    =    C^H^O'  +  H'O. 
Tritylenic  hydrate.  Lactic  acid. 

Digested  at  100°  for  some  hours  with  strong  hydriodic  acid,  it  gives  iodide  of  iso- 
propyl (Wurtz) : 

C^H^O-  +  SHI    =    C'H'I  +  2H''0  +  P. 

With  pentachloride  of  phosphorus  it  gives  chloride  of  propylene,  CH^CP. 

Heated  with  dilute  nitric  acid,  it  is  broken  up  into  glycollic  acid,  whilst  concentrated 
nitric  acid  resolves  it  into  oxalic  acid.  J.  A.  W. 

TSaiTYtSlfflC  ETHERS.  The  aeete^c,  C'H'^0^  =  (cS^O)^!^^'  ^'^^ 
covered  by  Wurtz.  320  grms.  acetate  of  silver,  192  grms.  bromide  of  propylene,  and 
sufficient  glacial  aceticacid  to  bring  the  mixture  into  a  semifluid  state,  are  heated  in  the 
water-bath  for  four  days,  then  mixed  with  ether  and  filtered,  and  the  filtrate  is  distilled. 
The  acetate  is  a  colourless  neutral  liquid,  soluble  in  10  pts.  of  water,  and  boiling  at 
186°.    Its  specific  gravity  at  0°  =  M09. 
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The  hromidc,  CTI''Br',  formed  directly  from  propylene  and  bromine,  is  a  colour- 
less oily  liquid.  Specific  gravity  =  1-974.  Boiling-point  144°.  It  is  a  convenient 
compound  for  the  preparation  of  proplylenc-derivatives. 

The  chloride,  CTI^Cl-,  is  a  liquid  boiling  at  103°.    Specific  gravity  =  1-151. 

The  cyanide,  C^H''(CN)-,  was  discovered  by  Maxwell  Simpson.  1  at.  trityleiiio 
bromide  and  2  at.  cyanide  of  potassium  are  heated  with  a  large  quantity  of 
alcohol  to  100°  for  about  16  hours.  The  product  is  then  filtered,  and  deprived  of 
alcohol  by  evaporation.  Tlie  residue  is  treated  with  ether,  and  the  ethereal  solution 
evaporated  to  get  rid  of  the-ether,  and  then  distilled.  In  this  way  tritylenic  cyanide 
is  obtained  as  a  liquid,  boiling  between  277°  and  290^.  It  is  soluble  in  water,  alcohol, 
and  ether. 

Heated  with  1  j  vols,  of  strong  hydrochloric  acid,  to  100°,  it  suffers  a  very  interesting 
change,  yielding  pyrotartario  acid.  In  order  to  extract  this  acid,  the  residue,  after  the 
reaction,  is  treated  with  absolute  alcohol,  which  dissolves  the  acid  ;  the  alcoholic  solu- 
tion is  evaporated,  to  drive  off  the  alcoliol ;  and  the  residue  ci-ystallised  from  aqueous 
solution,  and  finally  dissolved  in  ether,  which  on  evaporation  leaves  the  pyrotartarie 
acid  in  a  state  of  purity  : 

C'H''(NC)-  +  4H-0    =    C=IPO<  +  2NH'. 

Cyanide  of  Pyrotartarie 
propylene.  acid. 

The  iodide,  CW'l-,  is  a  liquid  which  does  not  solidify  at  —  10°.  It  was  discovered 
byBerthelot  and  De  Luca  (Ann.  Ch.  Pharm.  xcii.  311).  Prepared  by  exposing 
iodine  in  contact-nith  propylene  to  sunlight,  or  by  heating  it  to  50°  or  60'-".  The  result- 
ing liqtiid  is  freed  from  excess  of  iodine  by  treatment  with  potash.  It  is  decomposed  by 
alcoholic  potash  into  propylene  and  other  products. 

The  sulphide,  C^H^S-,  is  a  white  amorphous  powder,  obtained  by  the  action  of 
tritylenic  bromide  on  an  alcoholic  solution  of  sulphide  of  sodium. 

The  stdphocarhonate,  C^H^CS^,  is  easily  obtained  from  an  alcoholic  .solution  of 
sulphocarbonate  of  sodium  and  tritylenic  bromide.  It  is  a  thick  liqiiid  of  disagreeable 
smell,  and  of  a  yellowish-brown  colour.  Specific  gravity  =  1-31  at  20°.  It  m;iy 
be  distilled  in  a  stream  of  hydrogen.  J.  A.  W. 

TBITTIiPHYCITB    or    PBOPytPHYClTE.    C^H'O^   =  = 

(CTI*)'''(HO').  Glyccrylotic  Alcohol.  (Carius,  Ann.  Ch.  Pharm.  exxxiv.  71; 
Jahresb.  1805,  p.  498). — A  tetratomic  alcohol,  homologous,  at  least  in  composition, 
with  phycite  or  erythromanuite,  C'H'°0'  (ii.  504 ;  iv.  633).  The  corresponding 
dichlorhydrin,  (CTI')Cl-(lIO)-,  is  produced  by  addition  of  hypochlorous  acid  to  ordi- 
nary glyceric  epichlorliydrin  (i.  894) : 


(CTP)"'|q^  -1-  ClIIO    =  (C'H')"'5Ci' 


MH0)2; 

and  from  this  compound,  the  alcohol  is  obtained  by  the  action  of  aqueous  alkalis : 
(C3H')C1-(H0)-  +  2KH0    =    (C^Hi)"(HO)'  +  2KC1. 

To  prepare  propylphycite,  the  dichlorhydrin  just  mentioned,  or  the  corresponding 
dichlorobromhydrin  (p.  894),  dissolved  in  3  vols,  alcohol,  is  mixed  with  10  vols, 
water,  and  gradually  with  an  excess  of  finely-divided  hydrate  of  barium  suspended 
in  water,  the  liquid  being  ultimately  warmed  till  it  becomes  inodorous.  The  baryta 
is  then  carefully  precipitated  with  sulphuric  acid ;  the  filtrate  is  exactly  neutralised 
with  carbonate  of  lead  ;  the  dissolved  lead  removed  by  sulphydric  acid  ;  the  chlorine 
by  careful  addition  of  silver-carbonate ;  any  silver  still  remaining  dissolved  by  sidphy- 
dric  acid  ;  and  the  solution,  which  is  generally  colourless  (if  not,  it  must  be  decolorised 
with  animal  charcoal),  is  evaporated  over  the  water-bath.  The  residue,  after  being  re- 
dissolved  and  evaporated,  consists  of  pure  propylphycite.  If,  however,  the  dichlorhydrin 
used  in  the  preparation  is  not  free  from  ordinary  glyceric  dichlorhydrin,  the  product 
will  be  contamin.ated  wnth  glycerin.  In  this  case,  the  solution,  freed  from  barium  and 
chlorine,  must  be  precipitated  with  basic  lc,ad-aeetate  not  added  in  excess,  and  the 
waslied  precipitate,  CTI^H■-Pb"0^  decomposed  by  sulphydric  acid. 

Propylphycite  is  a  colourless,  solid,  amorphous  mass,*  wliich,  on  exposure  to  the  air, 
quickly  deliquesces  to  a  glutinous  liquid.  It  has  a  sweetish  taste,  is  easily  soluble  in 
alcoliol,  does  not  decompose  at  150°,  and,  if  carefully  heated,  volatilises  with  only  par- 
tial decomposition.  In  its  chemical  relations  it  resembles  pliycite,  C^II'°0^  Like  the 
sugars,  it  is  very  easily  altered  by  acids,  alkalis,  and  oxidising  agents.  On  evaporating 
it  with  dilute  acids  or  bases,  it  turns  brown,  and  a  humus-like  body  is  separated. 

■*  In  removing  the  chlorine  with  silver-carbon.ite,  or  tlie  clilorine  and  barium  by  silver-sulphate,  a 
crystalline  substance  was  obtained,  nearly  related  to  propylphycite,  and  jierhaps  containing  CH'-C. 
(Carius.) 
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With  cuprio  oxide  and  potash,  it  forms  a  blue  solution,  which  does  not  deposit  cuprous 
oxide  on  boiling,  even  if  the  propylphycite  has  previously  been  treated  with  dilute 
sulphuric  acid.  From  a  neutral  silver-solution,  it  reduces  the  metal  at  the  boiling 
heat ;  from  an  ammoniacal  solution,  even  at  ordinary  temperatures. 

Propylphycite  contains  four  atoms  of  hydrogen  replaceable  by  metals  or  other 
radicles,  two  of  them  apparently  with  greater  facility  than  the  otlier  two.  In  concen- 
trated solution  it  takes  up  lime,  baryta,  lead-oxide,  and  even  lead-  or  silver-carbonate. 
The  solution  containing  lime,  baryta,  or  lead-oxide  yields,  with  alcohol,  white  bulky 
precipitates,  soluble  in  water,  and  decomposible  by  carbonic  acid.  The  lead-compound, 
in  aqueous  solution,  is  not  completely  decomposed  by  sulphydric  acid,  the  filtrate  still 
giving  a  precipitate  with  sidphide  of  ammonium.  The  compound  formed  on  adding 
basic  acetate  of  lead  to  a  solution  of  propylphycite,  is  a  bulky  precipitate,  soou 
becoming  granular,  and  containing  C^H'.H-Pb"0*. 

Nitropropylphycite,  C''HMI^(NO^)0  ',  is  formed  by  dropping  a  scarcely  liquid  solution 
of  propylphycite  into  cooled  fuming  nitric  acid,  and  separates,  on  pouring  the  liquid 
into  water,  as  a  colourless  viscid  mass,  nearly  insoluble  in  water,  but  soluble  in  alco- 
hol and  ether.  The  nitro-compound  becomes  mobile  at  100°,  distils  for  the  most  part 
without  decomposition,  if  carefully  heated,  but  when  quickly  heated,  decomposes  sud- 
denly, though  without  explosion.  Zinc  and  hydrochloric  acid,  added  to  its  alcoholic 
solution,  produce  chloride  of  ammonium  and  propylphycite. 

TRXTYI.PHTCITXC     or      PROPYtPHYCITIC    ACID.      C'H«C=  - 

H*       \^*'    (Carius,  foe.  CTt) — Produced  by  dissolving  propylphycite  in  nitric 

acid  of  specific  gravity  1'2,  diluted  with  an  equal  volume  of  water,  repeatedly  evapo- 
rating the  solution,  neutralising  with  carbonate  of  barium,  filtering  from  oxalate  of 
barium,  and  precipitating  the  concentrated  filtrate  with  alcohol.  The  acid,  separated 
from  the  barium-salt  by  sulphuric  acid,  is  a  colourless,  amorphous,  strongly  acid, 
deliquescent  mass,  which  decomposes  at  160°,  either  in  the  free  state  or  combined  with 
bases,  yielding  oxalic,  acetic,  and  perhaps  also  glycollic  acid. 

The  propylphycitates,  excepting  the  lead-  and  silver-salts,  are  easily  soluble ;  the 
silver-salt  is  very  quickly  reduced  in  ammoniacal  solution. — The  acid  barium-salt, 
C«H'°Ba"0'<'  =  C^H^Ba'■O^C=H•*0^  is  an  indistinctly  crystalline  powder.— The  acid 
calcium-salt,  C^H^Ca'C"  =  CTI^Ca".O^C^H'=0^  is  not  crystallisable,  but  is  precipi- 
tated by  alcohol  from  its  aqueous  solution  in  flocks. — The  acid  lead-salt,  C''H'"Pb"0  = 
C^H^Pb"C.C^H*0*,  precipitated  by  neutral  lead-acetate,  is  flocculent  at  first,  but 
afterwards  changes  to  a  crystalline  powder,  composed  of  microscopic  prisms. — The 

normal  lead-salt,  C-'H^Pb^OS  precipitated  by  basic  lead-acetate,  is  an  amorphous 
powder. 

TRXT7XiPHVCXTXC    or     PROPVX.PKTCITIC  DXCHXiORB'K'SRIU. 

C^H«CW  =  CTI\C12(H0'^).  Ghjcerylenic  DicUorhydroxylate.  (Q,&v\\\s,  loc.  cit.)—- 
This  compound  is  formed,  as  already  stated  (p.  893),  by  addition  of  hypochlorous  acid 
to  glyceric  epichlorhydrin. 

To  prepare  it,  epichlorhydrin  is  added  in  the  dark,  and  with  frequent  agitation,  to 
a  cooled  solution  of  hjrpochlorous  acid  (prepared  by  passing  chlorine-gas  into  water  in 
which  mercuric  oxide  is  suspended,  and  containing  from  6  to  8  per  cent,  of  the  acid), 
till  the  odour  becomes  barely  perceptible ;  the  solution,  filtered  from  mercuric  oxychlo- 
ride  and  diluted,  is  immediately  treated  with  sulphydric  acid  gas,  till  the  excess  of 
hypochlorous  acid  is  decomposed  and  the  mercury  is  precipitated  ;  the  filtrate  is 
then  saturated  with  common  salt ;  and  the  diehlorhydrin,  already  partly  separated  as 
an  oily  liquid,  is  further  extracted  by  agitation  with  ether,  and  purified,  after  evapo- 
ration of  the  ether,  by  heating  it  to  160° — 170°  in  a  stream  of  dry  carbonic 
anhydride,  whereby  any  glyceric  diehlorhydrin  formed  at  the  same  time  is  decomposed. 

Propylphycitic  diehlorhydrin,  thus  obtained,  is  a  liquid,  rather  mobile  when  warm, 
but  of  the  consistence  of  glycerin  at  ordinary  temperatures ;  it  is  heavier  than  water, 
has  a  somewhat  rancid  odour,  dissolves  easily  in  alcohol  and  in  ether,  but  is  nearly  inso- 
luble in  salt-water.  When  heated  above  200°,  it  decomposes,  giving  off  hydrochloric 
acid,  and  vapours  smelling  of  acrolein.  By  potash  in  aqueous  solution,  it  is  easily 
converted  into  propylphycite : 


f^^^,  +  2KE0    =  C;5'j0^  +  2EC1. 


TRXTTX.PHYCXTXC  or  PSOPVXiPHYCXTXC  DXCKZiOROBROBSHY- 
DRXir,  C'H*!^'^^'',  is  produced  by  heating  1  at.  of  the  diehlorhydrin  to  120°,  in 
sealed  tubes,  with  1  at.  dry  bromine.  It  is  a  mobile  liquid,  having  a  sharp  odour,  decom- 
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posing  at  160-',  insoluMp  in  water,  bat  decomposed  by  it,  with  separation  of  bromine 
and  hydrochloric  acid.    With  alkalis,  it  reacts  like  the  dichlorhydrin.  (Carius.) 

XaiTYlPHYCITIC  or  PKOP-srX.S>HYCITIC  STHERS.  (Carins,  loc.  fit.) 
■ — Diareto-jxnipylphiicitf,  C''H*.H'-(C'ir'(.))'-0',  is  obfaineil  by  heating  tlie  dichlorhydrin  to 
10(1°  with  sodic  acetate  and  glacial  acetic  acid,  neutralising  with  sodic  carbonate,  and 
exhausting  with  etlier.  It  is  a  viscid  bitter  liquid,  easily  soluble  in  water,  not  capable 
of  being  distilled  without  decomposition.  Baryta  decomposes  it  into  acetic  acid  and 
propylphycite. 

Truihylpro'pylphi/citc,  CTI'.H(C-H*)'0',  is  produced  by  gradually  mixing  an  alco- 
holic solution  of  the  dichlorobromhydrin  with  diluted  and  cooled  sodium-ethylate,  or 
by  heating  it  to  160°  with  absolute  alcohol.  It  is  a  colourless,  faintly  smelling  liquid, 
easily  soluble  in  water  and  in  potash-ley,  heavier  than  water,  and  dissolving  calcium- 
chloride  in  considerable  quantity.  Boiling-point  =  192'8°  at  0'758  met.  Vapour- 
density,  obs.  =  6'6.5 ;  calc.  =  6'79. 

TctrcthylixroijylfhyciU,  C*H^(C^II*)'0',  is  produced,  as  shown  by  the  equation  : 

(CTi^^io'  -  c^H^i  =  Nai  +  (c^h"  [o^ 

by  warming  the  triethylic  ether  with  sodium  as  long  as  hj'drogen  is  thereby  evolved, 
and  distilling  the  resulting  sodium-compound  with  an  equivalent  quantity  of  ethylic 
iodide.  It  is  a  rather  mobile  colourless  liquid,  which  boils  between  160°  and  IGO*^, 
and  exhibits,  more  plainly  than  the  preceding  compound,  the  odour  of  sugar  heated 
above  its  melting-point. 

Biaccto-diethylpropylphydtc,  C^H'(C'H^O)'(C-H'^)=0',  is  formed,  together  with 
ethylic  acetate,  by  heating  triethjlpropylphycite  to  150°  for  several  hours,  with  3  vols, 
glacial  acetic  acid.  It  is  a  thick  colourless  liquid,  which  boils  at  about  210°,  and  is 
decomposed  by  baryta-water  into  barium-acetate,  and  a  liquid  compound  soluble  in 
water,  probably  consisting  of  diethylpropylphycite. 

T]!%OIVIBOI.XT£.    Syn.  with  Thkombolite  (p.  788). 

TRONA.  Native  tetrasodic  carbonate,  or  sesqiiicarbonate,  2Na-O.H-0.3CO'.2aq. 
(See  Cahbonates,  i.  796.) 

TBOOSTXTS.  A  silicate  of  manganese  and  zinc,  from  Sterling,  in  New  Jersey 
(p.  264). 

TKOPJEOIilC  ACI3>.    See  the  next  article. 

TItOP.SOXiU^.  The  common  nasturtium,  Tropaolum  majzts,  contains  in  100 
pts.,  besides  the  ordinary  plant-constituents,  2-1  pts.  volatile  oil,  8'6  lime,  2-3  silicH, 
and  0-9  of  a  peculiar  acid  called  tropseolic  acid.  The  volatile  oil  and  the  tropaeolic 
acid  are  found  in  the  entire  plant,  especially  in  the  fniit  and  seed-coatings.  The  vo- 
latile oil  has  a  peculiar  odour,  a  sharp  burning  taste,  and  reddens  the  skin. 

Tropiaeolic  acid  is  extracted  from  the  herb  or  the  seed  with  alcohol;  and  on 
boiling  the  solution  with  water,  and  evaporating  the  filtrate,  the  acid  ciystallises 
in  slender  needles.  It  is  white,  reddens  litmus  strongly,  and  forms  crystallLsable 
salts  with  pot.Tsh  and  soda  (M tiller,  Ann.  Ch.  Pharm.  xxv.  208).  Whether  this 
body  is  really  a  peculiar  :icid,  further  investigation  must  decide.  According  to  expe- 
riments by  V.  Payr,  communicated  by  Rochleder  (Jahresb.  1857,  p.  522),  the 
crystals  obtained  by  Miiller  were  nothing  but  sulphate  of  potassium,  which,  however, 
does  not  agree  with  Mailer's  statement  that  they  were  soluble  in  alcohol  and  other. 

The  seeds  and  fiower-buds  of  Tr.  majiis  pickled  with  vinegar  are  sometimes  used 
instead  of  capers. 

TROPZNE.  CH'^NO.  (Kraut,  Ann.  Ch.  Pharm.  cxxviii.  280;  cxxxiii.  87; 
Jahresb.  1863,  p.  448;  1865,  p.  448.) — An  organic  l>ase,  produced,  together  with 
atropic  acid,*  by  the  decomposition  of  atropine  with  alkalis: 

CII-'NO'     =     C'H-^O-    +  C^'II'^NO. 

Atrupine.  Atr.ipic  acid.  Tropiiie. 

Atropine,  heated  with  hot  satur.ited  baryta-water,  disappears  almost  entirely,  while 
only  traces  of  a  volatile  base  are  produced.  On  precipitating  the  baryta  from  the  re- 
sulting solution  by  carbonic  acid,  atropate  of  tropine  remains  in  solution  ;  and  on 
agitating  the  filtex-ed  liquid  with  hydrochloric  acid  and  ether,  tlie  atropic  acid  is  dis- 
solved by  the  ether,  while  hydrochlorate  of  tropine  remains  in  the  watery  liquid.  The 
base  separated  from  this  salt  by  silver-oxide  solidifies  in  the  crystalline  form  over  oil 
of  vitriol,  and,  when  distilled  at  a  temperature  above  230^,  p.asses  over  as  a  turpen- 
tine-like mass,  and  ultimately  forms  crystals  containing  C'H'^NO.iH-O. 

*  Tlie  name  .nciti  "  has  also  bpon  liivcn  to  an  iuijierft^ctly  known  acid,  said  by  Richter  to 

exist  in  bell.iUunii,i(i.  174). 
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Atropine  is  likewise  resolved  into  atropic  acid  and  tropiue,  by  the  action  of  fuming 
hydrochloric  acid. 

Tropine  is  inodorous  in  the  cold,  but  gives  off  odorous  vapours  when  heated.  It 
has  a  strong  alkaline  reaction,  dissolves  easily  in  water  and  in  alcohol,  and  remains 
as  an  oil  on  evaporation.  From  solution  in  anhydrous  ether,  it  crystallises  over  oil  of 
■\itriol  in  colourless  anhydrous  tables,  CH'^NO,  which  melt  at  6r2°.  It  does  not 
absorb  carbonic  acid  from  the  air,  forms  salts  which  crystallise  well,  and  its  aqueous 
solution  precipitates  the  oxides  of  silver  and  copper,  the  precipitates  not  being  soluble 
in  excess  of  the  reagent.  From  the  solution  of  hydrochlorate  of  tropine,  CH'^NO.HCl, 
strong  potash-ley  throws  down  oily  drops,  sohible  in  ether  and  in  water. 

The  chloroplatinate,  2(C'H'^N0.HCl).PtCl\  forms  large  orange-red  crystals,  easily 
soluble  in  water,  but  insoluble  in  alcohol.  The  double  salts  formed  by  the  hydro- 
chlorate  with  mercuric  cliloride,  and  by  the  hydriodate  with  mercuric  iodide,  are  also 
sparingly  soluble,  and  easily  crystallisable.  Auric  chloride  forms,  in  the  solution  of 
the  hydrochlorate,  a  yellow  precipitate,  which  melts  and  dissolves  in  warm  water,  and 
then  crystallises. — Picrate  of  tropine,  C''H"*NO.C°H"(NO^)^0,  is  a  yellow  precipitate, 
wliich  crystallises  from  water  in  needles. — Atropate  of  tropine,  C'H'^NO^.CH^O^. 
4II-0,  is  uncrystallisable,  nearly  solid,  and  ropy  at  ordinary  temperatiires,  deliquescent 
at  higher  temperatures.  In  a  2  per  cent,  aqueous  solution  it  does  not  produce  dilata- 
tion of  the  pupil. 

Tropine  is  not  decomposed  by  boiling  with  hydriodic  acid,  or  by  heating  to  140°, 
with  hydrochloric  acid.  When  distilled  with  dry  hydrate  of  barium,  it  gives  off  am- 
monia and  methylamine,  together  with  other  products. 

Hi/driodate  of  Ethi/ltropine,  CT1"(C'H'^)N0.HI,  is  easily  formed  by  dissolv- 
ing tropine  in  ethylic  iodide.  The  free  base  separated  from  it  by  silver-oxide  is  a 
brown  amorphous  mass,  which  is  insoluble  in  ether,  soluble  in  absolute  alcohol,  and  does 
not  take  up  another  atom  of  ethyl  when  treated  with  ethylic  iodide. — The  platinwii- 
salt,  2[C«H"(C^H=)N0.HCl].PtCl',  is  a  light-yellow  crystalline  powder,  precipitable  by 
alcohol. 

TRTTFFIiZ:.  Tuber  ciharivm.  (1/ycopodon  tuber,  L.). — An  edible  fungus,  belong- 
ing to  the  family  of  the  G-asteromycetes,  forming  round,  blackish,  warty  knobs, 
yeilo\n'sh-white  within,  veined  like  nutmegs,  having  a  peculiar,  agreeable,  musklike 
odour,  and  aromatic  taste.  TrufB.es  grow  underground,  often  in  groups  :  they  occur  in 
all  temperate  climates,  especially  in  oak,  beech,  and  chestnut- woods,  and  thrive  best  in 
a  calcareous  marly  soil. 

The  aroma  of  the  trufSe  is  very  volatile,  and  passes  over  with  water  in  distillation. 
According  to  Lefort,  truffles,  when  perfectly  ripe,  contain  about  70  per  cent,  water. 
The  organic  constituents  of  the  truiHe  are  mannite,  malic  acid,  citric  acid,  a  non- 
s.nponifiable  fat,  besides  the  ordinary  constituents  of  vegetable  substances.  Glucose, 
which  (according  to  Vauquelin,  Braconnot,  and  Lefort)  occurs  in  Agaricus 
eduHs,  is  not  found  in  truffles  (according  to  Leforf).  The  peculiar  odoriferous  prin- 
ciple of  the  tr'.iiRe  does  not  belong  to  the  class  of  volatile  oils  :  the  colouring-matter 
exists  chiefly  in  the  spores. 

TSCHBFFKZN'XTE  or  TSCHEW3SIUITB.  A  silicotitanate  of  iron, 
cerium,  &c.,  occurring  massive  and  apparently  amorphous,  near  Miask  in  the  Ilmen 
Mountains.  It  is  nearly  opaque,  with  velvet-black  colour,  dark-brown  streak,  and 
strong  vitreous  lustre.  Hardness  =  5'0  to  5'5.  Specific  gravity  =  4-50  to  4-66. 
Fracture  flat  conchoi'dal.  When  heated  before  the  blowpipe,  it  quickly  glows,  swells 
up  very  strongly,  turns  browii,  and  melts  to  a  black  bead.  With  fluxes  it  gives  the 
reactions  of  iron,  manganese,  and  silica.  When  heated  in  a  tube,  it  leaves  a  little 
water.  It  dissolves  in  hydrochloric  acid,  leaving  a  jelly  of  silica.  It  contains,  ac- 
cording to  an  approximate  analysis  by  H.  Kose  (Pogg.  Ann.  Ixii.  591) : 

SiOK  Ti02.  CeO;  LaO:  DiO.    FeO.  CaO.  MgO.         MnO.    K^O ;  Na  O. 

»  ^  I   ,  • 

21-04         20-17         47-29         11-21         3-50         0-22         0-83  0-12; 

whence  its  composition  appears  to  be  expressible  by  the  formula  M"SiO^.M"TiO% 
A  mineral  from  Coromandel,  analysed  by  Dam  our  (.lahresb.  1861,  p.  824)  appears  to 
liave  the  same  composition.  Another  mineral,  analysed  by  Schubin  (Berz.  Jahresb. 
xxvi.  373),  and  designated  as  tschewkinite,  has  been  shown  by  Kokscharow  to  consist 
of  orthite. 

TSCBEir.  Chinese  coins  of  brass-yellow  to  bronze-yellow  colour,  containing  (in 
100  pts.)  55  to  64  per  cent,  copper,  26  to  35  zinc,  generally  from  1  to  2  per  cent.  tin. 
2  to  4  per  cent,  iron,  and  between  1  and  6  per  cent,  lead ;  some  of  them  contain  also 
small  quantities  of  antimony,  arsenic,  and  nickel.  (Pdpplein,  Chem.  Centr.  1859, 
p.  484.) 
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TSCHERMXCXTB.  Ammonia-alum  (p.  580),  occurring  in  a  bed  of  lignite  at 
Tsfhtrmig  in  Bohemia;  also,  according  to  Peters  (Leouh.  Jahresb.  f.  Miu.  1861, 
p.  506),  in  that  of  Tokod,  near  Gran  in  Hungary. 

TSCHEWKIITITXl.    Syn.  with  Tscheffkinite. 

TSCHORM-OSSnx.    Russian  black  earth.    (See  Soils,  p.  344.) 

TSE-HONG.  A  mixture  of  white  lead  with  alumina,  ferric  oxide,  and  silica,  used 
by  the  Chinese  as  a  red  colour  for  painting  on  porcelain.  (Salvetat.) 

ISZHG-lsZEW  is  another  red  colour,  used  for  porcelain-painting,  consisting  chiefly 
of  stannic  and  plumbic  silicates,  together  with  small  quantities  of  oxide  of  copper,  or 
cobalt  and  metallic  gold.  (Salvetat.) 

TUBER  CZBARXUIW.    Syn.  with  Truffle. 

TUESXTE.  A  mineral  allied  to  lithomarge  or  kaolin,  occurring  on  the  banks  of 
the  Tweed.  It  is  massive,  compact,  with  a  bluish-white  colour,  and  slightly  waxy  to 
dull  lustre  ;  opaque  ;  sectile.  Hardness  =  2  o.  Specific  gravity  -  2-4  to  2  6.  Before 
the  blowpipe  it  becomes  light-blue  and  brittle,  and  forms  a  colourless  glass  with  borax. 
The  following  analyses  are  by  Thompson  and  Richardson  {Thomson  s  Outlines  of 
Mineralog:/,  i.  244) : 

'siO'.         Al-C.       CaO.         MgO.         FeO.  H-O. 

44-30       40-40       075       0-50        .    .       13-50     =  99-45. 

43-80       40-10       0-G4       0-55       0-94       14-21     =  100-24. 

TTTPA,  CAIiCAREOUS.  This  name  is  applied  to  agaric  mineral,  or  rock-milk 
(iii.  697),  when  so  hard  as  not  to  be  friable. 

TUTA,  -VOXiCAWIC.  Earthy  or  compact  masses  with  white  fracture,  consisting 
of  the  hardened  mud  formed  by  mixture  of  volcanic  ash  (i.  420)  with  water. 

TUXiZP-TREE.  Liriodendron  ttdipifcra. — The  root-bark  of  this  tree  is  said  by 
Emmet  to  contain  a  crystallisable  bitter  principle  called  liriodendrin  (iii.  726), 
which,  however,  Bouchardat  was  unable  to  prepare.  The  latter,  however,  obtained  from 
tulip-tree  bark  a  crj-.stalline  body,  which  lie  called  piperin. 

TTIXiTJCiriffA,  TUXiXCOOXTA,  or  TAXiXiXCOON'A  OXi.  Syn.  with  Carapa- 
oiL  (i.  749). 

TtrXilTCTTN'XIl'.  C'-^'H^O^ — A  crystallisable  bitter  principle,  contained,  according 
to  Caventou  (J.  Pharm.  [3],  xxxv.  189;  Jahresb.  1859,  p.  583),  in  the  bark  of 
Carapa  Tulucuna.  Is  is  prejjared  by  exhausting  the  aqueous  extract  of  the  bark  with 
alcohol,  mixing  the  solution  with  milk  of  lime,  evaporating  it  after  the  insoluble 
matter  has  settled  down,  and  treating  the  residue  with  chloroform.  The  resulting 
solution,  when  left  to  evaporate,  yields  tulucunin  as  a  light-yellow,  amorphous, 
resinous  mass,  having  a  very  bitter  taste,  slightly  soluble  in  water,  easily  soluble  in 
alcohol  and  in  chloroform,  insoluble  in  ether.  It  is  turned  blue  by  sulphuric  acid  in 
the  cold,  and  by  oxalic,  tai'taric,  or  citric  acid  when  heated. 

TVSrCSTATES.    See  p.  904. 

TUWCSTEM- :  also  called  Wolfram.  Atomic  tv(iffht,l8i.  Symbol,  W. — A  metallic 
element,  occurring  as  tungstate  of  iron  and  manganese  in  w-olfram,  a  mineral  some- 
what abundant  in  Cornwall,  Saxony,  Bohemia,  and  other  localities :  it  occurs  also  as 
tungstate  of  calcium  (scheelite  or  tungsten)  in  Bohemia,  Saxony,  and  other  places ; 
and  as  tungstate  of  lead  (scheeletine)  at  Zinnwald  in  Bohemia,  Bleiberg  in  Carinthia, 
and  in  Chile. 

Metallic  tungsten  is  obtained:  1.  By  heating  trioxide  of  tungsten  (tungstic  oxide  or 
anhydride)  to  bright  redness  in  a  stream  of  hydrogen. — 2.  By  mixing  the  trioxide 
to  a  stiff  paste  with  oil,  charring  the  mixture,  and  then  heating  it  intensely 
for  several  hours  in  a  crucible  lined  v.'ith  charcoal. — 3.  By  passing  the  vapour  of 
tungstic  chloride  or  oxA'chloride  mixed  with  hydrogen  through  a  red-hot  glass  tube. 
(Wohler,  Ann.  Ch.  Pharm.  xciv.  256.) 

4.  By  passing  the  vapourof  tungstic  chloride  over  strongly  heated  sodium,  and  washing 
out  the  resulting  sodium-chloride  with  water.    (A.  Riche,  Ann.  Ch.  Phys.  [3],  1.  5.) 

6.  By  igniting  nitride  of  tungsten  in  hydrogen-gas,  or  in  a  porcelain  crucible  sur- 
rounded with  charcoal-powder.    (Wohler.  .Jaliresb.  1850,  p.  303.) 

Tungsten  obtained  by  the  first  process  is  described  by  Wohler  as  a  steel-grey 
powder,  which  melts  into  globules  at  a  very  intense  heat.  According  to  Riche,  the 
metal  obtained  as  above  forms  small  cry.stalliiie  grains,  which  acquire  metallic 
lustre  by  burnishing,  and  scratch  glass  with  facility ;  it  is  infusible  in  the  strongest 
forge-fire,  but  may  be  melted  by  the  cuiTent  of  a  Bunsen's  battery  of  2tl0  pairs, 
being  partially  oxidised  at  the  same  time,  and  burning  with  a  blue  flame.  The 
metal  obtained  by  the  second  process  is  also  heavy,  of  iron-grey  colour,  very  hard, 
and  difficult  of  fusion.  The  third  process  yields  the  metal  as  a  shining,  dark  steel- 
gi-ey,  specular  deposit,  which  may  be  detached  from  the  glass  in  hard  Virittle  crusts. 
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The  specific  gravity  of  tungsten  reduced  by  hydrogen  is  17-2  to  17"6  (Wohler) ;  17  to 
18-2  (Bernoulli,  Jahresb.  1860,  p.  152);  that  of  the  metal  reduced  by  charcoal  is  17"! 
to  17'2  (Bernoulli) ;  of  that  reduced  from  the  chloride  by  hydrogen,  16'54.  (Wohler.) 

Tungsten  reduced  from  the  nitride  (4)  is  pulverulent,  and  has  a  specific  gravity  of  17'>'5 ; 
that  obtained  by  igniting  acid  potassium-tungstate  in  hydrogen,  has  a  specific  gravity 
of  18-26.  (Wohler.) 

Pulverulent  tungsten  heated  in  the  air,  burns  easily  to  tungstic  oxide  ;  but  compact 
tungsten  may  be  heated  in  the  air  without  sensible  change,  excepting  at  tlie  very  high 
temperature  of  the  electric  current,  as  above  mentioned.  Nitric  acid  and  nitromuriatic 
acid  convert  tungsten  into  tungstic  acid,  and  the  same  change  is  produced  by  heating 
it  in  contact  with  the  alkalis  or  with  nitre.  Pulverulent  tungsten  is  also  oxidised  and 
dissolved,  by  boiling  it  in  a  solution  of  caustic  alkalis  or  alkaline  carbonates. 

Tungsten  forms  two  classes  of  compounds,  in  one  of  which  it  is  tetratomie,  and  in 
the  other  hexatomic : 

Tungstous  Chloride,  WCl'.  Tungstic  Chloride,  WCP. 

Tungstous  Oxide,  WO^  Tungstic  Oxide,  WO'. 

There  are  also  compounds  of  intermediate  composition,  which  may  be  regarded  as 
resulting  from  the  union  of  tungstous  and  tungstic  compounds:  e.g.,  W^C1'°  = 
WCP.WCF. 

TTTBrGSTETT,  AXiXiOVS  OP.  These  alloys  have  not  been  much  studied. 
Wohler  and  Michel  (Ann.  Ch.  Pharm.  cxv.  102),  by  fusing  15  pts.  tungstcn-trioxide, 
30  pts.  cryolite,  30  pts.  of  a  mixture  of  potassium-  and  sodium-chloride  in  equivalent 
proportions,  and  15  pts.  aluminium  at  a  full  red  heat,  obtained  a  regulus,  which, 
when  the  excess  of  aluminium  was  dissolved  out  by  dilute  hydrochloric  acid,  left  an 
alloy  of  tungsten  and  aluminium,  Al^W,  as  an  iron-grey  crystalline  powder,  of  specific 
gravity  5'58,  and  appearing  under  the  microscope  to  consist  of  rhombic  prisms.  This 
alloy  is  not  attacked  by  concentrated  acids  in  the  cold,  but  is  oxidised  by  hot  nitric 
acid,  with  separation  of  yellow  tungstic  acid.  Hydrochloric  acid  dissolves  it  with 
deep  brown  colour.  It  is  decomposed  by  hot  soda-ley,  which  dissolves  the  aluminium, 
and  leaves  pure  tungsten. 

Tungsten  alloyed  with  steel  in  the  proportion  of  9  or  10  pts.  of  the  former  to  90°  of 
the  latter,  yields  an  alloy  of  extraordinary  hardness.  According  to  P.  A.Bernoulli, 
(Pogg.  Ann.  cxi.  673;  Jahresb.  I860,  p.  163),  a  very  hard  tungstiferous  cast-steel 
may  be  obtained  by  fusing  turnings  of  grey  cast-iron  with  tungsten-tri  oxide.  The 
reduction  of  this  oxide  to  metallic  tungsten  is  effected  only  by  the  mechanically  mixed 
carbon  of  the  grey  cast-iron,  not  by  tliat  which  is  chemically  combined  with  the  iron ; 
accordingly,  white  cast-iron  fused  with  tungsten-trioxide  does  not  yield  tungsten-steel, 
and  after  addition  of  charcoal  merely  an  alloy  of  tungsten  and  iron. 

Copper,  lead,  zinc,  antimony,  bismutli,  cobalt,  and  nickel  unite  with  tungsten,  only 
when  the  two  metals  are  simultaneously  reduced  from  their  oxides.  The  alloys  which 
they  form  are  so  difficultly  fusible,  that  those  which  contain  more  than  10  per  cent, 
tungsten  do  not  yield  reguline  masses  ;  and  those  which  contain  volatile  metals  decom- 
pose when  strongly  heated,  leaving  nothing  but  metallic  tungsten.  Iron  is  the  only 
metal  which  alloys  with  tungsten  in  all  proportions  up  to  80  per  cent,  of  the  latter,  with 
which  proportion  a  mass  is  formed,  not  fusible  at  any  attaiDable  temperature. 
(Bernoulli.) 

TWWOSTEW,  BROMIDES  OP,  (Bonnet,  J.  pr.  Chem.  x.  206.— Borck, 
ibid.  liv.  284  ;  Jahresb.  1851,  p.  344.— Kiche,  Ann.  Ch.  Phys.  1.  5  ;  Jahresb.  1857, 
p.  186. — Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  227.)— Tungsten 
heated  in  bromine-vapour  unites  directly  with  it,  forming  products,  the  composition  of 
which  has  been  variously  stated  by  different  chemists.  According  to  Borck,  the  pro- 
duct consists  partly  of  the  tetrabromide,  or  tungstous  bromi de,  WBr' ;  partly 
of  the  pen tabromi  d  e,  or  tungstoso- tungstic  bromide,  W^Br'"  =  WBr''. WBr", 
both  of  which  sublime  in  black  needles,  the  former,  however,  being  more  volatile  tlian 
the  latter,  and  very  deliquescent. — According  to  Riche,  tungsten  heated  to  redness  in 
bromine-vapour,  is  converted  into  the  hex  bromide  or  tungstic  bromide,  WBr", 
partly  in  the  form  of  a  fused  mass,  partly  in  sublimed  needles,  of  a  chestnut-brown 
colour.  Thi.s  compoimd,  when  exposed  to  moist  air,  is  converted  superficially  into  the 
violet  oxybromide,  WBr'O,  and  finally  into  tungstic  acid;  water  converts  it  immedi- 
ately into  tungstic  acid,  with  brisk  effervescence. — According  to  Blomstrand,  the  pro- 
duct of  the  action  of  bromine- vapoiu"  on  heated  tungsten  consists  mainly  of  the  penta- 
bromide,  W^Br'"  (probably  resulting  from  the  combination  of  WBr'  and  "WBr"),  mixed, 
if  air  and  moisture  have  not  been  excluded,  with  the  oxybrornides,  WBr'O  and  WBr'^'O'. 
The  black  needles,  described  by  Borck  as  the  tetrabromide,  consist,  according  to 
Blomstrand,  of  the  former  of  these  oxybromides. 

The  pentabromide.or  tungstoso-tungstic  bromide,  W^Br'",  after  repeated 
STiblimation,  has  a  bluish-black  colour;  it  boils  and  sublimes  near  its  melting-point, 
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giving  off  a  dark  purple-rcd  vapour,  which,  on  cooling,  condenses  to  a  compact  crystal- 
line mass,  or  to  shining  quadratic  prisms.  In  contact  with  water  or  moist  air,  it  is 
converted  into  hydrobromic  acid  and  blue  oxide  of  tungsten,  W'-'O''.  Alkalis  dissolve 
it,  without  evolution  of  hydrogen.  When  heated  in  contact  with  the  air,  it  is  converted 
into  the  oxybromide,  WBr-0^,  which  sublimes.  (Borck.) 

Oxyhromidcs. — Two  of  these  compounds  are  known,  derived  from  tungstic  oxide, 
WO',  by  replacement  of  1  and  2  at.  oxygon  by  equivalent  quantities  of  bromine. — 
Timgsiic  dioxyhromidc,  WBr-0'  or  WBr''.2W0^,  first  observed  by  Bonnet,  is  formed, 
together  with  the  pentabromide,in  the  first  stage  of  the  reaction  of  bromine  on  metallic 
tungsten  when  air  is  not  completely  excluded  ;  and  in  a  purer  state  by  the  action  of 
bromine  on  the  dioxide.  It  forms  yellow  crystalline  scales,  of  the  colour  of  lirass  or 
mosaic  gold.  It  is  infusible,  is  resolved  by  heat  into  tungstic  oxide  and  tungstic  mon- 
oxybromide,  and  converted  by  water  into  tungstic  acid.  (Blomstrand.) 

The  wonoxyhroinide,  WBr'O  =  2WBr'^.W0^  (described  by  Borck  as  tlie  tetrabromido, 
p.  898),  is  best  obtained  by  the  action  of  bromine,  at  a  gentle  heat,  on  sulphide  of 
tungsten  (prepared  in  the  wet  way),  or  upon  a  mixture  of  tung.stic  oxide  and  charcoal; 
it  likewise  invariably  occurs,  as  an  intermediate  product,  when  the  pentabromide  and 
the  dioxybromido  are  simultaneously  produced.  Its  colour  is  very  much  like  that  of  the 
pentabromide,  only  of  a  ligliter  black-brown  ;  its  vapour  is  brown-red ;  it  crystal- 
lises in  woolly  needles,  and  yields  tungstic  acid  with  water.  (Blomstrand.) 

The  compound  W'Br'°.W-0^,  described  by  Bonnet,  does  not  appear  to  exist. 

TUiSIGSTSW,  CHIiORISSS  or.  (Wohler,  Pogg.  Ann.  ii.  345.— Malagut  i, 
Berz.  Jahresb.  xv.  103. — 11.  Rose,  Uiid.  xviii.  200.— Borck,  J.  pr.  Chem.  liv.  254; 
Jahresb.  18.')1,  p.  345.— Riche,  Ann.  Ch.  Phys.  [3],  1.  5;  Jahresb.  1856,  p.  372; 
1857,  p.  184.— Blomstrand,  J.  pr.  Chem.  Ixxxii.  408;  Jahresb.  1861,  p.  228.— 
Forcher,  AVien.  Akad.  Ber.  xliv.  159;  Jahresb.  1861,  p.  232.— Debray,  Compt. 
rend.  Ix.  820;  Jahresb.  1865,  p.  212.) — Clilorine,  like  bromine,  acts  directly  upon 
tungsten,  forming  products,  the  composition  of  which  has  been  variously  stated 
by  different  chemists.  According  to  recent  investigations,  however,  the  compounds 
obtained  by  heating  metallic  tungsten  in  dry  chlorine-gas,  are  WCl^  and  W^Cl'", 
analogous  to  the  bromides  ;  but  the  hexchloride  is  more  easily  obtained  in  tlie 
separate  state  than  the  hexbroniidc,  apparently  because  a  lower  temperature  is  sidli- 
cient  for  its  formation.  If  oxygen  is  present,  oxychlorides  are  also  formed,  analogous 
to  the  oxybromidos  above  described.  According  to  Wohler  and  Borck,  the  tetrachlo- 
ride, WCl',  is  obtained,  as  a  dark-red  compound,  by  heating  tungsten  in  chlorine-gas; 
but,  according  to  Blomstrand,  this  red  product  is  obtained  only  when  oxygen  is 
present,  and  is  really  an  oxychloride  ;  the  tetrachloride,  indeed,  does  not  appear  ro 
exist,  at  least  in  the  separate  state,  not  being  foi'med  even  when  one  of  the  higher 
chlorides  is  heated  in  hydrogen-gas  (Bloms  trand).  Riche,  on  the  other  hand,  states 
that  it  is  produced  in  this  manner,  but  is  very  difficult  to  obtain  piu-e,  being  easily 
resolved  into  the  hexchloride  and  metallic  tungsten. 

Hexchloride  of  Tungsten,  ov  Tungstic  Chloride,  'WCl^. — This  compound 
is  formed,  together  with  the  following,  when  tungsten  burns  in  chlorine-gas ;  in 
smaller  quantity  also  by  heating  sulphide  of  tungsten  in  chlorine  ;  and,  together  with 
oxychlorides,  by  the  action  of  chlorine  on  an  ignited  mixture  of  tungstic  oxide  and 
charcoal.  It  is  less  volatile  than  the  pentaehloride  and  oxychlorides,  which  may  there- 
fore be  removed  from  it  by  sublimation.  It  forms  dark -violet  scales,  or  fused  crusts, 
having  a  blackish-grey  colour  and  bluish  metallic  iridescence  ;  by  careful  sublima- 
tion it  may  be  obtained  in  blackish-violet  needles  having  a  metallic  aspect.  It  melts 
at  183°  (Cahours),  at  180°  (Forcher),  to  a  black  liquid,  and  yields  a  dark-red 
vapour  (Forcher);  reddish-yellow  (Blomstrand);  it  decrepitates  on  cooling 
(Blomstrand).  The  vapour-density,  taken  at  the  heat  of  boiling  mercury,  is,  accord- 
ing to  Debray,  11'50  ;  at  the  heat  of  boiling  sulphui',  11'86;  the  calculated  den.sity 
for  a  two-volume  condensation  is  13-75,  v.hich  is  considerably  higher  than  the  experi- 
mental numbers.  Debray  observes,  however,  that  it  is  very  difficult  to  obtain  the 
hexcliloride  quite  free  from  pentaehloride  (which  has  a  lower  vapoui'-density)  even  by 
repeated  sublimation  in  chlorine-gas.*  Tlie  hexchloride,  heated  in  contact  with  the 
air,  is  converted  into  cinnabar-red  flocks  of  AVCl'O,  and  soft  yellowish-white  flocks  of 
liydrated  tungstic  acid,  WH-'O'.H-O,  or  AV0'.2H-'0  ;  in  moist  air,  or  in  contact  with 
water,  it  is  completely  resolved  into  hydrochloric  and  tungstic  acids.  It  dissolves  in 
alkalis,  forming  tungstates  ;  with  alcohol  it  yields  ethylic  chloride  and  blue  tungsten- 

♦  J.  P  e  r  .s  o  2  {Am.  Cli.  I'lijs.  [4],  i.  !i3  :  Jnhrcsb.  1XC3,  p.  il3)  rrgards  tungsten  as  a  metal  belong- 
iiig  to  the  avM  nic  :iiui  .ml  niony  gi  I'lip,  its  o.\ul<  s- licii  g  n  pre  si  iit<  il  l)y  llic  funimla-  '1  ii-C^,  Tu-O', 
'I'u-O^,  till-  rliloiides  ;inil  Inomidi-s  tiy  lorresponiling  foniHi!:r,  .md  ilie  an  niir  wtif/l'l  ofilip  n  et.il  being 
1533.      Afcnvding  to  tbis  view,  tlic   vapour-deiisily  of    Iiuigslic  chloride,    'I'uCi'',   sliould  be 

'■''■*'■*  +  X  0-((".!i3  =  II  ■in,  wlUh  ntrees  very  nearly  villi  Divillt-'s  de  It  rni  ri.ition. 
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oxide,  W-O',  which,  in  contact  with  the  air,  is  quickly  converted  into  yellow  tungstie 
oxide.    (Fore  her.) 

The  Pentachloride,  or  Tungstoso-tungstic  CA/o/-t(^e ,  WCl'"  =WC1VWC1», 
is  produced  by  the  combustion  of  met-allic  tungsten  in  chlorine,  and  in  smaller 
quantity  by  heating  the  sulphide  in  chlorine,  mixed  in  both  cases  with  the  hexclilo- 
ride,  from  which,  and  from  the  oxychloride  formed  at  the  same  time,  if  moisture  is 
present,  it  may  be  separated  by  sublimation,  as  its  boiling-point  lies  midway  between 
that  of  the  hexchloride  and  that  of  the  oxychloride  (Forcher).  The  pentachloride 
is  likewise  obtained  by  gently  heating  nitride  of  tungsten  in  chlorine-gas,  and  by  the 
action  of  chlorine  on  an  iguited  mixture  of  tungstie  oxide  and  charcoal. 

Pentachloride  of  tungsten  forms  dark-red  needles,  or  larger  crystals  of  a  purple-red 
colour.  It  is  more  volatile  than  the  hexcliloride,  melts  to  dark-red  drops,  and  its 
vapour,  which  resembles  nitrous  anhydride,  quickly  condenses  in  soft  crystalline 
masses.  By  water  or  moist  air  it  is  converted  into  yellowish-green  tungstie  acid ; 
alkalis  dissolve  it  slowly,  with  evolution  of  hydrogen,  and  transient-blue  coloration, 
forming  solutions  of  tungstatcs.  (Forcher.) 

According  to  Bl om strand,  on  the  other  hand,  the  pentachloride  is  much  less 
volatile  than  the  hexchloride,  and  to  obtain  it  pure,  the  mixture  of  pentachloride  and 
hexchloride,  produced  as  above,  must  be  heated  in  an  atmosphere  of  hydrogen  ;  care 
being  taken  that  the  heat  does  not  rise  too  high,  in  which  case  metallic  tungsten 
would  be  separated.  The  pentaclilorifle  thus  obtained  may  be  resublimed  in  hydro- 
gen-gas, or  better  in  carbonic  anhydride.  Its  colour  is  like  that  of  the  hexchloride, 
but  of  a  darker  blackish-grey,  without  the  violet  tint.  It  melts  and  volatilises  much 
less  easily  than  the  hexchloride;  yields  a  greenish-yellow  gas;  crystallises  readily 
in  shining  blackish  needles  ;  and  solidifies  from  fusion  in  the  crystallice  form.  Water 
decomposes  it,  with  considerable  rise  of  temperature,  and  separation  of  a  blue-black 
oxide,  while  the  liquid  assumes  a  deep  greenish-yellow  colour,  which  it  loses  after 
some  time,  and  more  quickly  when  heated,  depositing  a  greenish  precipitate.  The 
same  appearances,  but  with  deeper  colours,  are  produced  by  treating  the  compound 
with  alkalis  or  with  hydrochloric  acid. 

It  is  clear,  from  the  preceding  statements,  that  the  so-called  peutachlorides  obtained 
by  Blomstrand  and  by  Forcher  were  not  identical.  It  is  most  probable  that  Forcher's 
compound  is  the  true  pentachloride,  inasmuch  as  Riche  (.lahrcsb.  1856,  p.  373),  by 
heating  the  hexchloride  in  hydrogen-gas,  obtained,  not  the  pentachloride,  but  the 
tetrachloride,  WCl',  though  he  states  that  this  compound  is  very  difficult  to  prepare 
in  a  definite  state,  being  easily  resolved,  by  too  strong  a  heat,  into  metallic  tungsten 
and  the  hexchloride.  Altogether  the  chemistry  of  the  chlorides  and  bromides  of 
tungsten  is  still  in  a  very  unsatisfactory  state,  and  requires  further  investigation. 

Oxychlorides. — Two  of  these  compounds  are  known,  analogous  to  the  oxybromides, 
and  producible  by  similar  reactions. — Tungstie  dioxycMoride,  WC1-0-,  or  WC1''.2W0', 
is  most  easily  prepared  by  heating  the  dioxide  in  chlorine-gas  ;  it  is  also  produced,  in 
considerable  quantity,  when  a  mixture  of  the  trioxide  and  charcoal  is  ignited  in 
chlorine-gas,  especially  when  the  proportion  of  charcoal  to  tungstie  oxide  is  as  5  :]  or 
4  :  1.  Blue  oxide  of  tungsten  also  yields  this  compound  when  heated  in  chlorine, 
either  alone  or  with  charcoal ;  and  it  is  even  produced,  though  in  small  quantity  and 
impure,  when  dry  chlorine  is  passed  over  native  wolfram,  finely  pulverised  and  ignited 
(Forcher).  The  dioxychloride  fonns  lemon-yellow  or  deep  golden-yellow  flocks,  or 
shining  scales,  which  volatilise  between  265°  and  267°,  in  vapours  of  a  deep  but  pure 
yellow  colour  (colourless,  according  to  Blomstrand).  It  is  converted,  slowly  by 
moist  air,  more  quickly  by  water,  into  hydrochloric  acid  and  yellow  hydrated  tungstie 
acid,  WH^OMPO.    Alkalis  dissolve  it,  forming  tungstates.  (Forcher.) 

The  monoxychloridc,  WCl'O,  or  2WC1''.W0',  is  formed  when  the  preceding  com- 
pound is  heated,  the  condition  essential  to  its  formation  being  not  so  much  a  high 
temperature,  as  a  sudden  raising  of  the  heat  above  140°.  It  is  also  invariably  pro- 
duced, together  with  the  yellow  dioxychloride,  in  the  processes  above  given  for  the 
preparation  of  the  latter,  and  when  tungsten  or  the  sulphide  is  burnt  in  chlorine- 
gas,  the  presence  of  air  or  moisture  not  being  completely  excluded.  It  is  of  a  cinnabar 
or  scarlet  colour,  but  sometimes  crystallises  in  slender  needles  of  a  lighter  red  tint, 
or  in  orange-yellow  flocks  made  up  of  slender  crystals ;  in  fused  crusts  it  has  a 
carmine  colour.  It  is  the  most  fusible  and  volatile  of  all  the  chlorine-compounds  of 
tungsten,  and  forms  a  deep  reddish-yellow  vapour,  which,  in  contact  with  the  air,  is 
converted  into  yellowish-white  hydrated  tungstie  acid.  By  water  and  moist  air,  it  is 
quickly  converted  into  hydrochloric  and  tungstie  acids,  and  by  alkalis  into  a  tungstate. 
(Blomstrand;  Forcher.) 

The  vapour-density  of  this  oxychloride  was  found  by  Debray  to  be  10-74  at  the 
temperature  of  boiling  mercury,  10  27  at  that  of  boiling  sulphur.    The  density,  calcu- 
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lated  from  tho  formula  WCl'O,  for  a  two-volume  condensation,  is  11-86  ;  according  to 
the  formula  and  atomic  weight  proposed  by  Persoz  (footnote,  p.  899),  it  is  9-87. 

TinrGSTEir,  DETECTIOM'  a-ITB  ESTZItXiV'TIOM'  OF,  1.  Bloivpipe 
Reactions. — All  tungsten-compounds  form  colourless  beads  with  borax  and  phos- 
phorus-salt, in  the  outer  blowpipe-tlame.  With  borax,  in  the  inner  flame,  they  form  a 
yellow  glass,  if  the  quantity  of  tungsten  is  somewhat  considerable,  but  colourless  with 
a  smaller  quantity.  With  phosphorus-salt  in  the  inner  flame  they  form  a  glass  of  a 
pure  blue  colour,  unless  metallic  oxides  are  present,  which  modify  it ;  in  presence  of 
iron,  the  glass  is  blood-red,  but  the  addition  of  metallic  tin  renders  it  blue. 

2.  Reactions  in  Solution. — The  only  soluble  compounds  of  tungsten  are  the 
tungstates  of  the  alkali-metals  and  alkaline  earth-metals,  most  of  the  metatungstates 
(formed  from  ordinary  tungstates  by  addition  of  tungstie  acid  or  abstraction  of  part  of 
the  base),  and  certain  sulphotungstates.  Insoluble  tungsten-compounds  may  be  decom- 
posed by  fusion  with  alkaline  carbonate  and  nitrate,  whereby  an  alkaline  tungstate  is 
formed,  which  may  be  dissolved  out  by  water.  The  behaviour  of  tungsten-solutions 
towards  many  reagents,  differs  according  as  the  solution  contains  ordinary  tungstio 
acid  or  motatungstic  acid,  the  metatungstates  being  more  soluble  than  the  corre- 
sponding tungstates  ;  but  the  following  characters  are  common  to  both  modifications  :— 

1.  A  soluble  tungstate,  supersaturated  with  sidphuric,  hydrochloric,  phosphoric, 
oxalic,  or  acetic  acid,  yields,  on  the  introduction  of  a  piece  of  ^inc,  a  beautiful  blue 
colour,  arising  from  the  formation  of  blue  oxide  of  tungsten  ;  this  effect  is  not  produced 
with  nitric,  tartaric,  or  citric  acid. — A  soluble  tungstate,  mixed  with  sulphide  of  am- 
monium, and  then  with  excess  of  acid,  yields  a  light-brown  precipitate  of  tungstie 
sulphide,  soluble  in  sulphide  of  ammonium. — Sniphydric  acid  does  not  pi'ccipit.\te  the 
acidulated  solution  of  a  tungstate,  but  turns  it  blue,  owing  to  the  formation  of  the  blue 
oxide.  These  characters,  together  with  the  blowpipe-reactions,  are  sufficient  to  dis- 
tinguish tungsten  from  all  other  metals.  The  distinguishing  characters  of  tungstates 
and  metatungstates  will  be  described  further  on  (pp.  905,  912). 

3.  Estimation  and  Separation. — Tungsten  is  always  estimated  in  tho  form  of 
tungstie  oxide,  WO'.  .When  tungstie  acid  is  present  in  a  solution  not  containing  any 
other  fixed  substance,  it  is  suflicient  to  evaporate  to  dryness,  and  ignite  the  residue. 
The  tungstie  oxide  is  then  obtained  in  a  state  of  purity,  and  contains  79-3  per  cent,  of 
the  metal.  Tungstous  oxide,  WO''',  is  easily  converted  into  tungstie  oxide  by  fusion 
with  carbonate  of  sodium. 

The  best  method  of  separating  tungstie  acid  from  the  fixed  alkalis  is  to  treat  the 
solution,  after  exact  neutralisation  with  nitric  acid,  with  a  solution  of  mcrcurous  ni- 
trate. Mercurous  tungstate  is  then  precipitated,  and  the  mercury  may  be  expelled 
from  the  dry  precipitate  by  careful  ignition  in  a  good  draught. 

The  separation  of  tungstie  acid  from  the  earths  may  be  effected  by  decomposing 
the  compound  with  nitric  acid,  and  treating  the  decomposed  mass  with  carbonate  of 
ammonia,  which  dissolves  the  tungstie  acid. 

Tungstie  acid  may  be  readily  separated  from  many  metallic  oxides—  such  as  the 
oxides  of  iron,  manganese,  nickel,  cobalt,  lead,  &c. — by  fusing  the  whole  with 
carbonate  of  sodium,  and  digesting  the  fused  mass  with  water,  which  dissolves  the 
tungstie  acid,  and  leaves  the  oxides  undissolved. 

From  ti  tan  i  c,  tan  tal  i  c,  and  n  i  obic  acids,  tungstie  acid  is  separated  by  ammonia, 
which  dissolves  only  the  latter.  The  separation  is  facilitated  by  addition  of  ammo- 
nium-sulphide. If,  however,  tho  substance  containing  these  acids  has  been  ignited, 
mere  digestion  in  ammonia,  or  sulphide  of  ammonium,  will  not  dissolve  the  tungsten  : 
in  this  case  it  is  best  to  fuse  the  mixture  with  sulphur  and  carbonate  of  sodium, 
whereby  the  tungsten  will  be  converted  into  soluble  sulphotungstate  of  sodium. 

Tho  separation  of  tungstie  from  chromic  acid  may  be  effected  by  treating  the 
.Solution  with  excess  of  hi/drocMoric  acid,  and  boiling  with  alcohol.  The  chromic  acid 
is  thereby  reduced  to  chromic  oxide,  which  may  be  precipitated  by  ammonia,  the 
tungstie  acid  remaining  in  solution. 

To  separate  tungstie  from  molybdic  acid,  it  is  best  to  dissolve  the  two  in  an  al- 
kali, add  tartaric  acid  and  excess  of  hydrochloric  acid,  which  produces  no  precipitate, 
and  throw  down  the  molybdenum  as  sulphide  by  sulphydric  acid. 

From  silicic  acid,  tungstie  acid  may  be  separated  by  fusing  the  mixture  with  cc/c? 
sulphate  of  potcussiiiin,  a,TiA  digesting  the  fused  mass  with  water,  which  will  dissolve 
the  tungsten  as  alkaline  tungstate,  and  leave  the  silica.  The  tungstie  acid  may  then 
be  precipitated  from  the  solution  by  mercurous  nitrate.  Tungsten  has  not,  however, 
been  found  in  any  natural  silicate. 

The  separation  of  tungsten  from  tin  is  especially  important,  as  wolfram  is  often 
associated  with  tin-ores,  and  the  two  metals  likewise  occur  together  in  many  tantalites 
and  cohimbites.    When  stannic  and  tungstie  acid  exist  together  in  solution,  they  are 
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easily  separated  by  sulpliydric  acid,  which  precipitates  the  tin  from  the  acidulated 
liquid  as  stannic  sulphide,  and  leaves  the  tungsten  in  solution.  When  stannic 
and  tungstic  oxides  arc  mixed  together  m  the  solid  state,  the  separation  may  bo 
effected  by  igniting  a  weighed  quantity  of  the  mixture  in  a  covered  porcelain  crucible, 
and  passing  a  stream  of  hydrogen-gas  into  the  crucible,  through  a  hole  in  the  cover. 
The  loss  of  weight  thereby  occasioned  is  about  equal  to  that  which  would  correspond 
to  the  complete  reduction  of  the  tin-oxide  to  metal,  and  of  the  trioxide  of  tungsten  to 
dioxide.  The  ignited  residue  is  then  boiled  with  hydrochlorij  acid,  the  tin  is  precipi- 
tated from  the  iilfered  solution  by  hydrochloric  acid,  and  the  precipitated  sulphide  is 
converted  by  roasting  into  stannic  oxide.  Lastly,  the  dioxide  of  tungsten  is  converted, 
by  ignition  in  the  air,  into  trioxide,  and  the  latter  is  weighed.  The  separation  cannot 
be  effected  by  fiising  the  mixture  with  acid  sulphate  of  potassium  (H.  flose  and 
Dexter,  Pogg.  Ann.  xcii.  335;  Jahresb.  1854,  p.  731).  According  to  Eammels- 
berg  (Pogg.  Ann.  cxx.  66;  Jahresb.  1863,  p.  678),  the  separation  effected  by  the 
preceding  method  is  not  complete,  unless  the  lieat  applied  is  strong  enough  to  reduce 
the  tungsten  as  well  as  the  tin  to  the  metallic  state,  and  in  that  case  a  small  quantity 
of  tin  is  volatilised.  He  recommends,  as  a  better  method,  to  ignite  the  mixture  of  the 
two  oxides  repeatedly,  and  till  no  more  loss  of  weight  takes  place,  with  6  or  8  pts.  of 
sal-ammoniac.  To  prevent  the  deposition  of  stannic  oxide  on  the  outside  of  the  cru- 
cible, it  should  be  enclosed  within  a  larger  one,  and  heated  rather  quickly.  The 
residual  tungstic  oxide  is  finally  ignited  in  contact  with  the  air. 

4.  Atomic  Weight  of  Tungsten.  —The  older  determinations  of  the  atomicweight  of 
this  metal,  by  Berzelius  and  others,  did  not  load  to  correct  results.  Schneider  (Ann. 
Ch.  Pharm.  Ixxvii.  261),  by  reducing  tungstic  oxide,  WO',  in  a  current  of  hydrogen, 
found  that  100  pts.  of  the  oxide  yielded  79'316  pts.  of  metallic  tungsten ;  and  on 
rooxidising  tlie  metal,  he  found  that  79'327  pts.  of  tungsten  yielded  100  pts.  of  the 
trioxide.  The  mean  of  these  results  gives  W  =  184'12.  Marchan  d  (iJ/'t?.  Ixxvii. 
261),  by  similar  experiments  of  reduction  and  oxidation,  found,  as  a  mean  value, 
W  =  184'1 ;  Borck  (J.  pr.  Chem.  liv.  254)  found,  in  like  manner,  the  number  184  ; 
and  the  same  result  has  been  obtained  by  Dumas  (Ami.  Ch.  Pharm.  cxiii.  23). 
This  last  number  may  be  regarded  as  the  true  atomic  weight  of  tungsten,  supposing, 
as  most  of  the  chemical  relations  of  tungsten  seem  to  show,  that  its  highest  oxide 
has  the  composition  WO^,  and  the  corresponding  chloride  WCP. 

The  proposal  of  Persoz  to  regard  tungstic  oxide  as  Tu'-0\the  corresponding  chloride 
as  TuCP,  the  atomic  weight  of  tungsten  being  153'3,  has  already  been  noticed  (p.  899). 
The  agreement  of  the  vapour-density  of  tungstic  chloride  calculated  from  this  formula 
with  Debray's  experimental  number,  is  certainly  remai-kable;  but,  on  the  other  hand, 
the  specific  heat  of  the  metal,  as  determined  by  Eegnault,  agrees  better  with  the 
atomic  weight  184  (according  to  the  law  of  Dulong  and  Petit)  than  with  153'3 
(see  Heat,  iii.  30) ;  moreover  the  composition  of  the  tungsten-compounds  is,  on  the 
whole,  more  conveniently  represented  by  the  ordinary  formula,  than  by  those  suggested 
by  Persoz. 

TUN'O-STjaJT,  FZiVORIBB  OP.  Tungstic  oxide,  after  ignition,  is  but  sparingly 
dissolved  by  hydrofluoric  acid  ;  precipitated  tungstic  acid  forms,  with  hydrofluoric  acid, 
a  yeHow  milky  liquid,  soluble  in  a  large  quantity  of  water.  The  solution,  when  slowly 
evaporated,  yields  a  yellow  syrup,  which  at  a  higher  temperature  gives  off  a  portion  of 
its  acid,  and  solidifies  to  a  greenish  fissured  mass.  This  mass  is  not  decomposed  by 
ignition  in  a  close  vessel ;  it  redissolves  imperfectly  in  water,  forming  a  milky  liquid  ; 
the  insoluble  part  consists  of  tungstic  acid,  which  retains  a  portion  of  the  hydrofluoric 
acid  so  obstinately,  that  the  latter  can  only  be  expelled  by  igniting  the  tungstic  acid 
with  lumps  of  ammonium-carbonate.  The  solution  contains  tungstic  acid,  with  excess 
of  hydrofluoric  acid.  (Berzelius.) 

Tungstic  fluoride,  WF'*,  forms,  with  the  more  basic  metallic  fluorides,  compounds 
which  have  not  yet  been  isolated,  and  are  known  only  in  combination  with  tungstates 
(Berzelius).  These  double  oxyfluorides,  which  are  produced  by  treating  tungstates 
with  hydrofluoric  acid,  appear  to  be  isomorphoiis  with  the  corresponding  fluosihcates, 
fluostannates,  and  fluotitanates.  Thus  cupric  oxyfluotungstate,  CuWO'T',  and  cupric 
fluotitanate,  CuTiF",  form  isomorphous  compounds  with  fluoride  of  ammonium  ;  whence 
it  appears  as  if  oxygen  could,  in  certain  cases,  replace  fluorine  atom  for  atom,  although 
the  ratio  of  the  atomic  weights  of  these  elements  is  not  the  same  as  that  of  their 
equivalents.   (Marignac,  Ann.  Ch.  Pharm.  cxxv.  362  ;  Jahresb.  1862,  p.  144.) 

TUNCSTSU' IVIZSrERAIi.  Native  tungstate  of  calcium,  also  called  seheelite 
(p.  907). 

TUXrG'STSN',  WXTRXBE  OP.  When  either  of  the  chlorides  of  tungsten  is 
placed  at  the  sealed  end  of  a  long  glass  tube,  and  in  front  of  it  a  few  dried  lumps  of 
sal-ammoniac,  the  empty  part  of  the  tube  then  heated  to  redness,  and  the  heat 
gradually  extended  to  the  elo&ed  end,  so  that  the  two  salts  may  be  volatilised  and 
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nix  in  the  gaseous  form  at  a  red  heat,  double  decomposition  takes  place  ;  and  after 
the  excpss  of  sal-ammoniac  has  been  removed,  the  entire  inner  surface  of  the  tube  is 
found  to  be  covered  with  ablack  specular  somimetallic  coating,  which  may  be  separated, 
partly  in  brittle  crusts,  partly  as  a  black  powder.  This  product  consists  either  of 
nitride  of  tungsten,  or  of  a  compound  of  that  substance  with  an  amide  of  tungsten, 
called  by  Wohler  tungsten-nitretamide,  and  containing  either  2WN^W(NH2)'^, 
or  W^N-.2W(NH'-)-.  It  gives  off  a  large  quantity  of  ammonia  when  fused  with  potash, 
and  is  converted  into  tun';stic  oxide  by  ignition  in  the  air.  By  the  action  of  amniouia- 
gas  on  tungstio  oxide,  at  a  moderate  rod  heat,  compounds  are  formed  containing 
nitride,  amide,  and  oxide  of  tungsten.  When  finely-divided  tungstic  oxide,  spread  in 
a  thin  layer  on  the  inside  of  a  glass  tube,  is  heated  in  dry  ammonia-gas,  tungsten- 
nitrotamidoxide,  3WN'-.2W(NH-).2WO^  is  formed,  as  a  black  biibstance  which  is 
not  decomposed  by  acids  or  alkalis,  gives  off  ammonia  when  heated  alone,  and  when 
heated  in  the  air,  burns  with  vivid  glow  to  yellow  tungstic  oxide.  (Wiihler,  Ann.  Ch. 
Pharm.  Ixxiii.  190;  cv.  258;  .Jahresb.  ISoO,  p.  303;  1858,  p.  158.) 

TUM-GSTEUr,  OXIDES  OF.  Tungsten  forms  three  oxides— viz,  W0=  W0^  and 
W'-O'' — neither  of  which  exhibits  basic  properties,  so  that  there  are  no  salts  of  tungsten 
in  which  the  metal  replaces  the  hydrogen  of  an  acid,  or  takes  the  electropositive  part. 
The  dioxide  forms  a  definite  compound  with  soda,  and  the  tvioxide  exhibits  decided 
acid  toudeucies,  uniting  with  basic  metallic  oxides,  and  forming  definite  crystallisable 
salts  called  tungstatos.  The  oxide,  W-O^,  may  be  regarded  as  a  compound  of  the 
other  two,  that  is  as  a  tungstate  of  tungsten,  WO". WO''. 

Dioxide  of  Tungsten,  or  Tun^stous  Oxide,  W0-. — This  oxide  is  obtained  as  a 
brown  powder  when  tungstio  oxide  is  reduced  by  hytli-ogen  at  a  temperature  not  ex- 
ceeding low  redness.  Tungstic  oxide  may  also  be  deprived  of  oxygen  in  the  wet  way, 
by  piouring  diluted  hydrochloric  acid  over  it,  and  pilaeing  zinc  in  the  liquor  :  the  tri- 
oxide  then  gradually  changes  into  the  dioxide,  in  the  form  of  brilliant  crystalline 
plates  of  a  copper-red  colour.  No  saline  compounds  of  this  oxide  with  acids  are 
known.  When  digested  in  a  strong  solution  of  potassic  hydrate,  it  dissolves,  with 
disengagement  of  hydrogen-gas  and  formation  of  potassic  tmigstato. 

A  taiujstitc  of  sodium,  Na-'W-O^  =  Na^0.2W0'',  is  obtained  liy  adding  to  fused  tung- 
state of  sodium  as  much  tungstic  oxide  as  it  will  take  up,  and  exposing  the  nuiss,  at  a 
red  heat,  to  hyib'ogon-gas.  After  dissolving  out  the  neutral  undccomposed  tungstate 
by  water,  the  tnngstite  remains  in  golden-yellow  scales  and  regular  cubes,  possessing 
the  metallic  lustre  and  a  striking  resemblance  to  gold.  This  compound  is  not  decom- 
posed by  sulphuric,  nitric,  or  nitromuriatie  acid,  or  by  alkaline  solutions,  but  yields 
to  hydrofluoric  acid.    It  cannot  be  prepared  by  uniting  soda  directly  with  the  dioxide. 

Trloxide  of  Tungrsten,  Tungrstic  Oxide  or  Anbydride,  WO'.— 
This  oxide  occurs  native  as  tungstic  ochre,  wolfram- ochre,  or  wolframin e, 
accompanying  wolfram  or  otlier  ores  of  tungsten,  in  Cumberland,  at  St.  Leonard 
near  Limoges,  in  Mourne  County,  Connecticut,  and  in  Cabarras  County,  North 
Carolina;  sometimes  in  cubes,  sometimes  pulverulent  and  earthy,  of  a  bright -yellow 
or  yellowish-green  colour. 

Tungstic  oxide  is  prepared  from  scheelite  (native  tungstate  of  calcium),  or  from 
wolfram : 

1.  Finely -pulverised  scheelite  is  decomposed  by  nitric  or  hydrochloric  acid ;  the 
soluble  nitrate  or  chloride  of  calcium  is  washed  out  with  water,  and  the  remaining 
tungstic  acid  is  ignited. 

2.  Finely-pulverised  wolfram  is  repeatedly  digested  with  strong  hydrochloric  acid, 
at  last  with  addition  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  manganese, 
the  tungstic  acid  which  remains  is  washed  and  dissolved  in  aqueous  ammonia;  the 
solution  evaporated  to  dryness  ;  and  the  residual  acid  ammonium-salt  heated  in  contact 
with  the  air:  tungstic  oxide  then  remains  in  pale-yellow  scales. — 3.  Ono  pt.  of  pul- 
verised wolfram  is  fused  with  2  pts.  carbonate  of  potassium ;  the  fused  mass  is  digested 
with  water;  the  filtered  solution  mixed  with  sal-ammoniac  and  evaporated;  and  the 
residue  is  ignited  in  a  crucible,  and  then  treated  with  zinc  and  hj'drochloric  acid,  wliereby 
brown  dioxide  of  tungsten  is  produced,  whicli,  when  ignited  in  the  air,  yields  tlie  pure 
trioxide  (Wohler). — 4.  Pulverised  wolfram  is  fused  for  an  hour  with  2  pts.  chloride  of 
calcium  ;  the  fused  mass  is  treated  with  water,  which  leaves  tungstate  of  calcium  un- 
dissolved ;  this  salt  is  decomposed  by  boiling  with  hydrochloric  acid  ;  the  residual 
tungstic  acid  is  dissolved  in  ammonia  (to  free  it  from  silica) ;  and  the  ammonium-salt, 
obtained  on  evaporating  the  filtrate,  is  ignited  in  contact  with  the  air.  (Wohler.) 

The  solution  of  alkaline  tungstate  obtained  by  either  of  the  preceding  methods  may 
also  be  mixed  with  mercurous  nitrate,  whereby  a  precipitate  of  mercurous  tungstate  is 
obtained,  which  on  ignition  leaves  pure  tungstic  oxide. 

Anhydrous  tungstic  oxide  is  a  lemon-yellow  or  .sulphur-yellow  powder,  darker  or 
lighter  according  to  the  mode  of  preparation.    Nordenskjold,  by  fusing  the  tungstic 
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hydrate  with  borax  in  a  pottery-furnace,  obtained  the  anhydrous  oxide  in  Email  trans- 
parent tables  or  short  prisma  belonging  to  the  trimetric  system.  Debray  (Compt. 
rend.  Iv.  287),  by  strongly  igniting  a  mixture  of  sodic  carbonate  and  tungstate  in  a 
current  of  hydrochloric  acid  gas,  obtained  the  tungstic  oxide  in  octahedral  crystals — 
some  small  and  translucent  with  yellowish  colour,  others  larger,  black,  and  opaque. 

Tungstic  oxide  has  a  specific  gravity  of  5'27  (Ilerapath),  6'12  (d'Elhujar),  7'14 
(Kros  t  en).  It  is  tasteless,  insoluble  in  water  and  in  most  acids,  only  slightly  soluble 
in  strong  hydrochloric  and  in  hydrofluoric  acids.  When  heated,  it  becomes  transiently 
darker  and  greenish,  at  very  high  temperatures,  but,  according  to  Bern  oulli  ( Jahresb. 
1860,  p.  15.3),  the  greenish  and  the  yellow  oxides  have  exactly  the  same  composition. 
Tungstic  oxide  melts  at  the  heat  of  a  forge-fire,  and  volatilises  quickly  when  heated  on 
charcoal  before  the  oxyhydrogen-blowpipe.  When  heated  for  ten  or  twenty  minutes 
before  the  oxyhydrogen-blowpipe,  in  a  covered  platinum-crucible,  it  forms  a  crystalline 
crust,  the  surface  of  which  exhibits  crystals  apparently  formed  by  sublimation  ;  no  sub- 
limate is,  however,  formed  on  the  sides  of  the  crucible.  In  hydrochloric  acid  gas,  tungstic 
oxide  volatilises  easily ,  forming  a  sublimate  of  pale-yellow  stellate  needles.  (Schafarik.) 

Tungstic  oxide  turns  greenish  on  exposure  to  light,  probably  in  consequence 
of  the  reducing  action  of  organic  particles  in  the  air.  According  to  Liesegang 
(Jahresb.  1865,  p.  214),  when  exposed  to  light  in  contact  with  organic  substances,  it  is 
reduced  to  blue  oxide.  When  heated  to  redness,  in  contact  with  charcoal  or  hydrogen, 
it  is  reduced  to  dioxide  or  metal,  according  to  the  temperature  and  the  duration  of  the 
action  ;  by  ignition  with  potassium  or  sodhim,  it  is  reduced  to  metal ;  by  ignition  in 
dry  ammonia-gas,  it  is  converted  into  oxynitretamide  of  tungsten  (p.  903),  by  heating 
with  sulphur  to  blue  oxide. — When  it  is  lieated  with  pcntachloride  of  phosphorus,  oxy- 
chloride  of  phosphorus  passes  over,  together  with  small  quantities  of  tungstic  chloride 
and  oxyehloride,  WCl^O  ;  the  greater  part  of  the  tungsten,  however,  remains  in  the  re- 
sidue which,  when  treated  with  water,  yields  hydrochloric  acid  and  a  mixture  of  tungstic 
oxide  with  the  blue  oxide.  (Gerhardt  and  Chiozza,  Ann.  Ch.  Pliarm.  lxxxvii.290; 
Jahresb.  1853,  p.  395  ;  see  also  Schiff,  ibid.  1857,  p.  106  ;  AVe  ber,  ibid.  1859,  p.  79.) 

Tungstic  oxide  is  also  reduced  by  zinc  and  hijdrochloric  acid,  by  stannous  chloride, 
or  by  boiling  with  organic  bodies  and  water — first  to  the  blue  oxide,  then,  by  further 
reduction,  to  the  brown  dioxide. 

Tungstic  Acid. — Tungstic  oxide  dissolves  in  aqueous  ajkalis  or  alkaline  car- 
bonates, slowly  in  the  cold,  more  quickly  at  the  boiling  heat,  forming  solutions  of 
tungstates ;  and,  on  precipitating  the  hot  solutions  of  these  salts  with  an  acid,  tung- 
stic monohydrate,  or  tungstic  acid,  H^WO^  =  IPO.WO^,  isobtaiued  as  a  yellow 
precipitate ;  it  dissolves  in  hydrofluoric  acid,  and  separates  from  the  solution  in  crystals 
on  evaporation. 

By  mixing  a  dilute  solution  of  an  alkaline  tungstate  with  hydrochloric,  nitric,  or 
sulphuric  acid,  a  white  gelatinous  precipitate  is  obtained,  having,  when  air-dried,  the 
composition  of  tungstic  dihydrate  or  hydrated  tungstic  acid,  2H'^0.W0'  = 
H'WO'.H'^O. — This  hydrate  is  likewise  formed  by  the  decomposition  of  tungstic  chlo- 
ride, or  oxychloride,  with  water  ;  after  washing  and  drying,  it  is  sometimes  yellowish- 
grey  and  translucent,  sometimes  black  and  opaque  ;  when  finely  pulverised,  it  is  said 
to  dissolve  in  200  pts.  of  boiling,  and  300  pts.  of  cold  water.  (Anthon,  J.  pr. 
Chem.  ix.  6.— Kiche,  Ann.  Ch.  Phys.  [3],  1.  5.) 

Tungstic  acid  reddens  litmus,  and  dissolves  in  aqiieous  fixed  alkalis,  and  in  ammonia. 

Tungstates. — Tungstic  acid  unites  with  bases  in  various  and  often  in  very 
unusual  proportions.  The  salts  have  been  examined  by  Berzelius  (Pogg.  Ann. 
iv.  147;  viii.  267),  Anthon  (J.  pr.  Chem.  viii.  399;  ix.  6,  8,  and  337),  Margue- 
ritte  (J.  Pharm.  [3],  vii.  222),  Laurent  (Ann.  Ch.  Phys.  [5],  xxi.  64),  Lotz  (Ann. 
Ch.  Pharm.  xci.  49;  Jahresb.  1854,  p.  339),  Scheibler  (Berl.  Akad.  Ber.  1860, 
p.  208  ;  Jahresb.  1860,  p.  154),  and  Marignac  (Ann.  Ch.  Phys.  [3],  Ixix.  5;  Jah- 
resb. 1862,  p.  143)  ;  but  the  results  of  these  investigations  are  not  very  accordant, 
inasmuch  as  the  salts  often  diifer  considerably  in  composition  and  properties,  accord- 
ing to  the  mode  of  preparation  adopted.  Laurent,  from  the  behaviour  of  the  ammo- 
niura-tungstates,  was  led  to  admit  the  existence  of  five  isomeric  or  polymeric  modi- 
fications of  the  tungstates  ;  but  from  recent  investigations,  it  appears  that  the  num- 
ber of  modifications  of  tungstic  acid  and  its  salts  may  be  reduced  to  two,  viz. : 

1.  Ordinary  tungstic  acid,  which  is  insoluble  in  water,  and  forms  insoluble 
salts  with  all  metals,  except  the  alkali-metals. 

2.  Metatungstie  acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with 
nearly  all  metals. 

Ordinary  Tungstates. 

Ordinary  tungstic  acid  forms  both  neutral  and  acid  salts.  The  neutral  tungstates 
contain  M^WO*,  or  M^O.WO' ;  the  acid  salts  were  formerly  supposed  to  be  either 
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diacid,  M'0.2AA^0'  =  MnVO'.WO',  ortriacid,  M-0.3W0'  =  lVrnV0'.2W0'.  According 
to  Scheibler,  howevor,  the  acid  tuiigstates  have  in  general  the  formula  3M-0.7WO^ 
4H^0,  and  may  bo  regarded  as  double  salts  composed  of  sesquitungstates  and  tetra- 
tungstates — i.e.,  as  2M-0.3WO'  +  M-'0.4W0^  or  perliaps  of  diacid  and  triacid  salts, 
2(M''0.2WO»)  +  M-0,.'iWO^  (according  to  Per  soz.  2M-0.2H-0.;iTu-0^).  According  to 
Laurent,  the  empirical  formula  of  the  acid  salts  is  5M'^O.J2WO''..j'II-0  ;  and  according 
to  Marignac,  this  formula  agrees  with  the  analytical  results  more  nearly  than  that 
given  by  Scheibler  ;  but  the  percentage  composition  deduced  from  the  one  formula 
differs  so  little  from  that  given  by  the  other,  that  it  is  ditficult  to  decide  between  the 
two  by  analysis.  Scheibler's  formula,  however,  which  is  the  more  simple  of  the  two,  is 
generally  preferred.  Marignac  designates  these  salts,  which  he  regards  as  containing 
6  at.  basic  oxide  to  12  at.  tungstie  anhydride,  or  5  at.  mimatnniic  metal  to  6  at.  tung- 
Bten,  as  paratungstates  ;  he  finds  that  the  ammonium-salt  having  tiiis  composition 
cannot  be  converted  into  the  neutral  tungstate  by  digestion  with  ammonia.  They 
are  produced  more  easily,  and  crysbillise  better,  than  acid  tungstates  containing  any- 
other  proportion  of  base  and  acid. 

Of  the  ordinary  tungstates,  only  those  of  the  alkali-metals  and  magnesium  are  so- 
luble in  -water,  and  these  are  but  sparingly  soluble.  Thry  may  be  prepared  in  the  wet 
■way  by  dissolving  tungstie  oxide  or  tungstie  acid  in  alkalis,  or  alkaline  carbonates, 
most  easily  at  the  boiling  heat.  They  are  also  easily  formed  by  fusing  tungstie  oxide 
■with  the  hydrates,  carbonates,  or  acid  sulphates  of  the  alkali-metals.  They  have  a 
bitter  metallic  taste,  and  excite  an  unpleasant  feeling  in  the  throat.  The  insoluble 
tungstates  are  prepared  by  igniting  tungstie  oxide  with  metallic  oxides  or  carbonates, 
or  from  the  soluble  salts  by  precipitation;  also  by  fusing  an  alkaline  tungstate  with 
the  corresponding  metallic  chlorides  (chloride  of  calcium,  for  example);  on  exhausting 
the  mass  with  water,  the  insoluble  tungstate  remains  in  the  crystalline  state  (Manross, 
Ann.  Ch.  Pharm.  Ixxxi.  243;  Lxxxii.  356,  367).  Larger  crystals  are  obtained  by  adding 
chloride  of  sodium  to  the  fused  mixture.  (Geuther  and  Forsberg,  ibid.  cxx.  268. — • 
Schultze,  ibid,  cxx^vi.  66.) 

Those  tungstates  which  are  insoluble  in  water  are  also,  for  the  most  part,  insoluble 
in  dilute  acids  ;  by  heating  with  concentrated  acids,  they  are  decomposed,  with  separa- 
tion of  tungstie  acid  (a  character  by  which  they  are  distinguished  from  the  meta- 
tungstates);  iu  the  case  of  phosphoric  acid,  the  precipitated  tungstie  acid  dissolves  in 
excess.  At  ordinary  temperatures,  tungstates  are  but  imperfectly  decomposed  by 
concentrated  acids,  chiefly  because  a  certain  quantity  of  soluljle  tungstie  acid  is  formed 
at  the  same  time  (p.  911).  Alkaline  tungstates  iu  solution  are  decomposed  by  sul- 
phuric, hydrochloric,  nitric,  and  acetic  acids,  the  greater  part  of-the  tungstie  acid  being 
separated  as  a  yellow  or  white  hydrate,  which  does  not  dissolve  in  an  excess  of  the  preci- 
pitating acid  (except  pliosphoric  acid) ;  it  dissolves,  however,  in  a  large  quantity  of  water. 

The  precipitate  obtained  from  cold  solutions  is  frequently  ■white,  but  gradually  turns 
yellow  even  in  the  cold,  and  more  quickly  when  heated.  The  composition  of  this 
white  precipitate  has  been  variously  stated.  Scheele  regarded  it  as  pure  tungstie 
oxide,  which  however  is  not  correct;  according  to  Anthon  and  Riehe,  it  is  the 
dihydrate,  W0^.2II-0  ;  according  to  Marignac  and  others,  it  contains  a  basic  tung- 
state, or  it  is  a  compound  of  tungstie  acid  with  the  precipitating  acid.  Whether  the  pre- 
cipitate retains  alkali  or  acid  depends  on  the  relative  quantity  of  the  precipitating 
acid,  the  dilution  of  the  liquid,  and  perhaps  also  on  the  temperature. 

Insoluble  tungstates,  whose  bases  are  insoluble  in  alkaline  carbonates,  are  decomposed 
by  fusion  with  alkaline  carbonate. 

Solutions  of  alkaline  tungstates  give  white  precipitates  ■with  salts  of  barium,  stron- 
tium, calmim,  atuminiimi,  zinc,  had,  and  mercurii_-um;  yellowish-white  with  mercK- 
rous  nitrate ;  peach-blossom-coloured  with  chloride  of  cnba't ;  bluish-white  with 
nitrate  of  copper. — Stannous  chloride  forms  a  yellowish  precipitate,  which,  when 
warmed  with  hydrochloric  or  sulphuric  acid,  turns  blue,  from  formation  of  blue 
tungsten-oxide. 

Ferrvci/anide  of  potassiuyn  forms  in  solutions  of  alkaline  tungstates,  after  addition 
of  hydrochloric  acid,  a  brown  floceulent  precipitate,  soluble  in  pure  water  free  from 
acid  (distinction  from  metatungslates).  Solutions  of  alkaline  tungstates  are  not 
altered  by  tincture  of  ga'h,  till  an  acid  is  likewise  added,  iu  which  case  a  thick  cho- 
colate-coloured precipitate  is  formed.  Tungstie  acid,  previously  precipitated  by  acids, 
is  also  coloured  brown  by  tincture  of  galls.  Alkaline  tungstates,  ignited  with  sal- 
ammoniac,  out  of  contact  with  the  air,  yield  a  tungstate  of  tungsten  and  the  alkali- 
metal,  together  with  a  black  substance,  probably  consisting  of  oxynitretamide  of 
tungsten  (p.  903).  For  the  blowpipe-reactions  of  tungstates,  and  the  reactions  of 
soluble  tungstates  with  zinc  and  with  sulphide  of  ammonium,  see  p.  901. 

Alkaline  timgstates  are  sometimes  used,  in  place  of  stannates,  as  mordants  ;  they  are 
also  employed  for  rendering  light  fabrics  uon-iufiammablc  (i.  1102). 
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TuNGSTATES  OF  AnjMiNiuM. — The  ncutral  salt,  obtained  by  precipitating  a 
neutral  alkaline  tiingstate  with  alum,  is  white,  flocculent,  insoluble  in  water,  but  soluble 
in  aqueous  ammonia  and  in  acids.- — The  acid  salt,  AP0^7W019H''^0  (at  100°),  obtained 
by  precipitation  with  an  acid  tuugstate  of  alkali-metal  is  curdy,  united  in  resinous 
lumps,  and  forms,  when  dry,  a  vitreous  mass,  having  a  conohoidal  fracture.  (Lotz.) 

TuNGSTATES  OF  Ammonium.— o.  The  neutral  salt  is  formed  by  digesting 
tungstic  acid  or  oxide  with  aqueous  ammonia  ;  on  evaporating  the  solution,  ammonia  is 
given  off,  and  an  acid  salt  remains. 

/8.  The  scsquiacid  salt,  2(NH*)-0.3WO'.3H''0  =  {'SWY'R\WO'y.2mO,  sometimes 
crystallises  from  a  very  concentrated  ncutral  solution  of  tungstic  acid  in  ammonia,  in 
warty  crystals,  wliich  give  off  ammonia  in  contact  with  the  air,  leaving  the  following  salt. 

y.  3(NH')'0.7W0^6H»0  =  (NHS''H8(WO')'.2H^O.— This  salt,  to  which  Marig- 
nac  assigns  the  formula  5(NH^)'^0.12W0M1H=0,  is  obtained  by  slow  evaporation  of 
a  cold  solution  of  tungstic  acid  in  ammonia  (Lotz;  Scheibler).  It  forms  vitreous 
rhombic  tables  or  prisms,  acuminated  with  four  faces  resting  on  the  edges  of  the 
prism.  It  has  a  biting  bitter  taste,  reddens  litmus  slightly,  dissolves  in  26  to  28  pts. 
of  cold  water,  is  sparingly  soluble  also  in  aqueous  ammonia,  and  insoluble  in  alcohol. 
The  solution  gives  with  nitric  acid  a  white  precipitate,  which  turns  yellow  gradually 
in  the  cold,  immediately  on  boiling.  When  ignited  in  a  close  vessel,  it  leaves  blue 
oxide  of  tungsten,  and,  when  ignited  in  contact  with  the  air,  it  leaves  pure  tungstic 
oxide,  which  retains  the  form  of  the  crystals. 

When  the  solution  is  evaporated  by  heat,  small  shining  crystals  are  obtained 
(oblique,  striated,  rhombic  prisms,  according  to  Marignac),  containing  3(NH'')-0. 
7W0^3H'-0  [or,  according  to  Laurent,  5(NH')=0.12W0^4H^O  ;  according  to  Ma- 
rignac, 5(NH<f0.12W0^6H-0]  ;  they  give  olf2  at.  water  at  160°,  and  are  recon- 
verted into  the  hexhydrated  salt  by  solution  in  water,  and  slow  evaporation.  (Scheibler.) 

5.  An  ammonio-trihydric  tetratungstate,  (NH-')=0.3H-0.4WO'  =  (NH')-H«(WO'')', 
is  always  formed  (according  to  E  i  c  h  e)  when  a  solution  of  ammonium-tungstate  is 
left  to  evaporate  slowly ;  and  separates  at  ordinary  temperatures  in  shining  laminije 
containing  3  at.  water  ;  at  40° — 60°,  in  needles  containing  2  at.  water. 

According  to  Wohler  and  Anthon,  an  acid  tungstate  of  ammonium  is  produced, 
■with  evolution  of  ammonia,  when  tungstate  of  potassium  or  sodium  is  boiled  with  sal- 
ammoniac.  According  to  Laurent,  Lotz,  and  others,  the  salt  thereby  formed  is  a 
double  tungstate  of  ammonium  and  potassium  or  sodium. 

6.  The  salt,  2(NH*)20.6W0^5H-O  =  (NH')■'H''(WO*)^2H20,  crystallises  on  cool- 
ing from  a  solution  of  the  salt  7,  saturated  while  hot,  in  rhombic  octahedrons,  soluble 
in  26  to  29  pts.  of  water.  On  recrystallising  it  from  water,  thin  nacreous  needles  are 
sometimes  formed,  containing  2[(NH')^Ii5(WO^)'].3H20.  (Marignac.) 

T UNGSTATBS  OF  B AEiusi. — a.  The  ticutral  salt,  Ba"WO*  =  BaO.WO',  is  ob- 
tained, in  the  anhydrous  state,  by  precipitation  from  the  solution  of  a  neutral  tungstate 
of  alkali-metal.  It  is  a  white  powder,  insoluble  in  water,  decomposed  by  the  stronger 
acids,  and  also  by  alkaline  carbonates,  both  in  the  wet  and  in  the  dry  way.  According 
to  Scheibler,  the  precipitate  formed  by  chloride  of  barium  in  a  solution  of  neutral 
sodium-tungstate  is  always  a  mixture  of  different  salts  ;  but  the  neutral  tungstate  may 
be  obtained  pure  by  heating  the  metatungstate  with  hydrate  of  barium,  or  by  drop- 
ping baryta-water  into  a  moderately  dilute  and  boiling  solution  of  acid  tungstate  of 
sodium,  (3Na"0.7WO^),  as  long  as  the  resulting  precipitate  is  redissolved ;  the  solution 
on  cooling  deposits  a  double  salt,  and  the  cooled  mother-liquor  yields,  with  excess  of 
baryta-water,  a  white  bulky  precipitate,  which  soon  becomes  dense  and  crystalline, 
and  then  forms  spioidar  octahedrons  of  pure  neutral  barium-tungstate.  Tlie  salt  thus 
obtained,  as  well  as  that  prepared  from  the  metatungstate,  contains  2Ba"W0^H-'0. — 
The  anhydrous  salt  is  formed,  in  the  dry  way,  by  fusing  together  2  pts.  sodium-tung- 
state, 7  pts.  barium-chloride,  and  4  pts.  sodium-chloride,  and  crystallises  in  colourless 
octahedrons,  apparently  isomorphous  with  the  calcium-salt ;  they  are  decomposed  by 
strong  nitric  acid  at  the  boiling  heat  only.    (Geuther  and  Forsberg.) 

/8.  Acid  salt,  3Ba0.7W0^.8H'0. — Obtained  by  precipitation  from  the  acid  sodium- 
salt.    White;  becomes  anhydrous  and  yellowish  by  ignition.  (Lotz.) 

Sodio-baric  tungstate,  |  7WOM4ffO  (Scheibler),  or  g^^^j^j  12WO'.24H-0 

(Marignac),  separates  in  thin  plates  on  cooling,  from  a  hot  solution  of  acid  sodium- 
tungstate,  after  addition  of  baryta- water. 

Tungstate  of  Cadmitjm  is  obtained  in  coloiirless  crystals,  perhaps  isomor- 
phous with  the  calcium-salt,  by  fusing  4  pts.  sodium-tungstate  with  1 1  pts.  cadmium- 
chloride  and  16  pts.  common  salt  (Geuther  and  Forsberg). — An  ammonio-cadmxe 
tungstate,  4(3Cd0.7WO^).[3(NH')20.7W05]  +  Z5W0,  is  obtained,  as  a  white  bulky 
precipitate,  on  mixing  the  solutions  of  acid  ammonium-tungstate  and  cadmium-sul- 
phate. (Lotz.) 
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TuNGSTATEOF  Calcium,  Ca"AVO',  or  CaO.WO\  occurs  native,  as  sclicelite  or 

4P2 

tungsten,  in  quadratic  pyramids  P,  modified  Ly  the  faces  2Poo  and         the  latter 

occurring  hemihedrally.  For  P,  the  Icngtli  of  the  principal  axis  is  1-0S58  ;  the  angle 
P  :Pin  the  terminal  edges  =  lO?'^  20';  in  the  lateral  edges  =  113"^  01'.  The 
crystals  cleave  indistinctly  parallel  to  P,  more  distinctly  parallel  to  2Pco .  The 
mineral  likewise  occurs  roniform,  with  columnar  structure,  and  massive  granular. 
Hardness  =  4-6  to  5.  Specific  gravity  =  6  to  6-076.  Lustre  vitreous,  inclining  to 
adamantine.  Colour  white,  inclining  to  yellow  and  brown.  Streak  white.  Sub- 
transparent  to  subtranslucent.  Fracture  uneven.  Brittle.  Scheelite  is  usually 
associated  with  ci-ystaUine  rocks,  and  is  found  associated  with  tin-ore,  topaz,  tiuor-spar 
apatite,  or  wolfram,  in  quartz.  It  occurs  at  Caldbeck  Fell,  near  Keswick,  in  fine 
crystals ;  also  in  Bohemia,  Saxony,  Hungary,  and  Sweden,  at  Coquimbo  in  Chile,  and  in 
Monroe  and  Huntingdon  counties,  Connecticut. 

Tungstate  of  calcium  maybe  obtained  in  crystals,  by  fusing  wolfram  witli  excess  of 
calcium-chloride,  and  boiling  out  the  soluble  salts  from  the  slowly-cooled  mass 
(Manross,  Ann.  Ch.  Pharm.  Isxxi.  243)  — also  by  heating  the  amorphous  salt  with 
lime  inastream  of  hydrochloric  acid  gas  (Debray,  ibid.  cxxv.  97).  The  same  salt  is 
obtained  by  precipitation  as  a  white  powder.  It  is  insoluble  in  pure  water,  and  in 
acidulated  water. 

TuNGSTATES  OF  CiiROMiUM. — The  iicutral  salt,  Cr-Ol3WOM3H-0,  obtained  by 
precipitation,  is  light-green,  easily  soluble  in  acids,  and  turns  yellowish-grcy  in  drying. 
• — An  acid  salt,  Cr-'0'.7W0^.9H^O,  obtained  by  precipitation  from  the  acid  ammonium- 
salt,  is  a  light  greyish-green  powder,  greenish  straw-yellow  after  ignition.  (Lot?,.) 

Tungstate  of  Cobalt,  CoWO',  is  obtained  in  blue-greenish  translucent 
crystals,  by  fusing  1  pt.  sodium-tungstatc,  2  pts.  cobalt-chloride,  and  2  pts.  common 
salt.  (Schultze.) 

Tungstate  of  Copper. — The  mixture  obtained  by  fusing  2  pts.  sodium- 
tungstate  with  3  pts.  cupric  chloride  and  4  pts.  common  salt,  leaves,  after  treatment 
with  dilute  nitric  acid,  white  translucent  qu.'idratic  pyramids,  on  which  yelhiwish- 
brown  crystals  are  implanted.  (Schultze.) 

Tungstates  op  Iron. — o.  Ferric  f  ungstatc  is  obtained,  by  precipitating 
ferric  chloride  with  acid  ammonium-tungstate,  as  a  cream-coloured  powder,  which 
dissolves  in  tungstate  of  ammonium  on  boiling,  and  in  ferric  chloride  even  at  ordinary 
temperatures.  Ferric  rungstate  is  also  precipitated  by  ammonia  from  solution  of  ferric 
metatungstate,  while  an  ammonio-ferric  tungstate  remains  dissolved.  The  same 
double  salt  appears  to  be  formed  by  the  action  of  ammonia  on  the  crude  tungstic  acid 
obtained  by  treating  wolfram  with  nitrorauriatic  acid.  Borck  obtained  in  this  manner 
a  double  salt  containing  Fo^0^6(NH')-'0..5WO^ -I-  6H-'0. 

/3.  Ferrous  tungstate,  Fo"WO',  is  formed,  by  precipitating  ferrous  sulphate  with 
acid  tungstate  of  .ammonium,  as  a  brown  precipitate,  becoming  darker  when  heated 
out  of  contact  with  the  air.  The  same  salt  is  obtained  by  fusing  1  pt.  tungstate  of 
sodium  with  2  pts.  ferrous  chloride  aud  1  pt.  common  salt,  in  tliick,  deep  black,  highly 
lustrous,  opaque  crystals,  having  the  form  of  native  wolfram  ;  they  are  non-magnetic, 
their  powder  is  of  a  dark  violet-brown  colour,  and  specific  gravity  =  7'1  (Geuther 
and  Forsberg).  Debray,  by  igniting  a  mixture  of  tungstic  oxide  and  ferric  oxide 
in  a  stream  of  hydi'ochloric  acid  gas,  obtained  crystals  of  ferrous  tungstate  (together 
with  crystals  of  magnetic  iron-ore  and  tungstic  oxide),  exactly  like  those  of  native 
wolfram. 

Ferroso-manganous  Tungstate,  (Fe;Mn)"^VO^  or  (FeO ; MnO).WO\  — 
This  is  the  composition  of  wolfram,  the  principal  ore  of  tungsten,  which  occ^irs  in 
trimetric  crystals  having  the  a.xes  a  :  h  :  c  =  0-8231  :  1  :  (T861.  Angle  ooP  :_  ccP 
(macr.)  =  78°  .io' ;  ooP2  :  ccV2  =  44°  44';  too  :  fa-  (basal)  =  80°  48  :  iPoo  : 
^Poo  =    54°  40'.     Observed  combination   ccP  .    (»P2  .  ccPqo  .  |-Poo  .  .  P. 

Cleavage  parallel  to  ooPoo  .  It  also  occurs  lamellar,  columnar,  and  massive  granular, 
the  particles  being  strongly  coherent.  Hardness  =  5  to  5-.').  Specific  gravity  =  7'1 
to  I'bh.  Lustre  submetallic.  Colour  daik-grey  or  bx-ownish-blaek.  Streak  dark 
reddish-brown.  Opaque,  sometimes  feebly  magnetic.  According  to  the  proportions 
of  iron  and  manganese  in  wolfram,  the  varieties  maybe  included  in  three  groups,  re- 
presented by  the  formula?  MnW0'.3FeAV0',  MnW0i.4FeW0',  and  MnWO'.oFeWO'. 

Wolfram  is  often  associated  with  tin-ores;  also  with  galma  in  veins  traversing 
grcywacke  ;  also  in  quartz  with  native  bismuth,  tungstate  of  calcium,  pyrites,  galena, 
blende,  &c.  It  occurs  in  Cornwall  ami  Cumberland,  on  I  he  island  of  Rona  in  the 
Hebridrs,  at  Limoges  in  France,  and  at  numoruns  localities  in  Saxony  and  Bohemia; 
also  in  the  United  States.  The  crystals  from  Ziunwald,  Bohemia,  are  remarkable  as 
liemitropes.    (Dana,  ii.  363, ) 
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Geuther  and  Forsberg  have  obtained  several  crystallised  tungstates  of  iron  and 
manganese,  by  fusing  tungstate  of  sodium  with  chloride  of  manganese  and  chloride  of 
iron  in  various  proportions. 

Tungstates  of  Lead. — The  neutral  salt,  Pb"WO^  or  PbO.WO',  occurs  native 
as  sch  eeleti  n  e,  a  mineral  occurring  in  quadratic  crystals,  isomorphous  with  molybdate 
of  lead  (iii.  1039).  Length  of  principal  axis  =  1-5692.  Angle  P  :  P  in  the  terminal 
edges  =  99*^  42',  in  the  lateral  edges  =  131°  30'.  The  crystals  are  often  indistinctly 
aggregated.  Cleavage  imperfect  parallel  to  oP,  still  more  imperfect  parallel  to  P. 
Hardness  =  2-75.  Specific  gravity  =  7'87  to  8'13.  Lustre  resinous,  subadaman- 
tine.  Colour  green,  yoUowish-grey,  brown,  and  red.  Streak  uncoloured.  Faintly 
translucent.  The  mineral  occurs  at  Zinnwald  in  Bohemia,  with  quartz  and  mica; 
in  Carinthia  with  molybdate  of  lead  ;  and  in  Chile,  probably  near  Coquimbo. 

Neutral  tungstate  of  lead  is  produced  artificially,  as  a  white  powder,  by  precipitation 
from  the  neutral  sodium-salt.  By  fusing  tungstate  of  sodium  with  4'7  pts.  of  chloride 
of  lead  in  a  closed  crucible,  a  dark-green  mass  is  obtained,  having  its  cavities  lined 
with  colourless  shining  crystals  of  tungstate  of  lead.  (Manross,  Ann.  Ch.  Pharm. 
Ltxxii.  357.) 

The  acid  lead-salt,  3PbO.7WO'.10H-O,  is  formed,  on  mixing  acid  ammonium-tung- 
state  witli  a  soluble  lead-salt,  as  a  white,  flocctdent,  afterwards  pulverulent  precipi- 
tate, insoluble  in  water,  dilute  nitric  acid,  aqueous  nitrate  of  lead,  or  tungstate  of 
ammonium,  but  soluble  in  caustic  soda.    It  gives  off  7  at.  water  at  100°. 

Tungstates  of  Lithium. — The  neutral  salt  is  prepared  with  tungstic  acid 
and  carbonate  of  lithium,  either  in  the  wet  or  in  the  dry  way;  and  crystallises  from 
the  aqueous  solution  in  oblique  rhomboidal  prisms  (C.  Gmelin),  or  in  octahedrons 
(Anthon),  having  a  rough  bitter  taste  and  alkaline  reaction,  easily  soluble  in 
•water.— The  acid  salt,  ZWO-iy^OWdW^O,  or  Li''H"(WO')'.loH20  (Scheibler),  is 
prepared  like  the  corresponding  sodium-salt,  avoiding  an  excess  of  tungstic  acid,  which 
would  lead  to  the  formation  of  a  metatungstate.  It  crystallises  in  large  monoclinic 
prisms  and  tables,  permanent  in  the  air,  somewhat  less  soluble  than  the  neutral  salt ; 
melts  only  at  a  high  temperature,  and  solidifies  to  a  porcelain-like  mass  on  cooling. 

Tungstates  of  Magnesium. — Solutions  of  magnesium-salts  are  not  precipi- 
tated by  neutral  tungstates  of  alkali-metal.  By  boiling  magnesium-carbonate  and 
tungstic  oxide  with  water,  a  solution  is  obtained  which  on  evaporation  yields  small 
shining  scales,  permanent  in  the  air,  having  a  harsh  bitter  taste,  and  easily  soluble  in 
water  (Anthon). — The  neutral  salt,  Mg"WO*  =  MgO.WO^  is  obtained  by  fusing 
1  pt.  sodium-tungstate,  2  pts.  magnesium-chloride,  and  2  pts.  common  salt,  and  boiling 
out  the  more  soluble  salts,  in  colourless,  octahedral  and  prismatic  crystals,  which  are 
gradually  decomposed  by  heating  with  strong  nitric  acid :  they  are  isomorphous  with 
the  neutral  calcium-salt.    (Geuther  and  Forsberg.) 

Ammonio-magncsian  Tungstates. — Thesalt  ^^^f^^Q  |  7WO'.10H^O  separates  gradu- 
ally, in  small  nacreous  crystals,  from  a  mixture  of  the  hot  concentrated  solution  of  the 
tungstates  of  magnesium  and  ammonium. — Another  double  salt,  2(NH^)^0  ( 
24H'^0,  separates,  on  cooling,  as  a  crystalline  powder,  from  a  boiling  solution  of  acid 
amraonium-tungstate  mixed  with  sulphate  of  magnesium. 

Tungstates  of  Manganese. —  Manganous  salts  yield  a  white  or  yellowish 
precipitate  with  neutral  or  acid  tungstate  of  ammonium. — The  neutral  salt,  MnWO*, 
prepared  in  the  dry  way  like  the  magnesium-salt,  forms  thick,  light  garnet-brown, 
highly  lustrous,  rhombic  crystals,  of  specific  gravity  6'7  ;  at  the  same  time  there  are 
formed  yellow  needles  having  the  same  composition  as  the  preceding  (Geuther 
and  Forsberg). — The  acid  salt,  3Mn0.7W0^.11H-0,  is  a  gummy  yellowish  precipi- 
tate, which  gives  off  only  3  at.  water  at  100°.  (Lotz.) 

The  tungstates  of  iron  and  manganese  have  been  already  described  (p.  907). 

Tungstates  of  Mekcuky. — o.  Mercuric  Salts. — A  basic  salt,  3IIg0.2'WO',  is 
obtained  by  precipitating  a  boiling  solution  of  mercuric  chloride  with  an  insufficient 
quantity  of  potassic  tungstate.  It  is  a  white  heavy  powder,  insoluble  in  water. — An 
acid  salt,  2lIg0.3WO',  is  obtained,  as  a  white  iusoluljle  body,  by  precipitating  a  solu- 
tion of  neutral  mercm-ic  nitrate  with  neutral  tungstate  of  potassium.  Both  these  salts 
are  decomposed  by  boiling  alkalis,  with  separation  of  mercuric  oxide,  and  leave 
tungstic  oxide  when  ignited. — An  ammonio -mercuric  tuiigstate.  IIg"(NH*)-(WO')^.H^O, 
is  obtained,  as  a  heavy  white  precipitate,  on  mixing  mercuric  nitrate  with  acid  tungstate 
of  ammonium. 

j8.  Mercurous  tungstate,  Hg-O.WO',  or  Hg^WO'  (Anthon),  is  formed,  on  adding 
mercurous  nitrate  to  an  alkaline  tungstate,  as  a  yellow  precipitate,  becoming  dark- 
yellow  when  dry,  insoluble  in  water,  leavinc  tunestic  oxide  when  ignited.  The 


TUNGSTATES. 


909 


insolubility  of  this  salt  renders  it  aviiilable  for  the  separation  and  estimation  of  tung- 
Btie  acid. 

TuNGSTATB  OF  MoLTBDENUM  is  precipitated  from  a  mixture  of  molybdic  chlo- 
ride and  tungstato  of  ammonium,  on  addition  of  sal-ammoniac.  After  washing  with 
sal-ammoniac,  then  with  alcohol,  and  drying,  it  is  a  dark-purplo  bodj%  permanent  in 
tho  air,  and  easily  soluble  in  water;  ammonia,  added  to  the  aqueous  sohition,  throws 
down  an  ammonio-molylidio  tiingstate.  The  solution  of  molybdie  tungstato  oxidises 
and  becomes  decolorised  on  exposure  to  the  air,  and  deposits  molybdie  tungstic  acid. 
(Berzelius.) 

TuNGSTATE  OF  NiCKEL,  3Ni0.7WOM 4II-0,  obtained  on  adding  sulphate  of 
nickel  to  acid  tungstate  of  ammonium,  as  a  light-green  precipitate,  which  unites  into 
lumps  of  tho  consistence  of  turpentine  (Lotz).  By  fusing  1  pt.  sodium-tungstate  with 
2  pts.  nickel-chloride  and  2  pts.  common  salt,  the  neutral  tungst-ate  of  nickel,  NiWO^  is 
obtained  in  well-defined,  brown,  highly  lustrous,  translucent  crystals,  having  the 
aspect  of  zinc-blende.    (Schnltze,  Ann.  Ch.  Pharm.  cxxxi.  56.) 

TuNGSTATBS  OF  PoTASSiTJM. — These  salts  are  formed  by  adding  pulverised 
wolfram  to  about  an  equal  weight  of  fused  carbonate  of  potassium,  continuing  the  heat 
for  some  time  ;  on  boiling  the  cooled  and  pulverised  mass  with  water,  evaporating  the 
fiiti-ate  to  dryness,  and  treating  the  residue  with  lukewarm  water,  the  neutral  salt 
dissolves,  while  the  acid  salt  remains  behind. 

The  neutral  salt,  K^WO',  or  K-O.WO',  crystallises  from  a  hot  saturated  solution  on 
cooling,  or  on  evaporation  by  heat,  in  anhydrous,  thin,  needle-shaped,  hexagonal  crystals, 
easily  soluble  in  water,  decrepitating  when  heated,  and  melting  at  a  red  heat  (M  arig- 
nac  . — The  monohydrated  neutral  salt,  K-WO'.H-O.  is  obtained  by  gradually  adding 
45  pts.  of  tungstic  oxide  to  a  concentrated  solution  of  potassic  carbonate  heated  to 
60^ — 80°,  and  crystallises  from  the  hot  filtered  solution  on  cooling,  in  needle-shaped, 
sometimes  aggregated  crystals.  It  has  a  rough  and  somewhat  bitter  taste,  is  easily 
soluble  in  water,  insoluble  in  alcohol;  on  pouring  alcohol  on  the  aqueous  solution,  the 
salt  cry.stallises  at  the  surface  of  contact. — The  dihydrate,  K'^W0*.2H'0,  crystallises 
by  evaporation  of  the  solution  over  oil  of  vitriol,  at  a  temperature  not  above  10°,  in 
large,  shining,  oblique,  rhombic  prisms  or  tables,  which  quickly  effloresce  in  dry,  and 
dpHquesce  in  moist  air. — -The  jxnialiydrate,  K"W0'.5H'^0,  ci-ystallises,  according  to 
Anthon,  in  colourless  six-sidod  prisms,  but  the  conditions  of  its  formation  are  not 
particularly  stated. 

Theaci'rf  sai'^  (K-'0.2WO'.2H-0,  according  to  Anthon  and  Eiche;  3K=0.7W0^6H'^0, 
according  to  Scheibler;  5K^0.12WO''.  11 H-0,  accoi-ding  to  Laurent  and  Marignac)  is 
formed  by  adding  tung.stic  acid  to  the  neutral  salt,  in  fusion  or  aqueous  solution  ;  or  by 
treating  this  solution  with  any  other  acid;  or  by  passing  a  stream  of  carbonic  anhy- 
dride through  it.  The  salt  is  then  deposited  as  a  crystalline  powder,  consisting  of 
iridescent  scales,  while  metatungstate  of  potassium  remains  in  solution.  The  acid 
tungstate  tastes  like  the  neutral  salt ;  it  has  an  acid  reaction,  dissolves,  according  to 
Riche,  in  46  pts.  cold  and  15  pts.  boiling  water ;  according  to  Mariguac,  in  71  pts. 
water  at  20°.  When,  however,  a  saturated  solution  is  prepared  by  boihng  an  excess 
of  the  salt  with  water  for  several  days,  the  cooled  solution  contains  1  pt.  of  the  salt, 
after  one  day,  dissolved  in  5'6  pts.  water;  after  26  days,  in  ll'O  pts.  water  ;  after 
153  days,  in  16'6  pts.  water — this  last  degree  of  solubility  remaining  unaltered  for 
six  months  (Marignac).    The  salt  is  insoluble  in  alcohol. 

TuNosTATES  OF  SiLVEB. — An  add  argmtic  salt,  Ag-0.2WO',or  Ag-WO'.WO', 
is  obtained  by  precipitating  acid  tungstates  of  alkali-metal  with  nitrate  of  silver,  as  a 
white  anhydrous  salt,  insoluble  in  water,  slightly  soluble  in  acetic  or  phosphoric  acids, 
more  easily  in  ammonia.  When  ignited,  it  turns  brown,  and  cakes  together  to  a  me- 
tallically lustrous  mass. — An  acid  argentous  salt,  Ag'0.2W0^,  is  formed,  according  to 
Rautenberg,  by  the  action  of  hydrogen  on  an  ammoniaeal  solution  of  the  argentic  salt. 
It  is  a  black,  glittering,  crystalline  powder,  which  is  decomposed  by  nitric  acid, 
leaving  tungstic  oxide  ;  potash  dissolves  the  tungstic  acid,  leaving  argentous  oxide. 

Tungstates  of  Sodium. — The  neutral  salt,  Na-WO',  or  Na-O.WO',  is  prepared 
like  the  neutral  potassium-salt.  It  crystallises  in  transparent,  colourless,  nacreous, 
rhombic  tables  or  scales,  containing  Na'W0'.2H'-0,  having  a  bitter  taste  and  alkaline 
reaction,  permanent  in  the  air,  soluble  in  4  pts.  of  cold  and  2  pts.  of  boiling  water, 
insoluble  in  alcohol,  and  precipitated  thereby  from  its  aqueous  solution.  It  may  be 
recrystallisod  without  decomposition.  When  heated  to  200",  it  gives  oflf  all  its  water, 
and  becomes  opaque ;  and  at  a  temperature  somewhat  below  redness,  it  melts  to  a 
transparent  liquid,  wliich  solidifies  in  the  crystalline  form  on  cooling.  This  salt  is 
sometimes  used,  in  place  of  stannate  of  sodium,  as  a  mordant  in  dyeing  and  calico- 
printing ;  also  for  rendering  linen,  cotton,  &c.,  uninflammable  (see  Combustion, 
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i.  1102).  For  the  mctliods  of  prepiuing  it  on  the  large  scale,  see  Richardson  and 
Watts's  CJiemical  Tcclmologi/,  i.  [4].  48). 

Acid  salts.— The  salt  SNa^O.TWO'',  according  to  Lotz  and  Scheibler  (5Na^0.12WO', 
according  to  Laiu-ent  and  Marignae),  is  prepared  similarly  to  the  corresponding 
potassium-salt — namely,  by  fusing  the  neutral  salt  with  a  sufficient  quantity  of  tungstic 
oxide,  and  boiling  the  product  with  water ;  or  by  boiling  a  solution  of  hydrate,  carbon- 
ate, or  neutral  tungstate  of  sodium  with  tungstic  oxide,  and  leaving  the  resulting 
solution  to  crystallise ;  or,  again,  by  fusing  wolfram  with  one-third  of  its  weight  of 
anhydrous  carbonate  of  sodium.  It  crystallises  from  cold  aqueous  solutions  with 
16  at.  water  (Scheibler)  [28  at.  water,  according  to  Marignac's  formula],  in 
large  striated  monoclinic  prisms,  of  specific  gravity  3-897  at  14°,  sometimes 
flattened  to  six-sided  tables.  It  has  an  astringent  and,  at  the  same  time,  sweet  and 
bitter  taste ;  reddens  litmus  ;  dissolves  in  2-22  pts.  water  at  0°,  and  in  0'24  pt. 
at  100°  (Sch  eibler) ;  in  about  12  pts.  of  cold  water  (Marignae).  When  water  at 
35° — 40°  is  saturated  with  this  salt,  the  cooled  solution  retains  1  pt.  of  salt  dis- 
solved in  9  pts.  water  ;  but  gradually  (in  about  7  months),  so  much  separates  out  that 
1  pt.  remains  dissolved  in  nearly  12  pts.  water.  If  the  salt  be  boiled  for  some  time 
with  water,  a  solution  is  formed,  which,  when  cold,  contains,  after  one  to  twelve  days, 
1  pt.  salt  to  0'G8 — 2'6  pts.  water ;  and  after  seven  months,  1  pt.  salt  to  9'7  pts.  water 
(Marignae).  The  salt  effloresces  in  dry  air,  gives  off  12  at.  water  at  100°,  and  the  rest 
at  300°,  leaving  the  anhydrous  salt,  3Na'''0.7WO^,  of  specific  gravity  5'49,  and  still  per- 
fectly soluble  in  water.  It  melts  at  a  red  heat,  and  solidifies  in  the  crystalline  state  on 
cooling ;  water  then  extracts  from  it  the  alkaline  sesquiacid  salt,  2Na'''0.3'WO',  leaving 
the  anhydrous  tetratungstate,  Na^0.4W0',  in  the  form  of  a  laminar  or  scaly  crystalline 
mass,  having  a  nacreous  lustre.  This  last-mentioned  salt  is  quite  insoluble  in  water; 
it  does  not  melt  at  a  moderate  heat,  but  when  more  strongly  heated,  cakes  together  to 
a  semifused  mass,  containing  deep  blue-green  crystals  (?  of  sodio-tungstous  tungstate). 

When  the  solution  of  the  salt,  3Na^0.7WO-',  is  evaporated  by  heat,  crystals  are 
obtained,  containing  smaller  quantities  of  water  than  the  above — viz.,  at  60° — 80°, 
monoclinic  crystals  containing  3Na'0.7W0^.15H^O  ;  and  at  100",  shining  octahedrons, 
containing  3Na^7WOM2H-0,  or  5Na'O.12WO^.20H2O.  (Marignae.) 

A  salt  containing  2Na'0.5WO'.12H'0,  is  obtained,  according  to  Foreher,  in  bril- 
liant translucent  crystals,  by  prolonged  digestion  of  the  neutral  salt  with  water,  or  by 
saturating  a  warm  solution  of  that  salt  with  tungstic  acid. 

A  diacid  salt,  Na-0.2W0^.2H'0,  is  precipitated  from  the  solution  of  the  neutral 
salt  by  hydrochloric  acid,  as  a  crystalline  powder  (Eammelsberg,  Pogg.  Ann.  xciv. 
514). — The  anhydrous  diacid  salt,  Na'0.2W0^  or  Na-WO'.WO^,  is  formed  by  fusing 
1  at.  of  the  neutral  tungstate  with  1  at.  tungstic  acid,  and  is  found  in  needles  lining 
the  cavities  of  the  resulting  crystalline  mass.  (Foroher.) 

Armnonio-sodic  Tungstatcs. — a.  The  salt,  2(NH^'-'o|  7WO'.3H-0,  crystallises  in  white 

nacreous  scales,  from  a  warm  concentrated  solution  of  1  at.  neutral  sodium-tungstate, 

3Na^0  1 

mixed  with  rather  more  than  1  at.  chlorideof  ammonium. — /3.  j2(NH'')"0  (  35WO'.14H^O 
separates  in  crystalline  scales,  on  pouring  a  boiling  solution  of  1  at.  sodium-tungstate 
into  a  boiling  solution  of  2  at.  sal-ammoniac,  a  large  quantity  of  ammonia  being  at  the  same 
/-Na'^'O  \ 

time  evolved. — y.  The  salt  6  (  ^^j^jj-j^jq j  •^'^^'-'^••'^■^^^'°^P^''^^P^' '"'^^^^1™''^  ®''''''®> 

4(NH'y'o|  l^H-WO"*,  crystallises  in  nacreous  rhombic  laminae,  on  mixing  the  solutionsof 

the  acid  tungstates  of  sodium  and  ammonium.  It  is  soluble  in  water,  but  is  resolved  by 

2Na^0  ) 

recrystallisation  into  the  ammonium-  and  sodium-salts. — 5.  The  saltg^jg-j^i^aQ  j  12W0'. 

15H'0,  is  prepared  similarly  to  the  preceding,  which  it  resembles.  (Marignae.) 
Bario-sodic  tungstate  has  been  already  described  (p.  906). 

Potassio-sodic  Tungstates. — A  mixture  of  the  tungstates  of  potassium  and  sodium 
deposits,  first,  crystals  of  the  acid  potassium-salt,  then  two  double  salts,  viz., 

^2q|.12WOM6H'0,  in  monoclinic  crystals,  and  b{^^^  .r2yi!0\2bWO,  in  ob- 
lique rhombic  octahedrons,  and  lastly,  the  acid  sodium-salt.  (Marignae.) 

Tungstates  of  Steontitim. — The  neutral  salt,  SrWO',  is  prepared  like  the 
barium-salt,  which  it  resembles.  By  fusing  1  pt.  of  sodium-tungstate  with  2  pts. 
strontium-chloride  and  2  pts.  common  salt,  it  is  obtained  in  white  translucent  crystals, 
having  the  form  of  native  tunestate  of  lead.    (Sch  ultze.) 

The  acid  salt  (Sr0.2W0^4H-0  according  to  Anthon,  3Sr0.7WO'.4H20  according  to 
Lotz),  prepared  like  the  acid  barium-salt,  is  wliite,  insoluble  in  cold  water,  decomposed 
by  acids,  and  becomes  anhydrous  when  heated. 
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TuNOSTATE  OF  TnoRiNUM. — Tlioriiium-salts  give  white  flocculent  precipitates 
with  the  neutral  and  acid  t.ungstates  of  alkali-metal. 

TuNOSTATE  OF  TiN. — A  Solution  of  ammonio-stannic  chloride  is  precipitated  by 
acid  ammouium-tungstate,  in  white  flocks,  soluble  in  excess  of  the  tin-salt,  also  in 
phosphoric,  oxalic,  and  tartaric  acids.  (Lotz.) 

TuNOSTATE  OF  TuNGSTEN,  W'O^  =  AVO^.WO'. — This  is  the  blue  oxide  of 
tungsten,  already  mentioned  as  being  formed  by  the  reduction  of  tungstic  oxide  by 
zinc  and  hydrochloric  acid,  &c.  It  is  likewise  produced,  as  a  fine  blue  powder,  when 
tungstate  of  ammonium  is  heated  to  redness  in  a  retort. 

TuNGSTATES  OF  Uranium. — Tho  iircmic Salt  is  a  light-yellow  precipitate,  insolu- 
ble in  water,  but  soluble  in  the  stronger  acids,  and  in  ammonia  (15 erzel i u s). — An 
acid  uranous  salt,  2UO.W0^.6H'-0,  is  obtained,  by  precipitating  uranous  chloride  with 
an  acid  tungstate  of  alkali-metal,  as  a  brownish  precipitate,  soluble  with  green  colour 
in  hydrochloric  acid.    (Rammelsb erg.) 

Tungstate  of  Vanadium,  precipitated  by  alkaline  tungstates  from  vanadic 
salts,  is  brown,  somewliat  soluble  in  water,  and  oxidises  in  the  air  with  formation  of 
vanadic  acid. 

Tungstate  of  Yttrium,  YAV0'.2IP0,  is  a  white  pulverulent  precipitate, 
slightly  soluble  in  water.  (Berlin.) 

Tungstate  of  Zinc,  ZnAVOS  is  obtained,  by  fusing  1  pt.  sodium-tuugstate, 
2  pts.  zinc-chloride,  and  2  pts.  common  salt,  and  boiling  tlie  mass  with  water,  in 
colourless  square  prisms,  with  octidiedral  faces,  probably  isomorphous  with  the  cal- 
cium-salt.   (Geuther  and  Forsberg.) 

Ammonium-zinc-tuiigstate,  ^^^jp^q'  7W0^.3H-0,  is  obtained  by  precipitating  sul- 
phate of  zinc  with  acid  tungstate  of  ammonium,  in  small  snow-white  needles,  which 
dissolve  sparingly  in  boiling  water,  more  easily  on  addition  of  ammonium-tungstate, 
zine-sulphato,  oxalic  acid,  tartaric  acid,  or  pho!<phoric  acid.  (Lotz.) 

Metatitkgstic  Acib. 

Sohdile  Modification  of  Tungstic  Acid. — This  acid  is  mostly  piroduced  in  the  de- 
composition of  tungstates  by  the  stronger  acids  at  ordinary  temperatures  ;  also  by  the 
action  of  tungstic  acid  on  tungstates.  Pure  metatungstie  acid  is  obtained  by  decom- 
posing a  warm  concentrated  solution  of  barium-metatungstate  with  dilute  sulphuric 
acid  ;  the  filtrate,  evaporated  over  oil  of  vitriol  in  a  vacuum,  yields  crystals,  apparently 
quadratic  octahedrons,  of  hydrated  metatungstie  acid,  H^WO '.7II"0,  or  H-O.WO-'  +  7aq. 
(Scheibler),  ormore  correctly,  bFW0^.3WOl3lH'^0,  or  H-0.4W0' +  31aq.  Forcher, 
by  decomposing  tiie  lead-salt  with  sulphydric  acid,  and  leaving  the  filtrate  to  evapo- 
rate, obtained  metatungstie  acid  in  sulphur-yollow  crusts,  apparently  made  up  of 
octahedrons. 

Metatungstie  acid  is  very  soluble  in  water;  the  solution  has  a  sour  and  intensely 
bitter  taste. 

A  solution  containing    2'79  per  cent.  AVO^  has  a  specific  gravity  of  1-0257  at  17'5'-'. 

12-68  „  „  „  M275 

27-Gl  „  „  „  1-3274 

43-73  „  „  „  1-6313 

The  solution  may  be  boiled,  and  evaporated  lo  a  syrup  over  the  water-bath,  without 
alteration  ;  but  on  further  concentration  by  heat,  ordinary  yellow  insoluble  tungstic 
acid  separates  out  suddenly. 

Strong  sidjihiiric  acid  added  to  a  concentrated  solution  of  metatungstie  acid  forms  a 
white  precipitate  which  disappears  on  addition  of  water.  Aqueous  metatungstie 
acid  dissolves  zinc  and  iron,  with  evolution  of  hydrogen,  blue  oxide  of  tungsten  being 
formed  at  tho  same  time. 

A  coUo'idal  modification  of  metatungstie  acid  is  obtaineil  by  dialysing  a  5  per  cent, 
solution  of  sodium-tungstate  mixed  with  a  quantity  of  hydrochloric  acid  exactly  suffi- 
cient to  saturate  the  alkali  contained  in  it.  Tho  solution  remaining  on  the  dialyser 
after  a  few  days  (amounting  to  80  per  cent,  of  the  liquiil  used),  has  a  bitter  astrin- 
gent taste,  is  not  gelatinised  by  acids  or  salts  even  at  the  boiling  heat,  and  when 
evaporated  to  dryness,  leaves  vitreous  scales  which  adln-rc  strongly  to  the  porcelain 
dishes.  They  are  colourless  if  the  evaporation  has  taken  place  in  a  vacuum,  do  not 
lose  their  solubility  by  being  heated  to  200°,  but,  at  a  temperatiu-e  near  redness,  are 
convrrted  into  insoluble  tungstic  oxide,  with  loss  of  2-42  per  cent,  water.  The  dry 
soluble  acid  is  rendered  sticky  by  water,  like  gum.  Its  solutions  exhibit,  at  tlio 
following  specific  gravities: 
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Quantity  of  tungstic  oxide  >  ,  „„  „  „„, 

(WO^)  in  100  pts.       \    •       ^  ^"  ^       7^  ^• 

Specific  gravity      .       .       .     1-0475       1-2168       1-8001  2-596  3243. 
(Graham,  Chem.  Soc.  J.  xvii.  318;  Jabresb.  1864,  p.  179.) 

Metatungstates,  M^0.4"W0^  or M^WO'.SWO'.— These  salts  have  been  examined 
chiefly  by  Scheibler  (J.  pr.  Chem.  Ixxx.  204;  Jahresb.  1860,  p.  155);  but  the 
ammonium-salt,  which  was  the  first  known,  was  discovered  by  Margueritte  (Ann. 
Ch.  Phys..  [3],  xvii.  475).  They  have  the  composition  of  quadracid  tungstates,  but 
the  tungstic  acid  obtained  from  them  is  not  ordinary  tungstic  acid,  but  the  more 
soluble  modification.  They  are  formed  from  ordinary  tungstates  by  addition  of 
tungstic  acid,  or  by  abstraction  of  part  of  the  base.  The  metatungstates  of  the 
alkali-metals  are  best  prepared  by  boiling  the  solutions  of  the  corresponding  tungstates 
for  some  time  with  hydrated  tungstic  acid,  H'^WO^.H^O,  or  by  dropping  an  acid 
(phosphoric  acid  being  the  best  adapted  for  the  purpose)  into  the  solution  of  an 
alkaline  tungstate,  as  long  as  the  tungstic  acid  separated  in  the  first  instance  redis- 
solves.  The  other  metatungstates  may  be  prepared  from  those  of  the  alkali-metals  by 
double  decomposition,  and  very  easily  by  decomposing  the  metatungstate  of  barium 
with  soluble  sulphates.  The  metatungstates  may  also  be  prepared  by  the  direct  com- 
bination of  metatungstic  acid  with  bases,  or  by  its  action  on  carbonates,  nitrates,  or 
chlorides,  all  of  which  it  decomposes. 

The  metatungstates  are  for  the  most  part  soluble  and  crystallisable  ;  some  are  very 
soluble,  and  leave  amorphous  gummy  masses  when  evaporated;  according  to  Marig- 
nac,  they  react  nearly  neutral,  colouring  litmus  violet;  they  effloresce  in  dry  air,  and 
give  off  the  greater  part  of  their  crystallisation-water  below  100°.  The  metatung- 
states of  the  alkali-metals  do  not  melt  at  a  red  heat,  but  merely  bake  together,  decom- 
posing at  the  same  time,  with  formation  of  blue  oxide.  Their  solutions  do  not  pre- 
cipitate the  salts  of  the  earth-metals,  or  of  the  heavy  metals,  excepting  those  of  lead 
and  inercurosum.  They  give  no  precipitate  with  ferrocyanidc  of  potassium. — Acids 
added  to  the  solutions  of  metatungstates  do  not  precipitate  either  white  or  yellow 
tungstic  acid. — Zinc  and  hydrochloric  acid  colour  them  blue,  changing  to  reddish- 
violet  (not  Lo  brown  like  the  ordinary  tungstates :  Forcher).  These  reactions  are  suffi- 
cient to  distinguish  the  metatungstates  from  the  acid  tungstates,  witli  which  they  are 
in  some  cases  isomeric.  They  are,  however,  easily  reconverted  into  ordinary  tung- 
states by  addition  of  aqueous  alkalis,  the  solutions  being  then  precipitated  by  acids,  as 
well  as  by  the  salts  of  the  alkaline  earth-metals  and  other  metals. 

Metatungstic  acid  precipitates  the  solutions  of  organic  bases  in  flocks,  and  may 
therefore  be  used  as  a  reagent  for  these  bases ;  the  solution  of  a  metatungstate 
acidulated  with  a  mineral  acid,  or  ordinary  tungstate  of  sodium  mixed  with  excess  of 
phosphoric  acid,  may  be  used  for  the  purpose.  This  reaction  with  metatungstic  acid 
is  said  to  be  even  more  delicate  than  that  with  phospho-molybdic  acid,  a  distinct 
turbidity  being  produced  by  metatungstic  acid  in  a  solution  containing  not  more  than 
1  pt.  in  200,000  of  quinine  or  strychnine. 

Metatungstate  o/ ^«iMOMi?(OT,  (NH<)^W^0'^8H'0,  or  (NH*)^0.4W0'  +  8aq. 
according  to  Scheibler;  2(NH«)2W^Oi3.16H-'0,  according  to  Lotz.— This  salt, 
discovered  by  Margueritte,  is  produced  by  boiling  tungstate  of  ammonium,  either  alone, 
whereupon  ammonia  is  given  off,  or  with  tungstic  acid,  which  is  dissolved.  On  evapo- 
rating the  solution  to  a  syrup,  ordinary  ammonium-tungstate  separates  out  first,  and 
the  filtrate  deposits  the  metatungstate  in  highly  lustrous  transparent  octahedrons, 
which  efBoresce  on  exposure  to  the  air.  The  salt  is  very  soluble  in  water,  melting  at 
first  at  the  bottom  of  the  liquid,  like  phosphorus.  The  solution  is  strongly  refractive, 
is  not  precipitated  by  hydrochloric  or  nitric  acid,  but  when  mixed  with  ammonia,  and 
evaporated,  yields  crystals  of  ordinary  acid  tungstate,  3(NB[^)''0.7WO"  (Lotz). — From 
the  mother-liquor  of  the  octahedral  metatungstate  just  described,  Margueritte  ob- 
tained the  salt  (NH*)20.6W03  i  13aq.,  in  well-defined  crystalline  laminse.  —  The 
potassium-  salt,  K-W^0".8H'0,  obtained  by  boiling  the  tungstate  with  tungstic  acid, 
crystallises  in  shining  octahedrons  resembling  the  ammonium-salt.  The  same  solu- 
tion yields  slender  needle-shaped  crystals,  which,  however,  are  converted  into  the 
octahedral  salt  by  recrystallisation ;  the  salt  appears  therefore  to  be  dimorphous 
(Scheibler).— The  sodium-salt,  Na-W*O".10H-O,  also  crystallises  in  shining  octa- 
hedrons, apparently  regular,  of  specific  gravity  3-84,  and  very  efflorescent.  One  part  of 
water  at  ordmary  temperatures  dissolves  10-69  pts.  of  these  crystals,  forming  a  solu- 
tion of  specific  gravity  3-019  ;  hot  water  dissolves  the  salt  in  all  proportions.  The 
salt  gives  off  all  its  water  at  a  heat  much  below  redness,  and  if  it  has  not  been  too 
strongly  heated,  still  dissolves  completely,  though  slowly,  in  water  (Marign  ac).  In 
other  respects  it  behaves  like  the  potassium-  and  ammonium-salts.    Margueritte  like- 
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wiso  mentions  a  salt  coutaiuiug  Na^W'0".4Il*0. — The  lithium-salt  dries  up  over  oil  of 
vitriol  to  an  amorphous  mass. 

Meiatangstatc  of  Barium,  BaW'0".9H-0,  is  obtained  by  mixing  the  warm  concen- 
trated solutions  of  aramonium-metatungstate  and  barium-chloride,  and,  when  puritiud 
Ijy  recrystallisation,  forms  large,  shining,  quadratic  octahedrons,  modified  by  the  ju-is- 
raatic  faces  and  the  perpendicular  eud-faces.  They  have  a  specific  gravity  of  -l^'iOH, 
etflorosco  in  the  air,  and  give  off  G  at.  water  at  100^;  at  a  red  heat  tlie  salt  becomrs 
yellow  and  insoluble.  Tiie  crystals  are  decomj^osed  by  cold  water  into  the  insoluble 
triacid  salt,  BaW-'0"'.GlI'-'0,  and  free  tungstic  aeid,  which,  however,  recombine  at  the 
boiling  heat.  The  metatungstate  dissolves  easily  in  boiling  water;  the  solution  yields 
mctatungstic  aeid  when  decomposed  by  dilute  sulphui-ic  acid,  and  the  other  meta- 
tungstates  (as  those  of  magnesium,  zinc,  cadmium,  cobalt,  nickel,  &c.),  by  double  de- 
composition with  soluble  sulphates. — The  strontium-salt,  SrW^0".8H^0,  obtained  like 
the  barium-salt,  crystallises  iu  quadratic  octahedrons,  modified  by  the  faces  oP  and 
coPco  . — The  calcium-salt,  formed  by  decomposing  chloride  or  carbonate  of  calcium 
with  mctatungstic  aeid,  crystallises  with  difficulty. — The  jnagncsium-salt,  MgW'O". 
8H-0,  forms  shining,  probably  monoclinic  crystals,  permanent  in  the  air. — The  glu- 
cinum-salt  is  very  soluble,  but  crystallises  from  a  syrupy  solution,  in  delicate  deliques- 
cent lamina?. — The  aluminium-salt  dries  up  to  an  amorphous  mass. 

Metatungstate  of  Cadmium,  CdW^O'^.lOlPO,  forms  shining  quadratic  octahedrons, 
permanent  in  the  air. — The  ccrous  salt,  CeW'O'^. lOH'-'O,  prepared  by  decomposing 
cerous  carbonate  with  mctatungstic  acid,  crystallises  in  pale,  lemon-yellow,  monoclinic 
crystals,  permanent  in  the  air. — The  lanthanum-  and  did?/mitim-salts  are  alsocrystal- 
lisable. — The  cobalt-salt,  CoAV^O'^.9H'0,  crystallises  in  quadratic  octahedrons;  tho 
cupric  salt,  CuW*0".l lH-0,  in  laminae  and  tables,  probably  belonging  to  the  mono- 
clinic system. — The  ferric  salt  dries  up  to  an  amorphous  mass  ;  its  solution,  mixed 
with  ammonia,  yields  a  precipitate  of  ferric  tungstate,  while  ammonio-ferric  tungstate 
remains  in  solution. — The  ferrous  salt,  prepared  by  dissolving  iron  in  metatungstic 
acid,  is  crystallisable,  but  difficult  to  obtain  pure.  The  solution,  which  has  a  fine 
blue  colom-,  contains  blue  oxide  of  tungsten,  as  well  as  the  ferrous  salt. — The  lead- 
salt,  PbW<0'^6H-0  (Lotz),  or  PbW^O'^oH-0  (Scheibler),  is  obtained  by  precipi- 
tating a  moderately  concentrated  solution  of  the  acid,  or  the  ammonium-salt,  with 
acetate  of  lead,  as  a  white  flocculent  salt,  which  dissolves  in  a  large  quantity  of  hot 
water,  and  crystallises  by  slow  evaporation  in  slender  silky  needles,  easily  soluble  iu 
nitric  acid. — The  manganous  salt,  MuW^O'^.lOH-'O,  forms  beautiful,  light-yellow, 
quadratic  octahedi'ons,  with  perpendicularly  truncated  summits;  they  are  permanent  in 
the  air. — The  mercurous  salt,  Hg^W^O'''.2oH-0  (?),  is  obtained  on  adding  mercurons 
nitrate  to  the  free  acid,  or  an  alkaline  metatungstate,  as  a  white  bulky  precipitate, 
which  shrinks  considerably  in  drying,  and  assumes  a  lemon-yellow  colour. — Tho 
nickel-salt,  NiW''0'^8H-0,  forms  monoclinic  prisms  and  tables. — The  silver-salt, 
Ag-AV*0".3H-0,  is  best  prepared  by  mixing  the  boiling  solutions  of  equivalent  quan- 
tities of  sodium-metatungstate  and  silver-nitrate,  with  addition  of  a  few  drops  of 
nitric  acid  ;  the  clear  solution,  on  cooling,  deposits  tho  salt  in  waxy  crusts,  consisting 
of  microscopic  octahedrons.  It  dissolves  easily  in  water,  crystallises  by  evaporation 
over  oil  of  vitriol,  but  remains  as  an  amorphous  mass  when  the  solution  is  evaporated 
by  heat. — The  ^inc-salt,  Zn'W'O".10H'O,  is  very  soluble,  and  crystallises  with 
difficulty. 

Etht/lic  Metatungstate,  probably  (C=H^)^V/^0".3n=0,  is  produced  by  heating 
the  silver-salt  with  ethylic  iodide  in  sealed  tubes,  and  remains,  on  distilling  off  the  free 
ethylic  iodide,  exhausting  with  absolute  alcohol,  and  evaporating  quickly  in  a  vacuum, 
as  a  thick  viscid  syrup,  which  slowly  dries  up,  over  oil  of  vitriol,  to  a  greenish  fissured 
mass.  It  is  very  unstable,  and  is  instantly  decomposed  by  water,  yielding  tungstic 
liydrate. 

Ordinary  tungstate  of  silver,  heated  with  ethylic  iodide,  does  not  yield  a  tungstic 
ether. 

TUN-GSTEIV,  OXYBROMIBES  OF.    (See  p.  899.) 
TUNGSTEET,  OXVCHZ.ORZBES  OF.    (See  p.  900.) 

TUITGSTENr,  PHOSPHIDES  OF.  Phosphorus  and  tungsten  combine  di- 
rectly, but  without  incandescence,  when  finely-pulverised  metallic  tungsten  is  heated 
to  redness  in  phosphorus-vapour.  The  resulting  compound  is  a  dull  dark-grey  pow- 
der, very  difficult  to  oxidise,  and  containing  W'P'. — Another  compound,  W*P^,  is 
obtained  in  beautiful  crystalline  groups,  like  natural  goodos,  by  n  ducing  a  mixture  of 
2  at.  phosphoric  and  1  at.  tungstic  anhydride,  at  a  very  high  temperature,  in  a  cruci- 
ble lined  with  charcoal.  The  crystals  are  six-sided  prisms,  sometimes  an  inch  long 
having  a  steel-grey  colour  and  strong  lustre ;  specific  gravity  =  5'207.    This  com- 
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pound  is  a  good  eondnctor  of  clrctricity,  is  scarcely  oxidispd  when  Iieated  to  redness, 
but  burns  wilh  great  splendour  on  charcoal  in  a  stream  of  oxygen,  or  on  fused  chlo- 
rate of  potassium  ;  it  is  not  attacked  by  any  acid,  not  even  by  nitromuriatic  acid. 
(Wohler,  Chom.  Soc.  J.  t.  94.) 

TUWGSTEIX,  STTXiPHXSES  OP.  The  disuljihide,  WS-,  is  formed  when 
tungsten,  or  one  of  its  oxides,  is  heated  to  redness  with  sulphur,  or  certain  volatile 
sulphur-compounds.  It  is  prepared  by  igniting  tungsten  or  tungstic  oxide  with  6  pts, 
of  cinnabar,  or  by  passing  the  vapom-  of  carbonic  disulphide  or  sulphydric  acid  over 
tungstic  oxide  heated  to  redness  in  a  porcelain  tube  ;  also  by  igniting  the  trisulphide 
in  a  close  vessel  (Berzelius  and  Borck).  Eiche prepares  it  by  fusing  equal  parts  of 
acid  potassium-tungstate  and  sulphur  in  a  crucible,  and  lixiviating  the  mass  with  water. 

Disulphide  of  tungsten  is  (according  to  Berzelius)  a  greyish-white  powder,  acquir- 
ing, by  pressure,  a  steel-grey  colour  and  metallic  lustre.  According  to  lii  che,  it  forms 
slender,  soft,  black,  needle-shaped  crystals,  which  soil  the  fingers  like  graphite.  It  is 
oxidised  by  ignition  in  the  air,  or  in  vapour  of  water,  also  when  gently  heated  with 
nitric  or  nitromuriatic  acid.  It  is  not  altered  by  fusion  with  cyanide  of  potassium. 
(Wohler  and  v.  Uslar.) 

Thotrisulphide,  or  Tungstir  Sulphide,  WS',  has  hitherto  been  obtained  only 
in  the  wet  way.  It  is  prepared  by  dissolving  tungstic  oxide  in  sulphydrate  of  ammo- 
nium or  potassium,  and  precipitating  with  an  acid  ;  or  by  saturating  an  aqueous 
solution  of  alkaline  tungstate  with  sulphydric  acid,  and  precipitating  with  hydrochloric 
acid.  It  is  black  when  dry,  and  yields  a  liver-coloiired  powder;  dissolves  slightly  in 
cold  water,  more  easily  in  boiling  water;  and  is  precipitated  almost  completely  by  sal- 
ammoniac  and  other  salts,  and  by  acids.  AVhen  boiled  with  hydrochloric  acid,  the 
precipitate  becomes  denser  and  darker-coloured,  ultimately  black-blue,  but  remains 
soluble  in  water.  It  dissolves  easily,  especially  when  recently  precipitated,  in  hydrate 
or  carbonate  of  potassium,  and  in  ammonia.  When  ignited,  alone  or  with  cyanide  of 
potassium,  it  is  reduced  to  the  disulphide. 

Trisulphide  of  tungsten  unites  readily  with  basic  metallic  sulphides,  forming  sul- 
phur-salts called  sulphotungstates,  represented  for  the  most  part  by  the  formula 
M-WSS  or  M^S.WS^,  analogous  to  that  of  the  neutral  tungstates.  The  sulphotung- 
states of  the  alkali-metals  and  alkaline  earth-metals  may  be  prepared  by  dissolving  the 
trisulphide  in  the  corresponding  sulphydrates,  or  by  treating  the  corresponding  tung- 
states with  sulphydric  acid  AVhen  trisulphide  of  tungsten  is  dissolved  in  a  caustic 
alkali  or  an  alkaline  carbonate,  a  tungstate  is  formed,  together  with  the  sulpliotung- 
state  ;  and  the  resulting  solution  yields,  with  acids,  a  light  red-brown  precipitate  of 
tungstic  oxysulphide,  which  does  not  turn  black  when  boiled  with  hydrochloric 
acid.  The  insoluble  sulphotungstates  of  the  earth-metals,  and  heavy  metals,  are  ob- 
tained by  precipitation,  or  by  boiling  a  solution  of  alkaline  sulphotungstate  with  the 
corresponding  oxides. 

The  ammonmrn-salt,  (NII')^WS*,  separates  from  a  concentrated  solution  in  yellowish- 
red  crystals ;  and  the  mother-liquor,  when  left  to  evaporate,  deposits  yellow  rectangular 
tables.  The  salt  is  somewhat  sparingly  soluble ;  it  decrepitates  when  heated,  and  when 
ignited  out  of  contact  of  air,  leaves  tungstic  sulphide  in  lumps  having  a  metallic  lustre. 

The  potassium-salt,  K^WS*,  separates  from  its  aqueous  solution,  on  evaporation,  in 
anhydrous  yellow  crystals,  or  smooth,  pale,  four-sided  red  prisms,  with  diliedral  sum- 
mits, and  is  precipitated  by  alcohol  in  delicate  cinnabar-red  prisms.  The  aqueous 
solution,  mixed  with  a  small  quantity  of  hydrochloric  acid,  yields,  by  evaporation,  a 
black  mass,  consisting  of  an  acid  sulphotungstate,  K^S.2WS',  or  K'WS'.WSl— The 
aqueous  solution  of  the  neutral  salt,  boiled  with  cupric  hydrate,  yields  cupric  sulphide 
and  tungstate  of  potassium.  If  the  solution  of  the  sulphotungstate  contains  also 
tungstate  of  potassium,  or  if  the  tungstate  be  fused  with  sulphur  and  the  fused  mass 
dissolved  in  water,  the  solution  yields  by  evaporation  lemon-yellow  rectangular  plates 
of  tlio  oxysulphotungstate,  K^WS^0'.2H-0.  A  solution  of  2  pts.  potassium-sulpho- 
tungstate  and  1  pt.  potassium-nitrate,  yields  ruby-red  transparent  crystals  of  a  double 
salt,  containing  K^WS''.KNO',  which  detonates  like  gunpowder  when  heated  to  com- 
mencing redness,  yielding  a  pale-yellow  mass,  from  which  water  extracts  tungstate  and 
sulphotungstate  of  potassium,  leaving  disulphide  of  tungsten. 

The  sodium-salt,  Na-WS',  crystallises  with  difficulty  from  the  aqueous,  more  easily 
from  the  alcoholic  solution,  by  spontaneous  evaporation.  The  crystals,  when  exposed 
to  the  air,  soon  become  moist  and  yellow.  There  is  also  an  acid  salt,  soluble  in 
water  and  in  alcohol. 

The  barium-salt  is  prepared  bypassing  sulphydric  acid  gas  through  water  in 
■which  tungstate  of  barium  is  suspended,  and  crystallises  by  evaporation  in  yellow, 
transparent,  crystalline  crusts.  When  tungstic  sulphide  is  dissolved  to  satiiration  in  pro- 
tosulphide  of  barium,  the  yellow  solution  yields,  by  evaporation,  a  brown  amorphous 
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mass. — The  calcium-salt,  prepared  like  the  barium-salt,  is  an  amorphous  mass,  easily 
solulilo  in  wator  and  in  alcohol ;  the  strontium-  and  inagncsium-sutts,  prepared  in  like 
manner,  are  also  soluble  in  water  and  in  alcohol;  the  former  separates  in  lemon- 
yellow  radiate  crystals,  the  latter  is  uncrystallisablo.  The  solutions  of  the  calcium-, 
strontium-,  and  magnesium-salts  take  up  an  additional  quantity  of  tungstic  sulphide, 
and  then  leave,  on  evaporation,  brown  or  brown-red  amorphous  masses. — The  raanga- 
nous  salt,  Mn"WS^  also  dissolves  in  water,  forming  a  yellow  sr)lution. 

The  cadmium-salt,  Cd"WS^,  and  the  zinc-salt  are  yellow  precipitates,  the  latter 
separating  gradually  ;  the  cerium-salt  is  also  a  yellow  precipitate,  which  separates 
only  after  24  hours. — The  sulphotungstates  of  cobalt,  copper,  had,  and  nickel,  repre- 
sentetl  by  tlie  general  formula  M"WSS  are  brown  or  black-brown  precipitates. — The 
mercuric  salt,  Hg"NS',  is  precipitated,  on  mixing  the  solutions  of  mercuric  chloride  and 
potas.sium-snlphotungstatc  in  equivalent  proportions,  in  orange-yellow  flocks  ;  with  an 
excess  of  mercuric  chloride,  the  precipitate  is  white ;  with  an  excess  of  the  alkaline 
sulpliotungstate,  black. — The  mcrcurous  salt,  Hg-WS',  is  a  black  precipitate ;  the 
silver-salt,  Ag'WS',  dark-brown. — The.  stannous  salt,  Sn"WS*,  is  precipitated  in  brown 
flocks  ;  the  stannic  salt,  Sn'''(WS')-.Sn'''S-,  in  greyish-yellow  flocks. — The  7^^a<zw!c 
Pt'''(WS')^,  and  the  AY!/(',  Au"'(WS')^  are  black  precipitates;  the  bismuth- 

salt,  Bi"'(  WS')',  dark-brown,  nearly  black. — The  ferric  salt,  Fe"'(WS')',  is  a  dark-brown 
bulky  precipitate.  Ferrous  salts  do  not  precipitate  a  solution  of  potassium-sulpho- 
tungstate.  (Borzelius.) 

TVM'CSTEN'-mETHTI..  'W(CH')^  (Riche.  Compt.  rend.  xlii.  203. — 
Cahours,  Jahresb.  1861,  p.  353.) — When  tungsten  is  heated  with  methylie  iodide  to 
240°  in  a  scaled  tube  for  several  days,  a  viscid  liquid  is  formed,  from  which  ether- 
alcohol  extracts  iodide  of  tungsten-methyl,  consisting,  according  to  Eiche,  of 

W(CH')*I^,  but,  according  to  Cahours's  analysis,  of  W''  |        ^  ,  a  composition  which 

is  in  accordance  with  the  known  atomicity  of  tungsten.  This  iodide  crystallises  in 
colourless  tables,  melts  at  110°,  and  when  agitated  with  recently-precipitated  silver- 
oxide,  is  converted  into  oxide  of  tungsten-methyl,  or  tungstic  oxytetra- 

methide,  W^'j^  O"       This  oxide  dissolves  in  acids,  forming  uncrystallisable  salts, 

remaining,  when  concentrated,  as  viscid  liquids,  from  which  the  oxide  is  reprecipitated 
by  alkalis. 

Tungsten  heated,  in  like  manner,  with  etkylic  iodide  is  scarcely  attacked,  only  a  few 
needles  of  tungstic oxyiodide  being  formed,  which  float  about  in  the  liquid.  (Uiehe.) 

TUTIGSTIC  COMPOTTN'SS.  Compounds  in  which  tungsten  is  hcxatoraic,  viz., 
WC1^  W(  )^  W(CH-')'I^  &c. 

TVM-GSTOSX»CXC  ACIBS.  (Marignac,  Ann.  Ch.  Phys.  [4],  iii.  5; 
Jahresb.  1864,  p.  220.) — These  are  tetrabasic  acids,  containing  both  silicon  and  tung- 
sten.  Their  names  and  formulae,  as  given  by  Marignac,  are  as  follows  : 

Silicodviodeeitungstic  or  Silicotungstic  acid  .       .       .  4H-O.SiO'.12WO'. 

Tungstosilicic  acid  411^0. 12AVO^SiO'. 

Silicodecitungstic  acid  4H2O.SiOM0WO'. 

They  maj'  be  regarded  as  tungstates  of  silicon  and  hydrogen,  the  first  two  having  the 
composition  IPSi"'0".12W0',  which  is  referable  to  that  of  an  acidtungstate,  M''0.2W0'. 

The  potassium-  or  sodium-salt  of  the  flrst  of  these  acids  is  produced  by  boiling 
gelatinous  silica  with  acid  tungstate  of  potassium  or  sodium,  its  formation  probably 
taking  place  as  represented  by  the  equation  : 

orK^OM^^WO'i   +  ^'(^0)*  =  K"Sii'0M2W0^  +  4K(H0). 

The  resulting  solution  yields,  with  mercurous  nitrate,  a  precipitate  of  mercurous 
si  1  icotu ngstate  ;  this,  when  decomposed  by  an  exactly  equivalent  quantity  of  hy- 
dochloric  acid,  yields  a  solution  of  hydric  si li cotu ngs t a t e,  or  silicotungstic 
acid;  .and  the  other  silicotungstates,  which  are  all  soluble,  are  obtained  by  treating 
the  acid  with  carbonates. 

Silicodecitungstic  acid  is  obtained  as  an  ammonium-salt  bj-  boiling  gelatinous 
silica  with  solution  of  acid  tungstate  of  ammonium  ;  and  from  this,  the  acid  and  its 
other  salts  may  be  obtained  in  the  same  manner  as  the  preceding.  The  silicodeci- 
tungstatesare  very  unstable,  and  the  acid  is  decomposed  by  mere  evaporation,  depositing 
silica,  and  being  converted  into  tungstosilicic  acid,  which  is  isomeric  with  silico- 
tungstic acid,  and  likewise  decomposes  carbonates.  All  three  of  these  acids  are 
capable  of  exchanging  either  one  half  or  the  whole  of  their  basic  hydrogen  for  metals, 
thereby  forming  acid  and  neutral  salts  ;  silicotungstic  acid  also  forms  an  acid  sodium- 
salt,  in  which  only  ono-fourth  of  the  hydrogen  is  replaced  by  sodium. 
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Sillcotungstic  Acid,  4Il'O.SiOM2WO^  =  H^SiWO".— The  concentrated  solu- 
tion of  this  ac-iJ,  obtained  as  above,  yields  the  acid,  by  spontaneous  evaporation,  in 
large,  shining,  colourless  (or  slightly  yellowish),  quadi'atic  octahedrons,  containing 
H^SiW'^0"  .  29H-'0.  They  are  combinations  of  P  .  ooPoo  .  oP,  having  the  angle 
P  :  P  in  the  terminal  edges  =  109°  9';  in  the  lateral  edges  =  110°  C  They  etfioresce 
in  contact  with  the  air,  begin  to  melt  at  36°,  and  fuse  completely,  at  53°,  to  a  liquid 
which  yields  another  crystalline  hydrate.  At  100°  they  give  otF25  at.  water,  another 
portion  at  a  higher  temperature,  and  the  remainder  at  350° ;  at  this  temperature, 
however,  the  acid  retains  its  solubility ;  but  at  a  stronger  heat,  it  is  converted  into  an 
insoluble  mixture  of  silicic  and  tungstic  anhydrides.  The  other  hydrate,  above 
mentioned  as  separating  from  the  melted  acid,  contains  H^SiW^O'- .  22H^O,  and  is 
likewise  formed  wlien  the  acid  separates  from  a  solution  containing  hydrochloric  or 
sulphuric  acid.  The  crystals  are  combinations  of  a  rhombohedron  (R)  with  the  basal 
end-face  and  a  subordinate  acute  rhombohedron,  whereby  they  acquire  the  character 
of  cubo-oetahedrons  (R  :  R  in  the  terminal  edges  =  88°  48';  oP:  R  =  124°  25'); 
they  are  distinguished  from  the  octahedral  crystals  by  their  permanence  in  the  air. 
Silicotungstic  acid  dissolves  easily  in  water  and  in  alcohol ;  the  aqueous  solution, 
saturated  at  18°,  contains  1  pt.  of  the  octahedral  acid  to  0'104  pt.  water,  and  has  a 
density  of  2-283.  The  alcoholic  solution  mixes  with  an  equal  volume  of  ether  without 
turbidity  ;  but,  on  adding  more  ether,  the  concentrated  ethereal  solution  separates  as  a 
syrupy  layer,  -which  forms  a  clear  solution  in  water,  but  becomes  turbid  and  gives  up 
the  ether  when  heated.  The  same  syrupy  liquid  (which  does  not  contain  any  silico- 
tungstic ethers),  is  obtained  by  exposing  either  the  octahedral  or  the  rhombohedral 
crystals  to  ether-vapour. 

S  ilicotungstate s. — Silicotungstic  acid  is  a  strong  acid,  decomposing  carbonates, 
and  easily  forming  double  salts.  The  salts  are  all  soluble  in  water,  excepting  the  mer- 
curous  salt,  and  almost  all  crystallise  well.  They  are  not  altered  by  boiling  with 
hydrochloric  acid.  Caustic  alkalis  and  alkaline  carbonates  throw  down  silicic  acid 
from  their  solutions ;  the  precipitate  formed  by  ammonia  redissolves  at  the  boiling 
heat.  When  heated  to  redness,  they  glow  slightly,  and  leave  a  residue  containing  free 
tungstic  anhydride. 

Silicottingstate  of  Aluminium  is  obtained  by  dissolving  aluminium-hydrate  in 
silicotungstic  acid,  or  by  adding  the  latter  to  a  solution  of  aluminium-chloride,  in 

large  regular  octahedrons  containing  A.\-'WBv''V^'"'0^''\?,TS}0,  or  2AP0^6H20.3(Si02. 
12W0') .  87aq.  The  cold  solution  is  rendered  turbid  by  addition  of  ammonia,  but 
becomes  clear  again  when  warmed,  and  yields,  after  evaporation  of  the  excess  of 
ammonia,  an  octahedral  double  salt,  containing  2Al=0'.9(NH*)20.3(Si02.12WO^) .  75aq. 

Ammonium-salts. — The  octammonic  or  tetrabasic  salt,  (NH-')''SiAV'"0'2.16H^O  = 
4(NH')'O.Si0^.12WO'.16aq.,  is  produced  by  saturating  the  acid  with  ammonia,  or  by 
prolonged  boiling  of  a  solution  of  silicodecitungstate  of  ammonium,  and  remains,  on 
leaving  the  solution  to  evaporate,  in  opaque  white  nodules.  By  boiling  with  liydro- 
chloric  acid,  it  is  converted  into  the  tctrammonic  salt,  (NH^)^HiSiW'-0'''.6H'-0.  Both 
these  salts,  when  heated  with  ammonia,  yield  sparingly  soluble  acid  tungstate  of 
ammonium,  which  separates,  and  silicodecitungstate  of  ammonium,  which  crystallises 
on  evaporation. 

Barium-salts. —  On  mixing  a  solution  of  silicotungstic  acid  with  carbonate  of 
barium  till  a  permanent  precipitate  of  neutral  salt  is  produced,  the  clear  liquid  yields, 

on  evaporation,  monoclinic  prisms  of  the  diharytic  salt,  Ba'II''SiW'-0'-.14H'0,  which, 
by  prolonged   contact  with  the  mother-liquor,  are  converted  into  a  more  highly 

hydrated  eflorescent  salt,  containing  Ba'H^SiW'^O'^UH^O.  On  adding  chloride  of 
barium  to  an  excess  of  a  hot  solution  of  sodium-silicotungstate,  a  double  salt, 

Ba'Na'SiW'^0^^28H^O,  separates,  on  cooling,  in  crystals  apparently  having  the  form 
of  rhombic  octahedrons.  They  are  decomposed  by  continued  washing,  leaving  a  ptd- 
verulent,  nearly  insoluble  tetrabasic  salt. 

Calcium-salts.— The  dicalcic  or  acid  salt,  Ca2H^SiAV'^0«.22H20,  crystallises 
from  a  syrupy  solution  in  very  large,  shining,  rhombohedral  crystals,  R  .  oP,  perma- 
nent in  the  air.  The  warm  solution  takes  up  carbonate  of  calcium,  but  the  resulting 
neutral  salt  is  not  erystallisable. 

Magnesium-salts. — The  acid  salt,  Mg^H^SiW"0'-.16H-0,  forms  triclinic prisms, 
permanent  in  the  air. — The  neutral  salt  is  not  erystallisable. 

The  mercurous  salt,  Hg»SiW^O^^  is  a  heavy  yellow  precipitate,  insoluble  in 
water,  very  slightly  soluble  in  dilute  nitric  acid. 

Poiassiu7n.-salts. — a.  The  neutral  salt,  K^SiW'-O^.UH^O,  prepared  by  boiling 
gelatinous  silica  with  acid  p'otassium-tungstate,  crystallises,  on  cooling  from  the  hot 
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filtered  solution,  in  hard  granular  crusts,  which  may  be  purified  by  recrystallisation  ; 
the  crj'.stals  look  like  cubes,  but  exhibit  double  refraction.  The  salt  dissolves  in  10  pts. 
water  at  18°,  and  in  less  than  3  pts.  boiling  water. — ;8.  The  tctrn-potassic  salt, 
K'II\SiW'-'0"  .  16H'0,  crystallises,  on  evaporatinga  solution  of  the  neutral  salt  mixed 
with  hydrochloric  acid,  in  large,  colourless,  shining,  hexagonal  prisms,  with  pyramidal 
summits,  ooP  .  P.  Anglo  P  :  P,  terminal  =  14-1°  46' ;  lateral  =  74°  30 ;  prismatic 
faces  longitudinally  striated.  Tho  crystals  effloresce  slightly  in  the  air,  and  at  100° 
give  oif  their  water  of  crystallisation,  together  with  1  at.  of  the  basic  water.  They 
dissolve  in  3  pts.  water  at  20°. — y.  A  solution  of  the  tetrapotassic  salt  mixed  with 
hydrochloric  acid,  then  fivaporated  and  left  to  cool,  deposits,  first  a  pulverulent  very 
acid  salt,  then  crystals  of  the  tetrapotassic  salt ;  but  when  these  two  salts  are  left  for 
some  time  in  the  mother-liquor,  they  both  disappear,  and  another  salt  is  deposited  in 
monoclinic  prisms  containing  2K^H^SiW-0'- .  25H-'0';  they  are  decomposed  by  solution 

1  n  water,  the  liquid,  when  evaporated,  yielding,  first  crystals  of  rhombohedral  silicotung- 
stic  acid,  then  the  salt  /3,  and  lastly  tho  salt  7. 

Th&  silver  -  sal  t,  Ag^II'SiW-O*- .  7H-0,  separates  as  a  crystalline  precipitate  when 
carbonate  of  silver  is  dissolved  in  silicotuugstic  acid,  or  when  this  acid  is  added  to  a 
solution  of  silver-nitrate.  It  is  slightly  soluble  in  water,  easily  soluble  in  dilute 
nitric  acid. 

Sodium-salts.— a.  The  neutral  salt,  Na^SiW'^O''.  7H-0,  is  prepared  like  the  neutral 
potassium-salt,  and  crystallises  by  spontaneous  evaporation  in  slender  needle-shaped 
crystals.  The  satoirated  solution  contains  0'21  pts.  water  to  1  pt.  of  the  salt,  and  has 
a  specific  gravity  of  3-05  at  19°.— ,8.  Tho  tetrasodic  salt,  Na'H'SiW'^0",  crystallises 
irom  a  solution  of  the  neutral  salt  mixed  with  hydrochloric  acid,  with  amounts  of 
■water  varying  according  to  circumstances.  If  tho  crystallisation  takes  place  at  40° — 
SO",  or  from  a  solution  containing  hydrochloric  acid,  at  orelinary  temperatures,  tri~ 
clinic  tabular  crystals  are  obtained,  containing  11  at.  water.  A  pure,  concentrated, 
aqueous  solution  deposits,  at  ordinaiy  temperatures,  nacreous,  ctTlorcscent,  tricli- 
nic  prisms  with  18  at.  water.  A  hot  concentrated  solution  deposits,  on  cooling, 
first  crystals  of  the  11-hydrated  salt,  afterwards  triclinic  prisms  differently  modified 
and  containing  a  different  amount  of  water,  and  finally  the  18-hydrated  salt.  When 
nitric  acid  is  used,  in  place  of  hydrochloric  acid,  in  the  preparation  of  the  tetrasodic 
salt,  the  mother-liquor  yields  on  concentration  a  double  salt,  4NaNO'.3(Na'H\SiW'^0". 
131I-'0),  in  hygroscopic  trielinicprisras,  mostly  twins  with  the  combination-face  ccf  co. 
■ — y.  The  disodic  salt,  Na-ffSiW'-O'-'.HlPO,  crystallises,  on  evaporating  a  solution 
of  the  tetrasodic  salt,  mixed  with  sulphm-ic  or  silicotuugstic  acid,  in  triclinic  tabular 
crystals,  very  much  like  those  of  the  tetrasodic  salt  deposited  from  a  warm  solution. 
This  salt  decomposes  when  dissolved  in  water. 

Tungstosilicic  Acid,  H8W''SiO*-  =  4H20.12WO^Si02(Marignac).— This  acid, 
isomeric  with  silicotungstic  acid,  is  produced  when  a  solution  of  silicodecitungstic  acid 
is  evaporated  to  dryness  by  heat,  and  crystallises  from  a  solution  filtered  from  silica, 
and  evaporated  to  a  syrup,  in  triclinic  prisms,  exhibiting  the  dominant  combination 
00' P  .  ooP'_  .  ooP  00  .  oP,  with  domes  and  hemipyramids  subordinate.  The  crystals 
deliquesce  in  damp  air.  They  melt  below  100°  in  their  water  of  crystallisation,  and 
thou  dry  up  with  intumescence.  At  200°,  the  residue  crumbles  to  a  fine  powder, 
which  contains  2  at.  water,  and  redissolves  in  water,  with  rise  of  temperature  ;  the  acid 
does  not  lose  its  solubility  even  when  heated  above  300°.  It  is  also  easily  soluble  in 
alcohol,  and  behaves  to  ether  like  silicotungstic  acid  (p.  915). 

The  tungstosilicates  are  obtained  by  saturating  the  acid  with  carbonates. 
Some  of  them  are  uncrj'stallisable,  and  others  are  distinguished  from  the  corresponding 
silicotungstates  by  their  crystalline  form,  degree  of  solubility,  and  amount  of  water 
of  crystallisation ;  but  there  is  no  characteristic  reaction  by  which  the  two  isomeric 
acids  can  be  distinguished  one  from  the  other. 

Tungstosilicate  of  aluminium,  2Al-Ol6ir0.3(12WOlSiO').76H'0,  crystal- 
lises from  a  syrupy  solution  of  gelatinous  alumina  in  tungstosilicic  acid,  in  triclinic 
prisms,  resembling  the  calcium-salt,  and  frequentlj-  united  in  twins  by  the  face  oo'_P. 

The  ammoniii  m-salf  has  not  been  obtained  of  definite  composition. 

Bariu  m-salt. — On  saturating  a  solution  of  tungstosilicic  acid  with  baryta-water,  a 
precipitate  is  formed,  which  redissolves  in  the  acid  liquid  on  stirring,  until  more  than 

2  at.  baryta  have  been  added, ,  after  which  it  unites  into  a  layer,  oily  when  warm, 
resinous  in  the  cold,  and  drying  up  in  contact  \vith  the  air  to  a  vitreous  mass,  consisting 
of  the  neutral  barium-salt,  Ba^SiW'-0'-.9H"0,  or  4Ba0.12WO^SiO- .  9aq.  It  becomes 
glutinous  again  in  contact  with  water,  and  after  prolonged  contact  crumbles  to  a 
powder,  which  in  the  air-dried  st;ito  contains  4Ba0.12WO'.SiO- .  27aq. 

Tlie  acid  calcium-salt,  2CaO.2IT-O.12WOlSiO-.20aq.,  forms  trichnic  crystals, 
cc' P  .  ccP_  .  ooP  00  .  oP  &c.,  tabular  from  predominance  of  ooP  00  ;  it  is  hygroscopic  in. 
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moist  air.  Sometimes  another  salt,  5Ca0.3H'0.2(12WO'.Si02) .  47aq.,  was  obtainecl 
in  small  shining  triclinic  crystals,  less  hygroscopic  than  the  former. 

Potassium-salts.— T:\i%  nndral  salt,  4K*0.12"WO^SiO'' .  20aq.,  forms  small  ill- 
defined  prismatic  crystals  belonging  to  the  trimetric  system. — The  tetrapotassic  acid 
salt,  2K-0.2H'-'0.12WO^.SiO- .  7aq., likewise  crystallises  in  the  trimetric  system,  and  in 
short  hard  prisms.  ooP  .  Poo  .  oP,  having  the  angle  ooP  :  ooP  =  101^  0';  c»P  . 
Pc»  =  131°  0';  Poo:Poo  (basal)  =  116°  28";  or  in  friable,  nacreous,  six-sided 
tables,  arranged  in  radiate  groups. 

Sodium-salts.— Thu  acid  salt,  2Na20.2H20.12WO'.Si02  .  lOaq.,  forms  large  rhom- 
bohedrons,  E  —  |R,  having  the  terminal  angle  E:R  =  87°  0'. — The  neutral  salt 
■was  not  obtained  in  the  crystalline  form. 

Silicodecitungstic  acid,  H'SiW'O''',  =  4H■^O.SiOM0WO^  is  obtained  by 
heating  gelatinous  silica  with  acid  tungstate  of  ammonium,  precipitating  with  mercu- 
rous  nitrate,  or  better  with  silver-nitrate,  in  the  cold,  and  decomposing  the  precipitate, 
after  thorough  washing,  with  hydrochloric  acid,  carefully  avoiding  an  excess.  On 
evaporating  the  filtered  solution  in  a  vacuum,  at  ordinary  temperatures,  the  acid 
remains  as  a  transparent  yellow  glass,  containing  H*SiW"'0^''.3ffO.  On  exposure  to 
the  air,  it  rapidly  absorbs  water,  splits  into  fragments,  and  finally  deliquesces.  With 
alcohol  and  ether,  it  behaves  like  silicotungstic  acid.  The  aqueous  solution  may 
sometimes  be  repeatedly  evaporated  without  alteration,  but,  in  most  cases,  it  easily 
splits  up  into  gelatinous  silica  and  tungstosilicic  acid.  It  does  not  precipitate  the 
salts  of  calcium,  magnesium,  lead,  or  aluminium ;  with  nitrate  of  silver,  it  forms  a  heavy 
yellowish  precipitate,  easily  soluble  in  dilute  nitric  acid ;  with  mercurous  nitrate  a 
white  precipitate,  slightly  soluble  in  nitric  acid. 

Mostof  the  silicodecitungstates  are  difficult  to  obtain  in  the  pure  state,  on  account  of 
their  great  solubility. — The  ammonium-salt  contains  (NH*)"SiW'"0"' .  8H.'0. — The 
neutral  potassium-salt  appears  tocry  stallise  with  1 7  at.  water ;  the  acid  salt,  K''H^SiW'"0^", 
with  8  at.  and  10  at.  water;  an  ammonio-piotassic  salt,  KXNH^)'HSiW'°15H'0,  was 
likewise  obtained. — The  barium-salt,  Ba'SiW'O^'',  is  obtained,  by  adding  the  acid  to 
an  excess  of  barium-chloride  solution,  as  a  viscid  insoluble  precipitate,  which,  when 
dried  in  the  air,  contains  22  at.  water. — The  silver-salt,  dried  at  100°,  contains 
Ag«SiW"'0"'.3H-0. 

TUN'GSTOSO-TUn'GSTXC  COacPOUN-SS.  Compounds  intermediate  in 
composition  between  tungstous  and  tungstic  compoundsl:  e.g.,  W^Cl'"  =  WCP.WCl" ; 
WO'*  =  WO'^.WO'. 

TOWCSTOTTS  COKPOmTDS.  Compounds  in  which  tungsten  is  quadri- 
equivalont :  e.g.,  WOP,  WO^  WS^  &c. 

TirNICIXT.  A  substance  isomeric,  and  perhaps  identical,  with  cellulose, 
(C"H"'0''),  oecui-ring  in  the  mantle  of  Ascidia,  and  separated  therefrom  (fi-om  the  mantle 
of  Cynthia,  for  example)  by  successive  treatment  with  water,  alcohol,  ether,  acids, 
and  alkalis.  It  then  remains  as  a  colourless  mass,  exhibiting  the  structure  of  the 
original  substance  (Schmidt,  Ann.  Ch.  Pharm.  liv.  318). — Berthelot  (Compt. 
rend,  xlvii.  227)  boils  the  mantles,  first  with  strong  hydrochloric  acid,  then  with 
potash-ley  of  specific  gravity  1'28,  and  washes  the  residiie  thoroughly  with  distilled 
water. 

Tunicin  exhibits  most  of  the  characteristic  properties  of  cellulose,  and  its  insolubility 
in  various  liquids ;  but  it  is  more  stable,  not  being  altered  by  nitric,  hydrochloric,  or 
acetic  acid,  or  strong  potash-solution,  even  after  prolonged  boiling;  neither  is  it 
blackened  by  fluoride  of  boron.  In  fmning  nitric  or  sulphuric  acid,  it  deliquesces  to 
a  colourless  liquid ;  and  if  the  liquid  obtained  with  sulphuric  acid  be  boiled  for  some 
time  with  water,  the  resulting  solution  will  be  found  to  contain  glucose,  or  a  similar 
sugar. 

TURBSTB.    Syn.  with  Tubpeth. 

TURGXTE.  A  name  applied  by  Hermann  to  a  massive  variety  of  brown  haematite, 
2Fe'0'.H'-0,  occurring  near  the  Eiver  Turga,  in  the  Ural ;  it  appears  to  be  identical  with 
Breithaupt's  hydrohamatite  from  Siebenhitz,  near  Hof,  in  Bavaria.  (Handw.  d.  Chem. 
viii.  1043.) 

TURItXAlblirE.    Syn.  with  Toubmaline  (p.  876). 

TURHIERIC.  Curcuma.  Badix  CurcrmicB.  Terra  merita. — The  root  of  Amo- 
Ttmm  Curcuma,  a  plant  cultivated  in  India  and  Java.  It  contains,  according  to  Pelle- 
tier  and  Vogel,  a  strong-smelling  volatile  oil,  gum,  a  yellow  colouring-matter  {curcu- 
min),  a  brown  colouring-matter,  starch,  cellulose,  and  a  small  quantity  of  calcium- 
chloride.  It  is  used  for  dyeing  wool  and  silk  ;  but  the  colour,  though  a  fine  yellow, 
is  not  durable.    It  is  also  employed  in  pharmacy  for  colouring  certain  ointments. 
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and  (especially  in  India)  as  an  ingredient  of  curry-powder  and  other  condiments.— 
Alcoholic  tincture  of  turmeric,  or  paper  stained  with  the  aqueous  or  alcoholic  solution, 
is  used  as  a  test  for  alkalis,  and  for  boric  acid  (i.  639). 

The  root  of  Carina  spcciosa,  a  plant  of  frequent  occurrence  in  West  Africa,  is  said  to 
be  exactly  similar  to  East  Indian  turmeric-root,  in  taste,  smell,  and  chemical  reactions 
(Daniel!,  I'harm.  .J.  Trans,  xix.  258.) 

TTTRNBUXiXi'S  SXiUS,  Ferrous  ferricyanide,  prepared  by  precipitating  a  ferrous 
salt  willi  ferricyanide  of  potassium.    (See  Cyanides  of  Iuon,  ii.  244.) 

TUSXTERITX:.  A  silicate  of  aluminium,  iron  (ferricum),  calcium,  and  magnesium, 
occurring  at  Mont  Sorol  in  Dauphin(5,  and  at  Tavetsch,  in  yellow  monoclinic  crystals, 
having  an  adamantine  lustre  and  conchoi'dal  fracture.  Axes  a  :b  :  c  =  \  :  0'921696  : 
0-95844.  Angle  b  :  c  =  102°  42'  ;  ocP  :  +  P  =  141°  23';  -hP  :  -hPos  =  143°  44'; 
ooP  :  (xPco  =  131°  58'.  In  the  mineral  from  Tavetsch,  the  combination  ccP  .  ooP^ 
ooP2  .  o=P«  .  oP  .  -t-  Poo  .  [iPco  ]  .  [iP»  ]  .  [P«  ]  .  P  .  2P2  .  -^  iP  .  -I-  |P  .  -^P 
was  observed.  In  that  from  Dauphin e,  the  faces  —Poo  and  [2Poo  ]  likewise  occur. 
(G.  V.  Path,  Jahresb.  1863,  p.  824.) 

TURSTER'S  irEI.X.OW !  also  called  Patent  Yellow.  OxycUoride  of  lead,  Pb'CPO'. 
(iii.  545 ). 

TVRNIP.    See  Bhassica  (i.  664). 

TTfRPENTINE.  Terehenthina.  Terebenthine.  Terpcntin. — This  term  is  ap- 
plied to  several  oleoresins  exuding  from  coniferous  trees  ;  also  to  the  semifluid  resin  of 
Pisiacia  Tcrchintkus,  a  tree  belonging  to  the  terebenthaeeous  order.  To  obtain  the 
turpentine,  incisions  are  made  in  the  bark  of  the  trees,  and  the  resinous  juice,  which" 
exudes  cliietly  during  the  summer,  is  collected  ;  it  is  then  rendered  more  flmd  by 
warming  with  water,  and  strained  through  straw-filters,  to  free  it  from  needles,  bark, 
and  other  extraneous  substances. 

The  several  varieties  of  commercial  turpentine,  obtained  from  fir-  and  pine-trees,  are 
more  or  less  viscid  solutions  of  resins  in  a  volatile  oil,  the  proportions  of  these  consti- 
tuents varying  according  to  the  source  and  age  of  the  turpentine.  Some  kinds  are 
clear  and  homogeneous ;  others  are  more  or  less  turbid,  holding  in  suspension  granulo- 
crystalline  masses,  which  gradually  settle  to  the  bottom. 

American  turpentine,  obtained  chiefly  from  Pinus  australis,  and  German 
turpentine  from  the  Scotch  fir  {P/niis  s///vcstris),  ave  yellowish,  A-iscid,  granidar 
liquids,  having  a  strong  aromatic  odour,  and  pungent  bitter  taste  ;  they  become  clear 
when  warmed,  are  highly  inflammable,  and  burn  with  a  very  smoky  flame.  These 
turpentines  consist  of  volatile  oil  and  colophony  (i.  1087);  and  on  boiling  them  with 
water,  the  volatile  oil  goes  off  with  the  steam,  while  the  resin  remains,  intimately 
mixed  with  small  quantities  of  oil  and  water,  forming  a  dingy  yellow  turbid  mass, 
called  "  boiled  turpentine,"  which  is  brittle  when  cold,  but  becomes  soft  and  plastic 
when  heated.  At  a  stronger  heat,  the  water  and  the  remaining  portion  of  volatile  oil 
are  given  off,  and  the  colophony  remains  as  a  transparent  resin,  more  or  less  coloured, 
according  to  the  degree  of  heat  to  which  it  has  been  exposed.  Colophony  was  formerly 
said  to  be  a  mixtui'o  of  two  isomeric  acid  resins,  pinic  and  sylvic  acids  (iv.  649,  660  ; 
V.  648);  but  the  recent  investigations  of  Maly  (Ann.  Ch.  Pharm.  cxxxii.  249; 
Jahresb.  1864,  p.  408),  have  shown  that  it  consists  mainly  of  abietic  anhydride, 
C'^H'^-0',  which,  when  treated  with  aqueous  alcohol,  takes  up  water,  and  is  converted 
into  abietic  acid,  C'^H''K)\* 

French  turpentine  (from  PiJius  ?;i(Tri7M?ia)  resembles  American  turpentine  in 
appearance,  odour,  and  taste.  It  hardens  with  calcined  magnesia  more  readily  than 
any  other  kind  of  turjientine. 

Strasburg  turpentine  is  a  clear  non-granular  liquid,  obtained  from  the  silver 
fir  {Abies pcctmata),  and  from  the  spruce-fir  (Abies  cxcclsa).  The  turpentine  from  the 
former  of  these  trees  is  mobile,  yellow,  has  a  pleasant  odour  of  lemon,  and  a  sharp 
bitter  taste.  That  from  the  spruce-fir  is  dark -yellow,  has  a  strong  balsamic  odour,  and 
sweetish  aromatic  taste.  The  resinous  piortion  of  both  these  turpentines  contains 
abietic  acid,  together  with  two  indifferent  resins,  one  (abietin)  soluble  in  absolute 
alcohol,  the  other  insoluble.  The  water  with  which  these  tui-pentines  are  distilled  to 
get  off  the  volatile  oil,  is  said  to  cor.tain  succinic  acid. 

Venice  turpentine — Terebentltina  venctia,  s.  laricina,  from  the  larch  {Larix 
curopaa) — is  said  to  be  contained  in  peculiar  sacs  in  the  upper  part  of  the  stem,  and 
to  be  obtained  by  puncturing  them.  It  is  a  ropy  liquid,  colourless,  or  brownish  in- 
clining to  green,  having  a  somewhat  unpleasant  odour,  and  bitter  taste.  According  to 

*  The  ftjrmiila  given  for  abietic  acid  at  p.  1  vol.  i.  belongs  properly  to  sylvic  acid,  wliich  is  produced 
from  abietic  acid  by  the  action  of  dilute  sulphuric  acid.  The  acid  formerly  designated  as  sylvic  acid 
is  regarded  by  Maly  as  impure  Indrated  abietic  acid,  and  the  so-called  pin'c  acid  as  abietic  anhy- 
dride. 
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Unverdorben(Pogg.  Ann.xi.  27),  it  contains,  in  the  fresh  state.,  two  oils  of  different 
degrees  of  volatility,  the  less  volatile  being  easily  resinised ;  also  two  acid  resins,  a  neu- 
tral resin,  and  succinic  acid. 

Hungarian  turpentine,  which  flows  from  incisions  in  the  branches  of  Pinus 
Pumilio,  is  a  clear,  yellowish,  mobile  liquid,  having  an  aromatic  taste  and  odour. — 
Carpathian  turpentine,  from  Pinus  Cembra,  resembles  the  last,  but  has  a  bitter 
taste. — Canadian  turpentine,  or  Canada  balsam,  from  Abies  balsamea,  has 
been  already  described  under  Baxsams  (i.  492). 

Cyprian,  Syrian,  or  Chio  turpentine,  obtained  in  Chio  from  Pistacia  tere- 
hinthus,  and  in  Syria  from  P.  vera,  is  either  clear  and  colourless,  or,  perhaps  from 
age,  or  from  want  of  care  in  collecting  it,  viscid,  turbid,  and  yellowish-green  ;  it  has 
an  odour  of  fennel  and  elemi,  and  an  aromatic  taste  like  that  of  mastic.  It  dissolves 
completely  in  ether,  and  partially  in  alcohol,  leaving  a  glutinous  residue. 

Ordinary  turpentine  and  Venice  turpentine  are  used  in  medicine,  both  externally 
as  ingredients  of  salves  and  plasters,  and  internally  in  the  form  of  electuaries  or 
pills ;  for  the  last-mentioned  purpose,  the  turpentine  is  thickened  by  addition  of  mag- 
nesia; boiled  turpentine  (p.  920)  is  also  made  into  pills.  Many  kinds  of  turpen^ 
tine  are  also  used  for  varnishes  or  similar  purposes. 

TITRPESTTZSrS,  BOII.ES.    See  p.  919. 

TUSPEUTISTE  CA.IUPH02t.  A  term  applied  sometimes  to  the  solid  mono- 
hydrocldorate,  sometimes  to  the  solid  hydrates  of  turpentine-oil  (p.  923). 

TURPEM'TXN'E  GAIilii-UirTS.  Galla  jnstacints.  Carobe  de  Juda  ;  formerly 
designated  as  Folliculi  fistacina.  Pea-shaped  or  horny  excrescences,  occurring 
in  August  on  the  branches  of  the  turpentine-chestnut  (Pistacia  Terchi7itk'us),  and 
formed  by  the  puncture  of  an  insect  [Cephis  Pistacia).  They  are  reddish-brown, 
having  an  aromatic  turpentine-like  odour,  and  similar  taste.  They  contain  resin, 
volatile  oil,  tannin,  and  gallic  acid.  The  ash  contains  a  potassium- salt,  silica,  and 
lime.  (Martins,  Ann.  Ch.  Pharm.  xxi.  i79. — Guibourt,  Pharm.  Centr.  18-14, 
p.  409.) 

TiraPEDTTXIO'E,  OIIi  OP.  CiH'". — A  volatile  oil  contained  in  the  wood,  bark, 
leaves,  and  other  parts  of  pines,  firs,  and  other  trees  belonging  to  the  coniferous  order, 
and  separable  therefrom  by  distillation  with  water.  It  is  usually  prepared  by  dis- 
tilling crude  turpentine  (p.  919),  either  alone  or  with  water.  It  was  formerly  supposed 
that  all  the  volatile  oils  thus  obtained,  and  having  a  composition  represented  by  the 
formula  C"'H"',  were  identical  in  physical  and  chemical  properties;  but  recent  inves- 
tigations, especially  those  of  Berthelot,*  have  shown  that  the  turpentine-oils  ob- 
tained from  different  sources  exhibit  considerable  diversities  in  their  physical  and  more 
especially  in  their  optical  properties  ;  further,  that  most  kinds  of  turpentine-oil  are 
mixtures  of  two  or  more  isomeric  or  polymeric  hydrocarbons,  differing  in  physical  and 
sometimes  also  in  chemical  properties.  These  modifications  are  often  produced  by 
the  action  of  heat  and  of  chemical  reagents  during  the  purification  of  the  oil. 

The  following  varieties  of  turpentine-oil  are  distinguished: — 

1.  French  turpentine-oil,  obtained  from  the  French  or  Bordeaux  turpentine 
of  Pinus  maritima. 

2.  English  turpentine-oil,  from  the  turpentine  collected  in  Carolina,  and  other 
southern  states  of  the  American  Union,  from  Pinus  australis  and  P.  Tcsda. 

3.  German  turpentine-oil,  chiefly  from  the  turpentine  of  Pinus  sylvestris, 
P.  nigra,  and  P.  rotimdata. 

4.  Venetian  turpentine-oil,  from  Venice  turpentine,  the  produce  of  Larix 
europma. 

5.  Templin  or  Pine-cone  oil,  obtained  from  the  cones  of  Pinus  Pumilio,  and, 
in  some  parts  of  Switzerland,  from  those  of  Abies  pectinata. 

Belated  to  the  true  turpentine-oils  are  also  two  volatile  oils,  likewise  obtained  from 
coniferous  plants — viz.,  oil  of  juniper  from  Jwrefperes  co??iMZi«i5,  and  oil  of  savine 
from  Jimiperus  Sabina. 

The  several  varieties  of  turpentine-oil,  when  purified  by  repeated  rectification  with 
water,  are  colourless  mobile  liquids,  having  a  peculiar  aromatic  but  disagreeable 
odour.  They  are  insoluble  in  water,  slightly  soluble  in  aqueous  alcohol,  miseible  in 
all  proportions  with  absolute  alcohol,  ether,  and  carbonic  disulphide.  They  dissolve 
iodine,  sulphur,  phosphorus,  and  many  organic  substances  which  are  insoluble  in 
water,  such  as  fixed  oils  and  resins,  and  are  therefore  used  for  making  varnishes. 

The  diversities  of  character  exhibited  by  turpentine-oils  of  different  origin,  relate 

»  Ann.  Ch.  Ph.irm.  Ixxxiii.  105;  Ixxxviii.  345 ;  ex.  367  ;  Suppl.  ii.  226;  further,  Traiti  dc  Chimie 
organiquc,  ii.  692,  716 — 753.  For  references  to  earlier  researches  on  turpentinc-oil,  see  Gmelin's  Hand- 
book, \iv. 
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cliiefly  to  tlie  specific  gravity,  boiling-point,  and  optical  rotatory  power.  It  must  be 
romombercd,  however,  that  the  substances  designated  as  turpentine-oils  are  often 
mixtures  of  several  substances,  so  that  these  properties  may  vary  even  in  turpentine- 
oils  of  the  same  origin,  according  to  the  modes  of  preparation  and  purification 
adopted. 

The  specific  gravity  of  turpentine-oils  usually  varies  from  0'86  to  0'88.  Theic 
boiling-points  are  always  near  160°.    The  rotatory  power  varies  considerably:  e.g. — 

For  English  turpentine- oil  .       .       [a]  =  -)-18-6° 

„    French  „         .       .       [a]  =  -35-4^ 

„    Venetian         „         ••["]  =  -  5-2° 

„    Templin-oil        .       .       .       W  =  -769'' 

The  rotatory  power  of  turpentine-oil  is  independent  of  that  of  the  turpentine  from 
which  it  is  prepared.  Thus,  for  example,  English  turpentine-oil  is  dextrorotatory, 
whereas  the  tm-pentine  from  which  it  is  prepared  is  Isevorotatory.  Venice  turpentine 
turns  the  plane  of  polarisation  to  the  right,  whereas  the  volatile  oil  distilled  therefrom 
tiu'ns  it  to  the  loft,  &c. 

The  principal  constituents  of  French  and  English  turpentine-oils  have  been  more 
particularly  examined  by  Berthelot  {loc.  cit.). 

French  turpentine-oil  consists  mainly  of  a  hydrocarbon,  C'"H"',  called  by  Berthelot 
terebeuthene.  This  substance  cannot,  however,  bo  readily  obtained  from  the  com- 
mercial oil,  in  which  it  is  contaminated  with  numerous  products  of  transformation;  but 
it  may  be  prepared  in  a  state  of  purity,  by  neutralising  French  turpentine  with  an 
alkaline  carbonate,  and  distilling  it,  first  over  the  water-bath,  and  then  in  a  vacuum. 
By  this  treatment,  all  transformation  of  the  product  by  heat,  or  by  reagents,  is 
avoided,  and  a  hydrocarbon  is  obtained  of  constant  physical  character.  Terebenthene 
thus  prepared  is  a  liquid  of  specific  gravity  0'864,  boiling  at  161°,  and  having  a 
specific  rotatory  power  =  —  4'2'3°. 

Australene,  or  Austraterebentheue,  the  cliief  constituent  of  English  turpen- 
tine-oils, prepared  in  like  manner  from  the  tiu'peutine  of  Pintis  australis,  is  also  a 
liquid,  having  the  same  specific  gravity  and  boiling-point  as  terebenthene,  bxit  a  specific 
rotatory  power  =    +  2r6°. 

French  turpentine-oil  likewise  contains  an  isomeric  hydrocarbon,  terepentilone, 
boiling  below  180°,  and  another  called  parterebentheno,  polymeric  with  tereben- 
thene, which  boils  at  about  250°.  English  tiirpentino-oil  contains,  besides  australene, 
an  isomeric  body  called  austrilene.  (Berthelot.) 

Bccompositio7is. — 1.  Turpentine-oil  absorbs  the  oxygen  of  the  air,  becoming  thicker, 
and  ultimately  resinous  ;  at  the  same  time,  carbonic,  acetic,  and  formic  acids  are  pro- 
duced. In  this  gradual  oxidation,  as  in  all  slow  combustions,  part  of  the  atmospheric 
oxygen  is  converted  into  ozone  :  hence  turpentine-oil,  after  prolonged  exposure  to  the 
air,  always  contains  oxygen  and  ozone  in  solution,  together  with  a  continually  increas- 
ing quantity  of  an  oxygenated  compound.  Wlien  turpentine-oil  containing  water  is 
exposed  for  some  lime  to  the  sun's  rays,  in  a  large  flask  filled  with  oxygen,  which  is 
ronew(d  from  time  to  time,  a  hydrated  oxide  of  turpentine-oil,  C'fi'^O.H^O,  is 
deposited  on  the  sides  of  the  vessel,  in  stellate  groups  of  long  needles,  soluble  in  hot 
water,  also  in  alcohol  and  in  ethei-.    (Sobrero,  Ann.  Ch.  Pharm.  Ixxx.  106.) 

2.  Chlorine  is  absorbed  by  turpentine-oil,  with  evolution  of  heat,  sometimes  suffi- 
cient to  produce  inflammation.  When  paper  soaked  in  rectified  turpentine-oil  is 
introduced  into  a  vessel  filled  with  chlorine,  the  turpentine  takes  fire,  and  a  quantity 
of  black  smoke  is  produced,  together  with  white  fumes  of  hydrochloric  acid. — Bromine 
acts  in  a  similar  manner. — Iodine  is  dissolved  by  turpentine-oil,  forming  atifirst  a  green 
solution,  which  afterwards  becomes  hot,  and  gives  oif  hydriodic  acid.  Wlien  a  con- 
siderable quantity  of  iodine  is  suddenly  brought  in  contact  with  tm-pentino-oil,  explo- 
sion frequently  ensues.  Turpentine-oil  distilled  with  chloride  of  lime  and  water,  yields 
chloroform. 

3.  Turpentine-oil  is  rapidly  attacked  by  nitric  acid,  the  concentrated  acid  often 
setting  it  on  fire.  On  evaporating  the  solution  to  dryness,  .and  then  distilling,  the 
distillate  contains  nitrobenzene  (Schiff,  Ann.  Ch.  Pharm.  cxiv.  201 ).  If  the  nitric 
acid  solution  be  precipitated  with  water,  and  the  separated  resin  distilled  with  potash, 
toluidine  passes  over,  together  with  other  products  (Chautard,  ibid.  Ixxxviii.  340). 
In  both  those  reactions,  therefore,  products  are  formi'd  belonging'to  the  class  of  aro- 
matic compounds.  AVben  turpentine-oil  is  boiled  for  some  time  with  moderately  strong 
nitric  acid,  numerous  products  of  decomposition  are  obtained,  the  formation  of  which 
has  not  yet  been  explained  :  nitrogen,  carbonic  oxide,  carbonic  dioxide,  and  hydro- 
cyanic acid  are  evolved  as  gases  ;  formic,  acetic,  propionic,  and  butyric  acids  distil 
over;  and  the  residue  contains  oxalic  acid,  terebic  acid  (p.  723),  camphretic  acid, 
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(described  under  Pybocampheetic  Acid,  iv.  757),  terephthalie  acid,  (p.  7231,  tere- 
benzic  acid  (p.  723),  and  tcreclirysic  acid  (p.  725). 

5.  Turpentine-oil  heated  ■with  litharge  takes  up  a  large  quantity  of  oxygen,  yielding 
formate  and  tcrebentate  of  lead.  On  washing  the  precipitate  with  alcohol,  suspending 
it  in  water,  decomposing  it  with  sulphydric  acid,  exhausting  the  remaining  solid 
substance  with  alcohol,  and  leaving  the  alcoholic  solution  to  evaporate,  white  crystals 
are  obtained,  consisting  of  terebentic  acid,  C^H'''0\  (Weppen,  Ann.  Ch.  Pharm. 
c.  253.) 

6.  The  action  of  other  acids,  salts,  &c.,  which  combine  directly  with  turpentine-oil, 
or  merely  convert  it  into  isomeric  or  polymeric  modifications,  will  be  considered 
further  on. 

Compounds  of  Turpentine-oils  with  Hydrochloric,  Hydrobromic,  and  Hydriodia  Acids. 

Hydroclilorates. — The  terebenthenes,  subjected  to  the  action  of  hydrochloric 
acid  gas,  yield  a  mixture  of  crystaUisable  and  liquid  monohydrochlorates,  C'°H'^ 
HCl.  When  they  are  left  for  some  time  in  contact  with  fuming  hydrochloric  acid,  or 
when  their  ethereal  or  alcoholic  solution  is  saturated  with  hydrochloric  acid,  water 
then  added,  and  the  liquid  left  exposed  to  the  air,  a  crystaUisable  dihydrochlo- 
rate,  C'°H'".2HC1,  is  produced;  sometimes,  also,  unstable  compounds  of  several 
hydrochlorates  are  obtained.  The  dihydrochlorates  are  likewise  produced  by  the 
action  of  hydrochloric  acid  upon  the  hydrates  of  turpentine-oil,  and  by  that  of  the 
chlorides  of  phosphorus  on  terpin-hydrate  and  terpin  (p.  923). 

The  monohydrochlorates  are  optically  active,  producing  rotation  to  the  right  or  left, 
according  to  the  nature  of  the  terebenthene  from  which  they  have  been  formed :  thus  for 
the  solid  monohydrochlorate  of  terebenthene,  [o]  =  —  32'2°;  for  that  of  australene, 
[a]  =  +\V1. — The  dihydrochlorate  is  optically  inactive. 

The  several  varieties  of  turpentine-oil,  inasmuch  as  they  consist  essentially  of  tere- 
benthenes, likewise  react  with  hydrochloric  acid  in  the  manner  just  described  ;  indeed, 
most  of  the  published  stutements  respecting  the  hydrochlorates  of  turpentine-oil  re- 
late to  products  which  have  been  prepared  from  turpentine-oils  of  unknown  origin. 

Solid  Monohydrochlorate,  C'lI'^HCl. — This  compound,  also  called  artifi- 
cial camphor,  was  discovered  by  Klein,  in  1803.  It  is  prepared  by  saturating 
rectified  turpentine-oil  with  hydrochloric  acid,  keeping  the  liquid  cool,  pressing  the 
crystals  which  separate  after  some  hours,  and  recrystaUising  them  from  hot  alcohol, 
or  precipitating  the  alcoholic  solution  with  water.  It  forms  white  crystals  or  crystal- 
line flocks  ;  by  slow  sublimation,  it  may  be  obtained  in  tufts  of  needles  or  shining 
laminae.  It  resembles  common  camphor  in  appearance  and  in  odour,  and  sublimes 
easily  at  ordinary  temperatures.  It  melts  at  115°,  and  boils,  with  partial  decomposi- 
tion, at  16'5°.  It  is  insoluble  in  water,  easily  soluble  in  alcohol  (especially  at  the 
boiling  heat),  and  in  oil  of  tm'pentine.  At  ordinary  temperatures,  it  is  very  stable,  not 
giving  up  its  chlorine  even  to  silver-salts  ;  but  when  heated,  it  is  decomposed  by 
water  and  alcohol  (at  160°),  though  not  completely.  The  hydrochlorate  is  likewise 
decomposed  when  heated  with  salts,  the  decomposition  sometimes  requiring  rather  a 
high  temperature.  The  product  is  always  a  hydrocarbon  of  the  formula  C'"II"' — viz. 
eamphene,  inactive  camphene,  or  camphilene  (pp.  92-1,  925). 

Liquid  Monohydrochlorate,  C'°H'^.HC1( sometimes  called  hydrochlorate  of  tere- 
Ijeue). — Produced,  together  with  the  solid  monohydrochlorate,  by  the  action  of  hydro- 
chloric acid  gas  on  turpentine-oil,  the  proportion  of  the  liquid  hydrochlorate  being 
greater  as  the  temperature  at  which  the  reaction  takes  place  is  higher.  To  purify  it,  the 
liquid  decanted  from  the  solid  hydrochlorate  is  cooled  to  — 10°,  in  order  to  remove  the 
portion  of  solid  hydrochlorate  still  remaining  in  solution,  then  warmed  for  some  time 
in  the  water-bath,  treated  with  chalk,  dissolved  in  twice  its  volume  of  alcohol,  deco- 
lorised with  animal  charcoal,  precipitated  with  water,  and  dried  over  chloride  of 
calcium.  It  is  a  colourless,  optically  active  oil,  of  specific  gravity  1-017.  It  is  de- 
composed by  heating  with  salts,  or  with  bases,  but  the  hydrocarbon  (camphilene,  p. 
925),  which  is  the  direct  product  of  the  decomposition,  has  not  been  further  exa- 
mined.   By  distillation  over  quicklime,  it  yields  the  so-called  terpilene  (p.  925). 

I)ihydrochlorate,C^'''S}^.2E.C\. — Produced  when  turpentine-oil  is  left  for  some  time 
in  contact  with  very  strong  hydrochloric  acid  (Bert  ho  lot);  when  terpin,  terpin-hydrate, 
or  terpinol  is  saturated  with  hydrochloric  acid  gas,  or  treated  with  the  fuming  acid 
(Deville,  Ann.  Ch.  Pharm.  Ixxi.  351. — List,  ibid.  Ixxvii.  369)  ;  also  when  terpin  or 
terpin-hydrate  is  acted  upon  by  a  chloride  of  phosphorus  (Oppenheim,  ibid,  e^xvs.. 
Ii9).  "When  a  solution  of  turpentine-oil  in  alcohol,  ether,  or  acetic  acid  is  saturated 
with  hydrochloric  acid,  easily  decomposible  compounds  of  the  dichlorhydrate  with  the 
solid  or  liquid  monohydrochlorate  are  produced  ;  and  on  adding  water,  and  leaving  the 
liquid  for  some  time  in  contact  with  the  air,  crystals  of  the  dihydrochlorate  are  obtained. 
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The  dihydrochlorato  forms  rhombic  tables,  insolublo  in  water,  easily  soluble  in 
boiling  alcohol.  It  is  slowly  decomposed  by  boiling  with  water  or  alcohol,  quickly  by 
boiling  with  alcoholic  potash-solution,  yielding terpinol. 

Hydrobromates. — Hydrobromic  acid  acts  on  turpentine-oil  in  the  same  manner  as 
hydrochloric  acid,  forming  a  crystallisable  and  a  liquid  monohydrobromate,  C'<'H"'.HBr. 

A  crystallisable  diliydrobroniate,  C"'H"'.'2HBr,  melting  at  -12°,  is  produced  by  the 
action  of  phosphoric  pentabromide  on  turpentine-oil.  When  hydrobromic  acid  gas  is 
passed  into  a  solution  of  turpeutine-oil  in  acetic  acid,  a  liquid  compound 'of  the  two 
liydrobromates,  C'H'MIBr  +  C'lI'^'iKBr,  is  formed;  when  exposed  to  the  air, 
it  yields  crystals  of  the  dihydrobromate.  (Oppenheim,  Ann.  Ch.  Pharni.  cxxix.  149.) 

Hydriodates. — Gaseous  hydriodic  acid  does  not  ajspcar  to  form  a  solid  compound 
witli  turpontine-oil.  The  product,  which  is  liquid  and  easily  decomposible,  appears  to 
be  a  nii.xture  of  two  hydriodates,  one  corresponding  with  the  solid,  the  other  with  the 
liquid  monohydrochlorate. 

Torpin,  treated  with  iodide  of  phosphorus  (PP  or  PI-),  yields  the  easily  decomposi- 
ble dihydriodate,  C'°II"^.2HI,  which  crystallises  from  ethereal  solution,  in  colourless 
hexagonal  tables  melting  at  48°.  (Oppenheim.) 

'  Hydrates  of  Turpent  ine-oil, 

The  terebenthenes  unite  with  water  in  several  proportions,  yielding  the  following 
compounds : 

C"'H".3H=0      C'"H"=.2H'0      C"'H'^H^O  2C"'H'«.H=0. 

Terpin-hy-  Terpin.  Terpeiitin-  Terpinol. 

(Irate.  hyiirate. 

Terpin-hydratc,  C"'H"'.2H-0.  aq.  (also  called  Turjycntine-campkor  and  Hi/dratc 
of  Turpcntinc-oU),  is  frequently  deposited  in  crystals  from  tui'pentiue-oil  containing 
water  ;  its  production  is  favoured  by  the  presence  of  an  acid.  To  prepare  it,  8  vols,  tur- 
pentine-oil are  mixed  with  2  vols,  nitric  acid  and  1  to  6  vols,  alcohol ;  and  the  mixture 
is  frequently  shaken  during  the  first  few  days,  then  left  to  itself  in  shallow  vessels  for 
several  weeks.  Brown  crystals  are  thereby  formed,  which  must  be  pressed,  and  then 
rocrystallisod  from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin-hy drate  \isually  crystallises  in  large  rhombic  prisms  ;  it  dissolves  sparingly 
in  cold,  easily  in  boiling  water,  easily  also  in  alcohol  and  ether.  At  100°  it  melts, 
gives  off  its  water  of  crystallisation,  and  is  converted  into  terpin.  Tlic  same  change 
takes  place  on  exposing  the  crystals  to  air  dried  over  oil  of  vitriol. 

Torpin,  C'"H"^.2H-0,  melts  at  103°,  and  sol  difies  in  the  crystalline  state  on  cool- 
ing. It  sublimes  at  about  150°,  in  slender  needles.  It  is  dissolved  with  red  colour  by 
strong  sulphuric  acid,  and  converted  into  turpentine-oil.  The  same  change  takes  pilace 
on  boiling  the  terpin  with  dilute  acids,  heating  it  to  100°  with  chloride  of  zinc,  or  to 
160° — 180°  with  chloride  of  calcium,  strontium,  or  ammonium.  Terpin,  or  terpin- 
hydrato,  subjected  to  the  action  of  gaseous  or  aqueous  hydrochloric  acid,  or  of  either 
of  the  chlorides  of  phosphorus,  is  converted  into  the  crystallised  dihydrochlorate,  C'll"'. 
2HG1.  Terpin,  distilled  with  phosphoric  anhydride,  yields  terobene  and  colophene 
(p.  924).  When  vapour  of  terpin  is  passed  over  soda-lime,  heated  to  400°,  terebentilic 
acid  (p.  723)  is  produced.  Heated  with  acetic  or  butyric  acid,  or  with  hen:oic  chloride, 
it  yields  terebene  and  poh'terebones  (p.  924).  When  heated  with  acetic  anhydride  to 
140°,  for  not  too  long  a  time,  it  yields  a  compound  containing  C'E'^CH^O-.H^O,  re- 

(C'»H's)"j 

garded  by  Oppenheim  as  an  acetic  ether,    CH'-'O  vO-.    This  compound  boils  at  140° 

H  i 

— 1.50°,  under  a  pressure  of  2  centimetres  of  mercury. 

Terpinol,  2C"'H"^.H-'0.  (Wiggers,  Ann.  Ch.  Pharm.  Ivii.  247.— List,  ibid. 
Ixvii.  367. — Oppenheim,  cxxix.  155.) — Produced  when  terpin  is  boiled  or  distilled 
with  dilute  hydrochloric  or  sulphuric  acid  ;  also  wlien  the  dihydrochlorate  of  tereben- 
tliene  is  boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is  a  colourless,  strongly 
refracting  oil,  having  a  pleasant  odour  of  hyacinths,  slightly  soluble  in  water,  and 
optically  inactive.  Specific  gravity  =  0-852.  It  boils  at  about  168°,  but  sufiTors 
partial  decomposition  at  the  same  time,  and  in  such  a  manner,  that  the  first  portions 
of  the  distillate  contain  less  oxygen  than  the  later  portions.  It  forms  with  hydro- 
cliloric  acid  the  crystallisable  dihydrochlorate,  C'°H"'.2HC1,  and  may  be  reconverted 
into  terpin  by  assumption  of  water. 

Terpentin-hydrate,  C'lI'^.H-O.  Liquid  Turpentine-camphor. — This  compound 
is  sometimes  obtained  in  the  preparation  of  terpin,  either  together  with  the  latter,  or 
forming  tlie  only  product.    It  is  a  liquid  insoluble  in  water;  boils,  ajipareutlv  without 
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decomposition,  at  200° — 220°,  and  in  presence  of  water  appears  to  be  converted,  under 
circumstances  not  exactly  understood,  into  terpin.  It  is  optically  active ;  [a]  - 
—  42 '4:°.  When  treated  with  hydrochloric  acid,  it  yields  the  crystallisable  dihydro- 
chlorate,  CoH'^/iHCl.    (D  eville,  Ann.  Ch.  Pharm.  Ixxi.  348.) 

Molecular  Transformations  of  Turpentine-oil. 

I.  By  heat. — Terebenthene  (p.  922)  when  carefully  prepared,  may  be  distilled,  and 
even  heated  considerably  above  its  boiling-point,  without  alteration;  but  towards  2.50°, 
it  begins  to  undergo  a  change,  the  boiling-point  rising,  the  rotatory  power  diminisliing, 
and  the  product  becoming  more  easily  oxidisable  in  contact  with  the  air  ;  this  alter- 
ation goes  on  the  more  rapidly  as  the  temperature  is  higher.  The  product  consists  of 
one  isomeric  and  several  polymeric  modifications  of  terebenthene. 

The  isomeric  modification,  called  terepy rolene,  resembles  austrapyrolene,  but 
has  not  been  particulai-ly  examined.  The  chief  product  is  the  polymeric  modification 
metaterebenthene,  C'-"!!-'-'.  It  is  a  yellowish  viscid  liquid,  boiling  at  about  360°, 
and  of  specific  gravity  0'913.    It  forms,  with  hvdrochloric  acid,  the  liquid  compound 

C20H32  JJCl. 

Australene  (p.  921),  heated  for  several  hours  to  250°,  is  converted  into  the  isomeric 
body,  austrapyrolene,  boiling  at  177°,  and  having  a  specific  gravity  of  0-847,  and 
specific  rotatory  power  =  —  11°.  It  smells  lilie  lemon-oil,  is  more  readily  oxidisable 
than  australene,  and  forms  a  solid  hydroclilorato,  2C"'H"'.3HC1,  which  has  a  specific 
rotatory  power  of  — 14'6^.  By  continued  heating,  the  polymeric  body,  metaustra- 
terebe  nthene,  is  produced,  very  much  lilce  metaterebenthene,  having  a  specific  gravity 
of  0-91,  and  boiling  at  about  360°  ;  its  specific  rotatory  power  is  smaller  than  that  of 
australene,  and  of  opposite  sign. 

II.  By  reagents. — Many  substances  possess  the  power  of  converting  terebenthene 
into  isomeric  or  polymeric  modifications.  Some  act  even  at  ordinary  temperatures, 
otliers  only  with  the  aid  of  heat.  Many  produce  the  transformation  in  a  very  short 
time ;  others  act  slowly,  and  never  produce  complete  transformation.  In  some  cases 
very  small  quantities  of  the  reagent  are  sufficient  to  produce  complete  transformation, 
but  frequently  large  quantities  are  required.  The  most  energetic  reagent  is  fluoride 
o  f  boron.  1  pt.  of  this  substance  instantly  converts  160  pts.  terebenthene,  with  great 
rise  of  temperature,  into  polymeric  optically  inactive  modifications,  boiling  above  300°. 
■ — Sulphuric  acid  liliewise  acts  in  the  cold,  but  less  energetically ;  1  pt.  of  this  acid 
converts  4  pts.  terebentiiene  into  an  isomeric  and  a  polymeric  modification. — Wealt. 
mineral  acids  (like  boric  acid),  and  several  organic  aeids  (e.g.,  acetic,  oxalic,  tartaric, 
and  citric  acids),  act  upon  terebenthene  at  100°;  but  tlie  action  is  very  slow,  and  not 
complete,  even  after  50  or  60  hours. — Chloride  of  zinc,  at  100°,  acts  in  a  similar 
manner. — Fluoride  and  chloride  of  calcium,  and  even  t\\c  chlorides  of  the  cdkali-metals, 
act  in  like  manner,  but  very  feebly ;  the  transformation  takes  place,  however,  more 
quickly  in  presence  of  these  substances  than  under  the  influence  of  heat  alone. 

The  products  of  these  transformations  are  tlie  same  in  all  cases,  viz. : 

a.  Terebene,  an  isomeric  modification. — This  substance  is  best  prepared  by  the 
action  of  strong  sulpliiu-ic  acid  on  terebenthene  or  australene,  and  may  therefore  also 
be  obtained  from  turpentine-oil.  The  process  consists  in  mixing  the  turpentine-oil 
with  Jgth  of  its  weight  of  strong  sulphuric  acid,  leaving  tlie  liquid  to  stand  for  twenty- 
four  hours,  then  decanting  it  from  the  sediment,  and  distilling;  repeating  the  process 
till  the  product  no  longer  acts  on  polarised  light ;  then  washing  with  water  and  carbon- 
ate of  sodium,  drying  over  chloride  of  calcium,  and  rectifying. 

Terebene  is  a  liquid  having  the  odour  of  thyme-oil,  a  specific  gravity  of  0-864, 
boiling  at  156°,  optically  inactive.  With  hydrochloric  acid,  it  forms  a  liquid  compound, 
2C-°H'^.HC1,  and  similar  compounds  with  hydrobroraic  and  hydriodic  acids. 

p.  A  liquid  optically  inactive  hydrocarbon,  boiling  at  250°,  and  probably  consisting 
of  sesquiterebene,  C'^H^*. 

7.  Diterebene,  Metat  erebene,  or  Colophen c,  C-"H'''. — Produced,  together 
with  terebene,  in  the  process  above  described.  It  is  an  oil,  having  an  aromatic  odour, 
a  blue  iridescence,  optically  inactive,  of  specific  gravity  0-94,  boiling  at  310° — 315°. 
It  absorbs  hydrochloric  acid  gas,  but  does  not  appear  to  form  a  definite  compound  with 
it.  Chlorine  converts  it  into  a  resinous  mass,  from  which  alcohol  extracts  a  compound 
crystallising  in  yellow  needles,  and  probably  consisting  of  a  substitution-product, 
C^H^'Cl*.    (See  i.  1086.) 

5.  Various  polyterebenes,  (C'°H'°)°. — Optically  inactive  liquids,  of  continually 
increasing  viscidity,  and  boiling  at  temperatures  between  360°  and  a  low  red  heat. 

III.  By  combination  with  hydrochloric  acid  or  water,  and  decomposition  of 
these  compounds. 

The  solid  monohydrochloratos  of  turpentinc-oil,sulijected  to  the  action  of  very  weak 
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reap;ciits,  yield  hydrocarbons,  C"'H'",  designated  by  Bcrthelot  as  camphcnos.*  The 
three  following  arc  known : — 

1.  Terocamphene. — Produced  by  heating  the  solid  hydrocHorate,  prepared  from 
French  turpentine-oil,  to  200° — 220°,  for  a  considerable  time,  with  stearate  of  potassium 
or'  dry  soap.  The  product,  purified  by  recrystallisation  from  alcohol,  is  solid  and 
crystallisablo,  with  the  aspect  of  camphor.  It  melts  at  45°,  and  boils  at  about  160°. 
Specific  rotatory  power  [a]  =  —66°.  It  forms  only  one  compound  with  hydro- 
chloric acid,  namely,  a  solid  monohydrochlorate,  C"'II'".IIC1,  whose  specific  rotatory 
power  is  -i-  32  ;  that  is  to  say,  equal  and  opposite  to  that  of  the  solid  monohydrochlo- 
rate of  terebeuthene. 

2.  Austracamphone. — Obtained  from  English  tm-pentine-oil  in  the  same  way  as 
tereeamphene  is  obtained  from  the  French  oil.  It  resembles  terocamphene  in  all  its 
properties,  excepting  in  its  optical  rotatory  power,  which  is  [a]  =  +  22°.  It  forms  a 
solid  monohydrochlorate,  having  a  specific  rotatory  power  of  —5°. 

3.  Inactive  Camphene. — This  is  a  solid  hydrocarbon,  produced  by  treating  tur- 
pentine-oil, in  the  manner  above  described,  with  stearate  of  barium,  or  bettor  with 
benzoate  of  sodium :  it  resembles  tereeamphene  in  every  particular,  excepting  in  its 
relation  to  polarised  light.  It  forms  a  solid  monohydrochlorate,  which  is  likewise 
inactive. 

Camphilene. — This  name  is  given  by  Berthelot  to  a  hydrocarbon  (not  yet  exa- 
mined), which  is  produced  by  the  action  of  potassitxm-stearate  or  other  weak  reagents 
on  the  liquid  monohydrato  of  terobcnthene. 

The  same  nami>  (also  Dadi/l)  is  applied  to  a  hydrocarbon  (evidently  a  product  of 
tho  transformation  of  camphene),  formed  by  distilling  tlie  solid-monohydrochlorato  of 
turpentine-oil  several  times  over  quicklime,  or  in  the  state  of  vapour  over  lime  heated 
to  190^ — 195°.  It  is  a  limpid  aromatic  liquid,  of  specific  gravity  0-87,  boiling  at  15G'  ', 
and  without  action  on  polarised  light.  According  to  Laurent,  it  forms,  with  chloriiu', 
the  compound  C'lI'^CLHCl,  which,  when  treated  with  alcoholic  potash,  yields  chloro- 
camphilene,  C"'H'''C1 ;  and  this  again  unites  with  chlorine,  forming  tho  compouml 
C"'H"Cr-.IICl,  &c. :  hence  it  would  appear  that  camphilene  reacts  with  chlorine  in 
tho  same  manner  as  ethylene. 

Torpilene. — An  inactive  hydrocarbon,  produced  by  the  action  of  weak  reagents  on 
the  solid  diliydrochlorate,  C"'H"'.2HC1. 

Torebilene  is  a  hydrocarbon  obtained  by  distilling  the  liquid  monohydrochlorate 
of  turpentine-oil  with  quicklime  or  with  potassium  ;  also  by  distilling  the  corresponding 
hycbiodato  with  potash.  It  smells  like  terebene,  and  is  optically  inactive.  Specific 
gravity  =  0-843.  Boiling-point  =  134°. 

Substitutio7i-products  of  Titrpentinc-oils. 

Chlorine  forms,  with  turpentine-oil,  a  liquid  having  a  camphorous  odour,  and  turn- 
ing the  plane  of  polarisation  to  the  right,  even  when  it  has  been  prepared  from  la?vo- 
rotatory  turpentir.e-oil.  It  appears  to  be  a  mixtiu*e  of  tetrachlorinated  turpentine-oil 
and  tetrachloroterebene. 

When  chlorine  is  passed  over  the  solid  monohydrochlorate  of  turpentine-oil,  a  yellow 
liquid  is  formed,  consisting  of  C'"II''C1''.HC1,  and  easily  resolved  into  hydrochloric 
acid  and  tetrachlorinated  turpentine-oil,  C'El'-Cl'.  The  latter  is  crystalline,  melts  at 
110°— 115°,  and  decomposes  at  a  higher  temperature.    It  is  optically  inactive. 

Terebene  also  forms  .substitution-products  with  chlorine,  chiefly  tetrachloroterebene. 

Bromine  acts  on  tm'pentine-oil  and  terebene  similarly  to  chlorine,  forming  chiefly 
tetrabrominated  products. 

The  products  of  the  action  of  chlorine  on  camphilene  have  already  been  mentioned. 

TURI'EWTITJ'E-VABN'ISHES.    Solutions  of  resins  in  oil  of  turpentine. 

TURPETH  or  TURBITH  IVEIM'ESAI..  An  old  name  for  basic  mercuric 
sulphate,  HgSO'.2HgO  (p.  GOo).  Sulphate  of  tetramorcurammonium,  (N'-IIg')SO'. 
2H-0,  is  sometimes  called  ammo7iiacal  turpcihurn. 

TUKPETH  or  TURBITH  ROOT.  The  root  of  Convolvulus  Turpethum,  or 
IpovuTa  Turp(tlium,a.  plant  indigenous  in  India  and  Australia.  It  has  a  disagreeable 
sweetish  taste,  and  contains,  according  to  Bou t  ron -  Ch  arl ard  (-LPharm.  viii.  131), 
a  volatile  oil,  fat,  a  yellow  colouring-matter  and  a  drastic  resin.  This  resin  constitutes 
about  4  per  cent,  of  the  root,  and  contains  about  ith  of  its  weight  of  a  substance 
soluble  in  ether,  the  remaining  ^{jths  consisting  of  turpethin.  (Spirgatis.) 

*  The  term  '*  cnniptiene  "  is  commonly  used  as  a  generic  name  for  tlie  hydrocarbons,  (C'^H"'),  (see 
i.724).  If  it  1)0  restricted  to  the  meaning  above  given,  the  entire  group  may  be  designated  as  ter- 
p  e  n  e  s . 
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TXTBPETHIC   ACID.    C"IF"0'^    (Spirga t i  s,  J.  pr.  Chem.  xcii.  97:  Jah- 

rpsb.  1864,  p.  .591. ) — An  acid  produced  by  theaction  of  bases  on  turpethin,  CH^^O". 
When  turpethin  is  dissolved  in  -warm  baryta- water,  the  baryta  removed  by  sulphuric 
acid,  the  excess  of  this  acid  by  lead-hydrate,  the  latter  by  siilphydric  acid,  and  the 
filtrate  evaporated,  turpethic  acid  remains  as  an  amorphous  yellowish  mass,  easily 
soluble  in  water,  having  a  strong  acid  reaction,  and  a  bitter  somewhat  sour  taste.  It 
forms  two  barium-salts,  containing  C'-'H="Ba"0'»  and  C'*H^*Ba"0"'.C^'H™0"'.  It  is 
resolved  by  mineral  acids  into  glucose  and  turpetholic  acid. 

TURPETHZM'.    C^'H^^O'^.    (Spirgatis,  foe  A  purgative  rosin,  isomeric 

with  jalapin  and  scammonin,  extracted  from  tlie  root  of  Ijjomo'a  Titrpetkum{vid.  sup.). 
To  prepare  it,  the  root  is  exhaiisted  with  cold  water  ;  the  dried  residue  is  treated  with 
alcohol,  the  alcoholic  extract  concentrated  by  distillation ;  the  residue  mixed  with 
water;  and  the  brown-yellow  mass  thereby  precipitated  is  repeatedly  boiled  with  water, 
then  dried  and  shaken  up  four  or  five  times  with  ether,  and  repeatedly  precipitated  by 
ether  from  solution  in  absolute  alcohol. 

Turpethin  thus  prepared  is  a  brownish-yellow  inodorous  resin,  gradually  exciting 
a  sharp  bitterish  taste,  and  strongly  irritating  the  mucous  membranes  of  the  mouth 
and  nose  when  pulverised.  It  dissolves  easily  in  alcohol,  like  jalapin,  but  is  distin- 
guished from  that  substance  by  its  insolubility  in  ether.  It  melts  at  about  183°,  and 
dissolves  slowly  in  strong  sulphuric  acid,  forming  a  red  liquid.  When  treated  with 
alkalis,  baryta-water  for  example,  it  takes  up  2  at.  water,  and  is  converted  into  txir- 
pethie  acid.  Under  the  influence  of  mineral  acids,  it  is  redissolved  into  glucose  and 
turpetholic  acid : 

C34H*60'«  +  611^0    =    SC'H'^O"  +  C'^H'^O'. 

TUHPETHOIiXC  ACID,  C'H^'^O*,  separates,  in  the  reaction  just  described,  as  a 
yollowish-whitc  granular  conglomerate  ;  and  after  washing  with  water,  and  repeated 
crystallisation  from  dilute  alcohol,  with  addition  of  animal  charcoal,  forms  a  white 
mass,  made  up  of  slender  microscopic  needles.  It  is  inodorous,  has  an  irritating  taste 
and  acid  reaction,  dissolves  easily  in  alcohol,  less  easily  in  ether,  melts  at  about  88°,  and 
decomposes  at  a  stronger  heat,  like  jalapinolic  acid  (iii.  440)  giving  off  a  white  fume 
which  strongly  irritates  the  eyes  and  nose. —  Turpctholate  of  Sodium,  C'H^'NaO',  is 
a  white  mass,  having  a  silky  lustre,  and  exhibiting,  under  the  microscope,  sharply 
defined  rhombic  plates,  with  angles  of  about  55°  and  125°. — The  barium-salt, 
q3sjj62]3j^"08^  is  amorphous.  (Spirgatis.) 

TVRRITE.    Syn.  with  Eutile. 

TVSSXXiACO.  The  root  of  Tussilago  Petasifcs,  L.  {Pdasites  vulgaris,  Desf.)  con- 
tains, according  to  Reinsch  (N.  .lahrb.  Pharm.  iv.  257),  a  volati'e  oil,  a  crystallisable 
acid  resin,  called  resinapitic  aci  d,  another  resin  called  petasite,  the  alcoholic 
solution  of  which  forms,  with  mineral  acids,  an  emerald-green  liquid,  afterwards  turn- 
ing blue  when  hydrochloric  acid  is  used, — besides  glucose,  mannite,  inulin,  tannin,  and 
the  ordinary  plant-constituents. 

TUBQITOIS.  A  native  hydratod  aluminium-phosphate,  2A1-01P-0'.5H'0,  found 
in  Persia,  and  much  valued  as  a  gem.    (See  Phosphates,  iv.  652.) 

TYPE-METAZi.  Printers'  types  are  made  of  an  alloy  of  lead  and  antimony, 
sometimes  with  addition  of  zinc  or  bismuth,  and  of  tin  for  stereotype  plates  (i.  316  ; 
iii.  532). 

TVPES,  CHEMICAL.  Bodies  analogous  in  constitution,  and  exhibiting  ana- 
logous reactions,  are  said  to  belong  to  the  same  type.  Thus  hydrochloric  acid,  HCl, 
or  rather  its  multiple  wHCl,  may  be  taken  as  the  type  of  clilorides,  which  may,  in  fact, 
lie  derived  from  it  by  equivalent  substitution  :  e.g.  KCl.  Ba'Cl',  Sb"'CP,  Si'^Cl',  As'CP, 
&e.  In  like  manner,  the  sulphates  are  derived  from  the  type  ??H^SO',  the  orthophos- 
phates  from  the  type  ??H'PO*,  metaphosphates  from  wHPO^,  &e.  In  a  wider  sense, 
the  formula  HCl  may  be  taken  as  the  type  of  chlorides,  bromides,  iodides,  fluorides,  and 
cyanides ;  H^'O  of  oxides,  sulphides,  selenides,  tellurides,  oxysalts,  sulphur-salts,  &c. ; 
and  H'N  of  all  amines  and  amides,  and  of  the  corresponding  phosphorus,  arsenic,  and 
antimony  compounds.  It  is  unnecessary  to  go  further  into  detail  on  this  subject,  as 
it  has  been  fully  explained  in  the  article  Classification  (i.  1007),  and,  moreover,  the 
system  of  formulation  according  to  types  has  been  adopted  throughout  this  work.  In 
the  present  article  we  shall  endeavour  to  give  a  sketch  of  the  history  of  the  theories 
of  types  and  substitution. 

Gay-Lussac  observed  that  wax,  when  bleached  by  chlorine,  gives  up  hydrogen, 
and  takes  up  a  volume  of  chlorine  equal  to  that  of  the  hydrogen  removed.  Dumas 
observed  the  same  phenomenon  with  oil  of  turpentine  ;  and  by  extending  the  investi- 
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gation  to  the  action  of  chlorine,  bromine,  and  other  elements  on  various  organic 
substances,  he  concluded  that : — W/icn  a  body  containivg  hydrogen  is  sidrjectcd  to  the 
dehydrogenising  injlacnce  of  chlorine,  bromine,  iodine,  oxygen,  cfc,  it  takes  up,  for  every 
atom  (f  hydrogen  removed,  em  atom  of  chlorine,  bromine,  iodine,  or  oxygen  [0  =  8]. 

The  announcement  of  this  empirical  law  of  substitution  gave  rise  to  a  large  numboT 
of  experiments  in  the  same  direction,  especially  by  Laurent,  who  first  instituted  a 
careful  comparison  between  the  properties  of  the  substitution-product  and  those  of 
tlie  primitive  compound,  and  thence  concluded  that  :■ — When  equivalent  substitution  of 
hydrogen  by  chlorine  or  bromine  takes  place,  the  chlorine  or  brorivine  takes  up  the  posi- 
tion previously  occupied  by  the  hydrogen,  and  plays  to  a  certain  extent  the  same  part,  so 
that  the  chlorincdedor  brominated  product  is  analogous  in  constitution  to  the  body  from 
which  it  has  been  formed. 

Dumas  was  at  first  opposed  to  this  idea,  as  to  the  part  which  the  chlorine  plays  in 
these  substitutions  ;  but  afterwards,  when  a  larger  number  of  substitTition-products  .had 
been  obtained  (by  Laurent,  Malaguti,  Regnault,  and  others),  and  when  he  himself 
had  discovered  trichloracetic  acid,  and  shown  it  to  be  analogous  in  all  its  reactions  to 
acetic  acid,  he  not  only  adopted  Laurent's  views,  but  even  went  beyond  them,  extending 
them  to  substitutions  by  oxygen,  and  developing  them  into  the  theory  of  types,  the 
main  principles  of  which  he  laid  down,  in  1839,  as  follows: — 

1.  The  elements  of  a  compound  may,  in  numerous  cases,  be  replaced,  in  equivalent 
proportions,  by  other  elements,  and  by  compound  bodies  which  play  the  part  of 
elements. 

2.  When  this  substitution  takes  place  in  equal  numbers  of  equivalents,  the  body  in 
which  the  substitution  occurs  retains  its  chemical  type,  and  the  elements  which  have 
entered  into  it,  play  therein  tlie  same  part  as  the  element  which  has  been  abstracted. 

The  chemical  type  included  bodies  containing  the  same  niimber  of  atoms  of 
their  elements,  and  resembling  one  another  in  their  principal  chemical  properties — such 
as  acetic  and  trichloracetic  acids,  or  chloroform,  bromoform,  and  iodoform.  Wlien, 
on  the  other  hand,  the  chemical  character  of  a  body  was  altered  by  substitution,  the 
number  of  elementary  atoms  remaining  the  same,  the  two  bodies  were  regarded  as  be- 
longing to  the  same  mechanical  or  molecular  type  :  e.g.  marsh-gas,  CH* ;  formic 
acid,  CH^O- ;  chloroform,  CHOP  ;  chloride  of  carbon,  CCl'. 

The  law  of  substitution  is  the  expression  of  facts,  which  the  type-theory  was  in- 
tended to  explain.  It  was  not  supposed  that  the  type  was  preserved  because  substitu- 
tion took  place  in  equivalent  proportions;  but  the  permanence  of  the  type  was  regarded 
as  a  power  striving  to  retain  the  atoms  in  the  original  order,  and  thus  giving  rise  to  the 
substitution  of  ono  element  for  another.  According  to  this  theory,  the  properties  of  a 
compound  depend,  in  many  cases,  upon  the  relative  positions  of  its  atoms,  much  more 
than  upon  their  individual  nature. 

These  views  wore  met  with  determined  opposition  byBerzelius  and  the  other  up- 
holders of  the  electrochemical  theory.  According  to  that  theory,  chemical  combination 
consists  in  the  union  of  atoms  or  molecules  in  opposite  electrical  states,  and  the  func- 
tion of  any  element  in  a  compound  depends  altogether  on  its  electrical  polarity.  Such 
a  theory  is  plainly  irreconcilable  with  the  idea  that  a  strongly  electronegative  body  like 
chlorine  can  take  the  place  of  a  positive  element  like  hydrogen,  and  discharge  similar 
functions  in  the  resulting  compound.  Accordingly,  the  advocates  of  the  electrochemi- 
cal theory  at  first  denied  the  facts  upon  which  the  substitution-theory  was  founded  ; 
and  afterwards,  when  these  facts  had  been  incontestably  established  by  numerous 
analyses,  sought  to  explain  them  in  a  manner  consistent  with  the  principles  of  the 
electrochemical  theory.  With  this  view,  Berzelius  endeavoured  to  show  thatacetic 
and  trichloracetic  acids  are  differently  constituted  compounds,  acetic  acid  being  an 
oxide  of  the  radicle  C*IP,  whereas  trichloracetic  consists  of  oxalic  acid  "copulated" 
with  chloride  of  carbon ;  thus  : 

Acetic  acid  C'F'.O'  +  HO 

Trichloracetic  acid      ....      C'CP  +  +  HO. 

The  numerous  substitution-products  of  acetic  ether,  formic  ether,  &c.,  discovered  by 
Malaguti  and  Eegnault,  wore  likewise  formulated  by  Berzelius  in  a  similar  manner : 
e.g.— 

Dichlorethy lie  ether        .       C'IP.O'  +  2C'H\CP 
Perchlorethylic  ether       .       C=0=  -t-  fiCCP 
Dichloracctic  ether  .       .       ^C'W.O^  +  C'H\CP 

Dichloroformic  ether       .       iC'H.O''  +  CH.CP  +  2C*H'.0^  +  C'H\CP 
Monochloromethvl-oxide  .       C-'B-.O-  +  C-H-.Cn 
Diehloromethylic  oxide    .       C-H.O^  +  2C-H.CP 
Perchloromethylic  oxide  .       CO-  +  ZCCT- 
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But  these  complicated  formulae,  which  represented  compounds  evidently  analogous 
in  properties,  as  constituted  in  entirely  different  ways,  met  with  little  acceptance,  more 
especially  as,  in  order  to  carry  out  such  modes  of  representation,  it  was  necessary  to 
invent  a  new  radicle  for  almost  every  organic  compound  that  was  discovered ;  and 
finally,  when  Melsens  showed  that  acetic  acid  can  be  reproduced  from  trichloracetic 
acid  by  the  action  of  sodium-amalgam,  the  idea  that  those  two  bodies  were  differently 
constituted  became  altogether  untenable.  Accordingly,  it  was  then  assumed  that,  as 
trichloracetic  acid  was  oxalic  acid  copulated  with  CCP,  so  acetic  acid  itself  was 
oxalic  acid  copulated  with  CH^ : 

Acetic  acid       .       .       C^^H^  +  C^O'  +  HO 
Trichloracetic  acid    .       (PCP  +  +  HO; 

and  this  view  was  supposed  to  be  supported  by  the  fact  that  chlorine  took  the  place  of 
hydrogen  in  the  "  copula."  Similar  formidse  were  given  for  methyldithionic  acid  and 
the  allied  compounds  discovered  by  Kolbe  : 

Trichloromethyldithionic  acid       .       C^CP  •)-  S^O^  +  HO 
Dichloromethyldithionic  acid       .       CP  HOP  +  S'^Cf'  +  HO; 

and  by  this  fanciful  hypothesis  of  copulae,  the  fact  of  substitution  was  supposed  to  bo 
reconciled  with  the  old  theory.  It  is  clear,  however,  that  by  this  mode  of  explanation, 
the  possibility  of  chlorine  taking  the  place  of  hydrogen  in  a  compound,  and  discharging 
similar  functions  therein,  was  substantially  admitted ;  and  thus  the  main  point  of  the 
substitution-theory  was  established.' 

In  this  contest  between  the  old  radicle-theory  and  the  substitution-theory,  the 
adherents  of  the  latter  had  somewhat  overlooked  the  good  points  of  the  former,  resort- 
ing almost  exclusively  to  empirical  formulae  to  represent  the  relations  of  compounds. 
As,  however,  it  was  found  that  mere  empirical  formulae  did  not  always  represent 
these  relations  so  clearly  as  the  hypothetical  formulae  of  the  radicle-theory,  endeavours 
were  made  to  construct  formulae  which  should  attain  this  end  without  requiring  the 
use  of  the  numerous  hypotheses  of  the  radicle-theory.  This  object  was  greatly  pro- 
moted by  certain  considerations  which  Gerhardt  put  forward  in  1839,  and  after- 
wards further  developed  under  the  name  of  "  Theory  of  Residues."  He  says:  "When  a 
so-called  replacement  of  an  element  by  a  compound  body  takes  place,  the  process  is  not 
a  direct  substitution;  but  an  element  of  the  one  body  {e.g.  H)  unites  with  an  element 
of  the  other  (O),  the  resulting  product  (HO)  separating  out,  while  the  remaining 
elements  (residues)  of  the  two  bodies  enter  into  combination."  These  residues  are 
evidently  identical,  in  many  cases,  with  the  radicles  of  the  older  theory,  and  exhibit  the 
relations  of  compounds  to  one  another  with  the  same  clearness,  without  the  necessity  of 
assuming  the  pre-existence  of  these  radicles  in  the  compounds.  In  short,  the  iise  of 
them  in  equations  of  decomposition  shows  that  a  group  of  elements,  or  in  other 
words  a  radicle,  may  be  substituted  for  an  element  in  a  compound,  without  altering 
the  type. 

This  process  of  amalgamation  of  the  radicle  and  type  theories  received  a  great  stimu- 
lus, in  the  years  1849  and  1850,  by  the  discovery  of  the  alcoholic  ammonia-bases  by 
Wurtz  and  Hofmann,  which  showed  that  the  hydrogen  in  ammonia,  NH^,  may  be 
replaced,  partly  or  even  wholly,  by  an  equivalent  quantity  of  the  radicles  ethyl,  methyl, 
&c.,  forming  bodies  of  the  same  nature  as  ammonia  itseK.  These  discoveries,  which 
demonstrated,  more  clearly  than  any  that  had  gone  before,  that  organic  bodies  may  bo 
referred  to  simple  inorganic  compounds  as  types,  may  indeed  be  regarded  as  the  foun- 
dation-stone of  the  modern  type-theory. 

Another  very  important  step  in  the  same  direction  was  William  son's  discovery 
of  the  mixed  ethers  (1850),  and  his  explanation  of  the  general  relations  of  the 
etliers  and  alcohols,  by  referring  them  to  the  type  of  water,  H-0  (Chem.  Soc.  Qu. 
J.  iv.  106,  229).    Williamson  subsequently  extended  these  views  to  acids,  repre- 

C-H^O ) 

senting  acetic  acid,  for  example,  as  Hi*^'  "^^^  pointed  out  tho  possibihty  of 
replacing  the  second  atom  of  hydrogen  in  the  water-molecule  by  an  acid  radicle,  thereby 
forming  a  compound  related  to  acetic  acid  in  the  same  manner  as  ether  to  alcohol 
(Chem.  Soc.  Qu.  J.  iv.  350). — This  prediction  was  verified,  in  1852,  by  Gerhardt's 
discovery  of  the  anhydrides  of  acetic  acid,  benzoic  acid,  &c.  From  that  time  chemists 
vied  with  one  another,  in  referring  organic  bodies  to  the  simplest  types  of  inorganic 
chemistry;  and  thus  arose  the  views  which  were  systematisedby  G  erh  ardtin  thefourth 
volume  of  his  Traite  de  Chimie  organique,  iv.  560 — 806.  (See  also  Graham's  Elements 
of  Chemistry,  2nd  edition,  ii.  519 — 569,  and  the  article  Classification  m  this 
Dictionary  i.  1015.) 
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It  is  usual  at  tlio  present  day  to  admit  four  principal  types  : 

HH  OH^  NH'  CH'; 

or,  more  generally  (denoting  monatomic  and  polyatomic  radicles  by  Eoman  numerals) 
I  +  I  II  +  21  ni  +  31  IV  +  41; 

and  to  these,  together  with  the  multiple  and  mixed  types,  formed  by  combining  two  or 
more  of  them  together,  nearly  all  well-defined  compounds  may  be  referred.  Sometimes, 
however  it  is  convenient  to  refer  compounds  to  types  containing  radicles  of  higher 
utomieity ;  for  example  : 


Type. 

V  +  51 

Type. 

VI  +  61 


Phosphoric 
penta- 
chloride. 

P'CP 


Phosphoric 
oxychlo- 
ride. 


Phosphoric 
acid. 


Stibmethyl. 
oxide. 


Sb' 


i 


0" 


TetrethyU 
ammonium- 
chloride. 

ci 


Tungstic 
chloride. 


Tiingstic 
oxide. 


Sulphuric 
oxide. 


S"0» 


Sulphuric 
acid. 


Sw|(HO)^ 


Sulphuric 
dibromo- 
ethylenic 
diethide. 

f(C^H^)" 
i  Br^ 


The  union  of  two  or  more  molecules  of  the  same  or  different  types,  by  the  substitu- 
tion of  a  polyatomic  element  or  radicle  for  an  equivalent  number  of  hydrogen-atoms, 
gives  a  considerable  extension  to  the  power  of  typical  representation  ;  for  example : 


Type. 

3HH 

Type. 

2W0 

Type. 
SH^O 

Type. 

2H'N 


Phospho- 
rous 
chloride. 

PCI' 

Sulphuric 
acid. 


Phosphoric 
oxychlo- 
ride. 

(poyci' 


Trichlorhydrin. 


Citric  chloride. 


(C'H»)"'C1' 


(C«H*0')''C1' 


H2  J'J 


Succinic 
acid. 


Oxalic 
acid. 

H2    J  "J 


Glycol. 


Type. 
H 

\\ 

Hi* 


Phosphoric 
acid. 

(por>Q, 

Oxamidc. 


Sulphurous 
acid. 


Citric 
acid. 


Glycerin. 


Succinamide. 


Ethylene-diamine. 


Sulpho- 
phenylic 
acid. 

(S0=)" 
H 


Methylsul- 
phurous 
acid. 


(SO=r 

H 


1° 


Type. 

Type. 


H 


Hyposul- 
phurous 
acid. 

H  (0 

Sulphamic 
acid. 

(SO^)' 
H 


Type. 


HCl 
H 
H 


-Sulphuric 
chlorhy- 
drate. 

(Soy(ci 


Carbamic 
acid. 


0 


H=  N 
(CO)" 
H 


O 


Oxamic 
acid. 

H  ['-' 


The  same  compound  may,  in  many  cases,  be  referred  to  different  types.  Thus  tri- 
chloride of  pliosphorus,  PCP,  may  bo  derived,  either  from  a  triple  molecule  of  hydro- 
chloric acid,  3HC1,  by  substitution  of  P'"  for  ;  or  from  ammonia,  NH',  by  substitu- 
tion of  P  for  N,  and  of  CP  for  H'.  In  the  same  manner,  the  typical  nlolecule,  NIP, 
itself  may  be  regarded  as  three  molecules  of  hydrogen,  3HH,  held  together  by  the 
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Bubstitution  of  N'"  for  ;  and  the  typical  molecule  of  water,  H'O,  may  also  be  re- 
garded as  two  molecules  of  hydrogen,  ffH^,  held  together  by  the  diatomic  element,  O. 

It  appears,  then,  that  the  dilferont  types  may  also  be  reduced  to  one,  namely  hydro- 
gen, which  may  therefore  be  regarded  as  the  representative  of  the  smallest  molecular 
unity,  or  as  the  unit  of  molecule.  In  other  words,  all  chemical  compounds  may  be 
regarded  as  aggregations  of  ideal  hydrogen-molecules,  held  together  by  the  introduction 
of  one  or  more  polyatomic  elements  or  radicles. 

"  The  reduction  of  the  typical  mode  of  representation  to  this  last  consequence,  shows 
plainly  that  the  entire  system  is  nothing  more  than  a  comparison  of  compounds  with 
regard  to  their  composition,  not  a  true  theory  which  can  teach  us  anytliing  about  their 
actual  composition  itself.  Tlie  several  types  are,  therefore,  not  classes  of  compounds 
distinctly  separated  from  one  another  by  difference  of  constitution,  but  rather  movable 
groups,  in  which  compounds  may  be  placed  together,  according  to  the  particular  analo- 
gies which  it  is  desired  to  bring  to  light."  (Kekul6.) 

TTPHA.  Two  species  of  this  water-plant  have  been  chemically  investigated.  The 
pollen  of  T.  ^afo/oZi'a  contains,  according  to  Braconnot  (Ann.  Ch.  Phys.  [2],  xlii. 
919),  3'6  per  cent,  stearin  and  olein,  18'3  sugar,  2'0  starch,  25'9  pollenin,  2'5  magne- 
sium- and  potassium-phosphates,  together  with  small  quantities  of  other  potassium- 
salts,  and  0'4  silica. 

The  rootstock  of  the  same  plant  contains,  in  the  fresh  state,  according  to  Lecocq 
(J.  Chim.  mM.xlii.  91),  in  December,  12'6  pts.  starch  to  73  pts.  water ;  but  in  April,  only 
10-5  pts.  starch  to  the  same  quantity  of  water.  A  decoction  of  the  root  is  said  to  bo 
used  in  Turkey  as  a  remedy  for  dropsy  and  for  snake-bites.  (Landeror.) 

100  pts.  of  the  entire  plant  of  Typha  angustifolia  contain,  after  drying,  9'58  per 
cent,  ash;  and  the  ash  contains,  in  100  pts.,  14-8  K^'O,  21-9  CaO,  1-56  MgO,  0-2  Fe■^0^ 
2-5  SO',  0-6  SiO^  21-0  C0^  3'9  P^O',  16-8  KCl,  and  16-9  NaCl.  (Schul.z-Fleeth, 
Pogg.  Ann.  cxv.  157.) 

TYBXTE.    See  Niobatbs  of  Ytxkium  (iv.  55). 

TYROXiZTE.    Coppcr-frotk.    Pharmacosiderite.    Cupriferous  Calamine.  Ktqm- 

phrite.  Kvpferschaum. — A  basic  arsenate  of  copper,  Cu^As^O''.2Cu"H-0'.7H"0,  or 
5Cu"O.As^O*.9H'0,  found  native  at  Falkenstein  in  the  Tyrol,^and  in  other  locali- 
ties, sometimes  in  trimetric  crystals,  with  the  faces  oP  .  ooPoo  .  ooP,  cleaving 
perfectly  parallel  to  oP;  more  frequently  reniform,  massive ;  structure  radiate,  folia- 
coous  ;  surface  drusy.  Specific  gravity  =  3"02  to  3-098.  Hardness  =  1 — 2.  Lustre, 
pearly  on  the  face  oP,  vitreous  on  the  other  faces.  Colour  apple-green  and  verdigris- 
green,  inclining  to  skyblue.  Streak  a  little  paler.  Translucent  to  subtranslucent. 
Fracture  not  observable.  Very  sextile.  Thin  laminae  flexible.  Decrepitates  strongly 
when  heated  ;  melts  before  the  blowpipe  to  a  noncrystalline  bead,  colouring  the  flame 
green.  On  charcoal  it  emits  moisture  quietly,  and  on  long  exposure  to  the  blowpipe- 
flame  swells  a  little  from  escape  of  arsenic-vapour.  With  soda  it  forms  an  imperfectly 
fluid  mass,  containing  a  white  metallic  nucleus.  Dissolves  in  acids,  with  evolution  of 
carbonic  acid. 

Kobell's  analysis  (Pogg.  Ann.  xviii.  253)  gave  25-01  per  cent.  As'0^  43-88  CuO, 
17-46  water,  and  13-65  carbonate  of  calcium ;  or,  abstracting  the  latter,  28-96  per  cent. 
As20^  50-82  CuO,  and  20-22  water,  the  formula  5Cu^O.As-05  +  gH'O  requiring 
29-20  Cu^O,  50-28  As^O%  and  20-52  water. 

Copper-froth  occurs  in  the  cavities  of  calamine,  ealcspar,  or  quartz,  together  with 
other  ores  of  copper,  in  small  aggregated  and  diverging  fibrous  groups,  having  a  palc- 
greon  colour  and  delicate  silky  lustre.    (Dana,  ii.  426  ;  Eammelsberg,  p.  378.) 

TYROSXN-E.  C»H"NO^  (Liebig,  [1846],  Ann.  Ch.  Pharm.  Ivii.  127  ;  Ixii.  269.— 
Warren  De  la  Rue,  ibid.  bciv.  35. — Bopp,  ibid.  Ixix.  20. — Hinterberger,  ihid. 
Ixii.  72. — Strecker,  ibid.  Ixxiii.  70. — Piria,  ibid.  Ixxxii.  251.— -Alex.  Miiller, 
J.  pr.  Chem.  Ivii.  162. —  Loyer  and  KoUer,  Ann.  Ch.  Pharm.  Ixxxiii.  332. — Witt- 
stein,  Jahresb.  1854,  p.  656.— Frerichs  andStadoler,  ibid.  1855,  p.  729;  1866,  p. 
702. — R.Hoffmann,  Ann.  Ch.  Pharm.  Ixxxvii.  123. — Stadeler,  iTiiV?.  cxi.  12;  cxv. 
57. — Erlenmeyer  and  Schoffer,  Jahresb.  1859,  p.  596. — Neubauer,  Ann.  Ch. 
Pharm.  cvi.  72. — Frohde,  Jahresb.  1860,  p.  579. — Schmeisser,  Arch.  Pharm.  [2], 
c.  14. — Kolliker  and  H.  Miiller,  Ber.  d.  phys.  Anat,  zu  Wurzburg,  vii.  3. — 
Hahmetz&T,  Inaugural  Dissertation, 'Exla.ngen,  1862. — Gorup-Besanez,  Ann.  Ch. 
Pharm.  xcviii.  13;  cxxv.  381. — Scherer,  J.  pr.  Cheni.  Ixx.  406.— C.  Wicke,  Ann. 
Ch.  Pharm.  ci.  314. — R.  Schmitt  and  0.  Nasse,  ihid.  cxxxiii.  211.— L.  Earth, 
ibid,  cxxxvi.  110;  Bull.  Soc.  Chim.  1866,  i.  307.— G.  Beyer,  Zeitschr.  f.  Chem.  [2], 
iii.  436 ;  Bull.  Soc.  Chim.  1867,  ii.  368.) 

A  crystalline  nitrogenous  body,  produced  by  the  decomposition  of  albuminoidal 
substances  under  the  influence  of  acids,  alkalis,  and  putrefaction.    It  was  discovered 
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by  Liebig,  who  obtained  it  by  decomposing  casciu  with  melting  pol ash.  A.  Miiller 
found  it  amongst  the  products  of  the  putrefaction  of  yeast.  Leyer  and  Koller 
obtained  it  by  the  action  of  fused  potasli  on  globuhn,  feathers,  haii-s,  and  hedgehog's 
prickles,  or  by  treating  tliese  bodies  with  sulpluu-ic  acid.  Hiuterberger  prepared  it  by 
boiling  ox-horn  with  sulphuric  acid.  Stiidoler  obtained  it  in  like  manner  from 
muscle-fibrin,  vegetable  tibriu,  fibroin,  and  animal  mucus.  Stadeler  has  further 
piointcd  out  that  the  white  bodies,  resembling  poppy-seeds,  sometimes  observed  in 
badly-preser\'ed  alcoholic  anatomical  preparations,  also  consist  of  tyrosine ;  and  that 
the  so-called  cystinoid  tubercles,  or  xanthocystin,  found  by  ChevaUier  and  Lassaigno 
on  a  corpse  two  mouths  old,  likewise  agreed  in  character  with  this  substance. 

Tyrosine  occurs  ready-formed,  and  always  accompanied  by  leucine,  in  tlie  animal 
organism  :  it  has  been  found  in  the  spleen,  and  the  pancreas ;  in  the  liver  and  in 
the  blood  of  the  hepatic  veins,  in  certain  states  of  liver-disease ;  in  the  bile  of 
typhous  patients  ;  and  in  the  urine,  sometimes  forming  crystalline  sediments  (Frerichs 
and  Stadeler) ;  in  the  cutaneous  scales  in  pellagra  (Schmetzer).  It  occurs  also  in 
cochineal  (De  la  Rue),  probably  as  a  product  of  decomposition,  and  in  most  of  the 
lower  forms  of  animal  life.  According  to  Wittstein,  it  is  found  in  American  extract  of 
rhatany. 

Preparation. — From  Casein. — Well-pressed  cheese,  prepared  from  milk,  either  fresh 
or  curdled,  and  freed  as  much  as  possible  from  adhering  butter,  is  fused  with  its  own 
weight  of  potassium-hydrate  (or  with  solution  of  potash  strong  enough  to  crystallise 
on  cooling)  until  hydrogen,  as  well  as  ammonia,  is  evolved  from  the  melting  mass ; 
the  mass  is  dissolved  in  hot  water,  and  slightly  supersaturated  with  acetic  acid  ;  and 
tlie  filtered  liquid  is  left  to  cool,  whereupon  needles  of  tyrosine  separate,  wliich  are 
l)urified  by  repeated  solution  in  water  containing  potassium-carbonate,  and  precipita- 
tion with  acetic  acid  (Liebig).  To  purify  it  from  leucine,  when  obtained  in  this 
manner,  or  according  to  preparation  6  of  leucine  (iii.  580),  it  is  recrystallised  from 
hot,  and  then  washed  with  cold  water.  It  still  retains  some  brown-red  matter,  to 
remove  which  the  solution  in  hydrochloric  acid  is  treated  with  animal  charcoal, 
d<!composed  with  a  quantity  of  potassium-acetate  equivalent  to  the  amount  of  hydro- 
chloric acid,  and  rapidly  filtered,  whereupon  the  filtrate  becomes  filled  with  entangled 
needles.  A  portion  of  the  tyrosine  remains  dissolved  in  the  acetic  acid,  but  the  rest 
is  thereby  freed  from  ash,  which  adheres  obstinately  to  the  tyrosine  crystallised  from 
neutral  solutions.  The  needles  are  washed  with  cold  water,  and  once  more  crystallised. 
(Bopp.) 

From  Horn.' — Dilute  sulphuric  acid  (1  pt.  oil  of  vitriol  to  4  pts.  water)  is  boiled  in 
a  copper  vessel  with  horn-shavings  (equal  to  half  the  weight  of  the  oil  of  vitriol)  for 
about  twelve  hours,  renewing  the  water  as  it  evaporates.  The  liquid  is  then  diluted 
with  water,  mixed  with  milk  of  lime  to  alkaline  reaction,  and  strained  ;  the  residue 
is  exhausted  with  hot  water ;  the  liquid  evaporated  at  the  boiling  heat  to  about 
two-thiwls  the  volume  of  the  dilute  sulphuric  acid,  and  then  neutralised  with 
sulphuric  acid ;  the  impure  tyrosine,  which  separates  in  twenty-four  hours,  is  col- 
lected ;  and  an  additional  quantity  is  obtained  by  evaporating  the  mother-liquor, 
together  with  leucine,  which  must  be  separated  by  solution  in  cold  water.  The  impure 
tyrosine  is  next  heated  with  dilute  soda-ley  ;  and  the  tyrosine  M'hieh  separates  after 
twelve  hours  is  again  collected,  and  further  purified  by  recrystallisation  from  aqueous 
ammonia.  Horn-shavings  treated  in  this  manner  yield,  on  the  average,  4  per  cent, 
tyrosine  and  8  per  cent,  leucine ;  fibroin  (silk)  and  animal  mucus  more  than  4  per 
cent,  tyrosine  (Stadeler).  For  Erlenmej'er  and  Schoffer's  determinations  of  the 
quantities  of  tyrosine  and  leucine  obtained  by  boiling  various  animal  substances  with 
dilute  sulphuric  acid,  see  Leuctne  (iii.  579). 

Tyrosine,  even  after  repeated  crystallisation  from  aqueous  ammonia,  is  often  con- 
taminated with  a  small  quantity  of  a  sulphurous  compound,  which  adheres  obstinately 
to  it.  To  remove  this  impurity,  Stadeler  dissolves  the  tyrosine  in  water,  mixes  the 
warm  solution  with  a  small  quantity  of  basic  lead-acetate,  and  removes  the  lead  from 
the  clear  filtrate  by  sulphuretted  hydrogen.  The  concentrated  solution  then  yields, 
by  evaporation,  perfectly  pure  tyrosine. 

From  Cochineal. — Decoction  of  cochineal  is  precipitated  by  neutral  acetate  or  basic 
nitrate  of  lead  ;  the  liquid  is  filtered  from  tho  carminate  of  lead,  and  treated  with 
sulphuretted  hydrogen  ;  and  the  filtrate  is  evaporated  to  a  syrup,  whereupon  a  chalk- 
like substance  separates.  This  is  washed  with  cold  water,  and  several  times  recrj's- 
tallised  from  boiling  water,  ultimately  with  the  aid  of  animal  charcoal.  The  separated 
crystals,  which  have  a  silky  lustre,  shrink  on  the  filter  to  a  paper-hke  mass  also 
having  a  silky  lustre.    300  parts  of  cochineal  yield  1  pt.  of  tyrosine.    (De  la  Rue.) 

Properties. — Tyrosine  crystallises  from  aqueous  solution  in  stellate  groups  of  long 
slender  needles,  having  a  silky  lustre,  and  becoming  interlaced  and  confused  in  drying. 
From  ammoniacal  solutions,  it  crystallises  in  permanent  tufts  of  larger  needles,  also 
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having  a  silky  lustre ;  and  by  siiporsaturating  warm  dilute  hydrochloric  acid  with 
tyrosine,  a  crop  of  crystals  is  obtained,  consisting  of  rather  tliick  oblong  prisms,  with  a 
horizontal  dome  resting  on  the  narrow  sides. 

Tyrosine  dissolves  in  150  pts.  of  boiling  wafer,  in  1900  pts.  of  cold  water  (at  about 
16°),  in  about  13,500  pts.  of  cold  90  per  cent,  alcohol,  not  much  more  freely  in  boiling 
alcohol,  and  is  quite  insoluble  in  ether.  Its  solubility  in  alcohol  is  greatly  increased 
by  admixture  with  amorphous  extractive  matter. 

Tyrosine-solutions  are  not  precipitated  either  by  neutral  or  by  basic  acetate  of  lead; 
but  on  addition  of  ammonia,  the  basic  acetate  produces  a  precipitate  consisting  of 
tyrosine  combined  with  lead.  A  solution  of  tyrosine  is  not  altered  by  addition  of 
Ttiercuric  acetate,  unless  previously  mixed  with  basic  acetate  of  lead  ;  in  which  case  the 
tyrosine  is  almost  completely  precipitated  as  a  mercury-compound,  from  which  it  may 
be  separated  by  sulphuretted  hydrogen.  An  aqueous  solution  of  tyrosine  mixed  with 
mercuric  nitrate  remains  clear ;  but  on  adding  a  small  quantity  of  soda,  a  white  pre- 
cipitate is  formed,  containing  tyrosine,  mercuric  oxide,  and  nitric  acid.  A  moderately 
dilute  solution  of  tyrosine  boiled  with  mercuric  nitrate,  turns  red  and  deposits  a  brown- 
red  precipitate.  Very  dilute  solutions  assume  a  faint  rose-colour,  and  yield  a  yellow 
or  flesh-coloured  precipitate  (R.  Hoffmann;  Stiideler).  A  small  quantity  of 
tyrosine  gently  warmed  with  a  few  drops  of  strong  sulphuric  acid  yields,  after  dilution 
with  water  and  neutralisation  with  barium-carbonate,  a  liquid  which  is  coloured 
violet  hy  ferric  chloride ;  this  reaction  affords  a  very  delicate  test  for  t3Tosine.  (Piri  a ; 
Stadeler.) 

Tyrosine  heated  for  some  time  with  chlorine,  or  hromine,  is  converted  into  perehloro- 
quinone,  or  perbromoquinone  ;  at  ordinary  temperatures,  on  the  other  hand,  bromine 
forms  dibromotyrosino.  When  chlorate  of  potassium  is  added  to  the  hydrochloric 
acid  solution  of  tyrosine,  a  wine-red  coloration  is  produced  ;  oily  drops  separate ;  and 
the  liquid  when  distilled  yields  chlorinated  aeotono,  leaving  a  resinous  mass,  which, 
by  the  further  action  of  hydrochloric  acid  and  potassium-chlorate,  is  converted  into 
perchloroquinone. 

Tyrosine  heated  with  dilute  sulphuric  acid  and  peroxide  of  lead  is  completely  decom- 
posed, carbonic  anhydride  being  slowly  evolved,  and  the  brown  liquid,  when  freed  from 
sulphuric  acid  by  means  of  barium-carbonate,  yielding,  on  addition  of  alcohol,  a  dark- 
coloured  precipitate,  while  the  filtrate  on  slow  evaporation  deposits  a  few  small 
crystals. — Alkaline  tyrosine-compounds  decompose  permanganate  of  potassium  even 
in  the  cold,  forming  oxalic  acid  and  .a  brown  substance  (Noubauer).  Tyrosine 
distilled  with  potassiiim-chromatc  and  sulphuric  acid,  yields  bitter-almond-oil,  hydro- 
cyanic iicid,  benzoio  acid,  formic  acid,  acetic  acid,  and  carbonic  acid.  (Frohde.) 

Tyrosine  lieated  with  nitric  acid,  yields  nitro-substitution-produets. 

Tyrosine  is  decomposed  by  heat,  emitting  an  odour  of  burnt  horn  ;  when  heated  in 
considerable  quantity  (mixed  with  pumice-stone),  it  yields  an  oily  distillate,  smelling 
strongly  of  phenol  (Stadeler).  But  when  very  small  quantities  of  it  are  heated  in 
thin  glass  tubes  to  about  270°,  a  white  alkaline  sublimate,  C'H"NO,  is  obtained,  very 
slightly  soluble  in  water,  and  forming  a  crystalli sable  hydrochlorate  and  chloroplati- 
nate.  This  body  has  the  composition  of  ethyl-oxyphenylamin e,  ^^(C^H*)^^, 
and  accordingly  tyrosine,  from  which  it  is  formed  by  elimination  of  carbonic  anhy- 
dride, may  be  regarded  as  ethyl-amidosalicylio  acid : 

C'H'NO'    =    CH'NO  +  C0«. 

Amidosali-  Oxyphenyl- 
cy lie  acid.  amine. 

C'H«(C»H*)NO'    =    C"H6(C2H=)NO    +  CO". 

Ethyl-amidos.ili-  Ethyl-oxyphe- 
cylic  acid.  nylamine. 

(Schmitt  and  Nasse,  Ann.  Ch.  Pharm.  cxxxiii.  211.)  On  the  other  hand,  accord- 
ing to  L.  Earth  {ibid,  cxxxvii.  110),  tyrosine,  fused  with  caustic  potash,  is  resolved 
into  paraoxybenzoic  acid,  acetic  acid,  and  ammonia,  as  shown  by  the  equation: 

C'H"NO'  +  H'O  H-  0    =    C-'WO"  +  C"-WO-  +  NH»; 

Tyrosine.  Paraoxy  Acetic 

benzoic  acid, 
acid. 

and  may,  accordingly,  be  regarded  as  the  ethylic  derivative  of  amidoparaoxyben- 
zoic  acid: 

C'ff(NH'')0=  C'ff(NH.C'=H^)0''. 

Amidoparaoxy-  Tyrosine, 
benzoic  acid. 

Compounds  of  Tyrosine. — Tyrosine  dissolves  in  acids  and  in  alJcalis,  forming  defi- 
nite compounds.  It  unites  with  acids  in  two  proportions,  but  is  not  capable  of  neutral- 
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ising  tbem.  It  has  rather  the  properties  of  a  weak  acid,  decomposing  the  carbonates 
of  the  alkaline  oarth-metals  at  the  boiling  heat,  and  forming,  partly  amorphous,  partly 
crystalline  compounds,  which  have  a  somewhat  strong  alkaline  reaction. 

Tyrosine  dissolves  abundantly  in  ammonia,  but  crystallises  out  from  the  solution 
unaltered.    With  the  fixed  bases,  on  the  contiary,  it  easily  forms  definite  compounds. 

The  harmm-compound,  C"H'Ba"N0^.2H-0,  forms  somewhat  sparingly  soluble  pris- 
matic crystals,  more  soluble  in  cold  than  in  hot  water.  The  aqueous  solution  has  an 
alkaline  i-eaction,  and  is  precipitated  by  alcohol. — There  appears  to  be  also  a  compound 
containing  C»H''Ba"NO^.C'-'H"NO^— The  ra/cMm-sa^i,  C"H»Ca"NO^  prepared  by  dis- 
.solving  tyrosine  in  lime-water,  docs  not  crystallise.  A  solution  of  tyrosine  boiled 
with  calcium-carbonate,  a])pi'ar3  to  yield  a  mixture  of  this  salt  with  the  compound 
(_"'H'-'Ca"NOlC''H"NOl— The  sodium-salt,  C'-'H»Na-NO',  is  formed  by  saturating  di- 
late soda-ley  with  tyrosine.  The  solution  is  alkaline,  and  is  not  precipitated  by  alcohol. 

ISih'ir-salts. — On  adding  a  saturated  ammoni;ical  solution  of  tyrosine,  by  drops  and 
w  ith  constant  stirring,  to  a  concentrated  solution  of  silver-nitrate,  in  such  quantity  that 
I  he  liquid  no  longer  smells  of  ammonia,  a  heavy  amorphous  precipitate  is  formed, 
containing  C'H"Ag-N0''.H'O.  After  a  certain  qiumtity  of  the  ammoniaeal  solution  has 
been  added,  no  further  precipitation  takes  place  ;  but  if  the  liquid  be  then  neutralised 
with  nitric  acid,  the  compound  2C"H'"AgN0'.H^0,  separates  as  a  heavy  crystalline 
powder.  Both  compounds  are  slightly  soluble  in  water,  but  turn  red  litmus-paper 
lihie.  They  dissolve  easily  in  niti-ic  acid  and  iu  ammonia,  and  are  decomposed  by 
boiling  with  water. 

HijdrocUoratc  of  Tyrosine,  C'H"NO'.HCI,  separates  in  needle-shaped  crystals,  on 
adding  an  excess  of  strong  hydrochloric  acid  to  a  solution  of  tyrosine  in  the  same  acid. 
AVater  and  dilute  alcohol  decompose  it  immediately  into  tyrosine  and  hydi-ochloric 
acid  ;  but  absolute  alcohol  dissolves  it  without  decomposition,  forming  a  solution 
wliich  is  not  precipitated  by  platinic  chloride  ;  the  salt  is  insoluble  in  ether. 

Nitrate. — Tyrosine,  triturated  to  a  paste  with  water,  remains  colourless  when  nitric 
acid  is  added  to  it,  not  in  excess  ;  and  the  liquid  filtered  from  undissolved  tyrosine, 
yields,  by  spontaneous  evaporation,  radiate  groups  of  needles,  probably  consisting  of 
tlio  salt  C»H"NOMINO^ 

Tlie  sidphatc,  C°H"NO'.H-SO',  is  obtained,  by  treating  tyrosine  in  excess  with 
dilute  sulphuric  acid,  and  leaving  the  filtrate  to  evaporate,  in  long  slender  needles, 
which  are  not  coloured  by  ferric  chloride,  suffer  no  loss  of  weight  at  115^,  and  dis- 
solve easily  in  water;  the  aqueous  solution,  however,  soon  deposits  tyrosine. 

No  compoimds  of  tyrosine  with  organic  acids  have  yet  been  obtained, 

Derivatives  of  Tyrosine. 

Amidotyrosine,  C'H'^N^O'  =  C''H'»(NH2)N0^  (G.Beyer,  BuU.  Soc.  Chim. 
1867,  ii.  3G9.) — Obtained  by  reducing  nitrotyrosine  with  tin  in  presence  of  dilute 
hydrochloric  acid.  The  solution,  freed  from  tin  by  sulphuretted  hydrogen,  and  quickly 
evaporated  (any  brown  colour  that  may  appear  being  removed  from  time  to  time 
by  sulpluiretted  hydrogen),  yields  nearly  colourless  liydi'ochlorate  of  amidotyrosine. 
To  obtain  the  base,  the  aqueous  solution  of  this  salt  is  mixed  with  soda,  not  in  excess, 
and  evaporated  to  100°,  till  it  concretes  into  a  thick  magma,  a  resinous  matter 
which  forms  during  the  evaporation  being  pre^^ously  removed  by  filtration.  The 
crystalline  magma  is  then  left  to  cool  in  a  vacuum,  and  freed  by  pressure  from  cliloride 
of  sodium,  which  remains  in  solution. 

Amidotyrosine  thus  prepared  is  an  anhydrous  crystalline  powder,  very  soluble  in 
water,  slightly  soluble  in  alcohol,  permanent  in  the  air  when  dry,  but  easily  absorb- 
ing uioistm-o,  and  then  turning  broOTi.  Heated  above  100°,  it  decomposes,  and  jnelds 
by  distillation  an  oleaginous  liquid,  which  solidifies  to  a  crystalline  mass  on  cooling. 

Amidotyrosine  forms  well-crystallised  salts. —  The  hydrochlorate,  C'H'-N^0^.2HC1. 
H-0,  crystallises  in  long  needles,  and  sometimes  forms  a  white  hygroscopic  powder. 
It  gives  off  its  water  at  120°,  without  coloration.  The  aqueous  solution  quickly 
acquires  a  violet-brown  colour.  It  is  more  soluble  in  alcohol  than  the  free  base.  The 
solution  at  the  boiling  heat  quickly  reduces  silver-oxide  and  platinic  chloride  to  the 
nietalho  state,  a  resin  soluble  in  ammonia  being  formed  at  the  same  time. — The  acid 
sulphate,  C°H"N-'0'.2H-S0<,  separates  on  cooling  in  anhydrous  nodules,  soluble  in 
water,  when  the  hydrochlorate  is  evaporated  over  the  water-bath  with  dilute  sulphuric 
acid. — The  neutral  sidphatc,  C'H'-N-0'.H*SO\  is  formed  on  adding  the  free  base  to  an 
equivalent  quantity  of  the  acid  salt  in  concentrated  solution,  and  separates  in  well- 
defined  crystals  ;  it  reduces  oxide  of  silver. — Sulphate  of  cine  and  amidotyrosine, 
ZnS0<.2(C'H'-N-0MI%S0'),  is  obtained  in  the  crystalliuo  state  from  a  mixture  of  the 
two  sulphates. 
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Sibromotyrosine,  CTI«Br-]SrO='.2H20.  (Gorup-Besanez.)— The  hydrofcromats 
of  this  base,  produced  by  the  action  of  bromine-vapour  on  excess  of  tyrosine,  splits 
up,  when  boiled  with  water,  into  hydrobrolaic  acid  and  dibromotyrosine.  The  base 
separates  from  concentrated  solutions,  in  slender  white  needles ;  from  more  dilute 
solutions,  after  some  time,  in  fan-shaped  groups  of  large  rhomboidal  tables,  or  in  thick 
prismatic  crystals  belonging  to  the  triclinic  system.  The  crystals  are,  at  first,  per- 
fectly transparent,  but,  when  exposed  to  the  air,  gradually  give  off  their  water  of 
crystallisation,  and  become  milkwhite.  Dibromotyrosine  is  more  soluble  in  hot  than 
in  cold  water,  sparingly  soluble  in  alcohol,  insoluble  in  ether;  has  a  slightly  bitter 
taste,  an  acid  reaction,  and  gives  off  the  whole  of  its  crystallisation-water  at  100°.  At  a 
higher  temperature  it  decomposes,  giving  off  an  odour  like  that  of  phenyl-compojinds. 
It  dissolves  in  alkalis,  with  decomposition,  and  formation  of  metallic  bromide ;  and 
when  treated  with  nitric  acid,  immediately  becomes  reddish,  gives  off  bromine,  and 
forms  a  solution,  which,  on  evaporation,  gradually  deposits  crystals  of  dinitroty- 
rosine. 

Dibromotyrosine  unites  with  acids  and  with  bases,  forming  compounds  which  may 
be  prepared  similarly  to  those  of  tyrosine  itself — The  silver-compound,  CH'Br^Ag^O', 
is  a  white  crystalline  precipitate,  which  turns  brown  on  exposure  to  light,  is  decom- 
posed by  boiling  with  water,  also  by  nitric  acid,  which  separates  bromide  of  silver. 

Hydrobromate  of  Dibromotyrosine,  C'H'Br^NO'.HBr,  crystallises  in  stellate  groups 
of  small  nacreous  needles,  easily  soluble  in  water  and  in  alcohol,  but  decomposed  by 
boiling  with  water. — The  hydrocMorate,  C'H'Br^NO'.HCl .  |H-^0,  gives  off  its  water  of 
crystallisation  at  100°,  and  in  other  respects  resembles  the  hydrobromate. — The 
sulphate,  (C''H'Br^NO^)^.H^SO"',  forms  interlaced  needles,  easily  soluble  in  water  and 
in  alcohol. 

Witrotyrosine,  C'H"'(N02)N0'.  (Strecker,  Ann.  Ch.  Pharm. Ixxiii.  70.)— When 
tyrosine  is  suspended  in  four  times  its  bulk  of  water,  and  a  quantity  of  nitric  acid  of 
specific  gravity  l'3,equal  in  volume  to  the  water,  is  gradually  added,  the  solution  becomes 
warm,  acquires  a  red  colour,  and,  after  standing  for  twelve  hours  in  a  warm  place, 
deposits  an  abundant  crystallisation  of  nitrate  of  nitrotyrosine ;  and  on  pressing  these 
crystals  between  paper,  dissolving  them  in  water,  and  adding  as  much  ammonia  as  can 
be  added  without  reddening,  nitrotyrosine  is  deposited :  it  may  also  be  separated  from 
the  solutions  of  its  salts  by  acetate  of  ammonium. 

Nitrotyrosine  forms  delicate  yellow  needles,  united  in  warty  groups,  or  in  beautiful 
wavellitic  crystalline  geodes.  It  is  slightly  soluble  in  cold,  more  soluble  in  hot  water, 
insoluble  in  alcohol  and  ether,  has  a  slightly  bitter  taste,  reddens  litmus,  and  decom- 
poses with  slight  detonation  when  heated  above  100°.  It  dissolves  in  ammonia,  the 
fixed  alkalis,  and  dilute  mineral  acids,  but  not  in  acetic  acid. 

Nitrotyrosine  unites  with  acids  and  with  bases,  in  the  same  manner  as  tyrosine. — ■ 
The  barium-salt,  Ba"[C'H''(NO^)NO']^  is  a  blood-red  amorphous  mass. — The  silver-salt, 
C''H''Ag^(NO^)NO',  is  an  orange-yellow  precipitate,  soon  changing  to  a  deep  red 
granular  powder,  somewhat  soluble  in  water ;  there  appears  also  to  be  another  silver- 
compound  containing  C»H»Ag(N02)N0'. 

HydrocMorate  of  Nitrotyrosine,  2[C'H>°(N02)N0^HC1].H'0,  crystallises  in  tufts 
of  lemon-yellow  needles,  easily  soluble  in  water  and  in  alcohol. — The  nitrate, 
C°H'"(NO-)NO^.HNO^  forms  lemon-yellow  needles,  insoluble  in  ether,  easily  soluble  in 
alcohol,  soluble  in  6  pts.  of  water ;  the  solution  decomposes  on  standing,  depositing 
nitrotyrosine.  —  SiJ^p/wfe  of  Mtrotyrosine,  2Q^W{^0-)'SiO''.W&0\  forms  yellow 
needles  or  granules. 

Binitrotyrosine,  C»H»(N02)2NOl  (Stadeler,  Jahresb.  1860, p.  676.)— Produced 
by  gently  heating  nitrate  of  nitrotyrosine  with  a  mixture  of  equal  volumes  of  water 
and  nitric  acid  of  specific  gravity  1-3.  On  washing  the  lemon-yellow  residue  with  cold 
water,  and  recrystallising  it  from  boiling  water,  the  dinitrotyrosine  is  obtained  in  golden- 
yellow  shining  laminse.  It  is  very  slightly  soluble  in  cold  water,  not  much  more  in 
hot  water,  easily  soluble  in  alcohol,  less  soluble  in  ether;  has  a  slight  acid  taste; 
makes  a  deep  yellow  stain ;  melts  at  115°,  and  decomposes  with  slight  detonation. 

Dinitrotyrosine  unites  easily  with  metals,  forming  red  and  yellow  salts,  which 
detonate  violently  when  heated. — The  ammonium-salt  crystallises  from  an  aqueous 
solution  mixed  with  alcohol  and  ether,  in  stellate  groups  of  needles,  having  a  deep 
chrome-red  colour  with  violet  reflex.—The  barium-salt,  Cm'''Bi"(N0''f'N0K2R^O, 
crystallises  in  rather  thick  ruby-coloured  prisms,  more  soluble  than  the  calcium-salt. 
—The  calcium-salt,  C''H'Ca"(NO'')lNO'.3H20,  is  precipitated  in  golden -yellow  six-sided 
tables,  on  adding  ammonia  to  a  solution  of  dinitrotyrosine  mixed  with  chloride  of 
calcium :  it  is  insoluble  in  alcohol  and  ether,  slightly  soluble  in  water,  more  readily  in 
dilute  acetic  acid. — The  lead-salt  separates,  on  mixing  a  solution  of  dinitrotyrosine 
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with  acotato  of  lead,  in  orango-colourod  flocks,  which,  if  left  in  the  liquid,  gradually 
become  crystalline,  and  are  converted  into  large  stars,  formed  of  chrome-red  hexagonal 
tables.— The  inagnesium-salt  crystallises  in  stellate  tufts  of  very  delicate  bright-red 
needles. — The  silver-salt  is  precijjitated  by  ammonia,  from  a  solution  of  dinitrotyrosine 
mixed  with  silver-nitrate,  in  red  flocks,  which  soon  become  crystalline. 

En/throsin. —  This  name  is  given  by  Stadeler  to  the  red  colouring-matter,  formed 
when  tyrosine  is  dissolved  in  excess  of  nitric  acid,  or  when  a  solution  of  tyrosine-nitrate 
is  left  to  evaporate  in  the  air,  and  probably  also  by  the  action  of  ozone  on  tyrosine 
(Gorup-Besanez).  It  is  a  red -brown  substance,  insoluble  in  the  ordinary  solvents, 
but  easily  soluble  in  alcohol  containing  sulphuric  acid,  from  which  solution  it  is  partly 
precipitated  by  ammonia,  the  remaining  liquid  being  green  by  transmitted,  red  and 
opaque  by  reflected  light.  Erythrosin  dissolves  in  the  fixed  alkalis  with  brown-red 
or  violet  colour,  in  strong  sulphuric  acid  also  with  violet  colour.  Stadeler  thinks  it 
not  improbable  that  this  body  may  be  identical  with  hx'matoidin. 

TTBOSXIO'E-SVI.PHURXC  ACID.  (Frerichs  and  Stiideler,  Jahresb.  1854, 
p.  675. — Stadeler,  Ann.  Ch.  Pharm.  cxvi.  57;  Jahresb.  1860,  p.  577.)— Tyrosine 
forms,  with  sulphuric  acid,  several  acids  containing  the  radicle  SO*. — a.  On  heating  it 
to  100°,  with  four  or  five  times  its  weight  of  strong  sulphuric  acid,  a  monobasic  acid, 
C'H"NO^.SO',  is  formed,  which,  on  diluting  with  water,  neutralising  with  carbonate  of 
barium,  and  decomposing  the  filtrate  with  sulphuric  acid,  is  partly  precipitated, 
together  with  fho  barium-sidphate,  as  anhydrous  crystalline  acid,  and  partly  separates, 
on  evaporating  the  mother-liquor,  as  hydrated  pulverulent  acid,  CTl"N0^.S0'.2H'0. 

The  cry  st  alii  ne  acid  is  very  slightly  soluble  in  cold  water,  dissolves  slowly  in  hot 
water,  and  is  gradually  deposited  from  this  solution,  on  evaporation,  or  on  addition  of 
hydrochloric  or  nitric  acid,  in  prisms  or  tables;  it  is  but  very  slightly  soluble  in 
.•ilcohol,  even  at  the  boiling  heat. — The  hydrated  acid  is  a  starehliko  powder,  con- 
taining from  0'8  to  12  per  cent,  water,  and  much  more  soluble  in  water  and  alcohol  than 
the  crystalline  acids  (12  per  cent,  water  =  2  at.). 

Tyrosinc-sulphuric  acid  has  a  strong  acid  reaction,  and  produces,  with  a  small 
([uantity  of  ferric  chloride,  a  splendid  violet  colour — or  rose-red  in  very  dilute  solutions. 
Its  salts,  wliich  are  mostly  very  soluble,  and  likewise  produce  the  violet  colour  witli 
ferric  chloride,  are  amorphous,  and  not  precipitable  by  nitrate  of  silver  or  neutral 
acetate  of  lead,  but  yield  a  precipitate  with  the  basic  acetate. — The  aimnonium-salt, 
C'n"'(NII')NO^S0lIPO,  gives  oif  water  and  ammonia  when  heated,  and  then 
becomes  acid. — The  barium-salt,  C'H"'Ba"N0^.S0^.2H*0,  and  the  calcium-salt, 
C"H"'Ca"N0^S0'.2^H^0,  have  an  alkaline  reaction,  and  disagreeable  saline  bitter 
taste. 

;8.  Wlien  tyrosine  and  sulphuric  acid  are  heated  in  the  proportions  above  men- 
tioned, but  more  strongly  and  for  a  longer  time,  an  acid  is  formed,  the  barium-salt  of 
which  has  tlie  same  composition  as  the  above,  but  a  neutral  reaction  and  sweet  taste. 

•y.  By  strongly  heating  tyrosine  with  8  to  12  pts.  sulphuric  acid,  dibasic  acids 
are  produced,  the  barium-salts  of  which  stiU  yield  the  violet  colour  with  ferric 
chloride,  but  diflFer  in  composition  and  in  their  other  properties  from  those  above  de- 
scribed. One  of  these  barium-salts,  crystallised  in  nodules,  was  tasteless,  had  an 
alkaline  reaction,  dissolved  slightly  in  cold,  more  freely  in  hot  water,  and  was  found 
to  consist  of  C»H»Ba"N0'.S0^.'3H'^0. 

S.  The  action  of  sulphuric  acid  on  tyrosine  at  high  temperatures  appears  also  to 
yield  other  acids,  resulting  from  more  advanced  decomposition  :  they  all  give  the  violet 
colour  with  ferric  chloride,  but  have  not  been  fiu-ther  examined.  (Stadeler.) 
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VIGXTE.  A  mineral  from  Uig,  in  the  Isle  of  Skye,  containing  62'40  per  cent, 
silica,  17-98  alumina,  9  97  lime,  0-36  magnesia,  0-03  potash,  1-40  soda,  and  17-83 
water.  It  has  a  white  to  light-yellow  colour,  nacreous  lustre,  hardness  =  5-5,  and 
specific  gravity  =  2-28-1.  Before  the  blowpipe  it  melts  quietly  and  easily  to  an  opaque 
enamel.    (Heddle,  N.  Jahrb.  f.  Mineral.  1858,  p.  823.) 

ITIiEXXTX:.,  Syn.  with  Borocaicite  (i.  643). 

UIiXiXCO.  Attempts  have  been  made  in  Holland  to  cidtivate  the  root  of  Wlicn 
tuhcrosus  on  the  largo  scale  as  a  substitute  for  the  potato.  100  pts.  of  the  fresh  root 
contain  87-9  pts.  water,  10  95  organic  matter,  and  1-15  ash.  100  pts.  of  the  dry  sub- 
stance contain  3'1  pts.  fat  (mostly  ci-j-stallisable"),  29-4  fruit-sugar  (with  extractive 
matter  and  a  little  resin),  4-0  gum,  33-3  starch,  11-9  solid  albumin,  18-3  cellulose,  and 
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other  iBSoluble  substances.  The  dry  root  contains  2-6  per  cent,  nitrogen,  equivalent 
to  17  per  cent,  albuminous  substance.  The  ash  contains  lime,  ferric  oxide,  soda,  sul- 
phuric acid,  phosphoric  acid  in  large  quantity,  chlorine,  and  carbonic  acids,  together 
•with  small  quantities  of  magnesia,  potash,  and  silica.  (Mulder  and  Schabl^e, 
Pharm.  Centr.  1851,  p.  269.) 

VXiXiSXA.M'ZTE.  Antimonial  or  antimonio-arsenical  nickel-glance,  NiS,Ni(Sb:Asy 
(iy.  43). 

VXiIMC ARZC  ACID.   Buchner's  name  for  spiraeic  or  salicylous  acid,  obtained  from 

Spircea  ulmaria. 

VXiiaiC  ACIS.    VXinnxr.    See  the  next  article. 

ITXiItXOTTS  or  BVAXOVS  SVBSTAiarCES.  These  names  are  given  to  various 
brown  or  black  substances,  occurring  in  vegetable  mould,  peat,  stable-manure,  dung- 
water,  and  certain  mineral  waters,  and  resulting  from  the  putrefaction  of  vegetable 
or  animal  substances  in  contact  with  air  and  water.  Similar  substances  are  produced 
by  the  action  of  acids  and  alkalis  on  cellulose,  starch,  sugar,  fibrin,  albumin,  &c. ;  but 
the  composition  of  these  products  appears  to  vary  according  to  the  circumstances  under 
which  they  are  formed,  and  the  nature  of  the  reagents  used  in  preparing  them. 

When  sugar  is  boiled  for  some  time  with  dilute  hydrochloric,  nitric,  or  sulphuric 
acid,  black  or  brown  scales  are  deposited,  which,  after  being  washed  with  water,  dis- 
Folve  partially  in  ammonia,  leaving  a  black  insoluble  substance  called  ulmin;  and 
the  ammoniacal  solution,  when  neutralised  with  an  acid,  deposits  brown  or  black  gelati- 
nous flocks  of  ulmic  acid,  soluble  in  pure  water,  but  insoluble  in  water  containing  free 
acid  or  sulphate  of  potassium.  Ulmic  acid  and  ulmin  have  the  same  composition, 
C-^H'^O',  according  to  Stein  (Ann.  Ch.  Pharm.  xxx.  84),  differing  from  that  of  sugar 
only  bj'  the  elements  of  water.  Ulmic  acid  is  converted  into  ulmia  by  prolonged 
desiccation,  and  more  quickly  by  boiling  with  strong  hydrochloric  acid. 

When  vegetable  mould,  or  mouldered  wood  from  the  trunk  of  a  decaying  tree,  is 
digested  in  a  weak  solution  of  potash  or  soda,  a  brown  liquid  is  formed,  which,  on 
addition  of  an  acid,  yields  a  blackish-brown  precipitate,  easily  soluble  in  alkalis,  and 
always  retaining  a  considerable  proportion  of  nitrogen.  Mulder  (Ann.  Ch.  Pharm. 
xxxvi.  243)  regards  this  precipitate  as  a  mixture  of  three  substances,  which  are  com- 
pounds of  water,  orof  water  and  ammonia,  with  three  different  acids,  viz.- — geic  acid, 
C-"H'^0';  humic  acid,  C2»H'W;  and  ulmic  acid,  C^»H"0=.  These  formul*  are 
very  doubtful,  but  the  substances  in  question  are  obviously  the  product  of  vegetable 
matter  in  a  state  of  decay  more  or  less  advanced.  They  are  very  much  like  the  above- 
mentioned  products  of  the  decomposition  of  sugar. 

The  name  "  ulmic  acid,"  or  lUmin,"  was  given  by  Klaproth  to  a  gummy  substance 
contained  in  the  black  alkaline  excrescences  on  the  stems  of  unhealthy  trees,  especially 
of  elms. 

Ulmin  is  also  the  name  of  a  brown  pigment,  produced  by  the  action  of  strong  acids 
or  alkalis  on  various  organic  bodies,  especially  by  heating  treacle  or  alcohol  with 
Btrong  sulphuric  acid,  thoroughly  washing  the  residue  with  water,  then  triturating  it 
with  gum,  and  drying  the  mixture.  A  similar  colour  is  obtained  by  boiling  alcohol  with 
solid  caustic  poiash,  washing  the  product  with  hydrochloric  acid,  and  then  with  water. 

Por  details  respecting  the  various  observations  which  have  been  made  upon  ulmous 
or  humous  substances,  see  Gmelin' s  Handbook,  xvii.  458. 

tTXiMTTS.  The  bark  of  the  common  elm,  Ulmus  campesiris,  contains  tannin,  resin, 
mucus, and  inorganic  salts;  the  mucus,  according  to  Braconnot,  is  very  much  like  that 
of  linseed.  The  bark  of  old  elms  often  exudes  gummy  or  mouldy  substances,  containing 
vegetable  mucus,  together  with  the  carbonates  of  potassium,  calcium,  and  magnesium. 
Klaproth's  ulmin  was  a  substance  of  this  kind.  The  leaves  of  the  elm  are  said  to 
contain  a  bitter  principle  and  a  yellow  colouring-matter,  and  (according  to  Keller- 
man)  the  flowers,  at  the  time  when  the  buds  turn  rod,  contain  a  red  and  a  green  colour- 
ing-matter. 

The  composition  of  the  ash  of  the  bark  and  wood  is  as  follows : — 

K20.      Na^O.       CaO.      MgO.  Fe'-'PO^.  P'O^      SO^.  SiO'. 
Bark       2-2       10-1       727       3-2       1-2       1-2       0-6       S'S  =  100 
Wood    21-9       13-7       47-8       77       17       2-8       1-3       3-1  =  100 

VXiTENXTX:.  A  rock  occurring  in  the  Ulten  Valley  in  the  TjtoI,  consisting  of  a 
crystalline,  fine-grained,  slaty  mixture  of  garnet  with  disthene  and  a  small  quantity 
of  mica. 

VZiTRAmABZirE.  Otitremer. — The  fine  blue  pigment  known  by  this  name 
consists  essentially  of  silica,  alumina,  soda,  and  sulphur,  and  is  regarded  as  a  sodio- 
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ahiminic  silicate,  united  oithor  with  polj-siilpliido  of  sodium  alone,  or  with  a  poly- 
sulpliido  aud  a  polythiouate  of  sodium. 

Ultramai'ine  occurs  native  in  several  minerals,  to  whieh  it  imparts  its  blue  colour, 
and  the  characteristic  property  of  giving  off  sulphydric  acid  and  yielding  a  jelly  of 
silica,  when  treated  with  hydrochloric  acid;  such  are  nosean,  hauyne,  ittnerite,  and 
especially  lapis-lazuli,  which  occurs  intcrgrown  with  limestone,  and  mixed  with  iron- 
pyrites,  in  Siberia,  Thibet,  China,  and  on  the  Cordillera  of  Ovalle  in  South  America. 
From  this  mineral,  ultramarine  was  formerly  obtained  by  gently  calcining  tlio  stone, 
broken  into  fragments  of  about  the  size  of  hazelnuts;  quenching  the  heated  fragments 
in  vinegar,  by  which  they  were  rendered  more  friable  and  were  deprived  of  adhering 
carbonate  of  calcium ; — then  pidverising  them  ;  levigating  the  powder  for  a  long  time 
with  a  thin  syrup  of  honey  and  dragon's-blood  ;  mixing  it  to  a  paste  with  a  resinous 
cement  composed  of  colophony,  white  pitch,  yellow  wax,  and  linseed-oil ;  then  leaving 
it  at  rest  for  some  days;  and  exti-acting  the  ultramarine  from  it  by  suspension  in 
water,  and  decantation.  By  this  protracted  mechanical  treatment,  the  ultramarine  was 
obtained  in  the  form  of  a  very  fine  soft  powder,  of  various  shades  of  blue,  the  portions 
first  deposited  being  the  darkest,  and  tho  last  constituting  a  palo-blue  powder  called 
ultramarine  ash  {cnidres  d'outremer). 

This  process  being  very  tedious,  and  the  lapis-lazuli  being  a  rare  mineral,  obtainable 
only  from  remote  and  difficultly  accessible  localities,  natural  ultramarine  was  neces- 
sarily a  very  costly  article  ;  and  of  late  years,  it  has  been  entirely  superseded  by 
artificial  ailtra marine,  which  can  be  made  equal,  or  even  superior,  to  the  natural 
product  in  colom-  and  lustre,*  and  at  a  price  low  enough  to  admit  of  its  extensive  use 
as  a  pigment. 

The  idea  of  preparing  ultramarine  artificially  was  suggested  by  the  discovery  of 
blue  masses,  more  or  less  resembling  it,  on  taking  down  soda-furnaces  and  limekilns, 
Tessaert,  in  1814,  found  a  blue  mass  of  this  kind  in  a  soda-furnace  at  St.  Gobain,  and 
gave  it  to  Vauquelin  for  analysis,  who  pironounced  it  to  be  lapis-lazuli  (Ann.  Chim. 
Ixxxix.  88).  Kuhlmann  found  on  tho  hearth  of  a  salt-cake  furnace,  similar  blue  masses 
surrounded  with  very  small  brown-red  crystals  of  sodium-sulphide  (Dumas'  Traitt  dc 
Chimie  appliqucc,  ii.  419.)  A  similar  observation  was  made  by  Hermann  in  Schonebeck. 
These  observations  induced  the  Sociite  d: Encouragement  at  Paris,  in  1824,  to  offer  a 
prize  of  6,000  francs  for  the  discovery  of  a  mode  of  preparing  ultramarine  artificially ; 
aud  this  prize  was  awarded  to  Guimet,  of  Toulouse,  in  1828.  A  mode  of  obtaining 
artificial  ultramarine  had,  however,  been  pi*fe\'iously  discovered  by  Christian  Gmelin, 
and  published  by  him  at  the  beginning  of  the  year  1828  (Wiirtemberg  Naturw. 
Abhandl.  ii.  191).  Guiniet's  process  was  first  applied  on  the  manufacturing  scale,  but 
it  was  kept  secret.    Gmelin's  process  is  as  follows : — 

Soda-ley  saturated  with  precipitated  silica,  is  mixed  with  aluminium-hydrate  (con- 
taining 20  per  cent,  water,  and  obtained  by  precipitation  from  alum  not  containing 
iron),  in  such  proportion  that  the  mixture  shall  contain  31  pts.  dry  silica  to  26  pts.  dry 
alumina;  tho  liquid  is  then  evaporated  to  dryness,  and  the  pulverised  residue  is  mixed 
with  flowers  of  sulphur.  In  the  next  place,  the  same  quantity  of  a  mixture  of  dry 
sodium-sidpliate  and  flowers  of  sulphur,  in  equal  parts,  is  weighed  out ;  the  whole 
carefully  mixed  and  stamped  into  a  crucible,  so  as  to  fill  it  completely  ;  tho  crucible, 
tightly  closed,  is  quicldy  heated  to  redness,  so  that  the  sulphur  may  not  volatilise 
before  the  sulpliido  of  sodium  can  be  formed  ;  and  the  mass  is  kept  at  a  red  heat  for 
two  hours.  The  crucible  is  then  left  to  cool  with  tho  cover  on,  and  the  greenish-yellow 
product  (green  ultramarine)  is  gently  heated  in  porous  crucibles,  in  which  narrow 
channels  have  been  bored  to  increase  tho  draught.  The  blue  mass  thus  obtained  is 
fiutly  pulverised,  levigated,  and  washed. 

Gmelin's  process  includes  all  the  conditions  essential  to  tho  preparation  of  a  good 
ultramarine ;  all  tho  more  recent  processes,  indeed,  differ  from  it,  chiefly,  in  using  clay 
instead  of  the  artificially  prepared  mixture  of  silica  aud  alumina.  At  the  present  day, 
manufacturers  of  ultramarine  use  mixtures  of  kaolin  with  Glauber-salt  and  charcoal, 
or  with  carbonate  of  soda  and  sulphur,  or  carbonate  of  soda  and  Glauber-salt  together. 
Tile  mixture  is  ignited  in  closed  crucibles  or  boxes  of  fireclay ;  .and  the  green  ultra- 
marine thus  obtained  is  ground  in  a  mill,  and  then  roasted,  with  addition  of  sulphur, 
to  convert  it  into  blue  ultramarine.  Gentele  (Dingl.  pol.  J.  c.xli.  116;  cxlii.  350) 
gives  tho  tlu'ee  following  mixtures: 

Kaolin,  anhydrous   100       100  100 

Calcined  Glauber-salt      .       .       .      S3  to  100        .  .  41 

Carbonate  of  soda   .        100  41 

Charcoal  17         12  17 

Sulphur  60  13 

The  colouring-mutter  of  ultramarine  lias  bccu  made  tho  subject  of  investigation  by 
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many  chemists,  but  considerable  doiibt  still  exists  as  to  its  true  nature.  According  to 
the  experiments  of  Wilkens  (Ann.  Ch.  Pharm.  xcix.  21),  who  has  made  careful 
analyses  of  a  variety  of  samples  of  artificial  ultramarine,  both  from  his  own  manu- 
factory and  from  other  sources,  ultramarine  is  composed  of  two  portions,  one  of 
which — regarded  by  him  as  the  essential  constituent — is  constant  in  composition,  and 
is  attacked  witli  facility  by  hydrochloric  acid,  evolving  sulphuretted  hydrogen  ;  while 
the  other  portion,  not  soluble  in  hydrochloric  acid,  contains  a  variable  amount  of 
sand,  clay,  oxide  of  iron,  and  sulphuric  acid.  Wilkens's  analyses  of  the  pure  blue  pig- 
ment correspond  nearly  with  the  formula  (2A120'.3Si02).(A120'.4Si02).Na^S'Ol3Na=S. 

Calculation. 

Silica     ....       37-6  4'o-25 

Aluminium     .       .       .       27-4  26-62 

Sulphur  ....       14'2  13-42 

Soda  (Na^O)  .       .       .       20-0  19-89 

Numerous  other  analyses  are  given  in  the  Handworterbiich  der  Chemic  (ix.  19). 

Wilkens  regards  the  blue  colouring- principle  as  a  compound  of  hyposulphite  and 
sulphide  of  sodium.  He  states  that  the  presence  of  iron  is  not  essential  to  the  pro- 
duction of  the  coloiir,  but  about  this  there  is  still  some  doubt.  According  to  Brunner, 
a  corresponding  compoimd,  in  which  potassium-sulphide  is  substituted  for  sodium- 
sulphide,  is  colourless. 

Ultramarine  heated  in  the  air,  gradually  assumes  a  dull  green  hue ;  it  is  not  changed 
by  heating  with  sulphur,  but  when  melted  with  borax,  gives  off  sulphur  and  sulphurous 
acid,  and  leaves  a  colourless  glass.  Sulphuric,  nitric,  and  hydrochloric  acids  decom- 
pose it,  quickly  destroying  the  colour.  Chlorine  acts  still  more  rapidly,  dissolving 
everything  but  the  silica,  and  completely  discharging  the  colour. 

Ultramarine  is  extensively  used,  not  only  as  an  artist's  colour,  but  also  for  paper- 
staining  and  other  forms  of  house-decoration,  as  well  as  in  dyeing  and  calico-printing. 
In  Germany,  which  is  the  chief  seat  of  the  ultramarine  manufacture,  there  are  about 
twenty  factories,  each  producing  annually  about  1000  tons  of  the  colour.  The  manu- 
facture is  also  carried  on  in  France  and  in  Belgium,  and  to  a  smaller  extent  in  England. 

TIIVA.  The  alga  called  Ulva  or  Bivularea  gelatinosa,  consists,  according  to 
Braconnot,  of  green  globules  and  a  colourless  jelly ;  the  latter  is  insoluble  in  water,  at 
first,  but  dissolves  on  prolonged  immersion.-  The  solution  resembles  gum-water,  but 
when  treated  with  nitric  acid,  yields  oxalic  instead  of  mucio  acid. 

irmBSXiIiIC  This  name  was  given  by  Persoz  to  a  product  of  the  oxida- 

tion of  the  volatile  oil  of  anise,  star-anise,  and  fennel  with  chromic  acid.  Hempel  has, 
however,  shown  that  the  acid  thus  obtained  is  identical  with  anisic  acid. 

VIH[BZ:i.IiIFEROITE.  C^H'O^.  (Somm e r  and  Z w e n ger,  Ann.  Ch.  Pharm. 
cxv.  15. — Moss  me  r,  ibid.  cxix.  260.) — A  neutral  body,  isomeric  or  polymeric  with 
quinone,  to  which,  however,  it  exliibits  no  further  resemblance.  It  is  obtained  by  the 
dry  distillation  of  various  resins,  chiefly  of  those  derived  from  umbelliferous  plants : 
thus  crude  galbanum  yields,  by  dry  distillation,  0-83  percent,  umbelliferone ;  sagapemm, 
0-32  per  cent. ;  Asafcstida,  0-28  per  cent.  It  is  likewise  obtained  from  opoponax,  the 
resins  of  sumbul-root,  angelica-root.  Radix  levistici,  E.  men,  and  B.  imperatoricB.  Gum- 
ammoniac  does  not  yield  it,  but  it  may  be  obtained  from  the  alcoholic  extract  of  the 
bark  of  the  mezereon  or  spurge-laurel  {JDaphne  mezereum),  a  plant  not  belonging  to 
the  umbelliferoiis  order. 

Umbelliferone  may  be  prepared  from  galbanum ; — most  advantageously,  according  to 
Mossmer,  from  the  resin  purified  by  boiling  crude  galbanum  with  water,  dissolving  the 
resinous  residue  in  milk  of  lime,  and  precipitating  the  filtered  solution  with  hydro- 
chloric acid.  By  distilling  this  purified  resin  with  water,  an  oily  distillate  is  obtained, 
which,  on  standing,  deposits  crystals  of  umbelliferone,  to  be  pm^ified  by  reorystallisa- 
tion.  The  distillate  obtained  from  the  alcoholic  extract  of  mezereon-bark,  contains 
daphnetin  as  well  as  umbelliferone.  To  separate  the  former,  the  solution  of  the  puri- 
fied crystals  is  mixed  with  acetate  of  lead,  which  throws  down  a  compound  of  daphnetin 
with  lead-oxide,  while  pure  umbelliferone  remains  in  solution,  and  crystallises  on  eva- 
poration. Umbelliferone  is  likewise  formed  when  a  concentrated  alcoholic  solution  of 
pure  galbanum-resin,  saturated  with  hydrochloric  acid  gas,  is  heated  for  some  time  to 
100°. 

Umbelliferone  forms  colourless  rhombic  prisms,  having  a  faint  silky  lustre ;  it  is 
tasteless,  inodorous  in  the  cold,  dissolves  slightly  in  cold  water,  and  so  abundantly  in 
boiling  water,  that  a  solution,  saturated  while  hot,  coagulates,  on  cooling,  to-a  crystal- 
line pulp,  forming,  when  dry,  a  coherent  interlaced  mass.  Umbelliferone  dissolves  also 
in  alcohol,  ether,  and  chloroform.    The  aqueous  solution  is  colourless  by  transmitted 
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light,  but  exhibits,  by  reflected  light,  a  splendid  blue  colour,  which  is  deepened  by 
addition  of  alkalis,  but  weakened  or  destroyed  by  acids. 

Uinbelliferone,  when  warmed  (also  its  aqueous  solution  wlien  boiled),  emits  an 
odour  like  that  of  eoumarin.  It  melts,  at  240°,  to  a  yellowish  liquid,  which  solidifies 
in  the  crystalline  form  on  cooling;  it  sublimes  below  its  melting-point,  and  volatilises 
without  residue. 

Umbelliferone  does  not  appear  to  unite  either  with  acids  or  with  bases,  and  is  not 
precipitated  from  its  solutions  by  any  salt  except  basic  acetate  of  lead  ;  the  white 
precipitate  thereby  produced  is  decomposed  by  washing.  Umbelliferone  dissolves  in 
most  acids  with  aid  of  heat,  not  being  decomposed  even  by  strong  sulphuric  acid.  Nitric 
acid  converts  it  into  oxalic  acid.  It  reduces  gold-  and  silver-salts,  but  does  not  appear 
to  reduce  an  alkaline  cupric  solution. 

Bihrom-nmbellif crone,  C^H'Br'O-,  is  produced  by  treating  an  alcoholic  solution  of 
umbelliferone  with  bromine,  and  separates  in  flocks,  which  may  be  purified  by  washing 
with  water,  then  vrith  dilute  alcohol,  and  recrystallisation  from  alcohol.  It  is  white 
and  insoluble  in  water;  its  alcoholic  solution  exhibits  a  superficial  light-green  irides- 
cence. (Mossmer.) 

Dry  umbelliferone  is  scarcely  attacked  by  chlorine ;  but  the  aqueous  solution,  when 
treated  with  chlorine,  is  quickly  decomposed,  depositing  a  small  quantity  of  a  chocolate- 
coluurcd  powder. 

UIMBER.  Umbra.  Tcrre  fine  de  Ticrquie  uviber.  Argilc  ochreuse  brimc. — A 
pigment,  consisting  of  an  argillaceous  brown  ha;matite,  essentially  2Fe'^0'.SiO-.H-0, 
with  alumina  and  manganic  oxide,  according  to  the  analj'ses  of  Klaproth  and  v.  Merz. 
It  was  originally  obtained  from  Umbra,  in  the  Papal  States,  but  is  now  imported  chiefly 
from  Cyprus.  It  forms  chestnut-brown  to  liver-brown  amorphous  masses,  having  a 
hardness  of  1'5  to  2'5,  and  a  specific  gravity  of  2-2.  It  feels  meagre,  adheres  to  the 
lips,  and  gives  the  reaction  of  iron.  It  dissolves  partially  in  cold  hydrochloric  acid, 
and  to  a  greater  extent  in  hot  hydrochloric  acid,  with  evolution  of  chlorine.  When 
heated  it  gives  off  water,  turns  dark -brown,  and  then  constitutes  the  pigment  called 
raw  umber  ;  by  stronger  heating,  it  is  completely  dehydrated,  becoming  red-brown 
and  softer,  and  then  constitutes  burnt  umber.  It  is  used  both  as  an  oil-  and  water- 
colour,  frequently  mixed  with  other  colours. 

Cologne  umboi',  Cologne-earth,  or  Cologne-brown  is  an  earthy  lignite, 
sometimes  used  as  a  pigment  instead  of  real  umber. 

Un'CrH'WAItlTZ:.  A  hydrated  iron-silicate,  allied  to  nontronite,  occurring  in 
Hungar3-,  at  Haar  near  Passau  in  Bavaria,  and  on  the  Meenser  Steinberg,  near  Giittin- 
geu,  in  amorphous,  yellowish-gToen  to  pistachio-green,  opaque  masses,  imbedded  in 
or  mixed  with  opal.  Its  composition  has  not  been  exactly  determined,  inasmuch  as  tho 
quantitative  relations  of  the  silica  and  water  are  rendered  very  variable  by  the  admix- 
ture of  opal.  Von  Ilauer  (Wien.  Akad.  Ber.  xii.  161)  obtained,  as  a  mean  of  ten 
analyses,  57'76  per  cent,  silica,  20'86  ferrous  oxide,  r77  lime,  and  19  78  water. 
Cliloropal  (i.  921)  is  merely  opal  coloured  with  unghwarite. 

UNIO.  Tho  blood  of  Unio pictorum  is  a  mobile,  alkaline,  slightly  bluish  liquid, 
which,  after  separation  from  the  body  of  tho  mussel,  deposits  yellow  fibrinous  flocks, 
wliilo  the  remaining  liquid  becomes  turbid  on  boiling,  hut  not  when  mixed  with  acetic 
or  nitric  acid.    (Witting,  J.  pr.  Chem.  Ixxiii.  121.) 

UNXONITE:.  This  name  appears  to  have  been  given  to  two  distinct  minerals, 
viz.  oligoclase  and  zuisite,  both  occurring  at  Uuionville  in  Pennsylvania. 

vrnTAItV  THBORIT.  Systemc  ^mitaire. — This  term  was  applied  by  Gerhardt 
to  the  system  of  Chemistry  in  which  the  molecides  of  all  bodies  are  compared,  as  to 
their  magnitude,  \vith  one  unit  molecule — water,  for  example, — and  all  chemical  re- 
actions are,  as  far  as  possible,  reduced  to  one  typical  form  of  reaction,  namely  double 
decomposition.  Tliis  system  has  been  fidly  illustrated  throughout  the  present  work, 
and  therefore  need  not  here  be  considered  in  further  detail.  (See  Atomic  AVeights, 
i.  457 — 473;  CHEiMicAL  Affinity,  i.  855 — 858;  Classification-,  i.  1016 — 1022; 
Formulae,  ii.  695  ;  Gases,  Combination  of,  by  Volume,  ii.  809  ;  Molecule,  iii.  1027  ; 
Types,  V.  926;  also  Gerhardt,  Introduction  ii  V ttude  de  la  Chimic  par  le  systeme 
zinitaire,  1848  ;  and  further  Traiti  de  Chimie  organiquc,  iv.  563,  et  seq.) 

UPAS  is  the  Malay  term  for  arrow-poison,  especially  for  that  obtained  from  plants 
(for  M  hich  also,  in  Celebes  and  Borneo,  the  name  ijjo  is  used).  Generally  speaking, 
however,  the  tenn  "upas"  is  applied  to  two  particular  arrow-poisons  used  in  the  East 
Indies — namely.  Upas  Antjar,  and  Upas  Radja,  or  Upas  Ticnte. 

Upas  Antjar  is  prepared  from  the  milky  juice  oi  Aniiaris  toxicaria,  the- t^okoti- 
treo  of  Macassar.  The  juice,  dried  at  100°,  contains  from  3-5  to  3'7  per  cent,  antiarin 
(i.  310),  a  compound  which  kills  rabbits  inoculated  with  ^  grain  of  it,  or  even  less.  For 
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the  preparation  of  the  arrow-poison,  the  juice  is  mixed  with  ground  pepper,  onion-juice, 
zerumhet,  parts  of  a  species  of  arum  called  njampoo,  dragon's-blood,  and  other  sub- 
stances. The  mixture  is  not  boiled,  but  slowly  inspissated  to  a  red-brown  resinous 
mass,  which  is  left  to  dry  in  the  sim.  It  resembles  opium  when  dry,  and  forms  a 
brown  emulsion  with  water.  According  to  Mulder,  it  contains,  besides  antiarin,  a 
non-poisonous  resin,  gum,  sugar,  and  inorganic  salts.  When  injected  into  the  cir- 
culation, \  grain  of  it  is  fatal  to  rabbits,  h  grain  to  dogs,  and  from  4  to  6  grains  to 
larger  animals,  such  as  buffaloes.  It  likewise  kills  when  taken  into  the  stomach,  but 
in  that  case  larger  doses  appear  to  be  required. 

Upas  Kadja,  or  Upas  Tieute,  also  called  Upas  Tjettik,  and  in  the  remoter 
parts  of  India,  Sung-sig  (dagger-poison),  is  prepared  from  the  younger  roots,  and  the 
bark  of  the  older  roots  of  Strychnos  Ticutc,  a  shrub  growing  in  the  forests  of  Java,  by 
boiling  for  an  hour  with  addition  of  various  less  essential  ingredients.  It  is  brownish- 
bliick  when  fresh,  resembles  opium  when  dry,  has  a  bitter  taste,  is  for  the  most  part 
soluble  in  alcohol,  and,  according  to  Pellotier  and  Caventou,  contains  as  its  active 
constituents,  strychnine  and  brucine.  According  to  Horsfleld  and  Mayer,  it 
acts  in  the  same  manner  as  the  fresh  extract  of  Strychnos  Tieute.  It  is  regarded  in 
India  as  the  strongest  and  most  dangerous  of  arrow-poisons. 

The  bulbs  of  certain  amaryllidaceous  plants,  Crinum  asiaticum  and  Cr.  moluccanuin, 
which  exert  an  emetic  and  diaphoretic  action,  are  used  in  the  East  as  remedies  in  cases  of 
wounding  by  poisoned  arrows. 

VRACOmSE.    Syn.  with  Ueantum-bloom. 

UKAIiITE.    A  psoudomorph  of  hornblende,  after  augite,  from  the  Ural. 
URAIiXTE-I^ORPH'S'RY.  An  aphanite-porphyry  occurring  in  the  Ural,  containing 
uralite,  and  sometimes  also  crystals  of  labradorite. 

VRAIiORTUZTE.  Orthite  from  the  neighbourhood  of  Lake  Tim  en,  neai  Miask, 
in  the  Ural,  formerly  mistaken  for  tschefifkinite. 

VRAinn.    Syn.  with  DiAxtrEAMiDE  (ii.  315). 

VBAIVIXXiXC  ACID.  Bialuramic  Acid  (Laurent).  (Liebig  and  Wohler, 
Ann.  Ch.  Pharm.  xxvi.  314. — Gregory,  Phil.  Mag.  xxiv.  187.) — Obtained  by  boiling 
u  solution  of  dialuramide  in  cold  sulphuric  acid  with  water,  or  by  evaporating  a  solu- 
tion of  thionurate  of  ammonium  with  a  moderate  quantity  of  sulphuric  acid.  It  forms 
transparent  four-sided  prisms  ;  or,  by  rapid  crystallisation,  silky  needles ;  they  redden 
litmus  slightly,  and  turn  red  at  about  100°,  without  losing  weight.  It  dissolves  in  6 
or  8  pts.  cold  and  3  pts.  hot  water,  and  in  sulphuric  acid  without  blackening  or 
evolution  of  gas.  It  forms  crystaUisable  salts  with  the  alkalis,  and  precipitates 
barium-,  calcium-,  and  silver-salts  on  addition  of  ammonia ;  the  silver-precipitate 
contains  about  64  per  cent,  silver  (Liebig  and  Wohler).  It  dissolves  quietly  in 
cold  nitric  acid,  but  is  decomposed  by  boihng  with  strong  nitric  acid.  When  it  is 
boiled  with  dilute  hydrochloric  or  sulphuric  acid,  dialuric  acid  is  formed,  which  is 
partially  converted  into  alloxantin  by  the  action  of  the  air.  (Gregory.) 

The  formula  assigned  by  Liebig  and  Wohler  to  uramilic  acid  is  C''H"'N*0'J,  the 
percentage  they  obtained  by  analysis  is  C,  32-09;  H,  3-59  ;  N,  23-23;  0,  41-09;  but 
they  do  not  state  at  what  temperature  their  crystals  were  dried.  Gmelin  suggests 
CffN-'^O',  which  is  the  formula  adopted  by  Laurent(Compt.  rend.  xxxv.  629),  who 
regards  the  compound  as  dialuramic  acid,  N.C''H'''N'0''.HMl.O.  Gcrhardt  (Chim. 
org.  i.  510),relying  on  Gregory's  experiments,  regards  it  as  acid  dialurate  of  ammo- 
nium, the  formula  of  which  is  C^'N^O^  =  C''H'(NH')N^O''.  F.  T.  C. 

ITRAII-ATES.    Compounds  of  the  uranic  oxide  with  basic  metallic  oxides. 
VRAN'ZC  ACID.    A  name  applied  to  uranic  oxide  when  in  combination  with 
bases. 

ITBAM'IM'.    Syn.  with  pitchblende  or  native  oxide  of  uranium 
TTRAIfXTE.    Native  calcio-uranic  phosphate  (iv.  585). — Chalcolite,  or  coppcr- 
iiranite,  is  an  isomorphous  mineral  having  the  calcium  replaced  by  copper. 

ITHil.lI'ZinvE.  Atomic  weight,  120;  Symbol,  U. — Klaproth,  in  1789,  discovered, 
in  pitchblende  and  uranite,  a  metallic  oxide  to  the  metal  of  which  he  gave  the  name 
uranium.  Its  compounds  were  subsequently  examined  by  Eichtor,  Buchholz, 
Lecanu,  Brande,  and  especially  by  Berzelius  and  Arf  vedson.*  Peligot,  in 
1840,  showed  that  the  body  previously  regarded  as  metallic  lU'anium  was  really  the 
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pvotoxido  (UO)  ;  helikowIseoLtiiined  tho  true  motal,  and  detorminpd  its  atomic  wf^iglit 
correctly.  Further  exaTiiiiiations  of  uranium-compounds  have  been  made  by  Ebelmen, 
}lammols  berg,  We  rthe  i  m,  Patera  (J.  pr.  Chom.  Ixi.  397),  Drenkmann  (Jahrcsb. 
1861,  p.  2o5),  and  others. 

Uranium  is  not  a  very  abundant  metal.  Its  principal  ore  is  pitchblende,  wliich 
consists  of  impure  uranoso-uranic  oxido  ;  it  occurs  also  as  carbonate  in  liobigito 
(i.  798)  ;  as  sulphate  in  johannito,  or  uranium-vitriol,  and  m  uranium-ochre  (p.  616); 
as  phosphate  in  uranite  or  uranium-mica  (iv.  584);  as  niobate  and  tantalate  in  urano- 
tantalite  or  samarskito ;  in  smaller  quantity  also  in  tyrite,  bragite,  fergusonite  (iv. 
f).')),  pyroclilore,  and  polycrase  (iv.  67),  and  as  niobate  and  titanate  in  euxenifo 
(ii.  61  i). 

E.rtniciion.—  'UTa.nmm  is  almost  always  obtained  from  pitchblende,  a  mineral 
containing  from  40  to  90  per  cent,  of  uranoso-urauic  oxide,  TJ'O'',  associated  with 
sulphur,  arsenic,  lead,  iron,  and  si'veral  other  metals.  The  mineral  is  finely  pounded, 
freed  by  clutriation  from  the  finer  earthy  impurities ;  roasted  for  a  short  time  to 
remove  part  of  the  sulphur  and  arsenic  ;  then  dissolved  in  nitric  acid,  and  the  solution 
evaporated  to  dryness.  The  residue  is  exhausted  with  water ;  the  solution  filtered 
from  the  brick-red  residue  of  ferric  oxido,  ferric  arsenate,  and  lead-sidphate  ;  tho 
greenish-yollow  filtrate  is  slightly  concentrated  by  evaporation,  and  left  to  cool,  where- 
upon it  deposits  crystals ;  and  the  resulting  radiated  mass  of  crystallised  uranic  nitrate 
is  drained  on  a  funnel,  and  then  waslicd  with  a  small  quantity  of  cold  water.  As  thf^ 
v/ater  dissolves  a  piortion  of  the  crystals,  it  is  used  in  a  subsequent  opieration  to  redis- 
solve  the  residue  obtained  by  evaporating  the  solution  of  pitchblende  in  nitric  acid. 
Tho  uranic  nitrate,  after  being  dried  in  the  air,  is  introduced  into  a  wide-mouthed 
bottle  containing  ether,  in  which  it  immediately  dissolves ;  the  yellow  solution  is  left 
to  evaporate  in  the  air;  and  the  resalting  crystals  are  p)urified  by  solution  in  hot 
water  and  recrystallisation.  The  mixed  mother-liquids,  after  dilution  with  water,  aro 
treated  with  sulphydric  acid  to  precipitate  arsenic,  lead,  and  copper,  and  the  filtrate  is 
freed  from  oxido  of  iron  by  evaporating  to  dryness,  and  digesting  the  residue  in  water. 
TJio  solution  thus  obtained  yields  a  fresh  crop  of  crystals  of  uranic  nitrate.  This  salt 
is  converted  by  ignition  into  uranoso-uranic  oxido,  U'O*,  and  from  this  the  prot- 
oxide is  obtained  by  ignition  with  reducing  agents,  and  the  protochloride  by  ignition 
with  charcoal  in  a  stream  of  chlorine-gas.  (Peligot,  Ann.  Ch.  Phys.  [3],  v.  5  ;  xii.  258.) 

Ebelmen  digests  pulverised  piitchblende  with  hydrochloric  acid,  to  dissolve  tho 
oxides  of  calcium,  magnesium,  manganese,  and  other  metals;  roasts  the  washed  and 
dried  residue  with  eliarcoal ;  exhausts  the  cooled  mass  with  strong  hydrochloric  acid,  to 
remove  ii'on,  copper,  and  lead  as  completely  as  possible  ;  again  roasts  tho  washed 
residue,  and  then  dissolves  it  in  hydrochloric  acid.  The  solution  thus  obtained  is 
evaporated  to  dryness  and  again  treated  with  water,  which  leaves  arsenate  of  iron 
undissolved  ;  tho  filtrate  is  treated  with  sulphydric  acid,  and  evaporated  to  the  crys- 
tallising point ;  and  tho  resulting  crystals  of  uranic  nitrate  are  purified  by  recrystal- 
lisation. 

Metallic  uranium  is  obtained  by  decomposing  the  protochloride  with  potassium  or 
sodium.  If  the  mixture  be  heated  in  a  platinum-crucible  over  a  spirit-lamp,  and  the 
soluble  alkaline  chloride  washed  out  by  water,  the  uranium  is  obtained  in  the  form  of 
a  black  powder,  or  sometimes  aggregated  on  the  sides  of  a  crucible  in  small  plates, 
having  a  silvery  lustre  and  a  certain  degree  of  malleability.  But,  by  introducing  into 
a  porcelain-crucible,  first  a  layer  of  sodium,  then  chloride  of  potassium,  and  tlien  a 
mixture  of  chloride  of  piotassium  and  protochloride  of  uranium  (the  use  of  the  chloride 
of  potassium  being  to  moderate  the  action,  which  is  otherwiso  very  violent),  placing  the 
porcelain-crucible  within  a  closed  earthen  crucible  lined  with  charcoal,  and  heating  it, 
first  moderately,  till  the  reduction  takes  place,  and  then  strongly  in  a  blast-furnace 
for  fifteen  or  twenty  minutes,  tho  metal  is  obtained  in  fused  globules.  (Peligot.) 

Uranium,  in  its  compact  state,  is  somewhat  malleable  and  hard,  but  is  scratched  by 
steel.  Its  specific  gravity  is  18  -1 ;  its  colour  is  like  that  of  nickel  or  iron.  When 
exposed  to  the  air,  it  soon  tarnishes,  and  assumes  a  yellowish  colour.  At  a  red  heat  it 
oxidises  with  vivid  incandescence,  and  becomes  covered  witli  a  bulky  layer  of  black 
oxide,  which  protects  the  interior  from  oxidation.  In  tho  pulverident  state  it  takes 
fire  at  about  207°,  burning  with  great  splendour,  and  forming  a  dark-green  oxide, 
U^O'.  It  is  permanent  in  tho  air  at  ordinary  temporatures,  and  does  not  decompose 
cold  water.  It  dissolves  with  evolution  of  hydrogen  in  dilute  acids,  forming  green 
solutions.  It  combines  directly  wHth  chlorine,  giving  out  great  light  and  heat,  and 
forming  a  green  volatile  chloride.  It  unites  directly  with  sulphui-  at  a  slightly  elevated 
temperature.  (Peligot.) 

Uranium  forms  two  classes  of  compounds  — viz.,  the  uranous  compounds,  in 
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which  it  is  biequivalent,  e.g.  U"0,  U"CP,  Lf'SC,  &c. ;  and  the  uranic  compounds, 
in  which  it  is  triequivalent;  e.g. : 

Oxide.  Oxychloride.  Oxynitrate.  Oxysulphate. 

There  are  also  two  oxides  of  uranium,  intermediate  between  uranous  and  uranic  oxide. 
There  is  no  chloride,  bromide,  iodide,  or  fluoride  corresponding  to  uranic  oxide,  such 
as  UCP;  neither  are  there  any  normal  uranic  oxysalts  analogous  to  the  normal 

ferric  salts,  such  as  U(NO')',  II^(SO')',  &c. ;  but  all  the  uranic  salts  contain  the 
group  U*0^  which  may  be  regai'ded  as  a  diatomic  radicle  (called  uranyl  by  Peligot), 
uniting  with  acid  radicles  in  the  usual  proportions,  and  forming  normal  salts,  thus : — 
Uranic  oxide,  or  Oxide  of  Uranyl    .....  (U^0-)"0 
Uranic  oxychloride,  or  Chloride  of  Uranyl       .       .       ,  (U^0")"C1- 
Uranic  nitrate,  or  Nitrate  of  Uranyl       ....  (U20^)"(N0^)^ 
Uranic  sulphate,  or  Sulphate  of  Uranyl  ....  (U^O^y'SO*. 
This  view  of  the  composition  of  the  uranic  compounds  is,  however,  by  no  means 
essential,  since  they  may  also  be  formulated  as  above. 

tTBAXriiriVS,  BROIVXXD&S  OP.  a.  Uranous  Bromide,  UBr^,  is  obtained, 
in  the  anhydrous  state,  by  heating  a  previously  ignited  and  still  warm  mixture  of  1  pt. 
uranous  oxide  and  6  pts.  starch  in  a  stream  of  bromine-vapour.  It  is  a  brown  pul- 
verulent mass,  exhibiting  a  crystalline  structure  on  the  most  strongly  heated  portions ; 
it  fumes  in  the  air,  and  is  very  deliquescent.    (Hermann,  Jahresb.  1861,  p.  260.) 

By  dissolving  uranous  hydrate  in  aqueous  hydrobromic  acid,  a  dark-green  liquid  is 
formed,  which,  when  evaporated  over  oil  of  vitriol,  yields  dark-green  crystals  of  hy- 
drated  uranous  bromide,  UBr-.iH-O ;  they  are  very  deliquescent,  yield  an  emerald-green 
solution,  and  are  decomposed  by  heat,  giving  off  bromine  and  lea-sing  uranous  oxide. 

Uranic  Oxybromide,  U-O-Br^,  or  Bromide  of  Uranyl,  (U''0^)"Br^  is  pro- 
duced by  treating  uranous  oxide  with  bromine  and  water,  or  by  dissolving  uranic  oxide 
in  hydrobromic  acid,  and  evaporating.  It  forms  yellow  needles,  which  have  a  styptic 
taste,  give  off  water  and  become  orange-yellow  when  heated ;  and  at  a  stronger  heat, 
in  contact  with  the  air,  give  oiF  hydrobromic  acid  and  bromine,  and  leave  uranic  oxide. 
They  deliquesce  in  the  air,  and  their  solution  gives,  witli  ammonia,  a  precipitate  of 
uranic  hydrate.   (Berthemot,  Ann.  Ch.  Phys.  [3],  xliv.  387.) 

ITBAXriVm,  CKXiOBXDSS  OP.  Uranium  forms  a  dichloride  and  an  oxy- 
cliloride,  analogous  to  the  bromine-compounds  just  described,  also  a  subehloride 
analogous  to  the  suboxide. 

The  Subehloride,  U^CP,  obtained  by  strongly  igniting  the  dichloride  in  hydrogen-gas, 
forms  a  coarsely  fibrous,  dark-brown,  slightly  volatile  mass.  It  dissolves  easily  in 
water,  but  the  purple  solution  is  quickly  converted  into  uranous  chloride,  with  evolution 
of  hydrogen  and  deposition  of  a  red  powder.  Ammonia  throws  down  the  hydrated 
suboxide. — According  to  Kammelsborg,  a  brown  subehloride,  U^Cl^,  is  formed  by 
heating  the  dichloride  in  ammonia-gas. 

The  Dichloride,  or  Uranous  chloride,  UC1-,  is  formed,  with  vivid  incandescence, 
by  burning  metallic  uranium  in  chlorine-gas ;  also  by  igniting  uranous  oxide  in  hydro- 
chloric acid  gas.  It  is  prepared  by  passing  chlorine  over  an  intimate  mixture  of 
charcoal  and  either  of  the  oxides  of  ui'anium,  strongly  heated  in  a  tube  of  very  re- 
fractory glass.  It  crystallises  in  dark-green  regular  octahedrons,  which  have  a 
metallic  lustre,  and,  when  heated  to  redness,  volatilise  in  red  vapours,  and  form  a  sub- 
limate. It  is  very  deliquescent,  fumes  strongly  on  exposure  to  the  air,  and  dissolves 
easily  in  water,  with  a  hissing  noise  and  great  rise  of  temperature,  forming  a  dark 
emerald-green  solution,  which,  when  evaporated  in  a  vacuum,  leaves  an  amorphous, 
green,  deliquescent  mass  of  uranous  chloride ;  but  when  evaporated  by  heat,  gives  off 
hydrochloric  acid,  and  leaves  a  residue  soluble  in  water  (probably  an  oxychloride). 
The  solution  of  uranous  chloride,  when  boiled,  gives  off  hydrochloric  acid  and  deposits 
a  very  finely-divided  brown  powder.  When  the  same  solution  is  dropped  into  boiling 
water,  the  whole  of  the  uranium  is  precipitated  as  uranous  hydrate.  Alkalis  also 
throw  down  uranous  hydrate.  The  solution  of  uranous  chloride  is  a  powerful  de- 
oxidising agent,  reducing  gold-  and  silver-salts,  completely  converting  ferric  chloride 
into  ferrous  chloride,  &c. 

Dry  uranous  chloride  ignited  in  hydrogen-gas,  gives  off  a  fourth  of  its  chlorine,  and 
is  reduced  to  U^Cl^. — Dry  ammonia-gas  converts  it,  at  ordinary  temperatures,  into  the 
compound  3UCP.2NH' ;  at  a  red  heat,  reduction  takes  place,  and  the  subehloride  is 
produced. 

Uranic  Oxychloride,  or  Chloride  of  Uranyl,  V^O^CV. — When  dry  chlorine- 
gas  is  passed  over  uranous  oxide  at  a  red  heat,  the  tube  becomes  filled  with  an  orange- 
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yellow  vapour  of  this  conipoiind,  wliicli  solidifies  in  a  yellow  crystalline  mass,  easily 
fusible,  but  not  very  volatile.  When  ignited  with  potassium,  it  yields  chloride  of 
potassium  and  uranous  oxide.  Dissolved  in  water,  it  forms  hydrated  chloride  of 
uranyl,  U^O'-CP.H'O.  The  same  sohition  of  uranic  oxychloride  is  formed  when  a 
solution  of  uranous  chloride  is  exposed  to  tlie  air,  or  treated  with  nitric  acid.  When 
evaporated,  it  yields,  according  to  Klaproth,  crystals  which  effloresce  on  exposure  to 
the  air;  according  to  Arfvedson,  an  uncrystallisable  syrup. 

Uranic  oxychloride  forms  double  salts  with  the  chlorides  of  the  alkali-metals. — The 
avvmonium-salt ,  2NH'CI.U-0-Cl-.2H-0,  crystallises,  after  some  time,  from  a  syrupy 
solution,  in  very  deliquescent  rhombohedrons  (Peligot).— The  potasshim-salt, 
2KC1.U''^0-C1-.2H^0,  is  obtained  by  dissolving  uranate  of  potassium  in  excess  of 
hydrochloric  acid,  adding  chloride  of  potassium,  and  evaporating.  The  crystals 
dissolve  readily  in  water;  but  on  evaporating  the  resulting  solution,  eliloride  of 
potassium  crystallises  out,  and  uranic  oxychloride  remains  in  solution. — Chloride 
of  sodium  appears  to  form  a  similar  double  salt. — Uranic  oxychloride  also  forms 
double  salts  with  the  hydroeliloratcs  of  organic  bases.    (C.  Gr.  Williams.) 

VRAITXVni,  CTANIBES  OP.  But  little  is  known  respecting  these  compounds. 
Uranous  oxide  does  not  dissolve  in  hydrocyanic  acid,  and  the  precipitate  formed  by 
cyanide  of  potassium  in  lu-anons  solutions  consists  merely  of  hydrated  uranoso-uranic 
oxide.  (Rammelsberg.) 

With  uranic  salts,  cyanide  of  potassium  forms  a  yellow  precipitate,  probably  con- 
sisting of  uranic  oxycyanide.  This  precipitate  dissolves  when  warmed  in  excess  of 
potassium-cyanide,  and  is  not  reprecipitated  therefrom  by  acids,  perhaps  in  consequence 
of  the  formation  of  a  uranium-compound  analogous  to  ferricyanide  of  potassium. 
(Frcsenius  and  Haid'lon.) 

URANIUM,  DETECTION'  AWD  ESTIBXATIOIT  OP.  1.  Bloivpipe 
Reactions. — Uranic  oxide  and  salts,  fused  with  i)hosphorus-salt  in  the  outer  blow- 
pipe-flame, produce  a  clear  yellow  glass,  which  becomes  greenish  on  cooling.  In  the 
inner  flame  the  glass  assumes  a  green  colour,  becoming  still  greener  when  cold. 
Similar  colours  are  obtained  with  horax.  The  oxides  of  uranium  are  not  reduced  to 
the  metallic  state  by  fusion  with  carbonate  of  soda  on  charcoal. 

2.  Reactions  in  Solution.  —  a.  Uranous  salts  are  formed  by  dissolving 
uranous  oxide  in  strong  hydrochloric  or  sulphuric  acid,  or  the  hydrate  in  dilute  acids, 
also  by  reduction  of  urauic  salts.  They  are  green  or  greenish-white,  and  yield  green 
aqueous  solutions,  from  which  caustic  alkalis  throw  down  a  rod-brown  gelatinous 
precipitate  of  uranous  hydrate ;  alkaline  carbonates  (with  evolution  of  carbonic  anhy- 
dride), green  precipitates,  which  dissolve  in  excess  of  alkaline  carbonate,  especially 
of  ammonium-carbonate,  forming  green  solutions :  the  green  precipitate,  after  washing 
and  drying,  consists  of  pure  uranous  hydrate.  Uranous  salts  also  yield  a  green  pre- 
cipitate with  fliosphate  of  sodium,  grey-green  with  oxalic  acid,  light-brown  witli 
firrocyanide  of  potassium.  Sidphide  of  ammonium  forms  a  black  precipitate  of 
uranous  sulphide ;  the  acid  and  neutral  solutions  are  not  precipitated  by  suljjhydric 
acid.  Uranous  salts  are  easily  oxidised  to  uranic  salts  by  exposure  to  the  air,  or  by 
treatment  with  nitric  acid  ;  they  easily  reduce  gold-  and  silver-salts. 

p.  Uranic  salts  are  yellow;  they  are  mostly  soluble  in  water,  and  in  solution 
have  a  bitter  taste,  without  any  metallic  aftertaste.  They  are  reduced  to  uranous  salts 
by  sidfhydric  acid  ;  also  by  alcohol  or  ether  in  sunshine. — Caustic  cdkalis,  added  to 
uranic  solutions,  throw  down  a  yellow  precipitate,  consisting  of  a  uranate  of  the 
alkali-metal,  which  is  insoluljle  in  excess  of  the  reagent. — Alkaline  carbonates  produce 
a  yellow  precipitate,  consisting  of  a  carbonate  of  uranium  and  the  alkali-metal, 
soluble  in  excess,  especially  in  acid  carbonate  of  potassium  or  acid  carbonate  of  ammo- 
nium. Potash  added  to  these  solutions  throws  down  all  the  uranic  oxide.  From  tho 
solution  in  carbonate  of  ammonium,  the  uranic  oxide  is  likewise  precipitated  by 
boiling. — Carbonate  of  barium  compiletcly  precipitates  uranic  oxide  from  its  solutions 
at  ordinary  temperatures. — Phosjihafc  of  sodium,  added  to  uranic  salts  not  containing 
too  much  free  acid,  produces  a  white  precipitate  of  uranic  phosphate,  having  a  slight 
tinge  of  yellow. —  Sulphide  of  aminoniiim  produces  a  black  precipitate  of  m-anic  sul- 
phide, which  remains  for  a  long  time  suspended  in  the  liquid. — Sulphydric  acid  pro- 
duces no  precipitate. — Fcrrocyanide  of  potassium  produces  a  dark  red-brown  precipi- 
tate ;  ferricyanide  of  potassium,  none. — Metallic  zinc  does  not  precipitate  uranium  in 
the  metallic  state  from  uranic  solutions,  but,  after  a  long  time,  produces  a  yellow 
precipitate  of  uranic  oxide. 

4.  Estimat  ion  and  Separation. — Uranium  is  completely  precipitated  from  uranic 
solutions  by  a»moww.  The  precipitate,  which  consists  of  hydrated  uranic  oxide  containing 
ammonia,  must  be  washed  with  water  containing  sal-ammoniac,  as  it  runs  through  the 
filter  when  washed  with  pure  water.    It  is  then  dried  and  ignited  in  an  open  crucible, 
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■whereby  it  is  converted  into  uranoso-iiranic  oxide,  U'O^;  but  to  obtain  a  perfectly  definite 
result,  and  prevent  further  oxidation  during  cooling,  it  is  necessary  to  put  the  cover 
on  the  crucible  while  the  substance  is  still  red-hot,  and  keep  it  there  till  the  crucible 
is  quite  cold.  The  oxide  thus  obtained  contains  84-90  per  cent,  of  uranium.  An 
accurate  resxilt  is  likewise  obtained  by  igniting  the  sesquioxide  in  an  atmosphere  of 
hydrogen,  whereby  it  is  reduced  to  protoxide  containing  88-24  per  cent.of  the  metal. 

If  the  uranic  solution  contains  a  considerable  quantity  of  an  earth  or  a  fixed  alkali, 
the  precipitate  formed  by  ammonia  carries  down  with  it  a  certain  portion  of  the  earth 
or  alkali,  to  free  it  from  which  it  must,  before  ignition,  be  redissolved  in  hydrochloric 
acid,  and  reprecipitated  by  ammonia. 

Prom  the  alkali-metals,  uranium,  in  the  state  of  uranic  salt,  is  separated  by  am- 
monia, attention  being  paid  to  the  precaution  just  mentioned.  A  method  of  separating 
uranic  oxide  from  alkalis,  founded  on  the  solubility  of  uranic  silicoliuoride  in  alcohol, 
is  given  by  Stolba  (Zeitschr.  anal.  Chem.  iii.  71  ;  Jahresb.  1864,  p.  718). 

From  barium  it  is  separated  by  sulphuric  acid  ;  from  strontium  and  calcium,  also 
by  sulphuric  acid  with  addition  of  alcohol. 

From  magnesium,  manganese,  cobalt,  nickel,  and  zinc,  these  metals  being  in 
the  state  of  protoxide,  and  the  uranium  in  the  state  of  sesquioxide,  it  is  separated  by 
precipitation  with  carbonate  of  barium. — From  zinc,  cobalt,  and  nickel  it  may  also 
be  separated  by  mixing  the  solution  of  the  chlorides  with  excess  of  sodic  acetate,  and 
passing  a  rapid  stream  of  sulphydric  acid  into  the  boiling  liquid  :  the  zinc,  cobalt,  and 
nickel  are  then  completely  precipitated,  while  the  whole  of  the  uranium  remains  dis- 
solved,   (aibb  s.  Sill.  Am.  J.  [2],  xxxix.  68 ;  Jahresb.  1865,  p.  727.) 

From  iron  it  is  separated  by  carbonate  of  ammonia,  both  metals  being  in  the  state 
of  sesquioxide ;  the  uranic  oxide  then  dissolves,  while  the  ferric  oxide  remains  undis- 
solved. Care  must,  however,  bo  taken  that  the  carbonate  of  ammonia  be  really 
monocarbonate,  quite  free  from  excess  of  carbonic  acid,  otherwise  the  iron  will  also  be 
dissolred.  To  ensure  this  condition,  the  carbonate  of  ammonia  must  be  previously 
boiled,  and  the  solution  of  the  oxides,  if  acid,  must  be  neutralised  with  ammonia  till  a 
slight  permanent  precipitate  begins  to  form  :  the  solution  should  then  be  diluted  with 
water.  The  uranic  oxide  is  separated  from  the  filtrate  either  by  boiling,  or  by  super- 
saturation  with  hydrochloric  acid  and  precipitation  by  ammonia. 

From,  aluminium,  uranium  is  also  separated  by  carbonate  of  ammonia,  and  with 
greater  facility. 

From  cadmium,  copper,  lead,  tin,  and  all  other  metals  whose  salts  are  inso- 
luble in  dilute  acids  (G-roup  i.  Analysis,  i.  217),  uranium  is  separated  by  sulphydric 
acid ;  from  chromium,  in  the  same  manner  as  iron  is  separated  from  that  metal 
(i.  945) ;  and  from  vanadium,  tungsten,  molybdenum,  and  tellurium,  by  sul- 
phide of  ammonium,  in  which  the  sulphides  of  the  last-named  metals  are  soluble. 

For  "the  methods  of  separating  uranium  from  niobium,  tantalimi,  and  titanium,  see 
those  metals  (iv.  51  ;  v.  664,  839). 

Volumetric  Estimation. — Acid  manganic  phosphate,  added  to  an  acid  solution  of 
ammonio-uranic  acetate,  forms  a  yellowish-white  precipitate,  which,  when  the  precipi- 
tation is  quite  complete,  changes  its  colour  to  yellowish  rose-red  (from  formation  of 
basic  manganic  phosphate).  The  reaction  may  be  applied  to  the  volumetric  estima- 
tion of  uranium,  by  dissolving  1  to  1^  grm.  of  the  uranium-compound  in  dilute  nitric 
or  in  nitromuriatic  acid,  supersaturating  with  ammonium-carbonate,  then  diluting  the 
solution,  and  adding  excess  of  acetic  acid,  till  the  liquid  is  made  up  to  a  litre.  If 
phosphoric  or  arsenic  acid  is  present,  the  uranium  must  first  be  precipitated  by  sul- 
phide of  ammonium.  The  normal  solution  of  manganic  phosphate  is  prepared  by 
strongly  heating  syrupy  phosphoric  acid  with  finely-divided  manganic  oxide,  till  a 
dark-blue  colour  is  produced,  diluting  to  such  a  degree  that  1  grm.  of  uranium  shall 
correspond  to  30  cubic  centimetres,  and  titrating  with  pure  uranous  or  uranic  oxide. 
(Guyard,  BuU.  Soc.  Chim.  1863,  p,  89 ;  Jahresb.  1863,  p.  692.) 

Belouheber  (Bull.  Soc.  Chim.  1867,  i.  494)  estimates  uranium  volumetrically  by 
means  of  potassic  permanganate,  the  uranium-salt  being_  previously  brought  to  the 
minimum  of  oxidation  by  treatment  with  zinc  and  sulphuric  acid. 

5.  Atomic  Weight  of  Uranium. — Peligot,  in  1842  (Ann.  Ch._  Pharm.  xlii. 
141),  determined  the  proportion  of  chlorine  contained  in  uranous  chloride,  UCP,  by 
precipitation  with  nitrate  of  silver.  Two  experiments  gave  39-1  and  37-2  per  cent, 
chlorine,  therefore  60-9  and  62-8  per  cent,  uranium.  The  latter,  regarded  by  Peligot  as 
the  more  correct,  gives : 

U    =111.71    =  119-9. 

The  analysis  of  uranic  acetate,  WO\C''WO''f.'R''0,  made  by  Peligot,  in  1845  {ihid. 
Ix.  183)  gave  U  =  120-0  and  120-1.    Wertheim  (J.  pr.  Chem,  xxix.  209),  by 
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analysis  of  sodio-uraiiic  acetate,  and  Ebolmeii  (Ann.  Ch.  Pharm.  xlii.  28G),  hy 
analysis  of  uranic  oxalate,  obtained  somewhat  lower  numbers  ;  but  the  number  1211  is 
regarded  as  the  true  atomic  weight  of  uracium. 

TTRAN'ZU'M:,  FXiTTORXSES  or.  Uranous  fluoride,  UF^  is  produced,  toge- 
ther with  uranic  oxyfluoride,  by  the  action  of  aqueous  hydrofluoric  acid  on  green 
uranoso-uranic  oxide,  and  separates  as  a  green  insoluble  powder,  which  passes 
through  the  filter.  It  is  more  easily  prepared  by  boiling  the  yellow  solution  of  uranic 
oxyfluoride,  obtained  as  above,  or  a  solution  of  ammoniacal  uranic  oxide  or  carbonate 
in  hydrofluoric  acid,  with  stannous  chloride;  the  precipitate  of  uranous  fluoride  thus 
produced  is  easy  to  wash.  Uranous  fluoride  is  also  formed  by  the  action  of  hydro- 
fluoric acid  on  uranous  hydrate,  and  is  thrown  down  by  hydrofluoric  acid  from  a  solu- 
tion of  uranous  chloride,  as  a  bulky  green  precipitate.  When  heat-ed  in  hydrogen-gas, 
it  gives  off  hydrofluoric  acid,  and  leaves  a  reddish  mass,  insoluble  in  water,  scarcely 
attacked  by  strong  nitric  acid,  and  probably  consisting  of  a  subfluoride.  (Bolton, 
Zeitschr.  f.  Chem.  [21,  ii.  353;  Bull.  Soc.  Chim.  1866,  ii.  450.) 

Poiassio-urajiotis  fluoride,  KF.2UF',  is  produced  by  the  action  of  formic  or  oxalic 
acid,  under  the  influence  of  light,  on  potassio-uranic  oxyfluoride  {infra).  When  oxalic 
acid  is  used,  a  precipitate  of  uranous  hydrate  is  likewise  formed,  but  it  is  easily  sepa- 
rated from  the  double  fluoride  by  solution  in  dilute  acids.  Potassio-uranous  fluoride 
is  a  green  powder  resembling  uranous  fluoride,  insoluble  in  water  and  in  dilute  acids, 
soluble  in  strong  hydrochloric  acid.  Sulphuric  acid  dissolves  it  easily,  eliminating 
hydrofluoric  acid.  When  ignited  in  the  air  it  melts,  gives  off  hydrofluoric  acid,  and 
leaves  uranate  of  potassium  ;  ignited  in  a  close  vessel,  it  leaves  a  black  residue  of 
uranium-suboxide  and  fluoride  of  potassium.  Caustic  soda  separates  the  suboxide  from 
it.    Heated  in  hydrogen-gas,  it  behaves  like  uranous  fluoride.  (Bolton.) 

Sodio-7iranous  fluoride,  NaF.2UF*  (?),  resembles  the  potassium-salt,  but  appears  to 
be  more  soluble  in  water.  When  heated  it  does  not  melt,  but  decomposes  like  the 
potassium-salt,  leaving  a  yellow  residue  of  sodium-uranate.  (Bolton.) 

Uranic  Oxy fluoride,  ov  Fluoride  of  Uranyl,  U*O^F^ — The  yellow  solution, 
obtained  by  treating  green  uranoso-uranic  oxide  or  uranic  hydrate  with  hydrofluoric 
acid,  leaves,  on  evaporation,  a  nearly  white  uncrystallisable  mass,  which  dissolves  in 
water  and  in  alcohol  (Berz  olius  ;  Bolton).  It  gives  off  water  at  100°,  and,  when 
heated  in  the  air,  gives  off  fluorine  and  leaves  uranium-oxide  (Bolton).  It  forms 
double  salts  with  alkaline  fluorides. 

The  ainmo7iium-salt,  (NH^jF.U-O-F^.a-H^O,  obtained  like  the  potassium-salt 
{infra),  forms  indistinct  crystals,  soluble  in  water,  slightly  soluble  in  hydrofluoric 
acid,  and  insoluble  in  alcohol.  When  calcined  it  leaves  suboxide  of  uranium.  (Bolton.) 

The  barium-salt,  3BaF^.2U'0-l<"'^.2H-0,  is  a  yellow  crystalline  precipitate,  insoluble 
in  cold  water,  soluble  in  dilute  acids. 

The  potassium-salt,  3KF.U'-0'F^,  separates,  on  adding  fluoride  of  potassium  in 
excess  to  uranic  nitrate,  as  a  lemon-yellow,  dense,  crystalline  precipitate  ;  it  is  also 
formed  by  dissolving  uranate  of  potassium  in  hydrofluoric  acid  mixed  with  fluoride  of 
potassium.  It  separates  from  solution  in  boiling  water  in  anhydrous  crj'stalline  crusts, 
and  is  deposited  by  slow  evaporation  in  macled  crystals  belonging  to  the  quadratic 
system  :  it  is  anhydrous.  When  heated,  it  melts,  with  partial  decomposition,  to  a  red 
liquid,  which  solidifies  to  a  yellow  mass  on  cooling.  It  dissolves  without  decomposition 
in  boiling  water,  forming  a  solution  which  does  not  attack  glass.  Fused  with  carbonate 
of  sodium,  it  yields  fluoride  and  uranate  of  sodium.  Ignited  in  hydrogen,  it  leaves 
a  residue  consisting  of  uranium-fluoride,  uranium-sviboxide,  and  potassium-fluoride. 
By  formic  or  oxalic  acid,  under  the  influence  of  light,  it  is  reduced  to  potassio-uranous 
fluoride  (Bolton).— The  sodium-salt,  NaF.U=0-F-.4H^0,  is  sometimes  obtained,  in 
fine  efflorescent  right  rhomboi'dal  prisms,  by  evaporating  a  mixture  of  sodium-fluoride 
and  uranic  nitrate,  or  a  solution  of  sodium-uranate  in  hydrofluoric  acid;  but  on 
attempting  to  recrystallise  it,  fluoride  of  sodium  cr3'stallises  out  alone.  By  formic  or 
oxalic  acid  it  is  reduced  to  sodio-uranous  fluoride.  (Bolton.) 

VRAirXVIVX,  XODXSES  or.  Uranous  iodide,  UI-,  is  obtained  by  dissolving 
uranous  hydrate  in  hydriodic  acid  ;  the  green  solution,  when  evaporated  in  contact 
with  the  air,  acquires  a  brown  colour  from  separation  of  iodine,  and  yields  a  black  crys- 
talline mass,  insoluble  in  water,  and  containing  a  small  quantity  of  uranic  oxyiodide. 
(Rammelsberg.) 

VRABrxinW,  OXXDSS  or.  Uranium  forms  four  compounds  with  oxygen — viz., 
tiranous  oxide,  UO  ;  uranic  oxide,  U^O';  and  two  intermediate  oxides,  U'O'  and  U'O'', 
which  may  be  regarded  as  compounds  of  the  other  two. — A  suboxi  de,  U'O',  appears 
also  to  be  precipitated,  in  combination  with  water,  on  adding  ammonia  to  the  aqueous 
solution  of  the  subehloride,  U-CP ;  but  the  brown  precipitate  thus  produced,  quickly 
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takes  up  oxygen  from  the  water,  and  is  converted  into  a  greenish-yellow  hydrate,  which, 
in  contact  with  the  air,  oxidises  tether  to  uranous  hydrate. 

Vranous  Oxide,  UO. — This  oxide,  formerly  mistaken  for  the  metal,  is  obtained 
by  exposing  uranoso-uranic  oxide,  U'O*,  mixed  with  charcoal-powder,  bullock's  blood, 
or  oil,  to  the  strongest  heat  of  a  blast-furnace;  by  heating  the  same  oxide  to  redness 
in  a  current  of  dry  hydrogen  ;  by  igniting  uranic  oxalate  in  a  close  vessel,  or  (better) 
in  a  current  of  hydrogen  ;  or  by  igniting  potassio-uranio  chloride  (p.  0i3),  either  alone 
or  in  hydrogen. 

Uranous  oxide  obtained  by  the  last-mentioned  process  forms,  after  washing,  a 
metallically  lustrous  powder  composed  of  microscopic  regular  octahedrons,  translucent 
with  red-brown  colour  on  the  edges  (Arfvedson).  That  which  is  prepared  from  the 
oxalate  is  a  cinnamon-brown  or  copper-red  metallically  lustrous  ^jowder,  of  specific 
gravity  lO'lS  (Peligot;  Ebolmen);  that  prepared  by  reducing  iiranoso-urauic 
oxide  with  charcoal  is  an  iron-grey  powder,  consisting  of  feebly  lustrous  microscopic 
needles  (Bucholz).  When  a  solution  of  ammonium-uranate  in  liydrochloric  acid  is 
evaporated  with  sal-ammoniac  and  common  salt,  the  remaining  mass  heated  in  a 
covered  crucible  till  the  sal-ammoniac  volatilises  and  the  sodium-chloride  melts,  and 
the  soluble  salts  washed  out  with  water,  uranous  oxide  remains  in  the  form  of  a  black 
crystalline  powder  (Wohler).  The  black  anhydrous  oxide  is  also  formed  by  boiling 
uranous  hydrate  with  water. 

Uranous  oxide  easily  passes  to  a  higher  state  of  oxidation,  the  compact  crystalline 
variety,  however,  lass  rapidly  than  the  finely-divided  oxide ;  that  prepared  from  the  oxa- 
late at  not  too  strong  a  heat  is  even  pyrophoric.  Uranous  oxide,  when  heated,  burns 
with  a  glimmering  liglit,  and  is  converted  into  uranoso-uranic  oxide. 

Uranous  hydrate  is  precipitated  from  uranous  salts  by  caustic  alkalis,  in  bulky 
red-brown  flocks,  which  retain  a  portion  of  alkali  after  washing  with  cold  water,  and 
turn  black  on  boiling. 

Uranous  oxide,  after  ignition,  is  insoluble  in  dilute  hydrochloric  or  sulphuric  acid, 
but  dissolves  in  strong  sulphuric  acid.  The  hydrate  dissolves  easily  in  acids,  forming 
wanous  salts.  (For  the  reactions  of  those  salts,  see  p.  943). 

Vranoso-uranic  Oxide,  U'O*  —  UO.U-0'. — This  oxide  forms  the  principal 
constituent  of  pitchblende.  It  is  obtained  artificially  by  igniting  the  metal  or  uranous 
oxide  in  contact  with  the  air  ;  by  heating  uranous  oxide  to  redness  in  an  atmosphere  of 
aqueous  vapour ;  and  by  gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  is  a 
dark-green  velvety  powder,  of  specific  gravity  7'1  to  7'3.  When  ignited  alone  it  is 
reduced  to  the  black  oxide,  U''0*;  by  ignition  in  hydrogen,  or  with  sodium,  charcoal,  or 
sulphur,  it  is  reduced  to  uranous  oxide. 

Pitchblende  sometimes  occurs  in  regular  octahedrons,  or  combinations  of  the 
octahedron  with  the  cube  and  rhombic  dodecahedron,  but  more  generally  massive  and 
botryoi'dal.  Hardness  =  6"o.  Specific  gravity  =  6*468 — 8.  Lustre  submetallic  or 
greasy  to  dull.  Colour  greyish,  gi'eenish,  brownish-red,  or  velvet-black.  Streak 
brownish-black  or  olive-green,  a  little  shining.  Opaque.  Fracture  conchoi'dal,  uneven. 
It  contains  from  70  to  90  per  cent,  uranous  oxide,  togetherwith  sulphur,  lead,  arsenic, 
antimony,  bismuth,  iron,  manganese,  cobalt,  magnesium,  calcium,  carbonic  acid,  phos- 
phoric acid,  silica,  and  sometimes  traces  of  fluorine  (Ra.mmelahevg' s  Mincralc/temie, 
p.  175).  It  occurs,  accompanying  varioiis  ores  of  lead  and  silver,  at  Johanngeorgen- 
stadt,  Marienberg,  and  Schneeberg  in  Saxony,  at  Joachimsthal  and  Przibram  in  Bohe- 
mia, and  at  Retzbanya  in  Hungary.  It  is  associated  with  uranite  at  Tincroft  and 
Tolcarn  near  Redruth  in  Cornwall,  and  at  Adrianople  in  Turkey. 

Uranoso-uranic  oxide  and  ground  pitchblende  are  used  for  producing  a  very  perma- 
nent black  colour  under  the  glaze  of  porcelain. 

Uranoso-uranic  oxide  is  but  little  acted  upon  by  dilute  hydrochloric  or  sulphuric 
acid ;  but  these  acids,  when  concentrated,  dissolve  it  without  alteration ;  by  nitric 
acid  it  is  dissolved,  and  oxidised  to  uranic  nitrate.  A  solution  of  uranoso-uranic  acid 
in  hydrochloric  or  sulphuric  acid,  diluted  with  water  and  mixed  with  ammonia,  yields 
a  grey-green  precipitate  of  uranoso-uranic  hydrate,  which,  if  precipitated  in  the 
cold,  dissolves  easily  and  without  alteration  in  dilute  acids,  but  is  decomposed  by 
carbonate  of  ammonium,  which  dissolves  out  uranic  oxide,  leaving  brown  uranous 
hydrate.  On  mixing  the  solution  of  uranoso-uranic  oxide  in  sulphuric  acid  with  alco- 
hol, uranous  sulphate  separates  out,  while  uranic  sulphate  remains  dissolved.  The 
solution  of  uranoso-uranic  oxide  in  hydrochloric  acid  is  decomposed  in  the  same 
manner  on  addition  of  sulphuric  acid  and  alcohol.  Hence  it  would  appear  that  the 
solutions  of  m'anoso-uranic  oxide  in  acids  are  mixtures  of  uranous  and  uranic  salts,  a 
view  which  is  likewise  in  accordance  with  their  other  reactions. 

A  black  oxide  of  uranium,  U^O'  or  2U0.U^0',  is  produced  by  subjecting 
uranic  nitrate  or  uranate  of  ammonium  to  intense  ignition,  or  by  strongly  igniting 
uranous  oxide  prepared  by  Wohler's  method  in  contact  with  the  air.    This  oxide 
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IS  regarded  by  P^ligot  and  Dreiikmaiin  as  a  distinct  compound ;  according  to 
Eammelsberg  and  Ebolmen,  on  tlio  other  hand,  it  is  only  a  mixture  of  green  urauoso- 
uranic  oxide  with  uranic  oxide.  If  not  too  dense,  it  is  oxidised  by  prolonged  ignition 
in  contact  with  the  air.  Witli  acids  it  behaves  in  the  same  manner  as  the  green  oxide. 
The  black  colour  produced  upon  porcelain  in  the  manner  above  mentioned,  probably 
consists  of  this  oxide. 

Vranic  Oxide,  or  Oxide  of  Uranyl,  U'O*  =  (U=0=)"0. — Uranium  and  its 
lower  oxides  dissolve  in  nitric  acid,  with  evolution  of  nitric  oxide,  and  formation  of 
uranio  nitrate  ;  and  when  this  salt  is  heated  in  a  basin  till  it  begins  to  decompose,  and 
then  to  250°  in  a  glass  tube,  as  long  as  acid  fumes  continue  to  escape,  pure  uranic 
oxide  remains  in  the  form  of  a  chamois-yellow  powder.  When  amnionio-m-aniccar- 
bonate  (i.  797),  or  uranic  hydrate,  is  heated  for  some  time  to  300^,  uranio  oxide  re- 
mains as  a  brick-rod  powder,  according  to  Ebelmeu  ;  according  to  Malaguti,  however, 
the  oxide  prepared  by  heating  the  hydrate  always  retains  a  certain  quantity  of  water. 
Uranic  oxide,  when  heated  to  redness,  gives  off  oxygen  and  leaves  green  uranoso-uranic 
oxide. 

Uranic  hydratecannot  be  prepared  by  precipitating  a  uranic  salt  with  alkalis, 
inasmuch  as  the  precipitate  always  carries  down  alkali  with  it.  Pure  uranic  hydrate 
may  be  obtained  : — 1.  By  heating  uranic  nitrate  contained  in  a  covered  vessel  in  the 
sand-bath  as  long  as  nitric  acid  is  given  off ;  uranic  hydrate  then  remains,  mixed  with 
basic  nitrate,  from  which  it  may  bo  freed  by  boiling  with  water  (Berzelius). — 2.  A 
solution  of  uranio  nitrate  in  absolute  alcohol  is  evaporated  at  a  moderate  heat  till,  at 
a  certain  degree  of  concentration,  nitrous  ether,  aldehyde,  and  other  vapours  are  given 
otf  with  violent  intumescence,  and  a  spongy  yellow  mass  remains,  which,  when  washed 
with  boiling  water,  leaves  uranic  hydrate  (Malaguti,  Compt.  rend.  xvi.  851). — 3.  By 
exposing  recently  precipitated  and  still  moist  uranoso-uranic  hydrate  to  the  air  (Ebol- 
men).— 4.  By  boiling  ammonio-uranic  carbonate  with  water,  and  leaving  the  powder 
thereby  separated  (which  contains  about  2  per  cent,  ammonia)  for  some  time  under  an 
imperfectly  closed  bell-jar  (Dronkmann). — 5.  By  fusing  ui'anoso-uranic  oxide  with 
chlorate  of  potassium,  and  boiling  out  the  fused  mass  with  water. 

The  hydrate  obtained  by  either  of  these  processes  contains,  when  dried  in  the  air 
at  ordinary  temperatures,  11'65  per  cent,  water,  agreeing  with  the  formula  U^0'.2H''0. 
In  a  vacuum  at  ordinary  temperatures,  or  at  100°  in  the  air,  it  gives  off  half  its  water, 
leaving  the  monohydrate,  U-'0'.H"0,  which  contains  6-11— 6'28  per  cent,  water  (by 
calculation,  5'88  per  cent.)  (Ebelmen  ;  Malaguti).  According  to  Drenkmann,  the 
dihydrate  prepared  by  the  last  two  processes  does  not  give  oflf  the  half  of  its  water 
till  heated  to  160'^. 

The  monohydrate  has  a  lemon-yellow  colour,  inclining  to  orange-yellow,  and  a  specific 
gravity  of  5'92.  It  is  permanent  in  the  air,  and  does  not  absorb  carbonic  acid. 
According  to  Ebelmen,  it  gives  off  all  its  water  at  300°;  but  according  to  Malaguti,  it 
still  retains  two-thirds  of  its  water  at  400°,  and  when  more  strongly  heated,  gives  off 
oxj'gen  as  well  as  water.    At  a  red  heat  it  is  reduced  to  uranoso-uranic  oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the  uranic  salts  (p.  913). 

Uranates. — Uranic  oxide  unites  with  basic  metallic  oxides,  forming  salts  called 
uranates.  The  uranates  of  the  alkali-metals  are  obtained  by  precipitating  a  uranic  salt 
with  a  caustic  alkali ;  those  of  the  earth-metals  and  heavy  metals,  by  precipitating  a 
mixture  of  a  \iranic  salt  and  a  salt  of  the  other  metal  with  ammonia,  or  by  igniting 
a  double  carbonate  or  acetate  of  uranium  and  the  other  metal  (calcio-uranic  acetate, 
for  example)  in  contact  with  the  air.  The  uranates  have,  for  the  most  part,  the 
composition  M-0.2U-0''.  They  are  yellow,  insoluble  in  water,  soluble  in  acids. 
Those  which  contained  fixed  bases  are  not  decomposed  at  a  red  heat  ;  but  at  a  white 
heat,  the  uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition  in  hydrogen 
touranous  oxide  ;  the  mass  obtained  by  this  last  method  easily  takes  fire  in  contact  with 
the  air. 

Uratiafr  of  A  m  moniuin  is  precipitated  from  uranic  salts  by  ammonia,  as  a  yellow 
powder,  which  is  slightly  soluble  in  pure  water,  quite  insoluble  in  water  containing  sal- 
ammoniac,  is  not  decomposed  at  100°,  but  at  higher  temperatures  gives  off  nitrogen, 
ammonia,  and  water.  This  salt  sometimes  occurs  in  commerce  as  a  fine  deep  yellow 
colour,  called  "  uranium-yellow."  It  is  easily  prepared  by  adding  chloride  or  sulphate 
of  ammoniimi  to  a  boiling  solution  of  sodium-uranate  as  long  as  ammonia  and  ammo- 
nium-carbonate are  given  off,  washing  the  resulting  precipitate,  and  drying  it  at  a  gentle 
heat  (Anthon,  Ding.  pol.  J.  clvi.  211).  This  salt,  when  heated  to  redness,  leaves 
pure  uranoso-uranic  oxide,  and  may  therefore  serve  as  the  raw  material  for  the  prepa- 
ration of  other  uranium-compounds. 

Uranate  of  Barium,  Ba0.2U'0',  obtained  by  precipitation,  as  above  described, 
is  yellowish-red  or  orange-yellow,  and  when  ignited  in  hydrogen,  leaves  an  inflamma- 
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tie  mixture  of  uranoso-uranic  oxide  and  baryta. — The  calcium-salt  is  obtained  in  a 
similar  manner.  Many  natural  uranium-ochres  consist  of  this  compound,  and  in  that 
case  do  not  give  oiF any  oxygen  at  a  red  heat. — The  lead-salt,  Pb0.2U-'C,  obtained 
by  precipitation,  or  by  repeatedly  boiling  carbonate  of  lead  with  fresh  quantities  of 
uranic  acetate,  is  yellowish-red,  becoming  brown-red  by  moderate  ignition  ;  when  heated 
in  a  pottery-furnace  it  becomes  straw-yellow  without  undergoing  reduction,  and  is  then 
difficult  to  dissolve  in  acetic  acid ;  when  ignited  in  hydrogen,  it  leaves  a  pyrophoric 
mixture  of  uranous  oxide  and  metallic  lead  (Wertheim). — The  magnesium-salt, 
Mg0.2U'0',  obtained  by  igniting  magnesio-uranic  acetate,  is  a  yellow-brown  powder. 

The  potassium-salt,  K'''0.2U'0^.3H'0  (Patera),  is  prepared  by  precipitating  a 
Tiranic  salt  with  excess  of  caustic  potash;  or  by  igniting  potassio-uranic  carbonate  or 
acetate  ;  or  by  fusing  uranic  oxide  with  excess  of  potassium-carbonate,  and  washing  out 
with  water.  When  prepared  in  the  wet  way,  it  is  a  light  orange-yellow  powder;  when 
obtained  by  ignition,  yellowish-red.  It  is  partially  reduced  by  hydrogen,  yielding  a 
mixture  of  uranoso-uranic  oxide  with  a  more  basic  uranate  of  potassium  (Berzelius; 
Wertheim).  Uranate  of  potassium  may  also  be  prepared  from  pitchblende  in  the 
same  manner  as  the  sodium-salt  {infra).  An  orange-coloured  potassium-uranate  is 
produced  by  precipitating  a  solution  of  potassio-uranic  carbonate  in  carbonate  of 
potassium  with  caustic  potash,  and  is  prepared  on  the  large  scale  by  roasting  pitch- 
blende, with  subsequent  addition  of  crude  potash  and  saltpetre  (Wysocki,  Dingl. 
pol.  J.  civ.  305). — An  acid  salt,  K-0.6U-'0^.6H-0,  is  produced  by  fusing  acid  uranic 
sulphate  with  chloride  of  potassium;  and  remains,  on  lixiviating  the  fused  mass,  as  a 
yellow  powder  composed  of  microscopic  rhombic  prisms.  It  becomes  brick-red  by 
prolonged  heating,  and  silver-grey  at  a  white  heat,  in  consequence  of  the  conversion  of 
the  uranic  into  uranoso-uranic  oxide.  (Drenkmann.) 

'Ihe  silv  er-salt,  obtained  by  precipitation,  or  by  boiling  argento-uranic  acetate 
with  water,  is  a  red  powder  which  decomposes  when  heated  above  100°. 

Sodium-salts. — -The  normal  salt,  Na'^O.U'^O',  obtained  like  the  potassium-salt,  is 
yellow,  and  exhibits  characters  similar  to  those  of  the  potassium-salt.  By  fusing  it 
with  sodium-chloride,  and  lixiviating  with  water,  another  salt  is  obtained,  probably 
Na'-'O.U^O^  in  yellow  six-sided  tables,  mixed  with  a  small  quantity  of  uranoso-uranic 
oxide  (Drenkmann).  Byfusing  uranic  nitrate  with  sodium-chloride,  and  lixiviating 
the  cooled  mass,  an  acid  uranate  of  sodium,  Na^O.SU'O',  is  obtained  in  bronze-coloured 
nacreous  laminae,  resembling  mosaic  gold,  and  made  up  of  microscopic  rhombic  tables. 
It  has  a  specific  gravity  of  6'91,  is  insoluble  in  water,  is  decomposed  only  at  a  white 
heat,  afterwards  appearing  silver-grey  by  reflected,  colourless  by  transmitted  light, 
and  containing  uranoso-uranic  oxide.  (Drenkmann.) 

The  normal  salt,  Na^0.2U^0',  is  much  used  for  imparting  a  yellowish  or  greenish 
colour  to  glass,  and  as  a  yellow  pigment  on  the  glazing  of  porcelain.  The  "  uranium- 
yellow"  for  these  purposes  is  prepared  on  the  large  scale  by  roasting  100  pts.  of 
finely-pulverised  pitchblende  (containing  45  per  cent,  uranoso-uranic  oxide)  with 
14  pts.  lime  in  a  reverberatory  furnace;  treating  the  resulting  uranate  of  calcium  with 
dilute  sulphuric  acid,  by  which  the  uranic  oxide  is  almost  completely  dissolved  ;  mix- 
ing the  green  solution  with  crude  sodium-carbonate,  by  which  the  uranium  is  precipi- 
tated, together  with  other  metals,  but  redissolved,  tolerably  free  from  impurities,  by 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid  as  long  as  efier- 
vescence  ensues.  The  sodium-uranate  is  then  precipitated  as  a  hydrate,  which 
becomes  crystalline  when  dry,  and  then  contains  Na'^0.2U'0'.6H-0  (Patera,  J.  pr. 
Chem.  Ixi.  397).    Glass  coloured  with  uranium-yellow  is  highly  fluorescent. 

An  orange-coloured  uranate  of  sodium  may  be  prepared  by  precipitating  a  solution 
of  pure  sodio-uranic  carbonate  with  caustic  soda,  pressing,  drying,  and  pulverising  the 
precipitate,  then  washing  it,  and  drying  it  again.  (Wysocki.) 

Uranate  of  Zinc  is  obtained  by  precipitating  a  mixture  of  uranic  acetate  and 
zinc-acetate  with  baryta-water,  or  by  precipitating  uranic  nitrate  with  metallic  zinc, 
being  then  deposited  on  the  metal  as  a  compact  yellow  coating.  (Wertheim.) 

URAXTXirnX,  SUIiPHISES  op.  The  only  sulphur- compounds  of  uranium 
hitherto  obtained  in  definite  form,  are  uranous  sulphide,  US,  and  uranous  oxysulphide, 
U'S^O.    Uranic  sulphide,  U-S',  is  not  known  with  certainty. 

Uranous  Su I ]j ?i ide,  XJS,  is  produced  with  incandescence  when  metallic  uranium 
is  heated  in  sulphur-vapour  (P^ligot)  ;  quickly  also,  but  without  incandescence, 
when  uranous  chloride  is  heated  to  redness  in  sulphydric  acid  (Hermann).  As  thus 
prepared,  it  is  a  greyish-black  amorphous  powder,  which  becomes  crystalline  when 
heated  to  whiteness  out  of  contact  with  air.  Uranous  sulphide  is  also  formed  as  a 
black  precipitate  on  adding  sulphite  of  ammonium  to  a  solution  of  uranous  chloride  or 
nitrate  (Hermann).  When  exposed  to  moist  air,  it  gradually  gives  off  sulphydric 
acid,'  and  is  converted  into  a  basic  sulphate;  when  heated  in  the  air,  it  gives  off  sul- 
phurous oxide,  and  is  converted  into  uranoso-uranic  oxide.    It  is  not  decomposed  by 
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Lot  hydrochloric  acid,  but  dissolves  fasily  in  the  concentrated  acid.  Chlorine  decom- 
poses it  rapidly ;  nitric  acid  converts  it  into  iiranic  sulphate. 

When  an  oxide  of  uranium  is  ignited  in  a  mixture  of  carbonic  dioxide  and  carbonic 
disulphido,  the  higher  oxides  are  reduced  to  urauous  oxide,  but  the  latter  undergoes 
no  further  decomposition.  Uranous  oxide,  and  not  the  sulphide,  is  likewise  produced 
■when  uranous  sulphate  is  heated  in  hydrogen-gas ;  or  when  a  mixture  of  urauous 
oxide  and  sodium-uranate  is  ignited  with  flowers  of  sulphur  and  sal-ammoniac;  or 
when  uranous  sulphate  is  heated  with  persulphide  of  potassium.  (Hermann.) 

Uranous  Oxy sulphide,  U'S'O  =  2US.U0,  is  produced,  aecordingto  Hermann, 
when  uranous  or  uranoso-uranic  oxide  is  heated  to  bright  redness  in  vapour  of  carbonic 
disulphide. 

Uranic  Oxi/sulphide,  or  Sulphide  of  Uranyl,\s  precipitated,  aecordingto 
Bemel^  (Compt.  rend.  Iviii.  716),  by  sulphide  of  ammonium  from  a  solution  of 
uranic  nitrate.  It  dissolves  partially  in  cold  water,  forming  a  brown  solution,  which 
deposits  uranic  oxide  on  standing. 

Uranic  Sulphide  has  not  been  obtained  in  the  separate  state;  but  when  the 
precipitate  formed  by  sxdphide  of  ammonium  in  uranic  salts  is  left  for  a  day  or  two  in 
tlie  liquid,  it  is  converted  into  a  blood-red  compound  containing  ammonium-sulphide  ; 
and  this  compound,  when  treated  witli  potash-ley,  yields  a  red  pulverulent  body  contain- 
ing, according  to  Patera,  K-'S.2U-S'  +  21(K-0.2U-0^.3H-0).  The  red  araraoniura-com- 
pound  treated  with  the  chlorides  of  sodium,  barium,  and  strontium,  yields  corresponding 
red  compounds  containing  those  metals.  When  boiled  with  lime  or  magnesia,  it 
turns  black.    (Patera,  Ann.  Ch.  Pharm.  Ixxxvi.  254.) 

VRAiTlTrni-BXiOOSI.    Syn.  with  Ueacokise  {infra). 

UKA.HIUM-CREEM'.  Uran-griin.  Uranochalcite. — These  names  are  applied 
to  certain  docompositiun-products  of  uranium-ores,  occurring  thereon  in  small  spherical 
masses,  or  in  fine  needle-shaped  crystals,  and  consisting,  according  to  Lindacker,  of 
m'anoso-uranic  .sulphate  mixed  with  calcic  and  ouprie  sulphates. 

URAnrXUnX-MICA.    Syn.  with  Ueanite  (p.  940). 

TTRANI'U'M-OCHRX:.  Uranochre.  Earthy  Hydriiranite.  Uramte  terreui,. — 
A  term  applied  to  various  earthy  uranium-minerals,  such  as  oehry  uranic  hydrate 
and  basic  uranic  sulphates,  occurring,  with  or  without  calcic  sulphate,  at  Joachims- 
thal ;  the  latter  are  also  called  Uracvnisc,  or  Zippeite. 

URAN'IVIVX-ORA.n'GX:.  Orange-coloured  uranates  of  potassium  and  sodium 
(p.  948), 

TTItAITXVnx-VITRZOIi.  A  basic  uranic  sulphate  containing  4-0  per  cent.  SO', 
79'0  U-'O',  and  14-3  water,  occurring  in  lemon-yellow,  microscopic,  rhombic  prisms,  at 
Joachimsthal  in  Bohemia. 

ITRAirXUnx-YE^LXOW.  A  term  applied  to  uranate  of  sodium,  used  as  a  pig- 
ment, and  to  uranate  of  ammonium  (p.  948). 

ITRAHOCHAXiCITE.    Syn.  with  Ueanium-geeen. 

VRAiroCHRXIi    Syn.  with  Ueanium-ochre. 

ITRATTOirxOBXTE.    A  term  applied  by  Hermann  (J.  pr.  Chem.  Ixxvi.  326)  to 

crystallised  pitchblende  from  Norway,  containing  a  small  quantity  of  uiobie  acid. 

VRAirOPKAN'E.  A  mineral  consisting  of  hydrated  uranic  silicate,  together 
with  many  other  constituents,  found  in  amine  near  Kupferberg  in  Silesia.  (Handw.  d. 
Chem.  ix.  43.) 

URAN'OPHYI.XXTE.    Syn.  with  Ueanite  (p.  940). 

URANOPXSSXTE.    Syn.  with  Pitchblende  (p.  946). 

TTRAN'OTAN'TAliXTE.  Syn.  with  Samaeskite,  or  Ueanoniobate  of  Ytteium 
AND  lHO>f  (iv.  55  ;  V.  186). 

TrRASTTIi.  U-0-. — A  diatomic  radicle,  which  may  be  supposed  to  exist  in  the 
uranic  compounds  (p.  942). 

URAO.    Tetrasodio  carbonate,  or  sesquicarbonate  of  soda,  Na*H'(C0')'.2H^0, 

occurring  at  the  bottom  of  a  lake  in  Maracaibo,  South  America  (i.  796). 

VRARX.    Syn.  with  Cueaea  (ii.  185). 
1TRATES.    See  Ueic  Acid  (p.  956). 

TTRDXTE.  A  mineral  of  unknown  composition,  occurring  in  the  orthoelase  of 
Nottcrcie  in  Norway.  It  has  been  supposed  to  be  identical  with  monazite  (ceroua 
phosphate);  but,  according  to  Forbes  and  Dahll  (J.  pr.  Chem.  Lxvi.  445),  it  crys- 
tallises in  tjiclinic  forms,  whereas  monazite  is  monoclinic. 
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UREA,  COH''N'.  TJree.  Harnstoff.  Urenoxyd-ammoniaJc. — This  substance,  iso- 
meric with  animonium-cyanate  and  with  carbamide,  and  forming  the  chief  organic  con- 
stiUieut  of  human  urine,  was  first  obtained,  in  an  impure  state,  as  Extractum  sapo- 
naceum  urince,  by  Eouelle  the  younger,  in  1773,  and  afterwards  prepared,  in  astate  of 
greater  purity,  by  Fourcroy  and  Vauquelin,  in  1799.  Wohler,  in  1828  (Pogg. 
Ann.  xii.  253;  xv.  CI 9), obtained  it  by  molecular  transformation  of  animonium-cj'anate, 
and  it  has  been  further  examined,  chiefly  byLiebig  and  Wohler  (ii!>iVZ.  xx.  372), 
Dumas  (Ann.  Ch.  Phys.  [2],  xliv.  273),  Pelouze  {ibid.  [3],  vi.  65),  Marchand 
(J.  pr.  Chem.  xxxiv.  248;  xxxv.  481),  Werther  (ibid.  xxxv.  51),  Heintz  {ibid. 
xlii.  401),  and  Millon  (Compt.  rend.  xxvi.  119). 

Urea  is  contained  in  the  m-ine  of  all  mammiferous  animals,  especially  in  that  of  the 
flesh-eaters ;  in  smaller  quantity  also  in  that  of  birds  and  of  reptiles ;  and  in  the 
renal  secretions  of  some  animals  of  the  lower  orders.  It  is  found  in  small  quantity 
in  the  blood  of  man  and  of  other  aninials  in  the  state  of  health  ;  sometimes  also  in 
the  perspiration,  in  the  amniotic  liquid,  in  morbid  exudations,  and  even  in  the  tissues. 
It  forms  an  essential  constituent  of  the  vitreous  humour  of  the  eye  (about  30  per 
cent,  of  the  solid  substance,  according  to  Millon),  and  has  lately  been  found  by 
Wurtz  (Ann.  Ch.  Pharm.  xcviii.  287)  in  the  chyle  and  lymph  of  various  animals.  Its 
presence  in  the  animal  economy  is  due  to  the  transformation  of  the  tissues  under  the 
influence  of  oxygen  absorbed  in  respiration ;  it  is,  in  fact,  the  last  term  in  the  series  of 
organic  products  of  oxidation  of  the  nitrogenous  tissues. 

Urea  is  produced  artificially: — 1.  By  the  spontaneous  transformation  of  ammonium- 
cyanate.  A  solution  of  this  salt,  when  recently  prepared,  exhibits  the  reactions  of 
cyanic  acid  ;  but  when  heated,  or  left  to  evaporate,  it  is  converted  into  urea.  Sulpho- 
cyanate  of  ammonium  heated  with  oxide  of  silver  is  first  converted  into  eyanate  of 
ammonium,  and  then  into  urea. — 2.  From  cyan  amide,  CJST'^H'',  by  assumption  of  1  at. 
water,  the  change  taking  place  on  adding  a  drop  of  nitric  acid  to  the  aqueous  solution. 

3.  It  is  obtained  as  a  product  of  the  decomposition  of  many  organic  bodies  of  com- 
plex constitution  :  e.g.,  of  creatine,  guanine,  viric  acid,  allantoin,  &c. 

Urea  is  commonly  regarded  as  identical  with  carbamide,  |^II<^  '  ^"^^i  conse- 
quently, the  processes  which  give  rise  to  this  latter  compound  are  generally  spoken  of 
as  modes  of  formation  of  urea.  Such  are  the  reactions  of  gaseous  ammonia  on  chlo- 
ride of  carbonyl,  of  aqueous  ammonia  on  ethylic  carbonate  (i.  752),  and  the  decom- 
position of  oxamide  by  heating  with  mercuric  oxide  (Williamson,  Memoires  dti 
Congres  scitntif.  de  Vcnise,  1847): 

ii\CO-)'W  +  HgO    =    N'(CO)"H'  +  CO^  -!-  Hg. 

Oxamide.  Carbamide. 
But  urea,  though  it  exhibits  most  of  the  characters  of  an  amide,  especially  in  being 
resolved  into  carbonic  acid  and  ammonia  by  the  action  of  acids  and  alkalis,  nevertheless 
does  not  appear  to  react  like  an  amide  under  all  circumstances.  Thus,  it  has  been 
lately  shown  by  Wanklyn  and  Gamgee  (Chom.  Soc.  J.  xxi.  25),  that  ui-ea,  when 
heated  with  a  great  excess  of  potassium-permanganate  in  presence  of  mucli  caustic 
potash,  gives  off  the  whole  of  its  nitrogen  in  the  form  of  nitrogen-gas  ;  whereas,  when 
ammonium-salts  and  amides  are  similai'ly  heated,  the  whole  of  the  nitrogen  is  oxidised 
to  nitric  acid.    Hence  Wanklyn  and  Gamgee  regard  urea  as  constituted  differently 


,j  _____ 


from  carbamide,  and  represent  it  by  the  formula  C-<  NH^  ,  which  is  that  of  marsh- 

(  OH 

gas  having  2  at.  hydrogen  replaced  by  imidogen,  one  by  amidogen,  and  the  fourth  by 

hydroxyl.  Carbamide  may  be  represented  on  the  same  type  as  C  J  NH',  and  eyanate 

^  0" 

of  ammonium  as  C  Iq^j^jji^ 

Preparation  of  Urea. — 1.  From  urine. — The  urine  is  evaporated  to  dryness  over  the 
water-bath;  the  residue  is  exhausted  with  alcohol ;  the  solution  again  evaporated;  and 
the  residue  exhausted  with  absolute  alcohol:  the  resulting  solution  yields,  by  evaporation, 
slightly  coloured  urea. — Or  urine  concentrated  by  evaporation,  or  by  leaving  it  to  freeze, 
is  treated  with  nitric  or  oxalic  acid,  which  tlirows  down  a  precipitate  of  nitrate  or 
oxalate  of  urea.  The  oxalate  may  be  decomposed  by  chalk,  which  forms  insoluble 
calcic  oxalate,  leaving  the  urea  in  solution  (Berzelius).  The  nitrate  of  urea  is 
decomposed  in  aqueous  solution  by  carbonate  of  b:irium  or  potassium  ;  the  greater 
part  of  the  resulting  nitrate  of  barium  or  potassium  is  removed  by  evaporation  and 
crystallisation  ;  and  the  urea  remaining  in  solution  is  purified  by  repeated  crystallisa- 
tion from  alcohol. 
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2.  From  cyan  ate.  of  ammonium. — The  artificial  preparation  of  urea  from  this 
salt  yields  a  much  better  product  than  the  preparation  from  urine.  Cyanateof  potas- 
sium is  decomposed  by  sulphate  of  ammonium,  and  tlie  resulting  sulphate  of  potassium, 
which  is  very  little  soluble  either  in  water  or  in  alcohol,  is  separated  from  the  urea 
formed  by  transformation  of  the  ammonium-cyanate, which  is  very  soluble  in  bothliquids. 

The  following  methods  give  good  results : — a.  A  mixture  of  28  pts.  dry  and  pul- 
verised ferrocyanido  of  potassium  and  14  pts.  manganese-peroxide  is  heated  on  an 
iron  plate;  the  solution  obtained  by  exhausting  the  mass  vdA  cold  water  is  mixed 
with  20^  pts.  dry  sulphate  of  ammonium  ;  the  liquid  is  decanted  from  the  precipitated 
sulphate  of  potassium ;  and  the  remaining  portion  of  that  salt  is  removed,  as  far  as 
possible,  by  evaporation  and  cooling.  The  solution  is  then  evaporated  to  dryness,  and 
the  urea  is  extracted  from  the  residue  by  boiling  alcohol  (Liebig). — 0.  Cyanide  of 
potassium,  prepared  by  melting  8  pts.  of  the  dehydrated  ferrocyanide  with  3  pts. 
carbonate  of  potassium,  is  converted  into  cyanate  by  adding  15  pts.  minium  to  the 
melted  mass.  This  salt  is  then  dissolved  out  by  water ;  the  solution  is  mixed  with 
8  pts.  sulphate  of  ammonium ;  the  sulphate  of  potassium  is  removed  as  before  ;  the 
filtered  liquid  is  evaporated  to  dryness  ;  and  the  residue  is  exhausted  with  boiling 
alcohol  (Clemm,  Ann.  Ch.  Pharra.  Ixvi.  382).  The  alcoholic  solution  of  urea  obtained 
by  either  of  these  methods  frequently  contains  a  certain  portion  of  undeeomposed  - 
ferrocyanide,  which,  however,  may  be  easily  removed  by  careful  addition  of  forroso- 
ferric  sulphate. — 7.  According  to  J.  Williams  (Chem.  Soc.  J.  xxi.  64),  a  better  and 
more  abundant  product  is  obtained  by  digestiug  cyanate  of  lead,  at  a  gentle  heat,  with 
an  equivalent  quantity  of  ammonium-sulpihate,  and  evaporating  the  filtered  liquid. 

Propcr/tcs. — From  a  pure  aqueous  solution,  urea  generally  crystallises  in  long 
flattened  prisms  without  terminal  faces  ;  but  when  the  alcoholic  mother-liquors, 
still  containing  a  few  impurities,  are  left  to  evaporate,  the  urea  is  obtained  in 
slightly  yellowish  quadratic  jirisms,  terminated  by  octahedral  faces.  Frequently  the 
combination  ooP  .  P  .  oP  is  found  at  only  one  extremity  of  the  prism.  Angle  ooP  : 
(»P  =  90°;  ooP  :  P  =  139°  ;  P  :  P  =  82°  ;  ccP  :  oP  =  90°.  Urea  has  a  coohng 
taste,  like  that  of  saltpetre.  It  dissolves  in  its  own  weight  of  cold  water,  in  all  pro- 
portions of  hot  water,  and  is  also  very  soluble  in  alcohol  (in  6  pts.  of  cold  and  1  pt. 
of  lioiling  alcohol),  but  nearly  insoluble  in  ether.  It  melts  at  120°,  and  decomposes  at 
higher  temperatiu-es. 

Deco7nposiiio?is, — 1.  Under  various  circumstances  urea  takes  up  water,  and  is  re- 
solved into  carbonic  anhydride  and  ammonia : 

C0H'N2  +  WO    =    CO^  +  W3.\ 

This  decomposition  takes  place  when  urea  is  heated  with  waler  in  sealed  tubes  to 
temperatures  above  100°;  or  when  it  is  boiled  with  potash,  lime,  or  magnesia,  or 
warmed  with  strong  sulphur w  acid,  or  evaporated  with  solution  of  lead-acetate;  also 
under  the  influence  of  ozone,  in  presence  of  free  alkali  (Gorup-Besanez,  Ann.  Ch. 
Pharm.  cxxv.  307);  also  by  electrolysis.  (S chlagd enhauf f en,  J.  Pharm.  [3], 
xliv.  100.) 

2.  In  many  cases  urea  gives  up  only  half  its  nitrogen  in  the  form  of  ammonia,  the 
other  half  taking  the  form  of  cyanic  or  cyanuric  acid  : 

COHW  =  COHN  +  NH'. 
Thus  a  solution  of  urea  evaporated  with  nitrate  of  silver,  yields  cyanate  of  silver  and 
nitrate  of  ammonium  (Wo hi er  and  Liebig). — Urea  heated  with  phosphoric  a7)hy- 
dridc  yields  phosphate  of  ammonium  and  cyanic  acid,  together  with  cyanuric  acid, 
amnieiide,  &e. — Urea  heated  alone  to  150° — 170°  is  converted  into  biiiret  and  cyan- 
uric acid : 

2COH'N2    =    C^O-H^N'  +  NH^ 

Urea.  Biuret. 

3C0H'N-    =    C^O^H^N'  -l-  3NH'. 

Urea.  Cyanuric 
acid. 

Put  if  the  temperature  be  kept  down  to  a  few  degrees  above  the  melting-point,  a  white 
amorphous  residue  is  obtained,  consisting,  according  to  Gerhardt  {IVaitc,  i.  40G),  of 
mclauureuic  acid  (Gerhardt's  ammeline) : 

4C0H-'N=    =    C'O^H'N'  +  CO-  +  4NH'. 

Urea.  Melanurenic 
acid. 

Urea  heated  to  145° — 160°  with  phenol  also  yields  biuret,  together  with  phenate  of 
ammonium.    (Baeyer,  Ann.  Ch.  Pharm.  cxxxi.  251.) 

Ili/drochlorote  ofxma  heated  to  145°  yields  chloride  of  ammonium  and  cyanuric  acid. 
(De'Vry,  Ann.  Ch.  Pharm.  Ixi.  249.) 
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When  chlorine  is  passed  over  melted  urea,  hydrochloric  acid  and  nitrogen  are  evolved, 
and  there  remains  a  mixture  of  sal-ammoniac  and  cyanuric  acid  (Wurtz,  ibid.  Ixiv. 
307): 

eCOH^N'  +  3CP    =    2C'0«H'N^  +  4NH<C1  +  2HC1  + 

3.  By  other  reagents,  urea  is  resolved  into  carbonic  anhydride,  water,  and  free  nitro- 
gen.   Thus,  with  nitrous  acid  or  mercuric  nitrite : 

COH'K'  +  N=0'    =    C0«  +  2H20  +  2W. 

Similarly,  by  hypocklorous  acid  (or  chlorine  in  presence  of  water)  audi  hypochlorites: 

C0H<N2  +  3C1H0    =    CO^  +  3HC1  +  2H'0  +  W. 

The  decomposition  of  urea  by  excess  of  potassium-permanganate  in- presence  of  a  con- 
siderable quantity  of  caustic  alkali  has  been  already  mentioned  (p.  950)  ;  under  these 
circumstances,  the  whole  of  the  nitrogen  is  evolved  in  the  free  state.  When,  on  the 
other  hand,  a  smaller  quantity  of  permanganate  is  used,  so  that  a  portion  of  the  urea 
escapes  the  first  action  of  the  permanganate  and  remains  in  contact  with  the  manga- 
nate  of  potassium  formed  by  the  reduction  of  the  permanganate,  part  of  the  nitrogen  of 
the  urea  is  oxidised  to  nitric  acid.    (Wanklyn  and  Gamgee.) 

4.  Urea  heated  with,  ethylic  oxalate  to  135° — 170°  for  several  hours  in  a  sealed 
tube,  yieldsoxamide,  ethylic  allophanate,  and  alcohol  (Grabo wski,  Ann.  Ch. 
Pharm.  cxxxiv.  115): 

2C0H'N''  +  C^O'IC^H^)'    =    C'O^H'N^  +  C^H'N203(C^H5)  +  (C=H*)HO. 

Urea.  Ethylic  oxa-  Oxamide.  Ethylic  allopha-  Alcohol, 

late.  nate. 

5.  Urea  heated  with  3  ^ts.  aniline  to  150° — 170°  gives  ofif  ammonia,  and  forms  di-' 
phenylurea: 

COH'N^  +  2(C»ff)H^N    =    C0H''(C«H»)2N2  +  2NH'. 

The  reaction  is  analogous  to  that  by  which  triphenyl-rosaniline  is  formed  from  rosa- 
niline  and  aniline.    (Baeyer,  Ann.  Ch.  Pharm.  cxxi.  251.) 

6.  Urea  treated  with  chlorides  of  acid  radicles  yields  compound  ureas  containing 
those  radicles,  e.ff. : 

COH^N^  +  C^H'OCl    =    HCl  +  COH'(C'H'0)N'. 

Urea.  Chloride  of  Acetylurea. 

acetyl. 

7.  With  ethylic  cyanate  urea  combines  directly,  forming  the  compound  CH^N'O' 
[  =  COH*N-  +  2C0(C^H*)N],  isomeric  with  creatine,  and  already  described  as  di- 
ethyl-tricarbonyl-tetramide  (ii.  665). 

8.  When  urea  and  quercetie  acid  are  mixed  in  aqueous  solution  in  a  certain  propor- 
tion, direct  combination  takes  place  ;  but  with  excess  of  urea,  a  yellow  decomposition- 
product  is  formed.    (Pfaundler,  Ann.  Ch.  Pharm.  cxix.  213.) 

Detection  and  'Estimation  of  Urea. 

Pure  urea  is  easily  recognised  by  its  behaviour  when  heated.  To  detect  urea  in 
animal  fluids,  the  alcoholic  extract  is  precipitated  with  nitric  acid,  and  the  precipi- 
tated crystalline  laminse  are  examined  with  the  microscope-goniometer,  to  ascertain 
whether  they  exhibit  the  characteristic  angle  (82°). 

For  the  quantitative  estimation  of  urea,  especially  in  urine,  several  methods 
have  been  proposed. — Precipitation  of  the  alcoholic  extract  with  nitric  acid,  and 
weighing  the  nitrate  of  urea  dried  at  100°,  does  not  yield  exact  results. — Bun  sen's 
method  of  estimation  is  based  upon  the  resolution  of  urea  into  carbonic  anhydride  and 
ammonia.  The  urea  is  mixed  with  solution  of  barium-chloride  containing  ammonia ;  the 
filtered  liquid  is  heated  in  a  sealed  tube  to  220° — 240°;  and  the  carbonate  of  barium 
produced  by  the  decomposition  is  weighed  (Ann.  Ch.  Pharm.  Ixv.  375 ;  Jahresb. 
1847-1848,  p.  989).— Ragsky  (Ann.  Ch.  Pharm.  Ivi.  92)  and  Heintz  {ibid.  Ixvi.  114) 
evaporate  the  liquid  with  sulphuric  acid,  treat  the  black  residue  with  water  to  dissolve 
out  the  resulting  sulphate  of  ammonium,  and  weigh  the  ammonia  as  chloroplatinate. — 
Mill  on  {ibid.  Ixviii.  370)  decomposes  the  urea  with  a  solution  of  mercuric  nitrite,  and 
determines  the  carbonic  anhydride  thereby  evolved,  by  absorption  in  a  bulb-apparatus 
containing  potash. — Neubauer  (Jahresb.  1853,  p.  702)  eflTects  the  same  decomposi- 
tion in  an  apparatus  like  that  of  Fresenius  and  Will  for  estimating  carbonic  acid 
(i.  38),  and  determines  the  loss  of  weight  resulting  from  the  escape  of  the  carbonic  anhy- 
dride and  nitrogen  together.  This  loss  of  weight,  multiplied  by  0-834,  gives  the  quan- 
tity of  urea. 

Li  ebig' s  volumetric  method  (Ann.  Ch.  Pharm.  Ixxxv.  370)  is  based  upon  the 
precipitability  of  urea  by  mercuric  nitrate,  and  furtlier  on  the  circumstance  that  the 
white  precipitate  thereby  produced  is  not  decomposed,  and  therefore  not  turned  yellow, 
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by  carbonate  of  sodium.  2  vols,  urine  are  mixed  with  1  vol.  of  a  baryta-solution  pre- 
pared witli  2  vols,  baryta-water  saturated  in  the  cold,  and  1  vol.  of  a  sohition  of 
barium-nitrate  also  saturated  in  the  cold  ;  the  liquid  is  filtered  from  the  precipitated 
sulphate  and  phosphate  of  barium  ;  and  a  graduated  solution  of  mercuric  nitrate  is 
added  to  a  measured  quantity  of  this  filtered  liquid  (about  15  c  c.)  till  a  sample  taken 
out  gives  a  yellow  precipitate  with  carbonate  of  sodium.  It  is  convenient  to  dilute 
the  mercuric  solution  to  such  a  degree  that  1  cubic  centimetre  of  it  shall  correspond  to 
0  01  grm.  of  urea. 

Bunsen's  method  and  that  of  Eagsky  and  Heintz  give  very  exact  results  ;  those 
obtained  by  Millon's  and  Neubauer's  methods  are  less  satisfactory.  Liebig's  volume- 
tric method  is  easy  and  quick  of  execution,  and  the  results  are  very  exact,  when  cer- 
tain necessary  corrections  are  made.    (See  Urine,  p.  966.) 

Compounds  of  Urea. 

a.  With  Acids. — Hi/drochlorate  nf  urea,  COH^N-.HCl,  is  produced,  with  evolu- 
tion of  heat,  by  the  action  of  hydrochloric  acid  gas  on  urea.  The  product  is  a  yellow 
oil,  which  solidifies  to  a  crystalline  mass  on  cooling.  It  is  decomposed  by  water,  and 
even  by  moist  air,  and  is  resolved  by  heat  (at  145°)  into  sal-ammoniac  and  cyannric 
acid  (p.  952). 

Nitrate,  COH'NMINQ'. — This  salt,  the  most  characteristic  of  the  iirea-com- 
poimds,  is  moderately  soluble  in  water,  but  only  very  slightly  soluble  in  nitric  acid. 
Hence  a  crystalline  precipitate  is  obtained  on  adding  nitric  acid  to  moderatelj'  dilute 
solutions  of  urea,  and  a  concentrated  solution  solidifies  with  nitric  acid  to  a  crystalline 
pulp.  Nitrate  of  urea  separates  in  tliese  precipitations  in  shining  lamina;,  which 
appear  under  the  microscope  as  rhombic  or  hexagonal  plates,  the  acuter  angle  of 
which  =  82°.  By  slow  evaporation,  or  by  cooling  of  a  wann  aqueous  solution,  it  is 
sometimes  obtained  in  well-defined  prisms.  It  is  more  soluble  in  hot  than  in  cold 
water,  and  dissolves  also  in  alcohol.  It  is  decomposed  by  heat  (at  about  140°),  and 
detonates  when  suddenly  heated. 

Oxalate,  2C0H^N'^C'0'H-.  — This  salt  separates  in  thin  crystalline  laminse,  mostly 
grouped  in  tufts,  when  a  solution  of  urea  is  mixed  with  a  concentrated  solution  of 
oxalic  acid.  It  dissolves  easily  in  hot  water,  less  easily  in  cold  water,  still  less  in 
alcohol :  it  is  precipitated  from  its  aqueous  solution  by  excess  of  oxalic  acid. 

According  to  Loschmidt  (Wien.  Akad.  Ber.  li.  [2],  7,  384),  oxalate  of  urea  crys- 
tallises in  monoclinic  usually  tabular  prisms,  exhibiting  the  combination  [  ooPc»  ]  . 
oP  .  ooP  .  [  ooP2]  .  [Poo  ]  .  4-  P  .  +  2Pc» .  Axes  a  :  b  :  c  =  i  :  0-56415  :  0-49062. 
Angle  b:c  =  82°  10';  [txFco]:  ooP  =  112°  12';  oP  :  -h  2Pco  =  119°  4'; 
ooP  :  -i-2Poo  =  134°  16'.    The  crystals  cleave  perfectly  parallel  to  -)- 2Poo  . 

The  crystalline  forms  of  several  other  urea-salts  have  also  been  examined  by 
Loschmidt  (Wien.  Akad.  Ber.  lii.  [2],  238  ;  Jahresb.  1865,  p.  657).— The  fumaraie, 
2C0H'N^C'H'0<,  acid  malcate,  COH'N'.C^H^O^,  nditral  vialeate,  2C0H^N-.C'H'0', 
acid  niatate,  COH^N-.C'H''0\  and  succinate,  2C0H^N^C'IP0^  crystallise  in  mono- 
clinic  forms  ;  the  qallate,  COH'N-'.C'H''0\  in  monoclinic  but  nearly  rectangular 
prisms ;  the  parabanate,  C0H^N••'.C3H■N-0^  and  the  tartrate,  2C0H'N-.C'n"(>,  in 
rhombic  forms ;  and  the  citrate,  2C0ll*N-.C''H'0',  in  shining,  six-sided,  triclinic 
prisms. 

/8.  With  Metallic  Oxides. — On  adding  moist  silver-oxide  to  a  solution  of  urea,  a 
grey  powder  is  deposited,  made  up  of  tine  needles,  and  containing  2COH'N^.3Ag-'0. 

Mercuric  nitrate  added  to  a  solution  of  urea  mixed  with  potash,  forms  a  white  precipi- 
tate containing  COH'N^.2HgO. — Mercuric  chhride  forms  in  the  same  solution  a  white 
precipitate,  2COH*N-'.3HgO,  which  turns  j'ellow  in  boiling  water.  On  adding  mer- 
curic oxide  to  a  warm  solution  of  urea,  the  compound  COH'N^.HgO  appears  to  be 
produced. 

y.  With  Salts. — A  solution  saturated  in  the  cold  with  equivalent  quantities  of  urea 
and  sodium-chloride,  yields,  on  evaporation,  shining,  well-developed,  monoclinic  prisms 
of  the  compound  COH'N-.NaCl.H-O. — A  boiling  very  concentrated  aqueous  solution 
of  1  at.  sodium-nitrate  mixed  with  1  at.  urea,  deposits,  on  cooling,  long  prismatic  crystals 
of  the  compound  COH'N-'.NaNO'.H'O.  Urea  likewise  forms  crystallisable  compounds 
with  the  nitrates  of  potassium,  calcium,  and  magnesium,  chloride  of  cadmium,  and 
mercuric  chloride. 

With  nitrate  of  sifvcr,  urea  forms  the  two  compounds,  COH'N'.AgNO'  and 
C0H*N''.2AgN0'.  The  former  is  obtained  in  large  rhombic  prisms,  when  solutions 
of  urea  and  silver-nitrate  are  mixed  together,  either  cold  or  warm.  The  second  sepa- 
rates in  prismatic  crystals,  by  evaporation  in  a  vacuum,  from  a  sohition  containing  an 
excess  of  the  silver-salt. 

5.  With  N  itric  Anhydride  and  Mercuric  Oxide. — Mercnric  nitrate  added  to 
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a  solution  of  urea  forms  a  white  precipitate,  the  composition  of  which  Taries  according 
to  circumstances.  Wlien  the  two  solutions  are  dilute,  and  mixed  while  warm,  the 
flocculent  precipitate  formed  at  fiist  quickly  changes  to  a  white  granular  powder 
containing  2COH''N'^.N'0*.4HgO.  When  a  solution  of  mercuric  nitrate  is  poured  into  a 
solution  of  urea  as  long  as  a  precipitate  is  formed,  and  this  precipitate  is  exposed  for 
some  time  to  a  temperature  of  40° — 60°,  it  is  transformed  into  a  mass  of  six-sided 
shining  lamina?,  consisting  of  2COH''N-.N'^0*.3HgO.  Lastly,  when  a  solution  of 
nitrate  of  urea  is  mixed  with  an  acid  solution  of  mercuric  nitrate  till  turbidity  ensues, 
the  liquid  deposits,  on  standing,  crystalline  crusts  made  up  of  small  tabular  crystals  of 
the  compound  COff N^.N-''0^2HgO.  (Liebig.) 

The  composition  of  these  three  compounds  is  not  yet  definitely  fixed;  it  is  not  known, 
indeed,  whether  they  contain  mercuric  oxide  and  nitrate  of  urea,  or  urea  combined 
■with  mercuric  nitrate  and  mercuric  oxide. 

Substitution-derivatives  of  Urea. — Compound  Ureas. 

These  bodies  hare  already  been  described  as  carbamides  (i.  763).  They  must,  how- 
ever, be  regarded  as  derivatives  of  urea,  not  of  carbamide,  if  carbamide  and  urea  are 
really  distinct  compounds  ;  for  those  which  contain  acid  radicles  are  produced  by  the 
action  of  acid  chlorides  upon  urea  itself;  and  those  containing  alcohol-radicles  are 
obtained  by  processes  exactly  analogous  to  those  which  yield  normal  urea — viz.,  by 
the  action  of  ammonia  on  cyanic  ethers,  or  of  amine- bases  on  cyanic  acid  or  cyanic 
ethers.  Corresponding  derivatives  of  carbamide  might  be  produced  by  the  action  of 
amines  on  phosgene  or  on  carbonic  ethers,  but  the  reaction  does  not  appear  to  have 
been  tried. 

Ureas  containing  two  atoms  of  alcohol-radicle  are  likewise  formed  by  the  action  of 
water  on  cyanic  ethers,  an  amine  being  produced  in  the  first  instance,  and  then  com- 
bining with  the  rest  of  the  cyanic  ether  ;  thus  : 

CO(C2H5)N  +  WO    =    CO''  +  (C^H*)H=N. 

Etliylic  Ethylamine. 
cyanate. 

CO(C^H=)N  +  (C'H')H2N    =  COH'(C'H*)^N^. 

Ethylic  Diethylurea. 
cyanate. 

Diethylurea  is  also  produced  by  distilling  the  oily  body,  C*H"N'0',  formed  by  the 
action  of  potash  on  cyanuric  ether  (ii.  293): 

C»H>'N'0»    =    C0(C2H^)N  +  COH=(C-H>)W. 

Ethylic  Diethylurea. 
cyanate. 

Polymeric  ureas  containing  ethylene  are  produced  by  the  action  of  cyanic  acid  or  the 
cyanic  ethers  on  ethylene-diamines  (ii.  695): 

(C'H')"H<'N2CP  +  2C0AgN    =    2AgCl  +  C-0-W{Cmy^K 

Chloride  of  ethy-         Cyanate  of  Ethyleue-urea. 
lene-diammonium.  silver. 

The  properties  and  reactions  of  the  compound  ureas  are  analogous  to  those  of  urea 
itself.  They  mostly  crystallise  in  deliquescent  prisms,  easily  soluble  in  water  and  in 
alcohol.  They  form  crystallisable  compounds  with  nitric  acid,  but  on  the  whole  do 
not  unite  with  acids  so  easily  as  normal  urea.  Those  which  contain  only  1  at. 
alcohol-radicle  are  resolved  by  heat  into  cyanic  acid  and  an  amine-base.  Dimethyl- 
urea  and  diethylurea  are  volatile  without  decomposition  ;  or,  rather,  they  are  repro- 
duced, during  the  distillation,  by  the  combination  of  the  products  (cyanuric  ether  and 
ethylamine,  for  example)  resiilting  from  their  decomposition  in  the  earlier  stage  of  the 
process. 

ITKEZDES.  Compounds  containing  the  elements  of  a  urea-salt  minus  water.  (See 
Ubic  Acid,  p.  958.) 

XTRET.    This  name  has  been  applied  to  the  group  CH^NO,  which,  by  substitution 

CH"NO ) 

for  1  at.  hydrogen  in  ammonia,  may  be  supposed  to  form  urea,  fN,  and  by 

(CH'NO)^ ) 

substitution  for  2  at.  hydrogen,  biuret,       jj       j  N  (i.  600). 
UBETHAMVIiAlJE.    Syn.  with  Amtlic  Carbamate. 

UR.ETKATJE.  A  name  first  applied  to  ethylic  carbamate,  afterwards  extended 
to  all  carbamic  ethers  (i.  750). 

WBETHYl.A'HrB.    Syn.  with  Methylic  Caebamatb. 

VBIC  ACID.  C^N^H'O^  Lithic  acid.  Harnsaure. — This  important  a"id  was 
discovered  byScbeelein]776,  but  was  first  submitted  to  a  minute  examination  by 
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Liebig  and  Woliler  in  1838  (Ann.  Ch.  Pharm.  xxvi.  241).  Its  reactions  and  trans- 
formations have  also  been  examined  by  Brugnatelli  (Ann.  Ch.  Phys.  [2],  viii. 
201),  who  discovered  alloxan  ;  by  Proxit  (Ann.  Phil.  xiv.  363),  ■who  discovered  mur- 
exide ;  further  by  Gregory  (Ann.  Ch.  Pharm.  xxxiii.  334;  Ix.  267),  Schlieper 
(ibid.  Iv.  252;  Ivi.  1;  Ixvii.  231),  Pelouze  (Ann.  Ch.  Phys.  [3],  vi.  71),  and,  more 
especially  of  late  years,  by  Baeyer  (Ann.  Ch.  Pharm.  cxxvii.  199  ;  exxx.  129  ;  cxsxv. 
312;  .Jahresb.  1863,  p.  621  ;  1864,  p.  632;  186;'),  p.  362),  who  has  discovered  a  con- 
siderable number  of  new  derivatives  of  uric  acid,  and  given  the  most  complete  and 
connected  account  of  the  uric  acid  group  of  compounds  yet  published. 

Uric  acid  is  a  product  of  the  incomplete  oxidation  of  animal  tissue.  In  combination 
chiefly  with  ammonia,  it  forms  the  principal  urinary  constituent  voided  by  insects, 
land-reptiles,  and  birds  (whence  it  is  found  in  guano).  Normally  it  occurs,  but  in 
small  proportion,  in  the  ui'inoof  man,  and  is  found  in  yet  smaller  proportions  in  that  of 
carnivorous  quadrupeds,  and  can  scarcely  be  said  to  exist  in  that  of  lierbivoi'ous  and 
omnivorous  quadrupeds. 

According  to  various  authorities,  it  is  constantly  present  in  the  juices  of  the 
human  spleen,  liver,  lungs,  and  brain.  The  merest  traces  of  it  are  also  met 
with  normally  in  blood ;  but  in  certain  forms  of  disease,  suchas  albuminaria,  and  more 
especially  gout,  its  proportion  in  the  blood  becomes  very  appreciable.  In  certain 
cases  of  gout,  indeed,  all  tlio  fluids  of  the  body  are  found  more  or  less  saturated  with 
uric  acid,  and  some  of  thorn  even  supersaturated,  so  as  to  deposit  the  concretions  of 
sodium-ui'ate,  commonly  known  as  chalk-stones.  Lastly,  the  excess  of  it,  occurring 
under  greater  or  less  derangement  of  bodily  health,  is  frequently  discharged  by  the 
kidneys,  and  deposited  in  the  form  of  urinary  sediment,  gravel,  or  calculus. 

No  artificial  method  of  producing  uric  acid  has  yet  been  discovered. 

Vrcparation. — The  best  material  for  preparing  uric  acid  is  the  excrement  of  serpents. 
This  substance,  which  consists  chiefly  of  ammonium-urate,  is  boiled  with  dilute 
potash  or  soda-ley,  till  completely  dissolved  ;  and  the  filtered  solution  is  supersaturated 
w  ith  hydrochloric  or  dilute  sulphm-ie  acid,  whereby  the  uric  acid  is  thrown  down  as  a 
flooculent  gelatinous  precipitate,  which  soon  becomes  crystalline.  Potash  is  better 
adapted  for  the  purpose  than  soda,  because  urate  of  potassium  is  much  more  soluble 
tlian  urate  of  sodium. 

Uric  acid  may  also  be  prepared  from  guano,  by  boiling  that  substance  with  a  dilute 
solution  of  borax  (1  pt.  borax  to  120  pts.  water),  whereby  asolutionof  sodium-imite  is 
obtained,  and  precipitating  with  hydrochloric  acid. 

Pro-pcrties. — Uric  acid  precipitated  by  hydrochloric  acid  is  anhj'drous,  and  forms 
small  perfectly  white  crystalline  scales.  When  slowly  deposited  from  dilute  solu- 
tions, it  sometimes  separates  in  large  crystals  containing  C^II'N*0^.2H-0.  It  is  nearly 
insoluble  in  water,  1  pt.  of  it  requiring  15,000  pts.  of  cold  and  1,800  pts.  of  boiling 
water  to  dissolve  it  ;  in  alcolwl  and  ether  it  is  quite  insoluble.  Concentrated  sul- 
2>huric  acid  dissolves  it  abundantly  when  heated,  and  the  solution,  on  cooling,  deposits 
a.  very  deliquescent  compound,  containina;  C^N^H'0^.4S0'I1-,  accordiiigto  Fritzsche  ; 
C*N'il'0\2S0'H',  according  to  Lowe  (Bull.  Soc.  Chim.  18G7,  i.  442).  Water  added 
to  the  solution  precipitates  the  uric  acid. 

Decompositions. — 1.  Dry  uric  acid,  when  heated,  decomposes  without  melting,  giving 
off  hydrocyanic  acid,  yielding  a  sublimate  of  cyanuric  acid,  eyanato  of  ammonium, 
urea,  and  carbonate  of  ammonium,  and  leaving  a  carbonaceous  residue. — Uric  acid 
heated  with  water  iov  some  time  to  180^,  undergoes  a  decomposition,  the  chief  product 
of  which  is  mycomclic  acid  (Hlasiwetz,  Ann.  Ch.  Pharm.  ciii.  211) : 

C^N'H'O'    =    C'N'II'0=  +  CO. 

An  alkaline  solution  of  uric  acid  boiled  for  a  considerable  time  yields  uroxanic  acid, 
together  with  formic  acid,  oxalic  acid,  and  urea. — 3.  Uric  acid  fused  with  hydrate  of 
potassium,  gives  off  ammouia,  and  leaves  a  residue  containing  oxalate,  carbonate,  and 
eyanate  of  potassium. 

4.  Dry  uric  acid  is  not  attacked  by  diy  chlorine  at  ordinarj'  temperatures,  but  when 
heated  in  the  gas,  it  is  decomposed,  yielding  cyanic  acid  together  with  other  products. 
When  chlorine  acts  upon  uric  acid  in  presence  of  water,  alloxan  and  parabanic  acid 
are  produced  in  the  first  instance,  and  ultimately  carbonic  acid,  oxalic  acid,  and  am- 
monia. According  to  L.  Hardy  (Ann.  Ch.  Phys.  [4],  ii.  372),  uric  acid  suspended 
in  water  is  converted  by  bromine,  at  ordinary  temperatures,  into  alloxan  and  urea: 

C^N'H'O'  +  Br^  +  =    CWn=0^  +  CN^H'O  +  2HBr. 

If  the  mixture  becomes  heated  diu-ing  the  reaction,  -parabanic  acid,  oxalic  acid,  and 
bromide  of  ammonium  are  likewise  produced.    Chlorine  and  iodine  act  in  like  manner. 

Most  o.ridisiug  substances  convert  uric  acid  into  alloxan  or  parabanic  acid  ;  when 
boiled  with  water  and  peroxide  of  lead,  it  yields  allantoin. — With  chloivus  acid,  it 
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yields,  according  to  Schiel  (Ann.  Ch.  Pharm.  cxii.  78),  a  cHorinated  acid  called 
chloraluric  acid  (i.  884). —  Ozone  is  quickly  absorbed  by  uric  acid,  forming  allan- 
toin  and  urea,  together  with  other  products  (Grorup-Besanez,  ihid,.  ex.  433). 
Uric  acid  boiled  with  a  solution  of  potassium-ferricyanide  containing  caustic  potasli, 
yields  carbonate  of  potassium  and  aUantoin,  part  of  which  is  ultimately  converted  into 
lantanuric  acid  and  urea. 

Detection  and  Estimation. — Uric  acid  may  be  recognised  by  its  insolubility  in 
water  and  in  hydrochloric  acid,  and  by  its  crystalline  character  under  the  microscope 
(generally  rhombic  tables  with  the  obtuse  angles  rounded  off,  and  often  associated  with 
dumbbell-shaped  crystals*),  and  especially  by  its  reaction  with  nitric  acid.  On 
moistening  it  with  nitric  acid,  and  evaporating  at  a  gentle  heat,  a  yellow  or  reddisli 
residue  is  obtained,  which  assumes  a  fine  violet-red  colour  when  treated  with  ammonia, 
and  violet-blue  with  potash  (murexide  and  purpurate  of  potassium,  iv.  748).  Another 
very  delicate  reaction  is  given  by  Schiff  (Ann.  Ch.  Pharm.  cix.  65).  The  uric  acid 
is  dissolved  in  carbonate  of  sodium,  and  a  drop  of  the  solution  is  laid  on  paper  mois- 
tened with  silver-solution  ;  if  uric  acid  is  present,  a  brown  spot  is  formed,  carbonate  of 
silver  being  reduced  by  uric  acid  at  ordinary  temperatures. 

For  the  quantitative  estimation  of  uric  acid  in  urine,  the  liquid  is  mixed  with 
hydrocliloric  acid,  and  left  to  stand  for  twenty-four  hours,  and  the  pulverulent  deposit 
of  uric  acid  is  weighed.    (See  Ukinb,  p.  967). 

Urates. — Uric  acid  is  dibasic.  Its  salts  are  but  sparingly  soluble  in  water,  much 
more  easily  in  alkaline  liquids,  especially  when  heated,  freely  soluble  also  in  solutions 
of  borax.  They  have  been  examined  chiefly  by  Bensch  (Ann.  Ch.  Pharm.  liv.  189  ; 
Ixv.  181). 

Acid  urate  of  ammonium,  C^N'H^(NH')0^,  is  produced  whenever  uric  acid  and 
ammonia  come  in  contact,  and  usually  forms  a  white  amorphous  mass,  but  is  deposited 
in  fine  needles  from  a  solution  containing  excess  of  ammonia.  It  dissolves  in  1,800  pts. 
of  cold  water.  This  salt  occurs,  together  with  free  uric  acid,  in  the  excrements  of 
birds  and  serpents.    The  neutral  ammonium-salt  is  not  known. 

Potassium-salts. — The  neutral  salt,  C*N''II^K''^0',  is  obtained  by  saturating  a 
cold  dilute  solution  of  potash,  free  from  carbonate,  with  uric  acid,  and  boiling  down 
the  solution  in  a  retort.  At  a  certain  degree  of  concentration,  the  salt  is  deposited  in 
fine  anhydrous  needles,  which  may  be  purified  by  decanting  the  clear  liquid  and 
washing  with  dilute  alcohol.  It  dissolves  in  44  pts  of  cold  and  36  pts.  of  boiling 
water ;  the  solution  is  slowly  decomposed  by  boiling.  The  salt  has  a  caustic  taste, 
and  quickly  absorbs  carbonic  acid  from  the  air. — The  acid  salt,  C^N''H^KO^,  is  preci- 
pitated in  a  granular  form  on  passing  carbonic  acid  gas  through  a  solution  of  the 
neutral  salt.  It  dissolves  in  800  pts.  of  cold  and  in  about  80  pts.  of  boiling  water, 
from  which  solution  it  is  deposited,  on  cooling,  in  amorphous  flocks. 

There  are  two  urates  of  sodium—the  neutral  salt,  conta.inmg  C^N'H-Na'O'.H'^O 
and  the  acid  salt,  C^N'H^NaO'.    Both  are  less  soluble  than  the  corresponding  potas- 
sium-salts. 

Urate  of  Lithium  is  more  soluble  than  any  of  the  other  alkaline  urates:  hence 
lithia-water  is  sometimes  prescribed  to  gouty  patients,  and  others  who  suffer  from  a 
superabundance  of  that  acid. 

Urates  of  Barium. — The  neutral  salt,  C'N'II^Ba"0',  is  obtained  by  adding  uric 
acid  to  a  boiling  saturated  solution  of  baryta,  keeping  the  latter  in  excess.  One  pt.  of 
it  dissolves  in  7,900  pts.  of  cold  and  1,790  pts.  of  boiling  water. — The  acid  salt, 
C"N'*H''Ba"0*,  produced  by  boiling  uric  acid  with  water  and  carbonate  of  barium,  is  a 
white  powder,  insoluble  in  water  and  in  alcohol. 

Urates  of  Strontium. — These  salts  are  prepared  like  the  barium-salts. — The 
neutral  salt,  C*N''H^Sr"0'.2H^0,  appears  under  the  microscope  as  a  mass  of  fine 
needles  grouped  in  stars.  It  absorbs  moistm-e  from  the  air  ;  gives  off  its  water  of 
crystallisation  at  165°  ;  decomposes  at  170°;  dissolves  in  4,300  pts.  of  cold  and  1,790 
pts.  of  boiling  water. — The  acid  salt,  C'°N'H"Sr''0'*.2H'0,  is  white,  amorphous,  inso- 
luble in  alcohol  and  in  ether.  One  pt.  of  it  dissolves  in  603  pts.  of  cold  and  276  pts.  of 
boiling  water. 

Urates  of  Calcium. — The  neutral  salt,  C*N*II^Ca"0',  is  obtained  by  dropping  a 
solution  of  the  neutral  potassium-salt  into  a  boUing  solution  of  calcium-chloride  till  a 
permanent  precipitate  begins  to  form,  and  boiling  the  solution  for  an  hour ;  urate  of 
calcium  is  then  deposited  in  anhydrous  grains,  soluble  in  1,500  pts.  of  cold  and  1,440 
pts.  of  boiling  water. — The  acid  salt,  0'°N'II*Oa"0''.2H20,  separates,  on  mixing 
chloride  of  calcium  with  a  boiling  solution  of  acid  urate  of  potassium,  as  an  amorphous 

•  These  crystals  have  been  supposed  to  consist  of  ammonium-oxalurate,  but  their  nature  has  not 
been  exactly  ascertained. 
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precipitate,  soluble  in  603  pts.  of  cold  and  276  pts.  of  boiling  water,  much  more  soluble 
in  water  containing  chloride  of  potassium. 

Urate  of  Magnesium. — The  neutral  salt  is  not  known. — The  acid  salt, 
C'°N"U''Mg"0''.6H'0,  separates,  after  two  or  tliree  hours,  from  a  mixture  of  magne- 
sium-sulphate and  acid  potassium-urate,  in  silky  nodules,  which  often  float  at  the 
surface  of  the  liquid.  The  solution  of  these  nodules  in  boiling  water  deposits  needles, 
which  at  170°  give  off  19'2  per  cent,  water  of  crystallisation,  corresponding  to  rather 
less  than  5  at.  H-0. 

Urates  of  Copper. — The  ciipric  salt  is  a  green  precipitate,  which  turns  brown 
when  boiled  with  water.  A  solution  of  uric  acid  in  potash  produces,  in  an  alkaline 
cupric  solution,  a  white  crystalline  precipitate  of  cuprous  urate,  which  is  permanent  in 
the  air,  is  decomposed  by  hydrochloric  acid,  yielding  uric  acid  and  cuprous  chloride, 
does  not  undergo  any  alteration  in  hot  water  or  potash-ley,  but  when  boiled  with  the 
alkaline  cupric  solution,  is  converted  into  red  cuprous  oxido  (Berlin,  J.  pr.  Chem. 
Ixxxi.  184).  Babo  and  Mei  ssner  (Jahresb.  1868,  p.  639)  have  applied  this  reac- 
tion to  the  volumetric  estimation  of  uric  acid ;  but  the  results  do  not  appear  to  be  very 
trustworthy. 

Urate  of  Lead,  C"'N''n"Pb"0^  is.  obtained — by  dropping  a  dilute  solution  of  neutral 
potassium-urate  into  a  boiling  dilute  solution  of  lead-nitrate,  separating  the  yellow 
precipitate  which  first  forms,  and  adding  a  fresh  portion  of  the  potassium-salt  to  the 
filtrate — as  a  white  amorphous  precipitate,  apparently  anhydrous,  and  quite  insoluble 
in  water  and  in  alcohol. 

Urate  of  Silver  is  a  white  amorphous  precipitate,  which  quickly  suffers  reduction. 

Ethylukic  Acids.  (Drygin,  Jahresb.  186-t,  p.  630.) — Neutral  urate  of  lead 
heated  with  excess  of  ethylic  iodide  to  100°  for  24  hours,  or  to  120°  for  12  hours, 
yields — together  with  iodide  of  lead —  two  ethylic  derivatives  of  uric  acid  :  namely,  d  i  - 
ethyluric  acid,  C■•N*H-(CTP)^0^  and  tri e thy  luri  c  aci d,  C^N'H(C-H=')^0\  which 
may  bo  separated  by  cold  ether-alcohol,  the  latter  only  dissolving  therein. 

Dieihyluric  acid,  the  most  abundant  product  of  the  reaction,  dissolves  in  water  and 
in  alcohol,  but  not  in  ether,  remains  as  an  amorphous  mass  when  its  alcoholic  solution 
is  evaporated,  and  crystallises  from  hot  water  in  broom-shaped  groups  of  short  obtuse 
needles,  which  sublime  with  diflficulty.  It  dissolves  in  cold  potash-ley,  and  is  preci- 
pitated therefrom  by  hydrochloric  acid,  in  amorphous  flocks  which  turn  red  after  some 
time.  It  is  decomposed  by  heating  with  dilute  hydrochloric  acid,  but  the  products 
have  not  been  examined.    Iodide  of  ethyl  converts  it  into  the  triethylated  compound. 

Triethyluric  acid  is  soluble  in  ether,  alcohol,  and  hot  water,  crystallises  in  small 
slender  needles,  melts  vrhen  carefully  heated,  and  sublimes  very  easily.  It  dissolves 
in  potash,  and  is  precipitated  therefrom  by  hydrochloric  acid  in  white  needles.  When 
heated  with  hydrochloric  acid  it  gives  off  gas,  and  yields  a  product  having  the  compo- 
sition, but  not  the  properties,  of  diethyluric  acid. 

Products  formed  from  Uric  Acid  by  Oxidation,  cfc. 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by  oxidising  agents, 
and  the  groat  number  of  definite  and  crystallisable  compounds  obtained  in  this 
manner,  or  bj'  treating  the  immediate  products  of  oxidation  with  acids,  alkalis,  re- 
ducing agents,  &c.  The  following  is  a  list  of  the  principal  compounds  thus  produced  : — 


Uric  acid  . 

Thionuric  acid  . 

C<N'H'0«S.H2 

Pseudo-uric  acid 

C'N'H^O'.H 

Hydurilic  acid 

Uroxanic  acid  . 

C='N'H''0«.H» 

Allantoin 

Alloxan 

C'N-H'0« 

Glycoluril 

AJloxanic  acid  . 

C^N^H^OMI- 

Mycomelic  acid 

C^N^H'OMI 

AUoxantiu 

C'N<H<0'.3H-0 

Oxaluric  acid 

C'N-H»0*.H 

Barbituric  acid  . 

C*N-H-0'.H-' 

Allanturic  acid 

Bromobarbitnric  acidC'N-H'-BrO^.H 

Hydantoin  . 

Dibromobarbituric } 
acid  \ 

C^N-H-Br=0' 

Hydantoic  acid 
Allituric  acid 

C'N^H-O'.H 

Violuric  acid 

C'N^H'O'.H 

Leucoturic  acid 

C''N'H■■'O^H 

Dilituric  acid 

C'N'H-0\H 

Parabanic  acid 

C'N-'H-'O' 

Violautin  . 

Dibarbituric  acid  . 

Uialuric  acid 

Murexide 

XIramil 

Mesoxalic  acid  . 

AVhen  uric  acid  is  subjected  to  an  oxidising  agent,  in  presence  of  water,  it  gives  up 
two  of  its  hydrogen-atoms  to  the  oxidising  agent,  while  the  dehydrogenised  residua 
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(which  may  be  called  dehyduric  acid)  reacts  with  water  to  form  mesoxalic  acid 
and  urea: 

O^N'H^O'  +  4H-0    =    C^H^O*  +  2CN-H^0. 

Dehyduric  Mesoxalic  Urea, 

acid.  acid. 

The  separation  of  the  urea  generally  takes  place,  however,  by  two  stages,  the  first 
portion  being  removed  more  easily  than  the  second ;  thus,  when  dilute  nitric  acid  acts 
upon  \iric  acid,  alloxan  is  produced  ;  and  this,  when  heated  with  baryta-water,  is  fur- 
ther resolved  into  mesoxalic  acid  and  urea : 

C^N^H^O'  +  2H-0    =  C'N^H^O*  +  CN^H'O. 

Dehyduric  Alloxan.  Urea, 

acid, 

C^N'H'O'  +  2H-'0    =    C^H^O*  +  CN-H<0. 

Alloxan,  Mesoxalic  Urea. 

acid. 

Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and  ammonia  by  the 
action  of  the  acids  or  alkalis  present. 

Alloxan  is  a  monureide  of  mesoxalic  acid — that  is  to  say,  it  is  a  compound  of  that 
acid  with  one  atom  of  urea  minus  2H^0  ;  and  the  hypothetical  dehyduric  acid  is  the 
diureide  of  the  same  acid,  derived  from  it  by  addition  of  1  at.  urea  and  subtraction 
of  4  at.  water.  Now,  by  hydrogenising  mesoxalic  acid,  we  obtain  tartronic  acid, 
C^H^O^;  and  by  hydrogenising  alloxan,  we  obtain  dialuric  acid,  which  two  bodies, 
accordingly,  bear  to  uric  acid  the  same  relation  that  mesoxalic  acid  and  urea  bear  to 
dehyduric  acid  :  thus — 

Mesoxalic         Alloxan.  Dehyduric 
acid.  acid. 

Tartronic         Dialuric  Uric  acid, 

acid,  acid. 

And  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid  and  alloxan,  so  should 
actual  uric  acid  yield  tartronic  and  dialuric  acids.  These  bodies,  however,  have  not 
been  obtained  by  the  direct  breaking-up  of  uric  acid,  but  only  by  rehydrogenising 
the  mesoxalic  acid  and  alloxan  which  result  from  the  breaking-up  of  its  dehydro- 
genised product. 

Provisionally,  however,  dialuric  and  uric  acids  may  be  regarded  as  tartron-ureide 
and  tartron-diureide,  respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well-defined  classes  of  com- 
pounds, to  one  or  other  of  which  an  immense  number  of  uric  acid  products  may  be 
referred.  First,  there  is  the  class  of  simple  non-nitrogenous  acids,  or  an-ureides, 
like  tartronic  and  mesoxalic  acid ;  secondly,  there  is  a  class  of  bodies  containing  a 
residue  of  the  acid  plus  one  residue  of  urea — these  are  the  mon-ureides,  such  as 
dialuric  acid  and  alloxan  ;  and,  lastly,  the  class  of  bodies  containing  a  residue  of  the 
acid  plus  two  residues  of  urea,  or  the  di-ureides,  such  as  uric  acid  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  product  obtainable  directly 
from  uric  acid,  constitutes  the  third  term  in  the  following  series : 

An-ureides. 

CH'-O'*,  Carbonic  acid, 
Cm-'0\  Oxalic  acid, 
C^H-'O^  Mesoxalic  acid, 

each  of  which  contains  1  at.  carbonic  oxide,  CO,  more  than  the  preceding.  Now, 
when  mesoxalic  acid  is  acted  upon  by  nascent  oxygen,  its  excess  of  carbonic  oxide  is 
removed  in  the  form  of  carbonic  dioxide,  and  it  is  thus  converted  into  oxalic  acid  : 
C'WO'  +  0    =    CO^  -I-  C^H^O*. 

Mesoxalic  Oxalic 
acid.  acid. 

Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than  that  which  suffices 
to  produce  mesoxalic  acid,  we  obtain  oxalic  acid,  which  may  occur  either  in  its  simple 
anureide  state,  or  conjugated  with  1  at,  urea  to  form  a  monureide,  such  as  para- 
banic  acid;  or  with  2  at,  urea  to  form  a  diureide,  such  as  mycomelic  acid,  a  body 
related  to  oxalic  acid  just  as  uric  acid  is  related  to  mesoxalic  acid. 

In  like  manner,  when  uric  acid  is  subjected  to  a  still  more  powerful  oxidation  than 
suffices  to  produce  oxalic  acid,  we  obtain  carbonic  acid,  which,  like  oxalic  and  mes- 
oxalic acids,  is  also  capable  of  giving  rise  to  ureides.    No  ureide  of  carbonic  acid 
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has,  indeed,  yet  been  formed  directly  from  uric  acid,  tlie  active  treatment  required  to 
effect  the  complete  oxidation  of  the  uric  acid  producing  also  a  separation  from  one 
another  of  the  resulting  carbonic  acid  and  urea,  which,  howevei',  may  be  obtained  in 
combination  by  other  means.  Allophanic  acid,  for  instance,  is  a  monureide  of 
carbonic  acid ;  but  no  diureide  of  this  acid  appears  to  have  been  yet  produced. 

Alloxan,  the  monureide  of  mesoxalic  acid  above  mentioned,  is  formed  from  mes- 
oxalate  of  urea  by  elimination  of  2  at.  water ;  but  there  is  another  monureide, 
namely  alloxanic  acid,  which  differs  from  the  original  salt  by  only  1  at.  water. 
Similarly,  oxalic  acid  forms  two  monuroides — namely,  parabanic  acid  or  paraban, 
analogous  to  alloxan  ;  and  oxalurie  aci d,  analogous  to  alloxanic  acid.  Carbonic 
acid,  however,  forms  but  a  single  ureide,  which  is  produced  by  the  elimination  of  only 
1  at.  water,  and  accordingly  belongs  to  the  same  series  as  the  oxalurie  and  alloxanic 
acids :  thus — 

Acids.  Ureides. 
CWO\    Carbonic.  C'N^H^O',   Allophanic  acid. 

C^H^O..  Oxalic.  jg5;:H:o:.  Oxa^ur^acid. 

iSoSn""^'- 

Similarly,  among  the  diureides,  some  are  formed  from  the  corresponding  monureides 
by  elimination  of  one  atom,  and  others  by  elimination  of  two  atoms  of  water. 

Mesoxalic  acid,  as  already  observed,  is  convertible,  by  deoxidation  or  hydrogenation, 
into  tartronic  acid,  and  by  pushing  the  deoxidation  a  stage  fiu'thor,  malonic  acid  is 
obtained,  both  of  which  acids  are  capable  of  forming  monureides  and  diureides  ;  and, 
in  a  similar  manner,  oxalic  and  carbonic  acids  furnish  a  variety  of  similar  deoxida- 
tion-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group  thus  produced,  the 
most  important  are  included  in  the  following  table,*  which  is  divided  perpendicularly 
into  three  columns  of  an-ureides,  mon-ureides,  and  di-ure'des,  and  horizontally  into 
three  layers  of  carbonic,  oxalic,  and  mesoxalic  products.  The  comjjouuds  connected  by 
dotted  lines  differ  in  composition  from  one  another  by  an  excess  or  deficit  of  one  atom 
of  urea  minus  one  atom  of  water,  while  those  standing  on  the  same  level  in  the  ad- 
joining columns,  and  unconnected  by  dotted  lines,  differ  from  one  another  by  an  excess 
or  deficit  of  one  atom  of  urea  minus  two  atoms  of  water : — 

An-ureides.  Mon-ureides.  Di-ureides. 

CH-0',  Carbonic-  C'^WWO^  AUophanic. 


C'N<H«0^  GlycoluriL 
C^N'H«0^  Allantoin. 


C'N^H^O^,  Mycomelic. 


C'N'H'O,  Hypoxauthine. 
CTI'O',  Malonic.  C'N^H'O',  Barbituric.  C^N'H'0=,  Xanthine. 

C'I^^O^  Tartronic.  C^N=H^O\  Dialuric,  C'^N'H^O^  Uric  acid. 

C'N-H^O*,  Alloxanic.    " "  ~  -  -  -  -C'N'H'O',  Pseudo-uric. 
C^^-'0^  Mesoxalic  -C^N^H-'OS  Alloxan. 

Between  some  of  the  consecutive  monureides  shown  in  this  table,  there  exist  bodie.s 
formed  by  the  union  of  the  two  consecutive  monureides,  with  elimination  of  water. 
Such  is  the  mode  of  formation  of  allituric,  Ian t anuri c,  and  hydurilic  acids, 
and  of  al  1  oxan  ti  n  ;  thus: 

C'N^H'^0^    =    C'N-H^O-  +  C'N-H^O'  -  H'O. 

Allituric  Hydantoin.  Laiitanuric 

acid.  acid. 

•  Odling's  "  Lectures  on  Animal  Cliemistry  "  (T.nnJoii,  ISfiG)  p.  133. 


C'H '02,  Acetic.'" 
CHVO\  Glycollicr' 
CTI'0\  Glyoxylic. 

C-H-0',  Glyoxalic.-''.-' 
C^ir-'O  ',  Oxalic.  '  '  ' 


C^N^H'O-,  Aceturea. 
-  '''Cmm<'0\  Glycoluric. 


C'N^H'O-,  Hydantoin. ' 
C^N^H'O^  Lantantu-ic' ' 
,.C^N=ffO\  Oxalurie. 

CWH^OS  Parabanic. 
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C«N*H*05    =    C'N^H^O'  +  CN^H'^O'  -  H«0. 

Leucoturic  Lantanuric  Parabanic 

acid.  acid.  acid. 

Hydurilic  Barbituric  Dialuric 

acid.  acid.  acid. 

C'N'H^O'    =    C'N^H'O*  +  C^N'H^O*  -  H^O. 

Alloxantin.  Dialuric  Alloxan, 

acid . 

All  the  compounds  above  formulated  are  described  in  their  alphabetical  places, 
except  barbituric  acid,  glycoluril,  glycoluric  acid,  and  some  derivatives  of  acetyltirea 
or  aeetureide. 

1.  Oxalic  Monitreides.- — Glycoluric  acid,  C'N'HW,  appears  to  be  identical  with 
Baey  er's  hydantoic  acid  (iii.  177). 

Thf^  barium -salt  of  this  acid  is  produced,  together  with  urea,  by  heating  glycoluril 
(p.  961)  with  baryta-water  : 

CN'^H^O^  +  2W0    =    C'N^H«0'  -t-  CN^H'O. 

Glycoluril,  Glycoluric  Urea. 

acid. 

The  urea,  however,  splits  up,  in  presence  of  the  baryta,  into  carbonic  acid  and  am- 
monia, so  that  carbonate  of  barium  is  deposited  and  ammonia  given  off. 

The  glycolurate  of  barium  remains  in  solution,  and  by  decomposing  this  solution 
with  dilute  sulphuric  acid  and  evaporating  the  filtrate,  glycoluric  acid  is  obtained  in 
transparent  crystals.  Its  dilute  solution,  treated  with  silver-oxide  in  excess,  yields  an 
alkaline  liquid,  which  gradually  deposits  a  silver-salt,  C'N'H^AgO',  in  fine  pearly 
scales  and  warty  tufts  of  white  needles;  on  acidulating  with  nitric  acid,  or  adding 
nitrate  of  silver,  the  pearly  scales  are  deposited  immediately.  (Rheineck,  Ann.  Ch. 
Pharm.  cxxxiv.  219.) 

Lantanuric  acid,  C^N^H'O',  is  probably  identical  with  the  allanturic  acid  of 
Pelouze  (i.  132),  and  with  diffluan  (ii.  322). 

The  relations  of  lantanuric  and  oxaluric  acid  to  one  another,  and  to  another 
uric  acid  product  called  oxaluramide  (iv.  277),  are  the  same  as  those  of  hydrogen 
and  water  to  ammonia  : 

H.H,  hydrogen  C'N'H'(H)0',  lantanuric  acid. 

H.flO,  water  C^N'^H'(HO)0',  oxaluric  acid. 

H.H-N,  ammonia     ....    C'N2H'(H-N)0',  oxaluramide. 

Tribromacetylurea,  C'N'ffBr'O'  =  CN2H'(C^Br'0)0,  is  deposited  from  a 
solution  of  dibromobarbituric  acid  saturated  with  bromine,  after  standing  for  twelve 
hours,  or  more  quickly  on  agitation,  in  colourless  prismatic  needles : 

C^N^H^Br'O'  +  WO  +  Br    =    C'N^H'Br^O^  +  CO'  +  HBr. 

The  same  compound  is  separated  by  chlorine  from  a  solution  of  dibromobarbituric  acid. 
It  is  sparingly  soluble  in  cold  water,  easily  soluble  in  alcohol ;  its  vapour  or  powder 
strongly  irritates  the  mucous  membrane  of  the  nose  and  eyes.  It  melts  at  140°,  with- 
out decomposition,  to  a  colourless  liquid,  which  solidifies  at  123°;  and  when  more 
strongly  heated,  gives  off  an  oil  (probably  tribromacetamide),  which  solidifies  on  cool- 
ing, while  cyanuric  acid  remains  behind.  Tribromacetylurea  is  decomposed  l5y  boil- 
ing with  water,  acids,  or  alkalis,  yielding  urea,  carbonic  acid,  and  bromoform,  the  for- 
mation of  these  products  being,  liowever,  preceded  by  that  of  an  intermediate  acid, 
probably  C'N'H'Br'.H^O. — A  solution  of  tribromacetylurea  in  ammonia  becomes  turbid 
immediately  on  boiling,  with  separation  of  bromoform ;  and  the  filtrate,  when  concen- 
trated by  evaporation,  deposits  long  needles  of  isobiuret,  C^N'H^O^.ffO,  which 
melts  at  185°  (biuret  at  177°),  but  resembles  biuret  in  other  respects. 

Monohromacetyt.urea,  C'N'H^BrO^  =  CN2H'(C=H%0)0,  is  obtained  by  mix- 
ing 3  pts.  urea  with  5  pts.  bromide  of  bromacetyl,  and  recrystallising  the  product, 
from  dilute  alcohol,  in  needles,  which  dissolve  sparingly  in  cold  water,  and  are  decom- 
posed by  water  at  the  boiling  heat,  also  by  alkalis.  Ammonia  converts  it  into  glycolyl- 
urea  (hydantoin,  iii.  177),  or  into  oxacetylurea  (glycoluric  acid): 

CN'H'(C=H-BrO)0    =    CN'HXC-ffOyO  -i-  HBr. 

Bromacetylurea.  Glycolylutea. 

CN'H»(C'H^BrO)0  +  ffO    •=    CN^H^[C=H'(HO)0]0  -h  HBr. 

Bromacetylurea.  Oxacetylurea. 

2.  Oxalic  Biureidcs. — Allantoin  and  mycomelic  acid  are  described  in  their 
alphabetical  places. 

Glycoluril,  CN^H^O',  is  deposited  in  octahedral  crystals,  when  a  solution  of 
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allantoin,  in  about  30  pts.  water,  is  acidulated  with  sulphuric  acid,  and  treated  with 
sodium-amalgam  containing  about  1  per  cent,  of  sodium.  It  contains  1  at.  oxygen 
less  than  allantoin.  When  boiled  with  baryta-water,  it  is  resolved  into  glycohiric  acid 
and  urea  (p.  960).  (Kheineck.) 

3.  Mcsoxalic  Mo?mrctdrs. — The  most  important  of  these  compounds  appear  to  be 
alloxan  and  barbituric  acid.  Alloxan,  the  first  discovered  product  of  the  artificial 
oxidation  of  uric  acid,  has  recently  been  recognised  by  Liebig,  as  a  pre-formed  con- 
stituent of  urine.  When  treated  with  bromine,  it  yields  dibromobarbituric  acid,  con- 
vertible, by  successive  dehydrogenation,  into  bromobarbituric  and  barbituric  acid, 
which  last  may  be  regarded  as  a  sort  of  nucleus  of  the  following  series  of  compounds  : 

Mesoxalic  Monureides. 

Q'WWi'S.OyO^      .       .       .       Alloxanic  acid. 
C'N^HXBr^)03       .       .       .       Dibromobarbituric  acid. 

C^N^H'O'       ....       Barbituric  acid. 

C'N^H'(Br)0»  ....  Bromobarbitm-ic  acid. 

C^N2IP(HO)03       .  ,  .  Dialuric  acid. 

C'N-H3(H-'N)0'      .  .  .  Uramile. 

C^N'H^(H'NSO')0' .  .  .  Thionuric  acid. 

C»N'H»(NO)0'        .  .  .  Violuric  acid. 

C'N'-H'(NO=)0'      .  .  .  Dilituric  acid. 

C'N<H''(N20=')0«      .  .  .  Violantin. 

This  last  body,  violantin,  appears  to  be,  not  a  residuary,  but  a  completed  compound 
of  violuric  and  dilituric  acids.  The  mutual  relationship  of  barbituric  acid,  dialuric 
acid,  and  uramile  in  this  subgroup,  is  strictly  parallel  to  that  of  lantanuric  acid,  oxaluric 
acid,  and  oxaluramide  in  the  oxalic  group.  Moreover,  malonic  and  barbitiiric  acids  are 
homologous  with  oxalic  and  parabanic  acids  respectively. 

Dihr  omoharbittiric  aeid,ov  Bromalloxan,C*l^-'K-Br''0^.  (Baeyer,  Jahresb. 
1863,  p.  634  ;  1864,  p.  632.) — This  compound  is  produced  by  the  action  of  bromine  on 
violuric,  dilituric,  or  hydurilic  acid,  according  to  the  equations : — 

C^N'H'(NO)0^  -I-  Br'    =    C'N^H^Br-O^  +  NOBr  +  HBr. 

Violuric  acid.  Dibromobarbi- 
turic acid. 

C'N-H^(N02)0'  +  Br'    =    C'N-HWO'  +  NO-Br  +  HBr. 

Dilituric  acid.  Dibromohar- 
bitiiric  acid. 

C«N*H«0«  +  H-0  +  Br»    =    C'N=H^Br-0'  +  C'N^H'O'  +  4HBr. 

Hydurilic  Dibromoharbi-  Alloxan, 

acid.  turic  acid. 

To  prepare  it,  hydurilic  acid  (iii.  220)  is  triturated  to  a  paste  with  nitric  acid  ;  bro- 
mine is  added  as  long  as  it  is  taken  up,  and  the  solution  is  warmed,  whereupon  it 
gives  oflf  nitrous  acid,  and  deposits  dibromobarbituric  acid. 

In  this  reaction  the  hydurilic  acid  is  first  converted  into  violuric  or  dilituric  acid, 
which  is  then  transformed  into  dibromobarbituric  acid,  as  above. 

This  acid  crystallises  in  colourless  brilliant  plates  or  prisms,  belonging  to  the  tri- 
metric  system.  It  is  soluble  in  water,  very  soluble  in  hot  alcohol  and  in  ether.  When 
boiled  in  aqueous  sohition,  it  is  quickly  decomposed  into  hydrobromie  acid  and  alloxan  ; 
but  it  may  be  crystallised  easily  from  nitric  acid,  which  does  not  decompose  it.  It 
dissolves  readily  in  alkalis,  yielding  compounds  which  are  easily  decomposed  by  heat, 
with  loss  of  part  of  their  bromine. 

A  solution  of  dibi'omobarbituric  acid,  digested  with  metallic  ^mc,  loses  lialf  its  bro- 
mine, and  is  converted  into  bromobarbituric  acid,  C'N'H'BrO'. 

By  suJphi/dric  acid,  in  presence  of  water,  it  is  reduced  to  dialuric  acid  : 

C'N-H-BrO'  +  H-S  +  H'O    =    C'N'H'O*  +  2HBr  +  S. 

Dihromobarbi-  Dialuric 
turic  acid.  arid. 

AVitli  a  small  quantity  of  hydriodic  acid,  it  yields  hydurilic  acid  : 

2C*N2HWO^  +  6HI    -     CN'HW  +    4HBr  +  SP; 

Dihiomobarbl-  Hydurilic 
turic  acid .  acid. 

but  when  it  is  heated  with  hydriodic  acid  in  excess,  the  reduction  proceeds  a  step  fur- 
ther, and  barbituric  acid  is  produced  : 

C'N=H=Br-0^  +  4HI    =    C'N=H'0'  -t-  2HBr  +  21-. 

Dibtomobarbi-  Barbituric 
turic  acid.  acid. 
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A  solution  of  dibromobarbituric  acid,  saturated  -with  bromine,  deposits  crystals  of 
tribromacetyl-urea  (p.  960). 

Barbituric  acid,  C'N^H^0^.2H^0,  crystallises  in  beantifiil  prisms,  or  sometimes 
in  plates  or  needles,  belonging  to  the  trimetrie  system,  sparingly  soluble  in  cold,  easily 
in  hot  water.  'By fuming  nitric  acid,  it  is  converted  into  dilituric  acid  (ii.  965) ;  by 
potassia  nitrate  into  potassic  violurate;  and  hj  brojnine,  into  dibromobarbituric 
acid. — When  boiled  with  caustic  potash,  it  gives  off  ammonia,  and  yields  malonate 
of  potassium,  C'H^K^O^,  whence  it  appears  to  have  the  constitution  of  malonyl- 

CN^'H^CH^O^O    =    C^H^O'  +  CN^H^O  -  2W0. 

Malonic  Urea, 
acid. 

Barbituric  acid  is  dibasic,  and  forms  chiefly  acid  salts,  which  are  obtained  by  treat- 
ing the  corresponding  acetates  with  barbituric  aeii.    The  neutral  lead-salt  is  obtained 
by  precipitation  with  neutral  lead-acetate.    The  following  have  been  analysed  : 
Barbiturate  of  Ammonium       .  C^N^HXNH*)^. 

Potassium.       .  C'N-H'KO'. 
Sodium     .       .  C'N'H^K=0^2H20. 
„  Barium     .       .  C«N<H'=Ba"0«.2H-0. 

Copper     .       .  C«N'H'iCu"0''.3H20. 
Lead.       .       .  C^N-^H-Pb"0'. 

Diharhitiiric  acid,  C^N^H^O^  =  2C'N2H'0'  -  H-0.— The  ammonium-salt  of  this 
acid  is  formed  by  heating  barbituric  acid  with  glycerin  to  150°.  The  acid  itself 
is  separated  by  hydrochloric  acid  from  its  potassium-salt,  as  a  white  nearly  inso- 
luble powder.  It  is  dibasic,  and  its  acid  salts  are  sparingly  soluble  in  water,  and 
mostly  amorphous.  The  neutral  dibarbiturates  of  alkali-metal  are  easily  soluble  in 
water,  and  are  precipitated  by  alcohol. 

Dibarbituric  acid,  treated  with  bromine  and  water,  is  transformed  into  yellow  crys- 
tals ofhydrobromateofdibromodibarbituricacid,  CTSI''H'Br-OMIBr,  which, 
in  contact  with  water  or  alcohol,  are  converted  into  white  crystals  of  dibromodi- 
barbituric  acid,  C*N'H''Br-0^ ;  this  acid  crystallises  from  hot  water  in  large  colour- 
less crystals  containing  1  at.  water. 

4.  Mesoxalic  Diiireides. — The  relationship  between  the  three  mesoxalic  diureides — 
hypoxanthine,  or  sarcine,  C-'N^H'O  ;  xan  thine,  C'N*H'0^ ;  and  uric  acid, 
C^N'H^O' — though  long  suspected,  from  the  similarity  of  their  formulae,  has  but 
recently  received  an  experimental  demonstration  at  the  hands  of  Streeker  and 
Eheineck.  These  chemists  have  shown  that  hypoxanthine  is  converted  into  xanthine 
{q.v.)  by  oxidation  with  nitric  acid,  and,  conversely,  that  uric  acid,  by  deoxidation 
with  sodium-amalgam,  yields  a  mixture  of  xanthine  and  hypoxanthine.  Xanthine  is 
doubtless  a  monureide  of  barbituric  and  a  diureide  of  malonic  acid,  in  the  same  sense 
that  uric  acid  is  a  monureide  of  dialuric,  and  a  diureide  of  tartronic  acid. 

Pseudo-uric  and  uroxanic  acids  liaVe  the  composition  of  hydrates  of  uric  acid. 
Uroxanic  acid,  C"'N*H"'0''  =  C*N^H'0'.3IP0,  is  actually  produced  by  the  fixation 
of  water  on  uric  acid,  its  potassium-salt  being  formed  by  boiling  uric  acid  for  a  long 
time  in  potash-ley.  Pseudo-uric  acid,  C^N^IW  =  C^N'ffO'.H'O  (iv.  744),  is 
not  produced  by  direct  oxidation  of  uric  acid,  but  results  from  the  combination  of 
cyanic  acid  vapour  with  uramile  or  amidobarbituric  acid,  C'N-H^(H'''N)0^  (p.  961). 
For  just  as  cyanic  acid  converts  ammonia  into  anomalous  cyanate  of  ammonia,  or  urea, 
so  does  it  convert  the  residue  of  ammonia  contained  in  uramile,  into  a  residue  of  urea, 
thereby  changing  the  amido-monureide  into  a  simple  diureide,  thus : 

C^N2H^(H^N)0'  +  CNHO    =    C<N'^H'(CN^H»0)0  or  C'N<H«0'. 

Uramile.  Cyai)ic  Pseudo- 

acid,  uric  acid. 

VRXXrARV  CAX.CITX1X.  \ 

XTSLTNAJStrx  PISnXENTS.    I    See  the  next  article. 
VRTSSATtH  SEDinXESTTS. ) 

VKZNE.  The  secretion  of  the  kidneys,  the  chief  fluid  excretion  of  man  and  of  the 
higher  animals.  The  healthy  urine  of  man  is  a  clear,  yellowish,  fluorescent  liquid,  of  a 
peculiar  odour,  saline  taste,  and  acid  reaction,  having  a  mean  specific  gravity  of  1'020, 
and  generally  holding  in  suspension  a  little  mucus. 

Normal  Constitu,ents. —  1.  Water. — 2.  Inorganic  salts  :  potassium,  sodium, 
ammonia,  calcium,  magnesium,  in  combination  with  hydrochloric,  phosphoric,  sulphu- 
ric (nitric,  carbonic)  and  silicic  acids.  The  ash  contains  iron. — 3.  Nitrogenous  crystal- 
line bodies  :  urea,  uric  acid,  hippuric  acid,  creatinine,  xantliine  (ammonia'). — 4.  Non- 
nitrogenoiis  organic  bodies:  sugar  (in  minute  quantities,  Briicke,  Bence- Jones) ; 
lactic,  succinic,  oxalic,  formic  (malic),  and  phenylic  acids.  All  these  are  found  in  small 
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quantities ;  indeed,  their  normal  oeeun'enee  can  hardly  he  said  to  he  certain. — 6.  Free 
yasis:  oxygen,  nitrogen,  curhonic  acid.  In  100  c.c.  of  urine,  Planer  found  0'87  N, 
0-OG  0,  4-04:  free  CO^  2-07  fixed  C0^  measui-ed  at  0'^  C,  and  760  mm. 

6.  Pigments. — Several  substances  have  been  described,  by  various  observers,  as 
urinary  pigments.  Scherer  (Ann.  Ch.  Pharm.  Ivii.  180),  by  decomposing,  with 
hydrochloric  acid  and  alcohol,  the  precipitates  formed  in  urine  by  neutral  and  basic 
acetate  of  lead,  obtained  colouring  bodies  of  variable  composition.  Harley  (Wvirt. 
Verdhl.  v.  1)  has  given  the  name  urohcematin  to  a  dark -red,  amorphous,  resinous 
substance,  containing  iron,  readily  soluble  in  alcohol,  ether,  fresh  urine,  and  alkalis, 
but  insoluble  in  water  or  acids,  which  he  obtained  from  urine. — According  to  Thudi- 
c h  um  (Brit.  Med.  Journ.  Nov.  5,1864),  there  is  but  one  normal  urinary  pigment, 
urochrome,  an  amorphous  substance,  of  a  pure  yellow  colour,  easily  soluble  in  water, 
less  so  in  ether,  very  dilute  acids,  and  alkalis,  and  least  of  all  in  alcohol. — S chunk 
(Proc.  Roy.  Soc.  xv.  1)  believes  that  human  urine  contains  two  peculiar  and  distinct 
extractive  matters  (pigments),  one  soluble  in  alcohol  and  ether,  of  the  composition 
C^H^'NO'"-;  the  other  soluble  in  alcohol,  but  insoluble  in  ether,  and  of  the  composition 
C™ir-'NO-':  he  regards  the  results  of  previous  observers  as  being  the  products  of 
gi'eater  or  less  decomposition. 

In  various  diseases  spontaneously  occurring  deposits  of  urates  are  often  highly 
coloured  of  a  red  or  rose-red  hue.  The  pigments  in  such  cases,  known  under  the 
names  of  rosacic  acid,  j^xrpurin,  iiroerythrin,  have  at  present  been  little  studied. 
The  urine  of  man  and  of  many  animals  (dog's  m-ine  contains  a  very  large  quantity) 
contains  in  health  a  small  quantity,  and.  in  some  eases  of  disease  a  very  largo  amount, 
of  a  substance  which  was  called  by  Heller  uroxanihin,  but  which  has  been  shown  by 
Schunk  to  be  indican.  Fresh  urine  is  precipitated  with  neutral  and  basic  acetate  of 
lead,  the  filtrate  treated  with  ammonia,  and  the  resulting  precipitate  washed,  suspended 
in  alcohol,  and  submitted  to  sulphuretted  hj'drogen.  The  filtered  alcoholic  solution  is 
evaporated  at  a  low  temperature.  It  may  bo  further  purified  by  dilution  ■wdth  water, 
agitation  with  fresh  hydrated  oxide  of  copper,  filtration,  treatment  with  sulphuretted 
hydrogen,  and  renewed  filtration.  By  tlie  action  of  acids,  indigo-blue  and  indigo-red, 
with  wliich  most  probably  the  uroglaucin  and  urorhodin  of  Heller  are  respectively 
identical,  may  be  obtained.  The  same  change  probably  takes  places  througli  the 
natui-al  decomposition  of  urine  under  certain  conditions,  for  indigo-blue  has  been 
observed  to  occur  spontaneously  in  urine  on  exposure  to  air.    (Has sail.) 

Harloy  regards  all  tlieso  matters  as  derivatives  from  his  urohsematin.  Thudiehum 
denies  the  existence  of  indican,  and  states  that  his  urochrome  yields,  under  various  pro- 
cesses of  decomposition,  a  black  or  brown  powder,  uromelanin  (and  a  red  resin),  the 
latter  consisting  mainly  of  uropitdn,  insoluble,  and  omicholic  acid  (Scharling's  omich- 
myl-oxide),  soluble  in  ether, — and  passes  by  a  simple  process,  probably  of  oxida- 
tion, into  uroerythi'in.  Hassall,  however,  was  able  to  convert  the  blue  pigment  iuto 
isatin  and  aniline,  and  Scliunk  states  that  both  the  brown  powder  and  resin  are  pro- 
ducts from  indican. 

7.  Albuminoid  Matters  and  Ferments. — If  urine  be  mixed  with  four  or  five  times  its 
bulk  of  spirit,  and  a  watery  extract  be  made  of  the  resulting  deposit,  a  solution  is 
obtjiined  wliieh  is  not  precipitated  by  nitric  acid,  and  which,  on  boiling,  gives  a  pre- 
cipitate of  phosphates  only,  but,  especially  when  concentrated  by  evaporation,  shows 
the  xanthoproteic  and  Millon's  reactions  very  distinctly.  The  same  solution  rapidly 
converts  starch  into  sugar.  By  treating  urine  with  phosphate  of  calcium  (see  Pepsin, 
Saliva),  ferments  may  be  obtained  capable  of  acting  on  starch,  and  of  digesting  albu- 
minoid matters. 

8.  Rriractivcs  and  other  Matters. — Colloi'd  acid  of  Marcet  (Proc.  Roy.  Soc.  xiv.  1). 
Decolorised  urine  is  concentrated,  treated  with  baryta,  filtered,  dialysod  for  40  hours, 
again  concentrated,  and  treated  with  basic  acetate  of  lead,  avoiding  an  excess.  The 
lead-salt  thus  obtained  njay  be  decomposed  with  sulphuric  acid.  Schonbein  is  led 
to  believe  that  urine  normally  contains  a  trace  of  peroxide  of  hydrogen.  Urine  is  said 
to  contain  unoxidised  .sulphur  and  phosphorus. 

Occasional  or  Abnormal  Constituents. — U/norf,  the  corpuscles  being  either 
entire  and  forming  a  sediment,  or  destroyed,  and  their  haemoglobin  altered.  Pus, 
inucus,  spermatic  fluid,  &c.  Albumin.  In  most  instances  tlie  albumin  of  albuminous 
urine  seems  to  be  identical  with  serum-albumin.  In  some  cases  heat  alone,  in  other 
cases  nitric  acid  alone,  fails  to  produce  a  precipitate.  In  a  case  of  Mollities  ossium, 
Bence-Jones  found  in  the  urine  a  peculiar  protein-substance,  which  was  coagulated 
by  nitric  acid  in  the  cold,  but  redissolved  on  applying  heat,  reappearing,  however,  on 
cooling.  Fibrin  in  bloody,  and  especially  in  the  so-called  "  chylous  "  urine.  Casein, 
or  alkaline  albuminates.  Fats,  cholestcrin.  Leucine,  tyrosine  (in  certain  hepatic  dis- 
eases), ^//w^^oi)!  (in  youngehikben).  Cystine,  xanthine,  taurine,  (r/iw^f  (in  diabetes 
and  in  smaller  quantities  in  various  chronic  diseases).     Inosite,  acetone,  alkapton, 
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lactic,  acetic  (?),  metacetonic  (?),  hiityric,  valerianic  (?),  benzoic,  succinic,  oxalic, 
oxaluric,  taurocholic,  glycocholic,  cholic  acids.    Biliary  pigments,  indigo-blue,  melanin. 

These  are  products  of  metamorphosis ;  but  the  urine  is  also  frequently  the  bearer  of 
matters  derived  directly  from  the  food.  Of  the  substances  which  are  capable  of  being 
absorbed  from  the  alimentary  canal  into  the  blood,  some  reappear  in  the  urine  un- 
changed, while  others  are  more  or  less  altered,  the  changes  being,  with  some  exceptions, 
those  of  oxidation.  Thus,  there  have  been  recovered  from  urine  (in  most  instances,  of 
course,  in  small  quantities)  arsenic,  antimony,  bismuth,  copper,  chromium,  gold,  iron, 
lithium,  lead,  mercury,  silver,  tin,  zinc.  The  following  substances  also  are  said  to 
pass  unchanged : — alkaline  carbonates,  sulphates,  nitrates,  phosphates,  borates,  chlo- 
rates, silicates,  chlorides,  iodides,  bromides ;  salts  of  calcium,  magnesium,  and  barium  ; 
Eulphocyanate  and  ferrocyanide  of  potassium ;  urea,  leucine,  hippuric  acid,  creatine, 
quinine  (?),  morphine,  strychnine,  atropine,  alcohol  (?),  sulphovinates,  sulphomethylates, 
sulphoamylates  ;  gallic,  pyrogallic,  anisylic,  cumaric,  cuminic,  camphoric,  and  piric 
acids,  together  with  several  pigmentary  and  odoriferous  matters.  The  ammonia-salts 
pass  unchanged,  or  are  partially  converted  into  nitrates.  Free  organic  acids  (oxalic, 
citric,  &c.)  are  unchanged ;  their  neutral  salts,  however,  are  converted  into  carbonates  ; 
malic  acid,  as  malate  of  calcium,  becomes  succinic  acid  (Meissner).  Sulphur  and 
alkaline  sulphides  and  sulphites  are  changed,  in  part  at  least,  into  sulphates.  Sulphur 
taken  in  by  the  skin  is  said  to  give  rise  to  xanthine.  Free  iodine  becomes  alkaline 
iodide.  Tannic  is  changed  into  gallic  acid.  Benzoic  acid,  hydride  of  benzoyl,  cin- 
namic  acid,  quinic  acid,  and  mandelic  acid  give  rise  to  hippuric  acid.  Nitrobenzoic 
acid  is  converted  into  nitrohippuric  acid,  chlorbenzoic  into  chlorhippurie,  salicylic 
into  salicyluric,  toluio  into  toluric,  anisic  into  anisuric  acid.  Uric  acid,  allan- 
toin,  alloxantin,  guanine,  glycocine,  theine,  and  theobromine  are  said  to  give  rise  to  an 
increase  of  urea.  Salicin  is  converted  into  salicylol,  salicylic  acid  (salicyluric),  and 
saligenin.  Ferrocyanide  of  potassium  becomes  ferricyanide.  Indigo-blue  is  said  to  be 
reduced  to  indigo-white. 

Acidity  of  Urine. — Healthy  urine  has  generally  when  passed  an  acid  reaction ;  the 
mean  amount  of  acidity  may  be  taken  as  equivalent  to  2  grms.  of  oxalic  acid  in  the  24 
hours.  The  degree  of  acidity  varies  from  time  to  time;  it  is  lessened  during  diges- 
tion ;  indeed  the  urine  may,  after  a  meal,  become  alkaline.  The  acidity  is  due,  in  part 
at  least,  to  the  acid  phosphate  of  sodium,  but  the  quantity  of  that  salt  present  in 
healthy  urine  is  insufficient  to  account  for  the  whole  of  the  acidity ;  the  rest  is  supplied 
by  some  free  acid  or  acids — hippuric,  lactic,  colloid.  According  to  Scherer,  the 
acidity  of  urine  exposed  to  the  atmosphere  gradually  increases  for  several  days,  through 
an  "acid  fermentation,"  in  which  the  mucus  and  the  pigmentary  and  extractive  matters 
take  part ;  afterwards  a  species  of  yeast  appears.  This  increase  of  acidity  is,  how- 
ever, denied  byBence-Jones. 

Alkaline  Urine. — Sooner  or  later,  within  a  few  days,  or  not  until  two  or  three  weeks, 
the  acid  gives  way  to  an  alkaline  reaction,  the  urea  becoming  converted  into  carbonate 
of  ammonia  through  a  process  of  fermentation.  This  change  is  accompanied  by  the 
appearance  of  crystals  of  triple  phosphate,  confervoi'd  growths,  and  vibriones.  It 
may  take  place  almost  immediately  after  the  m'ine  has  been  passed,  or  (in  certain 
diseases)  even  within  the  bladder.  The  mucus  has  been  supposed  to  act  as  a  ferment ; 
but  this  is  probably  incorrect.  It  is  much  more  likely  that  the  change  is  due  to 
the  action  of  a  distinct  ferment,  perhaps  an  organic  being. 

Table  {after  Parkes)  of  the  Amounts  of  the  several  Urinary  Constituents  passed  in 
Twenty-four  Hours, 
By  an  average  man  of  66  kilos.  Per  1  kilo,  of  body-weight. 

Water   1501-00   centimetres.    23-000  centimetres. 

Total  solids      ....       61'14   grammes.  -93  grammes. 

Urea   33-18  -500 

Uric  acid   "555  -0084 

Hippuric  acid  (Ben ce-J ones) .  '4  '006 

-     -  _  -91  .014 

10  00  -151 
2-012  .0305 
3  164  -048 
(8-21)  7  00  -126 
•77 
2-5 
11-09 


Creatinine  (Neubauer) 
Pigment  and  extractives 
Sulphuric  acid  . 
Phosphoric  acid 
Chlorine  . 
Ammonia  . 
Potassium 
Sodium    .  , 

Calcium   '260 

Magnesiiua  ....  '207 
iron 
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Urine,  being  the  vehicle  through  which  the  body  gets  rid  of  by  far  the  greater  part 
of  the  solid  matters  resulting  from  or  concerned  in  the  vital  processes  of  meta- 
morphosis, naturally  varies  within  the  widest  limits,  as  to  both  the  absolute  and 
relative  quantities  of  its  constituents,  according  to  the  condition,  behaviour,  and  treat- 
ment of  the  organism.  The  amount  of  urea  passed  during  a  given  time  is,  taken 
relatively  to  the  body-weight,  increased  in  childhood  and  lessened  in  old  age,;  it  is 
directly  dependent  on  the  quantity  and  quality  of  food  consumed,  and  is  obscurely  con- 
nected with  the  labours  of  the  frame  (see  Nutrition,  iv.  153).  The  uric  acid  is  increased 
by  food  (especially  by  animal  food),  by  exercise,  by  hindrances  to  the  action  of  the  skin, 
or  to  the  function  of  respiration  in  general,  and  by  various  morbid  conditions.  Ilip- 
puric  acid  is  increased  by  vegetable  food  ;  in  the  horse  it  is  said  to  be  increased  by 
work.  Creatinine  is  increased  by  animal  food.  The  chlorides,  sulphates,  and  phos- 
phates vary  with  the  food ;  the  sulphates  and  phosphates  are  said  to  run,  to  some 
extent,  parallel  with  the  urea,  and  to  be  increased  by  muscular  work,  and  the  phos- 
phates (especially  the  earthy  phosphates)  by  mental  labour.  For  further  details  con- 
sult Parkes,  "  The  Composition  of  the  Urine  in  Health  and  Disease." 

Urine  of  other  Animals. — The  urine  of  carnivorain  general  is  acid  and  clear, 
contains  a  large  amount  of  urea,  but  only  a  small  quantity  of  uric  acid.  That  of 
berbi  vora  is  alkaline  and  turbid  (from  carbonates),  contains  hippuric  but  no  uric 
acid  (unless  the  animals  are  stai-ving  or  feeding  on  tlesh),  a  large  quantity  of  earthy 
carbonates,  and  but  little  phosphates.  The  urine  of  the  dog  is  wholly  or  very  nearly 
free  from  uric  acid  ;  contains  cynurenic  acid,  hippuric  acid,  a  large  quantity  of  indican  ; 
and,  when  the  animal  is  feeding  on  tlesh  and  fat,  some  succinic  acid.  That  of  the 
horse  is  rich  in  hippuric  acid  and  earthy  carbonates,  and  contains  a  decided  quantity 
of  sugar.  That  of  the  cow  contains  from  '4 — 2'7  per  cent,  of  hippuric  acid  (Hen- 
nob  erg);  from  it  have  been  obtained  damolic,  damaluric,  and  taurylic  acids.  The 
urine  of  the  sucking  calf  is  remarkable  for  the  presence  of  allantoin  and  the  absence 
of  hippuric  acid,  a  feature  which  disappears  on  weaning.  The  urine  of  the  pig  is 
alkaline,  and  rich  in  alkaline  carbonates,  clear  even  on  standing  for  some  time,  but 
becomes  turbid  when  heated,  contains  urea,  but  neither  uric  nor  hippiu'ic  acid.  The 
portion  of  the  excrement  of  birds  that  corresponds  to  urine  is  rich  in  uric  acid  and 
urates  of  ammonia  and  lime.  Uiea  is  said  to  exist  in  the  excrement  of  carnivorous 
birds.  The  urine  of  ophidians  consists  of  uric  acid,  urates  of  sodium,  potassium,  and 
ammonium,  some  urea,  and  a  little  calcic  phosphate.  The  urine  of  the  Testudo  tabu- 
lata  contains  urea,  uric  and  hippuric  acids,  chlorides,  sulphates,  and  a  small  quantity 
of  phosphates.  The  urine  of  tlie  frog  contains  urea,  chlorides,  and  phosphates.  Uric 
acid  has  been  found  in  the  excrement  of  butterflies,  beetles,  caterpillars,  and  snails, 
and  guanine  in  the  excrement  of  spiders,  and  in  certain  organs  of  mollusca. 

Urinary  Sediments. — Many  specimens  of  urine  exhibit,  on  standing,  deposits  or 
sediments  consisting  of  morphological  elements,  and  of  chemical  bodies,  crystalline  or 
amorphous.  To  the  first  class  belong  blood-corpuscles,  pus-  and  mucus-corpuscles, 
spermatozoa,  epithelial  scales,  casts  of  the  uriniferous  tubes,  &e.  The  members  of  the 
second  class  are  various  and  many. —  Urates  (the  ordinary  brick-dust  sediment)  in 
amorphous  irregular  particles,  round  globules,  and  fine  acicular  crystals,  consisting  of 
a  great  excess  (82  per  cent.)  of  uric  acid  in  combination  with  variable  quantities  of 
ammonia,  soda,  potash,  and  lime. —  Uric  acid,  in  crystals  of  various  shapes,  mostly 
coloured,  chiefly  rhombic  prisms  and  plates,  sometimes  thin  hexagonal  plates,  dumb- 
bells (artificial  only  ?). — Phosphates :  ammonio-phosphate  of  magnesium,  in  large, 
transparent,  rhombic  prisms,  or  penniform ;  phosphate  of  calcium,  amorphous,  or 
crystallising  in  very  various  shapes,  often  forming  glomt'rules  or  rosettes,  with  lozenge- 
shaped  or  acicular  elements,  sometimes  penniform. —  Oxalate  of  ccdcium,  in  octahe- 
dral crystals,  or  forming  the  "  dumb-bell '"  bodies. — Carbonate  of  calcium  occasionally 
occurs  in  man,  sometimes  m  the  form  of  dumb-bells.  It  is  very  abundant  in  the  urine 
of  the  horse,  in  peculiar  globular  bodies,  formed  of  concentric  layers. — Hippuric  acid 
(uncommon),  in  acuminated  needles  or  acicular  crystals. — Ci/sfinc,  amorphous,  or  in 
transparent,  colourless,  hexagonal  plates.— iraawe,  in  peculiar  round  bodies,  having 
a  concentric  arrangement,  or  in  needles,  or  granular. —  Tyrosine,  in  acicular  heaps  and 
rosettes. — Xanthine,  amorphous,  or  in  small  oblong  plates  (Bence  -  Jon  e  s). —  Choles- 
terin. — Sulphate  of  calcium,  in  acicular  crystals,  has  been  observed.    (Valen ti n er.) 

Urinary  Calculi. — In  the  pelvis  of  the  kidney,  in  the  ureters,  in  the  bladder,  and 
in  the  urethra  are  fnund  concretions  of  very  variable  size,  form,  consistency,  structure, 
and  composition.  They  are  called  urinari/  [renal,  ureteric,  resical,  urethral)  calculi, 
and  are  made  up  chiefly  of  the  solid  constituents  of  the  urine.  Sometimes  homoge- 
neous, they  are  more  frequently  formed  of  numerous  concentric  laj'ers.  A  central 
portion,  the  nucln/s,  may  generally  be  distinguished  from  the  external  portions,  and  is 
sometimes  formed  by  a  foreign  body. 
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Uric  acid,  urates  of  ammonium,  calcium,  potassium,  sodium,  and  magnesium,  phos- 
phates of  calcium,  of  ammonium  and  magnesium,  and  of  iron,  carbonates  of  calcium 
and  magnesium,  oxalates  of  calcium  and  ammonium,  hippurate  of  ammonium,  chloride 
of  ammonium,  cystine,  xanthine,  ferric  oxide,  silica,  mucus,  fat,  blood,  colouring  and 
other  extractive  matters,  have  all  been  mentioned  as  constituents  of  urinary  calculi. 
It  is  very  unusual  to  meet  with  calculi  formed  exclusively  of  a  single  substance  ;  many 
calculi  are  formed  chiefly  of  uric  acid,  others  chiefly  of  oxalate  of  calcium,  but  these 
generally  contain  at  least  a  small  quantity  of  other  matters.  The  most  common  forms 
are  uric  acid  with  urates  of  ammonium  or  calcium,  ammonio-magnesian  phosphate 
with  phosphate  and  carbonate  of  calcium,  uric  acid  with  phosphates,  oxalate  of  cal- 
cium with  phosphates.  The  concentric  layers  are  frequently  distinct,  not  in  appear- 
ance only,  but  also  in  composition  ;  and  a  curious  alternation  of  material  is  at  times 
observed,  uric  acid,  for  instance,  changing  place  with  urates,  phosphates,  oxalates,  &c. 
A  nucleus  of  uric  acid  is  frequently  surrounded  by  an  external  coat  of  phosphates,  but 
a  nucleus  of  phosphates  with  a  coating  of  uric  acid,  &c.,  is  never  observed.  The  most 
external  layers  in  many  calculi  of  varioiis  composition  is  apt  to  be  phosphatic.  The 
oxalate  calculi  (often  called  mulberry,  from  their  peculiar  form)  are  generally  the 
hardest,  the  phosphatic  the  softest.  Calculi  of  cystine  are  rare,  those  of  xanthine  still 
more  so. 

The  following  may  be  taken  as  analyses  of  the  more  typical  forms  : 


Uric  acid. 

Uric  acid       ....  92-8 

Urates   3-2 

Ammonio-magnesiau  phosphate 

Extractives    ....  1-00 

Water   3-00 


84-69 
9-03 

1-  12 

2-  61 


Phosphatic. 

Urate  of  sodium    .  .  .  9'77 

Calcic  phosphate   .  .  .  34-74 

Ammonio-magnesian  phosphate  38-35 

Calcic  carbonate    .  .  .  3-14 

Magnesic  carbonate  .  .  2-55 

Extractives,  &c.    .  .  .  6-87 


Oxalate. 

Calcic  oxalate  ,  .63-5 

Calcic  phosphate  .  •  6-2 
Water  and  organic  matters  30-3 


Analysis  of  Urine. 

Determination  of  Urea.  (Liebig's  method.)  Prepared  urhie  (if  albumin  be  pre- 
sent it  must  be  separated  by  boiling ;  some  urea  will  probably  be  lost) :  two  volumes 
of  urine  are  mixed  with  1  volume  of  a  "  baryta  mixture  "  (consisting  of  2  volumes  of 
baryta-water  to  1  volume  of  a  solution  of  barium-nitrate,  both  saturated  in  the 
cold),  and  filtered. —  Urea-solution:  2  grms.  of  pure  urea  are  dissolved  in  water, 
and  the  solution  diluted  to  100  c.c. — Mercurial  solution:  a  concentrated  solution  of 
pure  mercuric  nitrate  is  diluted  with  fotir  times  its  bulk  of  water.  10  c.c.  of  the 
urea-solution  are  measured  into  a  beaker,  and  the  mercurial  solution  is  slowly  added 
from  a  burette  as  long  as  any  precipitation  takes  place ;  a  drop  of  the  mixture  is  then 
let  fall  by  a  glass  rod  into  a  drop  of  a  solution  of  sodic  carbonate,  placed  in  a  watch- 
glass,  or  on  a  glass  plate,  over  some  black  surface.  If  the  precipitate,  which  occurs  on 
the  mingling  of  the  two  drops,  does  not  become  in  a  few  seconds  distinctly  yellow, 
more  of  the  mercurial  solution  must  be  added  to  the  mixture  in  the  beaker,  and  the 
trial  made  again.  As  soon  as  a  distinct  yellow  colour  appears  (the  shade  being  noticed 
by  the  observer  in  order  to  guide  him  afterwards),  the  trial  drops  are  returned  into 
the  beaker,  and  a  little  of  the  soda-solution  added,  until  the  mixture  is  only  faintly 
acid.  A  drop  is  then  again  to  be  tried  with  the  soda-solution  ;  and  if  the  yellow  colour 
does  not  show  itself,  a  small  quantity  of  the  mercurial  solution  must  still  be  added  to 
the  mixture  in  the  beaker,  and  trial  made  again.  When  the  yellow  colour  has  been 
thus  obtained,  the  total  quantity  of  mercurial  solution  used  is  read  off;  it  corresponds 
to  "2  grm.  urea.  The  mercurial  solution  itself  is  then  diluted  according  to  these  re- 
sults, so  that  20  c.c.  of  it  corresponds  to  10  grms.  of  the  urea-solution,  i.e.  so  that 
10  c.c.  correspond  to  -1  grm.  urea.  It  is  well  not  to  add,  at  once,  the  whole  of  the 
water  required ;  but  to  stop  a  little  short  of  that,  and  titrate  again,  since,  practically, 
the  degree  of  dilution  required  is  rather  less  than  that  suggested  by  calculation. 

Method. — Of  the  prepared  urine,  15  c.c,  corresponding  to  10  c.c.  of  the  original 
urine,  are  poured  out  into  a  beaker  or  flask,  and  the  mercurial  solution  is  added  until 
the  yellow  reaction,  as  described  above,  is  obtained ;  the  mixture  is  also  in  the  same 
way  reduced  in  acidity,  and  trial  made  again.  The  quantity  of  mercurial  solution 
used  will  give  the  amount  of  urea  in  the  10  c.c.  of  lu-ine.     Unfortunately,  the 
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reaction  is  exact  only  for  fluids  containing  2  per  cent,  of  urea ;  its  appearance  is  pre- 
mature when  more,  and  is  delayed  when  loss  than  that  percentage  is  present.  If  the 
prepared  urine  contains  an  excess  of  urea,  double  its  volume  of  the  mercurial  solution 
will  have  been  used,  and  yet  no  reaction  set  in.  Hence,  if,  on  arriving  at  this  point, 
1  c.c.  of  distilled  water  be  added  to  the  mixture  for  every  additional  2  c.c.  of  the  mer- 
curial solution  employed,  the  proportion  of  urea  will  be  maintained  at  2  per  cent.,  and 
the  final  result  will  be  correct.  Thus  if,  after  the  addilion  of  30  c.c.  of  the  mercurial 
solution  to  15  c.c.  of  prepared  urine,  the  reaction  is  not  seen,  1  c.c.  of  distilled  water  is 
added,  and  the  process  continued.  Supposing  the  reaction  finally  sets  in  when  10  c.c. 
more,  or  40  c.c.  in  all,  of  the  mercurial  solution  have  been  used,  the  5  c.c.  of  distilled 
water,  which  have  been  also  added,  will  bring  up  the  original  13  c.c.  of  urine  to  20  c.c; 
the  40  c.c.  of  mercurial  solution  will  have  been  employed  on  a  fluid  containing  2  per 
cent,  of  urea.  If  the  prepared  urine  contains  less  than  2  per  cent,  of  urea,  an  a.pproxi- 
mate  correction  may  be  made  by  subtracting  "1  c.c.  from  every  5  c.c.  of  the  mercurial 
solution  that  is  run  short  of  the  normal  30  c.c.  Thus,  if  with  15  c.c.  of  prepared  urine, 
the  yellow  colour  is  struck  on  using  20  c.c.  of  the  mercurial  solution,  -2  c.c.  (30  —  20 
=  5  <  2)  are  deducted,  and  therefore  19-8  c.c.  taken  as  the  correct  result.  A  further 
correction  must  bo  made  for  chloride  of  sodium,  the  presence  of  which  delays  the  reac- 
tion. We  mav  make  an  approximate  correction  by  deducting  from  the  quantity  of 
mercurial  solution  employed  r5  c.c. — 2  5  c.c,  according  to  the  quantity  of  chloride  of 
sodium  present.  Or  we  may  first  remove  the  chloride.  To  15  c.c.  of  prepared  urine,  one 
or  two  drops  of  solution  of  neutral  chromate  of  potash  ai-e  added,  and  a  solution  of 
nitrate  of  silver  dropped  in  from  a  burette,  until  the  appearance  of  the  red  chromate  of 
silver  indicates  that  the  whole  of  the  chloride  has  been  thrown  down  ;  the  mercurial 
solution  can  then  be  at  once  used  without  removing  the  silver-precipitate.  The  re- 
duction in  the  percentage  of  urea,  by  the  addition  of  the  silver-solution,  must  of 
course  be  taken  into  account.  Or  two  portions  of  prepared  tu'ine  may  be  taken  of 
15  c.c.  each.  One  is  neutralised  with  nitric  acid,  the  mercurial  solution  added,  aud  the 
point  m.arkefl  at  which  a  permanent  precipitate  (a  distinct  cloud,  not  a  mere  opales- 
cence) is  produced.  The  other  is  titrated  in  the  usu;d  way.  The  number  of  c.c.  em- 
ployed in  the  latter,  minus  those  employed  in  the  former  operation,  will  give  the  real 
quantity  of  lU'ca.  It  must  be  remembered  that  other  nitrogenous  bodies,  creatinine, 
allantoin,  &c.,  are  precipitated  by  the  mercurial  solution  in  the  same  way  as  urea. 

Ht:in/~  and Eagsk(/'s  Method. — A  given  quantity  (20  c.c.)  of  urine  is  precipitated  with 
tetrachloride  of  platinum,  and  the  precipitate  washed  with  spirit,  dried,  and 
weighed.  From  2  to  5  c.c.  of  the  same  urine  (according  to  concentration)  are  heated  to 
180° — 200°,  in  a  covered  platinum  or  porcelain  capsule,  with  an  equal  bulk  of  sul- 
phuric acid  ;  and  after  cooling  are  diluted  with  water,  filtered,  and  precipitated  with 
tetrachloride  of  platinum.  Both  precipitates  are  calculated  for  100  c.c.  urine,  and  tho 
former  deducted  from  the  latter;  the  result  multiplied  by  •13423  gives  the  percentage 
of  urea. 

Bavcys  Method. — A  small  quantity  of  urine  is  poured  into  a  graduated  glass  tube 
a  third  full  of  mercury;  the  tube  is  then  filled  with  a  solution  of  sodic  hypochlorite, 
rapidly  inverted  over  a  saturated  solution  of  chloride  of  sodium,  and  left  to  stand 
several  hours.  The  quantity  of  gas  (nitrogen)  given  out  is  read  off.  1'049  cubic  inches 
of  nitrogen  at  60°  F.  and  30"  bar.  =  1  grain  urea. 

Uric  acid,  ammonia,  &c.  are  in  this  method  confounded  with  urea. 

Bunsens  Method. — A  given  quantity  of  prepared  urine  is  heated,  at  220° — 240°, 
with  chluride  of  barium  in  a  sealed  tube,  and  the  resulting  carbonate  of  barium  deter- 
mined.   1  grm.  barium-carbonate  =  '3041  urea. 

Uric  Acid. — To  200  c.c.  of  urine,  10  c.c.  of  hydrochloric  acid  are  added,  the  mix- 
ture allowed  to  stand  48  hours  in  a  cool  place,  filtered  through  a  very  small  filter, 
on  which  the  crystals  are  placed,  washed,  dried,  and  weighed.  The  wash-water 
should  not  exceed  30  c.c.  ;  if  the  last  drops  still  produce  cloudiness  in  a  silver-solution, 
more  must  of  course  be  used;  and  for  every  additional  cubic  centimetre  of  wash- 
water  used,  '045  milligramme  is  added  to  the  amount  of  uric  acid  found.  This  correc- 
tion is  a  compromise  between  the  loss  arising  from  the  partial  solubility  of  the  uric  acid, 
and  the  gain  due  to  the  colouring-matter  inseparaldy  connected  with  the  crystals. 
Hassall  (Lancet,  1SG7,  May  6),  has  shown  that  the  mixture  of  uric  acid  and  pig- 
ment, which  is  usually  weighed  as  uric  acid,  varies  extremely,  according  to  the  con- 
centration of  the  urine,  the  amotmt  of  acid  employed,  the  time  allowed  for  crystallisa- 
tion, and  the  surrounding  temperature.  If  the  urine  contains  albumin,  this  must 
first  be  removed  by  coagulation,  with  the  very  careful  use  of  dilute  acetic  acid,  using 
afterwards  strong  acetic,  instead  of  hydj'oehloric,  acid  to  precipitate  the  uric  acid. 

Hippur  ie  Acid. — The  urine  is  digested  with  animal  charcoal  (2  grammes 
to  each  10  c.c  ),  and  filtered  ;  200  c.c.  are  evaporated  down  to  50  c.c,  20  c.c. 
of  hydroelilorie  acid  added,  and  the  mixture  allowed  to  stand  for  twenty-four  hours 
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in  a  cool  place.  The  hippuric  acid  which  crystallises  out  is  collected  on  a  weighed 
filter,  washed  with  a  small  quantity  of  cold  water  until  the  filtrate  is  colourless,  dried 
at  100°,  and  weighed.  The  wash-water  is  collected  and  measured,  and  for  every 
6  CO.  of  it,  -01  gramme  is  added  to  the  weight  of  hippuric  acid,  in  order  to  correct 
the  error  due  to  that  substance  being  slightly  soluble  in  cold  water.  This  process  is 
of  course  useless  where  uric  acid  is  present. 

Creatinine. — To  300  c.c.  of  urine,  rendered  alkaline  with  milk  of  lime,  a  solu- 
tion of  calcic  chloride  is  added  as  long  as  any  precipitate  occurs.  The  mixture 
is  allowed  to  stand  for  one  or  two  hours,  and  filtered.  The  filtrate  and  washings  are 
evaporated  to  dryness  in  a  water-bath,  and,  while  still  warm,  treated  with  30  or  40 
c.c.  of  alcohol,  95  per  cent.  The  mixture,  after  standing  for  four  or  five  hours  in 
a  cool  place,  is  passed  through  a  small  filter,  and  the  filter  washed  with  small  quantities 
of  spirit. 

The  filtrate  and  washings— reduced  in  bulk,  if  necessary,  to  40  or  60  c.c.  by 
being  placed  over  hot  plates — are  mixed  with  5  c.c.  of  a  solution  of  chloride  of  zinc 
(specific  gravity  1'2,  absolutely  free  from  acidity),  and  allowed  to  stand  for  three  or 
four  days  in  a  very  cool  place.  The  crystals  that  appear  are  collected  on  a  small 
filter,  washed  first  with  the  mother-liquor,  and  then  with  small  quantities  of  spirit, 
dried  at  100°,  and  weighed.    100  pts.  of  zinc-compound  =  62-44  pts.  of  creatinine. 

Albumin.  —  From  30  to  100  c.c.  of  urine,  according  to  concentration,  are 
heated  with  the  naked  flame,  a  drop  or  two  of  acetic  acid  being  added,  until  the 
albumin  is  thoroughly  coagulated,  and  the  fluid  capable  of  being  filtered.  The  deposit 
is  dried  at  120°,  and  over  sulphuric  acid,  until  it  ceases  to  lose  weight.  Other  matters 
are  carried  down  with  the  albumin,  but  these  are  insignificant. 

Sugar. — In  diabetes,  when  the  quantity  of  sugar  is  very  considerable,  the  deter- 
mination may  be  mads  with  the  alkaline  copper-solution,  by  the  saccharimeter,  or  by 
fermentation.  When  the  quantity  of  sugar  is  very  small,  the  following  process  may 
be  adopted  : — A  given  qiiantity  of  urine  (1000  cubic  centimetres)  is  concentrated,  and 
precipitated  with  sugar  of  lead  and  filtered ;  the  filtrate  is  precipitated  with  acetate  of 
lead  and  filtered.  This  second  filtrate  is  precipitated  with  ammonia,  the  deposit 
suspended  in  alcohol,  su\imitted  to  sulphydric  acid,  and  filtered.  The  spirit  fil- 
trate is  evaporated,  and  its  sugar  determined  in  any  of  the  usual  ways. 

Chlorides. — In  fresh  urine,  free  from  albumin,  much  uric  acid,  or  mucus,  the 
chlorides  may  be  determined  with  tolerable  accuracy  by  the  silver  and  chromate  of 
potash  method. 

Phosphates  maybe  determined  by  the  uranic  oxide  process. 

Amtnonia. — Twenty  cubic  centimetres  ofurineare  placed  in  a  shallow  vessel,  over 
which  is  arranged  another  small  shallow  vessel  containing  10  c.c.  of  a  standard 
solution  of  dilute  sulphuric  acid;  and  the  whole  is  covered  with  an  airtight  bell-jar. 
The  bell-jar  is  slightly  raised,  10  c.c.  of  milk  of  lime  quickly  introduced  into  the 
urine,  and  the  jar  at  once  replaced.  In  about  48  hours,  the  whole  of  the  ammonia  is 
disengaged  from  the  urine,  and  absorbed  by  the  sulphuric  acid.  By  titrating  the  sul- 
phuric acid  after  the  experiment,  and  comparing  it  with  the  standard  solution,  the 
amount  of  ammonia  is  arrived  at. 

Bile  Acids. — Ui'ine  is  precipitated  with  basic  acetate  of  lead  and  a  little  am- 
monia ;  the  precipitate  is  washed,  boiled  in  alcohol,  and  filtered  hot ;  the  alcoholic 
solution  is  treated  with  a  few  drops  of  soda,  and  evaporated  to  dryness  ;  the  residue 
extracted  with  absolute  alcohol ;  the  filtered  solution  reduced  in  volume,  mixed  with 
an  excess  of  ether,  and  left  to  crystallise.  The  crystalline  deposit  is  mixed  with  dilute 
sulphuric  acid  ( 1  to  4),  and  a  few  drops  of  a  solution  of  cane-sugar  added.  The  mixture, 
on  being  gently  warmed,  should  give  the  purple  coloration  of  Pettenkofer.      M.  F. 

VRTNE,  FUSXBXiE  SAKT  OP.  Sal  urin<s  fusibilis. — Ammonio-sodic  phos- 
phate. 

ITBIirE,  SPXBZT  OP.  The  solution  of  ammonium-carbonate,  obtained  by  dis- 
tilling putrid  urine. 

VSOCHROME,  XmOCVAirXM',  VROZSRTTRRXN',  UROSI.AUCIM', 
VROH.2EIVIA.TXN-,  VROAXEXiAXTXIO',  VROPXTTIir,  URORKODXir.  See 

Ueinaby  Pigments  (p.  963). 

VROSTEAXXTE  (from  oupov,  urine  ;  (rreap,  tallow ;  and  Ai'flos,  stone). — A  fatty 
substance  found  in  a  urinary  calculus.  On  evaporating  the  solution  of  the  calculus  in 
carbonate  of  sodium,  adding  a  little  sulphuric  acid,  extracting  with  ether,  and  leaving 
the  ether  to  evaporate,  theurostealitewas  obtained  as  a  violet  residue,  which  softened 
in  boiling  water  without  dissolving,  was  sparingly  soluble  in  alcohol,  more  easily  in 
ether  and  in  caustic  potash,  less  easily  in  ammonia  and  in  carbonate  of  potassium.  It 
Boftened  when  heated,  and  when  more  strongly  heated  gave  off  a  thick  smoke,  and  an 
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odour  like  that  of  benzoin  and  shellac.  (Heller,  Arch.  f.  Phys.  n.  pathol.  Chemie,  u. 
Mikros.  1845,  p.  1.) 

tmoXAHrxc  ACID.    C"N'n'»0''.    (Stadeler,  Ann.  Ch.  Pharm.  Lxxviii.  286  ; 
Ixxx.  119.) — A  product  ulitained  by  boiling  uric  acid  with  rather  strong  potash-ley  : 
C^N'H'O'  +  3H-0    =  C^K^IP'O". 

Uric  acid.  Uroxanic  acid. 

Other  products  are  formed  at  the  same  time — namely,  lantanuric  acid,  urea,  formic  acid, 
and  oxalic  acid. 

On  leaving  tlie  resulting  solution  in  contact  with  the  air,  it  absorbs  carbonic  acid, 
and  .slowly  deposits  acid  urate  of  potassium  in  the  form  of  a  white  powder  ;  but,  after 
several  weeks  or  months,  tabular  crystals  of  potassic  uroxanate  are  formed,  the  urate 
disappearing  at  the  same  time.  By  decomposing  the  solution  of  the  uroxanate  with 
hydrochloric  or  sulphiiric  acid,  the  iiroxanic  acid  is  obtained  in  indistinct  prismatic 
crystals,  or  from  warm  moderately  dilute  solutions,  in  colourless  transparent  tetra- 
htidrons. 

Uroxanic  acid  is  slightly  soluble  in  cold  water,  quite  insoluble  in  cold  alcohol.  It 
is  easily  decomposed  even  by  boiling  with  water,  giving  off' carbonic  anhydride.  The 
dry  acid  heated  in  a  glass  tube  above  100°,  gives  off  water  and  carbonic  anhydride. 
If,  however,  the  temperature  be  maintained  at  130°  till  the  weight  of  the  residue 
becomes  constant,  the  acid  is  found  to  have  lost  34-8  per  cent,  of  its  weight,  and  a 
yellowish  hygroscopic  substance  is  left,  called  uroxil  by  Stadeler,  and  having  the 
composition  of  uroxanic  an hydri de,  C''N^H''0'' (which  is  also  that  of  dialurate 
of  ammonium).  At  a  stronger  heat,  uroxanic  acid  melts  to  a  brown  liquid,  gives  off 
ammonia,  and  probably  also  cyanide  of  ammonium,  yields  an  oily  distillate  solidifying 
as  it  cools,  and  leaves  a  small  quantity  of  carbonaceous  residue.  Strong  nitric  acid 
does  not  act  on  uroxanic  acid  in  the  cold,  but  dissolves  it  when  heated,  ■without  evo- 
lution of  gas,  the  solution  on  cooling  yielding  crystals,  probably  a  product  of  oxida- 
tion. The  mother-liquor  yields,  on  evaporation,  a  white  residue,  which  is  not  coloured 
by  carbonate  of  ammonium. 

Uroxanic  acid  is  dibasic,  the  general  formula  of  its  salts  being  C'N'H'M'O*.  Some 
of  the  uroxanates  are  soluble  in  water,  but  most  of  them  are  insoluble  in  alcohol. 

The  ammo7iium-saU  separates,  in  small  four-sided  tablets,  on  adding  alcohol  to  a 
solution  of  the  acid  in  dilute  ammonia. — The  potassium-salt,  C^N^H"K^0^.3H-'0, 
obtained  as  above  described  from  uric  acid,  crystallises  in  large,  nacreous,  four-sided 
plates,  with  angles  of  97°  and  83°.  It  is  moderately  soluble  in  cold,  very  soluble 
in  hot  water,  insoluble  in  alcohol;  gives  off  its  water  of  crystallisation  at  100°; 
and  at  a  higher  temperature  melts,  gives  off  a  little  earbonate  of  ammonium,  and 
leaves  a  residue  blackened  by  charcoal. 

The  harium-salt  separates,  on  mixing  a  solution  of  the  acid  in  excess  of  ammonia 
with  chloride  of  barium,  and  adding  alcohol,  in  thick  flocks  which  gradually  change 
to  slender  shining  needles. — The  calcium-salt,  obtained  in  like  manner,  forms  small, 
shining,  four-sided  plates,  which,  by  boiling  in  the  liquid,  are  converted  into  larger 
crystals,  like  those  of  the  barium-salt.— The  lead-salt,  2C^N'H'*Pb"0MI20,  is  pi-e- 
cipitated  by  nitrate  of  lead  from  the  solution  of  the  potassium-salt,  in  delicate  satiny 
scales,  quite  insoluble  in  water,  and  becoming  anhydrous  at  100°. — The  silver-salt  is  ob- 
tained in  like  manner,  as  a  white  flocculent  precipitate,  but  soon  settles  down  to  a  dense 
powder,  which  turns  rod  on  exposure  to  light,  and  black  when  heated  in  the  liquid. 

VROXANIC  AlfHlTBRISX:.    See  preceding  article. 
UROXATTTHIIO'.    See  Urinary  Pigments  (p.  963). 
VROXIZi.    Syn.  with  Uroxanic  Anhydride. 
UROXIsr.    Syn.  with  Ailoxantin  (i.  138). 
UROXYXi.    Syn.  with  Unoxii. 

VRSONi:.  C'°H'°0  ? — A  resinous  body  obtained  from  the  leaves  of  the  red  bear- 
berry,  Arctustap/it/los  uva-nrsi.  It  was  first  prepared  by  Trommsdorff  in  1854 
(Arch.  Pharm.  [2],  Ixxx.  273),  and  further  examined  by  Hlasiwetz  (J.  pr.  Chem. 
Ixiv.  123),  who  assigned  to  it  the  formula  C^''H"0^.  To  prepare  it,  the  leaves  of  the 
bearberry,  after  being  freed  from  arbutin  by  exhaustion  with  water,  are  treated  with 
alcohol,  the  solution  is  evaporated,  the  residue  treated  with  water  and  ether,  and  the 
ursone  which  then  remains  undissolved,  is  purified  by  crystallisation  from  alcohol. 
Or  the  leaves  are  treated  with  ether  in  a  displacement  apparatus,  whereby  a  dark- 
green  extract  is  obtained,  which  deposits  a  considerable  quantity  of  crystalline  ursone 
to  be  piu-itied  by  crystallisation  from  alcohol. 

Ursone  crystallises  in  slender  colourless  needles,  having  a  silky  lustre,  tasteless 
and  inodorous,  insoluble  in  water  and  in  aqueous  acids  or  alkalis,  soluble  with 
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difficulty  in  ether  or  alcohol.  It  melts  at  190° — 200°,  and  solidifies  again  in  the 
crystalline  form  on  cooling ;  if  heated  above  its  melting-point,  it  remains  amorphous 
after  cooling,  and  at  a  still  higher  temperature  boils,  and  appears  to  volatilise  without 
decomposition. 

According  to  Hlasiwetz,  ursone  agrees  in  composition  and  in  most  of  its  properties 
with  hartin  from  lignite  (iii.  14). 

VS^TXCil..  The  stinging  power  of  nettles,  Urtica  urens  and  U.  dioica,  is  due  (ac- 
cording to  Saladin)  to  acid  carbonate  of  ammonium,  contained  in  glands  beneath 
their  epidermis  ;  the  juice  contains  nitrate  of  potassium  and  nitrate  of  calcium.  Ac- 
cording to  Bollig,  water  distilled  over  the  herb  contains  carbonate  of  ammonium; 
according  to  Gorup-Besanez,  it  contains  formic  acid. 

The  yellowish  decoction  of  the  leaves,  when  left  to  dry  in  contact  with  the  air,  espe- 
cially in  presence  of  alkalis,  is  said,  by  Leuch,  to  yield  a  fine  emerald-green  colour. 
The  herb  of  U.  vrcns  yields,  by  fermentation,  a  so-called  ferment-oil  (ii.  636)  (Bley). 
The  seeds  of  both  kinds  of  nettle  are  said  to  be  useful  as  remedies  in  cases  of  dysen- 
tery. 

The  fibre  of  many  species  of  Urtica  yields  useful  tissues.  The  Chinese  are  said  to 
fabricate  a  fine  silky  stuff  from  the  fibres  of  Urtica  nivea.    (Handw.  d.  Chem.  ix.  68.) 

VSITXC  ACXS,  or  TTSSriN'.  An  acid  obtained  from  sevei-al  species  of  lichen.  It 
was  first  prepared  and  examined  by  Knop  (Ann.  Ch.  Pharm.  xlix.  103),  and  further 
investigated  by  Rochleder  and  Heldt  {ibid,  xlviii.  12),  Thomson  (ibid.  liii.  262), 
Stenhouse  (ihid.  Ixviii.  97,  114),  and  Hesse  (ibid,  cxvii.  343). — Stenhouse  assigned 
to  it  the  formula  C^H^O^'— more  probably  C^^H'^O'*,  or  C'^H'-'O';  according  to 
lies se,  it  is  C'*H'*0'.  It  is  found  in  Usnca  florida,  U.harta,  U.  plicata,  U.barbata, 
Eamalina  calicaris,  Cladonia  rangiferina,  ParmcKa  fiirfuracea,  Evcrnia  pnmastri,  and 
others. 

According  to  Stenhouse,  tho  several  species  of  Uenea  are  best  adapted  for  the  pre- 
paration of  usnic  acid,  especially  Usnea  florida;  next  in  point  of  eligibility  comes 
Cladonia  rangiferina,  while  the  several  species  of  Eamalina  and  Ever?iia  prunastri  are 
less  adapted  for  the  purpose,  because  they  yield  resinous  acids  difficult  to  purify. 
Hesse  uses  Eamalina  calicaris  (var.  fraxinea  and  chnaumatica)  for  the  preparation  of 
alpha-usnic  acid,  and  Cladonia  rangiferina  for  the  preparation  of  beta-usnic  acid. 

Preparation. — Knop  exhausts  the  lichens  with  ether  in  a  displacement  apparatus, 
then  distils  off  the  etlier,  and  treats  the  residue  with  alcohol ;  the  alcoholic  solution 
thus  obtained  deposits  usnic  acid  in  crystals  on  cooling.  Eochleder  and  Heldt  dige.st 
the  lichens  with  a  mixture  of  ammonia  and  aqueous  alcohol,  filter  the  liquid 
after  some  minutes,  then  mix  it  with  one-third  of  its  volume  of  water,  and  neutralise 
with  acetic  acid  ;  the  usnic  acid  thereby  precipitated  is  washed,  and  recrystallised  from 
alcohol. — Stenhouse  exhausts  the  lichens  with  milk  of  lime,  and  precipitates  with  hy- 
drochloric acid. 

Hesse  also  exhausts  the  lichens  (Eamalina  calicaris,  var./ra,r(«crt  and  chnaumatica') 
with  milk  of  lime,  supersaturates  with  hydrochloric  acid,  and  boils  for  a  short  time, 
whereupon  alpha-usnic  acid  crystallises  out.  The  deposit  is  washed  with  water,  then 
boiled  with  alcohol,  and  the  residue  is  dissolved  in  boiling  acetic  acid,  the  solution 
mixed  with  animal  charcoal,  and  filtered. — To  prepare  beta-usnic  acid  from  Cladonia 
rangiferina,  Hesse  exhausts  the  lichen  with  dilute  soda-ley  ;  saturates  with  hydro- 
chloric acid  ;  washes  the  precipitate,  which  contains  brown  humous  substances,  with 
water ;  dries  it,  and  exhatists  it  with  ether ;  evaporates  the  ethereal  solution  ;  and 
mixes  the  residue  with  alcohol.  Beta-usnic  acid  then  crystallises  out,  and  may  be 
purified  by  recrystallisation  from  alcohol  with  addition  of  animal  charcoal. 

Properties. — Usnic  acid  forms  thin,  light,  sulphur-yellow  needles,  which  become 
strongly  electric  by  friction,  are  not  moistened  by  water,  dissolve  but  sparingly  in 
ordinary  alcohol,  even  at  the  boiling  heat,  but  easily  in  boiling  ether  or  turpentine-oil. 

Usnic  acid  melts  when  somewhat  strongly  heated,  alpha-usnic  acid  at  203° 
(Hesse),  at  200°  (Knop) ;  beta-usnic  acid  at  175°  :  this  difference  of  melting-point  is 
the  only  essential  distinction  between  the  two  acids.  Melted  usnic  acid  is  yellowish 
and  resinous,  and  solidifies  in  the  crystalline  form  on  cooling ;  at  a  higher  temperature 
it  yields  a  crystalline  sublimate,  an  oily  distillate  containing  beta-orcein,  and  a  car- 
bonaceous residue.  Usnic  acid  is  not  coloured  by  ferric  chloride  or  by  hypochlorite 
of  sodium. 

Chlorine  converts  usnic  acid  into  a  resinous  body ;  sulphuric  acid  dissolves  it,  form- 
ing a  yellow  solution,  which  is  precipitated  by  water.  Nitric  acid  heated  with  it,  forma 
a  yellow  resin.  Usnic  acid  dissolves  easily  in  alkcdine  liquids  :  the  solutions,  which 
contain  beta-orcein  together  with  a  resin,  become  dark-red  on  exposure  to  the  air,  and 
at  last  nearly  black. 

Usnic  acid  is  monobasic,  the  composition  of  its  salts  being  C"H"MO',  according  to 
Hegse;  C'"H"MO',  according  to  Kuop.    The  usnates  of  the  alkali-metals  are 
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soluble  in  water;  the  rest  are  insuhiblc  in  water,  but  soluble  in  alcohol;  ether 
extracts  usnic  acid  fi'om  them. 

Umafe  of  ammoniun,  obtained  bypassing  ammonia-gas  into  absolute  alcoliol  in 
which  usnic  acid  is  suspended,  forms  needle-shaped  crystals. — The  potassiuin-salt, 
C"'II"K0'.6n-0,  is  prepared  by  boiling  usnic  acid  with  a  strong  solution  of  potassio 
carbonate.  It  separates  almost  completely  from  the  solution  on  cooling,  and  when 
recrystallised  from  alcohol,  forms  white  laminae,  which  give  off  all  their  water  at  130°. 
Its  solution  froths  like  soap-water,  and,  when  mixed  witii  a  large  quantity  of  water, 
deposits  an  acid  salt. —  The  sodium-salt  forms  stellate  groups  of  silky  needles;  it  re- 
acts like  the  potassium-salt,  but  is  more  easily  decomposed. — The  barium-salt, 
Q3o2pi4j5^"Qn^  may  bo  crystallised  from  alcohol ;  the  aqueous  solution  quickly  becomes 
coloured  on  exposure  to  the  air. — Tiie  cnpric  salt,  C'''H''Cu"0",  is  a  green  precipitate ; 
the  lead-salt,  a  white  precipitate  ;  the  silver-salt,  a  white  precipitate  which  quickly 
blackens. 

UVITIC  and  ITVITOITIC  ACIDS.  Acids  produced,  according  to  Finck, 
by  the  action  of  baryta-water  on  pyroracemic  acid.  Tlie  former  has  the  composition 
C'H"0' ;  the  latter  appears  to  be  merely  a  syrupy  modification  of  pyroracemic  acid 
(iv.  770). 

VWAROWXTE,  Chrome-garnet,  Chrome-Kme-garnet,  3CaO.Cr=0^3SiO',  with 
small  quantities  of  alumina,  ferrous  oxide,  and  magnesia,  occurs  at  Saranowskaja, 
n*ar  Eissersk,  and  near  Kyschtimsk,  in  the  Ural,  in  rhombic  dodecahedrons,  and 
massive,  witli  imperfectly  conc.hoidal  or  splintery  fracture,  emerald-green  colour,  and 
greenish-white  streak,  vitreous  lustre,  more  or  less  transparent  on  the  edges.  Hard- 
ness =  7'5  to  8'0.  Specific  gravity  =  3'4  to  3-5.  It  does  not  fuse  by  itself  before 
the  blowpipe,  but  forms  a  clear  olive-green  glass  with  borax.    (See  Gaknet,  ii.  772.) 


V 

VACCIWXC  ACID.  This  name  was  given  by  Lerch  (Ann.  Ch.  Phami.  xlix. 
227)  to  a  volatile  acid,  obtained  on  one  occasion  by  the  saponification  of  butter  from 
cow's  nulk,  but  which  apipears  to  have  been  merely  a  mixture  of  butyric  and  cupric 
acids. 

VACCIXflTTM.  A  small  genus  of  plants  including  the  bilberry  and  whortle- 
berry. Tlio  green  parts  of  the  common  bilberry  (  Vaccinium  Myrtillus)  contain 
quinic  acid  (Zwenger,  Ann.  Ch.  Pharm.  cxv.  108).  The  fruit  contains,  according  to 
Fresenius  {ihid.  ci.  225); 


Fruit-sugar  .... 

.    5-8  > 

Free  acid  (regarded  as  malic  acid) . 

.  1-3 

Albuminous  substances  . 

.    0-8 1 

Soluble  in  water. 

Pectia,  gum,  colouring-matter 

.  0-5 

Ash  

.  o-sJ 

Kernel  and  husk  .... 

.  12-8 

Pectose  ..... 

.  0-2 

•  Insoluble  in  water. 

.  77-5 

The  colouring-matter  of  the  berries  forms  with  lead-oxide,  a  fine  blue  compound 
which  is  coloured  green  by  alkalis.  The  berries  yield,  by  fermentation,  a  kind  of 
brandy  ("  Heidelbeerbrantwein  "  or  "  Heidelbeergeist ")  which  is  prepared  in  large 
quantities  in  many  parts  of  the  Black  Forest. 

Whortleberries,  the  fruit  of  Vaccinium  Vitis  idea,  and  cranberrios,  the  fruit  of 
Vaccinium  Oxycoceus  (Jj.),  O.ri/coccus  palu-stris  (Rich.),  contain,  according  to  Scheele, 
citric  acid  and  a  small  quantity  of  malic  acid. 

VACUUM.  The  most  usual  method  of  producing  a  vacuum,  or  rather  a  highly 
rarefied  atmosphere,  is  by  the  common  air-pump.  The  exliaustion  may  be  made  much 
more  complete  by  filling  the  exhausted  receiver  with  carbonic  acid  gas,  absorbing  this 
gas  by  lime,  and  repeating  the  process  several  times.  A  vacuum  may  also  be  produced 
by  driving  the  air  out  of  a  vessel  with  steam,  and  then  condensing  the  steam  hj  cooling. 

In  the  barometric  or  Torricellian  vacuum,  there  is  nothing  present  but  a  very  minute 
quantity  of  morcur^^-vapour.  An  excellent  method  of  producing  a  vacuum  has  been 
contrived  by  Dr.  Sprongel  (Chem.  Soc.  J.  xviii.  9).    It  consists  in  connecting  the 
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vessel  to  be  exhausted  with  the  upper  part  of  a  long  vertical  tube,  down  which  a 
column  of  mercury  is  made  to  flow. 

VAXiEITE.    Syn.  with  Valeeone. 

ViLlLEN'CIAII'XTi:.  A  name  given  by  Breithaupt  to  orthoclase  from  the 
silver-mine  of  Valenciana  in  Mexico  ;  related  to  adularin,  and  containing,  according 
to  Plattner,  66-82  per  cent,  silica,  17'68  alumina,  0-09  ferric  oxide,  and  14'80  potash. 

VAXiSN'TIU'ITE.    The  trimetric  variety  of  native  antimonious  oxide  (i.  323). 

VAXiERACETOKTITRIZiE.  C™H^«N'0^  (Schlieper,  Ann.  Ch.  Pharra.  lix. 
16.) — A  body  containing  the  elements  of  4  at.  valeronitrile,  C*II'N,  and  3  at.  acetic  acid, 
C^H'O^  or  of  1  at.  valeronitrile  and  3  at.  valeraeetamide,  C^H'''(C'''H-*0)NO.  It  is 
found  in  the  neutral  oil  produced  by  distilling  glue  with  potassium-chromate  and  sul- 
phuric acid,  and  is  obtained  therefrom,  in  the  same  manner  as  valeronitrile  (ii.  272), 
by  repeated  fractional  rectification  of  the  portion  boiling  between  68°  and  90°. 

Valcracetonitrile  is  a  mobile  colourless  liquid,  moderately  soluble  in  water,  and 
miscible  in  all  proportions  with  alcohol  and  ether.  It  has  an  aromatic  odour,  makes  a 
transient  grease-spot  on  paper,  has  a  specific  gravity  of  0-79,  and  boils  between  68° 
and  71°.  It  is  veiy  inflammable,  and  burns  with  a  faintly  luminous  flame.  By  heating 
with  sulphuric  acid,  or  with  aqueous  fixed  alkalis,  it  is  decomposed,  with  formation  of 
ammonia,  acetic  acid,  and  valerianic  acid : 

C^^H^N^O"  +  8H-'0    =    4C*H"'02  +  SC^H'O^  +  4NH^ 

Chlorine  and  bromine  decompose  valeracetonitrile,  with  evolution  of  hydrochloric  or 
hydrobromic  acid. 

VAX.ERAX..  C^H'^O  =  ^'g"*^!  or  ^"^'(O-  Valeraldehyde.  Valei  ianic  Al- 
dehi/dc.  Amylic  Aldehyde.  Valeryl-liydride. — This  body  was  discovered  by  D um  as 
and  Stas  (Ann.  Ch.  Phys.  [2]  Ixxiii.  145),  who  obtained  it  by  oxidising  amylic  alco- 
hol with  nitric  or  chromic  acid.  It  is  also  produced  in  the  distillation  of  fusel-oil  with 
sulphuric  acid  (Gaultier,  Ann.  Ch.  Pharm.  xliv.  127) ;  by  the  dry  distillation  of  a. 
mixture  of  formate  and  valerate  of  calcium  (Limpricht,  ihid.  xcvii.  370);  by  the 
action  of  manganese-peroxide  and  sulphuric  acid  upon  gluten  (Keller,  ibid,  xxxii.  31); 
of  chromic  acid  on  castor-oil  (Arzbacher,  ihid.  Ixxiii.  202),  and  of  sulphuric  anhy- 
dride on  leucine  (Schwanert,  cii.  226),  in  the  dry  distillation  of  valerates, 
most  easily,  according  to  Ebersbach  {itiid.  cvi.  262),  from  valerate  of  calcium  after 
addition  of  lime ;  and,  lastly,  by  the  dry  distillation  of  lupulin-resin  which  has  been 
exhausted  with  water,  after  addition  of  lime.  (Personne,  J.  Pharm.  [3]  xxvi.  241, 
329  ;  xxvii.  22.) 

Valeral,  obtained  by  the  dry  distillation  of  valerates,  was  formerly  regarded  as 
isomeric,  but  not  identical,  with  valeraldehyde  produced  by  oxidation  of  amylic  alco- 
hol ;  the  two  products,  however,  invariably  exhibit  the  same  reactions,  and  appear  to 
differ  only  in  boiling-point,  that  of  the  product  obtained  by  distillation  of  valerates 
being  somewhat  the  higher  of  the  two,  and  not  constant,  a  peculiarity  doubtless 
arising  from  admixture  of  other  substances. 

Preparation. — Valeral  is  usually  prepared  by  oxidising  amylic  alcohol  with  chromate 
of  potassium  and  sulphuric  acid.  The  best  way  of  proceeding,  according  to  Parkin- 
son (Ann.  Ch.  Pharm.  xc.  114),  is  to  allow  a  mixture  of  11  pts.  amylic  alcohol, 
I65  pts.  sulphuric  acid,  and  16g-  pts.  water,  to  flow  slowly  into  a  lukewarm  solution  of 
12|-  pts.  potassium-chromate,  whereby  sufficient  heat  is  produced  to  cause  the  greater 
part  of  the  valeral  to  distil  over ;  towards  the  end,  however,  the  distillation  must  be 
assisted  by  external  heating.  The  oily  layer  of  the  distillate  is  separated,  and  shaken 
•up,  first  with  potash-ley,  to  remove  valerianic  acid  formed  at  the  same  time,  and  then 
with  acid  sodium-sulphite,  with  which  it  forms  a  crystalline  compound;  the  resulting 
crystals  are  pressed  and  washed  with  alcohol,  and  the  valeral  is  separated  therefrom 
by  distillation  with  carbonate  of  sodium. 

Properties. — Colourless,  very  mobile,  strongly  refracting  liquid,  neutral  to  vegetable 
colours,  having  a  burning  bitter  taste,  a  pungent  fruity  odour,  and  exciting  coughing 
when  inhaled,  like  most  compounds  of  the  amyl -group.  Specific  gravity  =  0-8057 
at  17°,  0-8224  at  0°  (Kopp).  Boiling  point  96°  to  97°  under  the  ordinary  pres- 
sure, 92-8°  under  a  pressure  of  740  mm.  (Kopp).  After  keeping  for  some  time, 
the  boiling-point  rises,  and  a  considerable  portion  of  the  valeral  passes  into  a  modifi- 
cation, probably  polymeric,  having  a  higher  boiling-point.  Valeral  is  very  inflam- 
mable, and  burns  with  a  bright  flame,  exhibiting  a  faint  blue  colour  on  the  edges. 

Valeral  is  insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol,  ether,  and 
volatile  oils.  It  dissolves  iodine,  phosphorus,  and  various  resins,  but  not  sulphur,  and 
mixes  with  strong  sulphuric  acid. 
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Beiompositions. — 1.  Valeral  heated  above  its  boiling  point  is  transformed  into  an 
isomeric  compound,  boiling  between  160°  and  200°. — Tlie  same  compound  is  found  in 
the  mother-liquor  of  the  preparation  of  valeral-sodium-sulphite  (p.  974),  and  is  also 
formed  by  heating  that  salt  with  dry  sodium-carbonate  (Parki  nson).  According  to 
Litnpricht,  on  the  other  hand  (Ann.  Ch.  Pharm.  cxiv.  244),  valeral  is  not  converted 
into  an  isomer  by  heat,  neither  is  any  such  body  found  in  crude  valeral. 

2.  Valeral  exposed  to  the  air  is  gradually  converted  into  valerianic  acid  ;  the  oxida- 
tion is  accelerated  by  contact  with  platinum-black.  The  same  change  is  produced  by 
the  action  of  a  mixture  of  2}otasdum-chroniaiea.nd  sulphuric  acid,  and  by  other  oxidising 
agents. —A'ijYn'c  acid  of  ordinary  strength  converts  it  into  nitrovalerianic  acid. — 3.  By 
the  prolonged  action  of  c^forwf,  valeral  is  converted  into  di ch lorovaleral,  which 
unites  with  acid  ammonium-sulphite,  forming  the  crystalline  compound  C^H"Cr'^0. 
NallSO'  (Kiindig,  Ann.  Ch.  cxiv.  1). — 4.  By  distillation  with  phosphoric  pentachlo- 
ridc,  valeral  is  converted  into  the  chloride  C^H"'C1^,  which,  when  treated  with  alco- 
holic potash,  gives  up  hydrochloric  acid,  and  yields  the  compound  C^H'Cl.  (Ebers- 
bach.) 

6.  The  ammonia-compound  of  valeral  is  converted  by  sidphydrie  acid  into  valeral- 
dine,  a  base  homologous  with  thialdine  (p.  772). 

6.  When  valeral-animonia  is  evaporated  with  hydrocyanic  acid,  the  valeral  is  con- 
Terted  into  leucine,  just  as  aldehyde  is  converted  into  alanine  (i.  63) : 

C''H"'0  +  CNH  4-  H^O    =  C'H'^NO^ 

Valeral.  Leucine. 

7.  With  cyanic  acid,  valeral  forms  an  acid,  C'H'-'N'O'  (Baeyer),  homologous  with 
trigenic  acid  (p.  883) : 

C^n"'0  +  SCNIIO    =    CO^  +  C'H'^N'0=. 

8.  Valeral  fused  with  p>otassiian-hydrate,  gives  oflf  hydrogen  and  yields  valerate  of 
potassium : 

C5H'«0  +  KHO    =    C'H'KO-  +  ^^ 

9.  When  valeral  is  heated  with  lime,  amylic  alcohol  and  valerate  of  calcium  are 
produced  ;  and  on  distilling  the  mixture,  decomposition-products  of  the  latter  are 
obtained,  including  the  two  compounds,  C'lI'-'O  and  C'H'^0,  apparently  consisting 
of  mixed  acetones — the  former  isomeric  with  caproic  aldehyde,  the  latter  with  oenanthol. 
(Fittig,  Ann.  Ch.  Pharm.  cxvii.  68.) 

10.  When  valeral  is  treated  with  sodium,  ultimately  with  aid  of  heat,  hydrogen  is 
evolved,  and  a  yellow  sodium-compound  is  formed,  which  is  decomposed  by  heating  to 
120°  with  othylic  iodide,  yielding  an  oil,  CH"'©,  isomeric  with  valerone(E  b  e  r  sbach). 
Borod !  n,  on  the  other  hand  (Zeitschr.  Ch.  Pharm.  1864,  p.  353;  Jahresb.  1864, 
p.  337),  obtained  a  mixture  which  was  decomposed  by  water  into  caustic  soda,  valerate 
of  sodium,  amylic  alcohol,  and  two  new  bodies,  C'H'-'-O  and  C"'H'*0.  The  first  of 
these  is  a  monatomic  alcohol,  isomeric  or  identical  with  dccatylic  alcohol.  It  is  a 
colourless  aromatic  oil,  boiling  at  203-3°  and  having  a  specific  gravity  of  0-8569  at  0°. 
It  forms  ethers  with  acetic  and  benzoic  acids,  reacts  like  other  monatomic  alcohols 
with  pentaohloride  of  phosphorus,  forms  a  sulpho-acid  when  treated  with  oil  of 
vitriol,  and  with  sodium  a  compound  analogous  to  sodium-ethylate.  Its  formation 
from  valeral  is  represented  by  the  equation : 

3C^H"'0  +  Na-    -    C'R^'NaO^  +  C^H'NaO. 

Valeral.  Di'catylate  Valerate 

of  sodium.  of  sodium. 

C'E'iNaO  +  H=0  -    NaHO  +  C'"H«0. 

Deratylate  Dccatylic 
of  sodium.  alcohol. 

The  second  body,  C'"n"0,  isomeric  with  camphol,  is  a  light-yellow,  tasteless,  neu- 
tral oil,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  having  a  specific  gravity 
of  0-9027  at  17°.  Its  boiling-point  rises  from  250°  to  280°  and  290°,  without  percep- 
tible change  of  composition. 

11.  Valeral,  treated  for  fifteen  days  with  sodiimi-amalgam  and  water,  is  partly  con- 
verted into  amylic  alcohol.    (Wurtz,  Ann.  Ch.  Pharm.  cxxxiv.  201.) 

12.  Alsberg  (Jahresb.  1864,  p.  485),  by  heating  a  mixture  of  1  vol.  valeral,  3  vols, 
amylic  alcohol,  and  1  vol.  acetic  acid,  obtained  a  compound,  C''H'°(C''H")-0^,  which  he 
calls  d i  amy  1  val eral,  but  which  has  in  reality  the  composition  of  the  diamylic  ether 
of  amyleue-glycol  (p.  974).  The  same  compound  is  produced,  together  with  valerianic 
acid  and  a  little  amylic  alcohol,  by  treating  valeral  with  ethylate  of  sodium  and  abso- 
lute alcohol : 

SC'H'^O  +  2C-IPNaO  +  WO    =    2C'H'NaO'  +  C^H"'(C'H")^0'  +  2C^H«0. 

Valeral.  Sndium-  Sodium-  Diamylic  Ethylic 

etliylate.  Talcrate.  am^len.ite  alcohol. 
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CoMPOtnJDS  AND  Derivatives  of  Valebai,. 
Valeral-ammonia,  C'*H'»O.NH^  =  C*H''(NH^)0. — Valeral  absorbs  ammonia-gas, 
forming  a  thick  syrup,  wliich,  after  several  weeks,  deposits  crystals  of  valeral-ammonia 
(Parkinson).  According  to  Ebersbach,  the  compound  is  more  easily  prepared  by 
adding  aqueous  ammonia  to  valeral  mixed  with  a  thousand  times  its  bulk  of  water: 
the  liquid  immediately  becomes  milky,  and  after  a  few  hours  deposits  crystals,  the 
formation  of  which  goes  on  for  several  months.  Valeral-ammonia  melts  when  heated, 
is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  ether.  It  is  decomposed  by 
sulphydric  acid  with  formation  of  valeraldine,  and  by  hydrocyanic  acid  with  formation 
of  leucine  (p.  973). 

Compounds  of  Valeral  with  Alkaline  Bisulphites. — The  ammonium-salt, 
C*H'(NH*)SO',  is  deposited  in  shining  laminae  on  distilling  a  mixture  of  acid  ammo- 
nium-sulphite and  valeral,  and  leaving  the  distillate  to  evaporate.  It  is  decomposed 
by  water,  acids,  and  alkalis,  with  separation  of  valeral. — The  sodium-salt,  2C^H''NaS0*. 
2H^0,  is  nearly  insoluble  in  absolute  alcohol  and  in  ether,  sparingly  soluble  in  cold 
water;  it  dissolves  without  decomposition  in  water  at  70°  to  80°,  but  when  more 
strongly  heated  with  water,  it  is  decomposed  with  separation  of  valeral  and  sulphm-ous 
acid.  Alkalis  and  acids  decompose  it  immediately.  The  air-dried  crystals  efiloresce 
in  a  vacuum  over  oil  of  vitriol. 

Compounds  of  Valeral  with  Acetic  and  Benzoic  Anhydrides. — The  compound  CH'^O. 
C'H"0^  is  formed  by  heating  1  at.  valeral  with  1  at.  acetic  anhydride,  or  2  at.  acetic 
acid,  to  200°  in  a  sealed  tube  for  four  to  eight  hours,  and  passes  over  at  195°  on  sub- 
mitting the  oily  product  to  fractional  distillation.  It  is  a  colourless,  ethereal,  mobile, 
neutral  liquid,  of  specific  gravity  0'963,  boiling  at  about  195°,  insoluble  in  water, 
easily  miscible  with  alcohol  and  ether.  It  is  not  altered  by  water,  but  in  contact  with 
potash  is  easily  resolved  into  acetic  acid  and  valeral  (Kolbe  and  G-uthrie,  Ann.  Ch. 
Pharm.  cix.  296). — The  benzoic  compound,  C^II'"'O.C'II"'0^,  is  obtained  in  like  manner 
by  heating  valeral  with  benzoic  anhydride  to  260°,  and  passes  over  on  rectification  at 
264°.  It  is  a  white  crystalline  body,  tasteless  and  inodorous,  insoluble  in  water, 
melting  at  111°,  and  boiling  at  264°.  Alkalis  decompose  it  into  valeral  and  benzoic 
acid.    (Kolbe  and  Guthrie.) 

Dichlorovaleral,  C^H'C1''0,  is  produced  by  the  action  of  chlorine  on  valeral  (p.  973) 

Methylvalered,  C*H^(CII^)0,  is  obtained  by  distilling  a  mixture  of  equivalent  quan- 
tities of  alkaline  valerate  and  acetate,  agitating  the  oily  distillate  with  potash,  and  rec- 
tifying till  the  boiling-point  becomes  constant.  It  is  an  oily  liquid  boiling  at  120°. 
(Williamson,  Ann.  Ch.  Pharm.  Ixxxi.  86.) 

Diamylvaleral  (so-called),  C'^H'^O^. — This  compound,  isomeric  or  identical  with 

diamylic  amylenate,  ^(]5jjwj2|  0^  the  neutral  amylio  ether  of  amylenic  glycol,  is  pro- 
duced, as  already  observed  (p.  973),  by  beating  valeral  with  amylic  alcohol  and  acetic 
acid,  or  with  sodium-ethylate  and  absolute  alcohol.  It  has  a  disagreeable  odom*  like 
that  of  the  amyl-compounds,  and  of  celery,  is  insoluble  in  water,  of  specific  gravity 
0-849  at  7°,  and  boils  at  26b° .—Bicthylvaleral  (so-called),  C^W\Gm''fO',  pre- 
pared by  heating  1  vol.  valeral  with  4  vols,  alcohol  and  1  vol.  acetic  acid,  is  slightly 
soluble  in  water,  has  a  pleasant  fruity  odom-,  a  specific  gravity  of  0-835  at  12°,  and 
boils  at  \bi,-2°.—Dimethyhmleral  (so-called),  C'II"'(CH')202,  prepared  with  1  vol. 
valeral,  2'5  vols,  methylic  alcohol,  and  0-5  vol.  acetic  acid,  has  an  agreeable  odoiu',  a 
specific  gravity  of  0-852  at  10°,  and  boils  at  124°.  (Alsberg.) 
VAXiEBAZi-AZVEBXOSI'XA.    See  preceding  article. 

vii.z;x:RA.z.Dzi>E.  S 

VAX.ERAZ.DZN'E.  C'^H"NS'.  (B  e i sse  nhi r  t z,  Ann.  Ch.  Pharm.  xc.  109.— 
Parkinson,  ibid.  xc.  119.) — An  organic  base,  homologous  with  thialdine,  produced  by 
the  action  of  sulphydric  acid  on  valeral-ammonia  suspended  in  water.  It  is  a  viscid 
oil,  which  does  not  solidify  at  —20°,  has  a  strong  unpleasant  odour,  is  insoluble  in 
water,  soluble  in  alcohol  and  ether,  and  volatilises  without  decomposition.  It  has 
an  alkaline  reaction,  and  unites  with  hydrochloric  acid,  forming  the  salt  C'H^'NS-. 
HCl,  which  crystallises  in  needles,  and  when  dissolved  in  water,  yields  with  silver- 
nitrate,  first  chloride  and  then  sulphide  of  silver. 

VAKEBAMXC  ACID.    Syn.  with  Amidovaleric  Acid  (p.  978). 

VAXiESAMIDE.  C^II'O.H'^N. — The  primary  amide  of  valeric  acid,  first 
prepared  by  Dumas,  Malaguti,  and  Leblanc  (Compt.  rend.  xxv.  475,  658),  and 
further  examined  by  Dessaignes  and  Chautard  (Ann.  Ch.  Pharm.  Ixviii.  333).  It 
is  produced  by  the  action  of  7  or  8  vols,  strong  aqueous  ammonia  on  1  vol.  ethylic 
valerate,  and  sublimes  on  evaporating  the  liquid  in  shining  laminae.  It  melts  at  100°, 
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and  sublimes  at  a  somewhat  higlier  temperature.  It  is  insolulile  in  water,  gives  oif 
ammonia  when  boiled  witli  alkalis,  but  is  not  decomposed  thereby  at  ordinary  tempe- 
ratures ;  when  heated  with  phosphoric  anhydride,  or  passed  in  the  state  of  vapour  over 
red-hot  lime,  it  is  resolved  into  water  and  valeronitrile,  or  cyanide  of  tetryl,  C^H^N 
(ii.  ,'272).  When  ignited  with  potassium,  it  gives  off  hydrogen  and  carburetted  hydro- 
gen, and  forms  cyanide  of  potassium. 

ViLXiERAKIN'S.    The  name  originally  given  liy  Wurtz  to  amylamine. 

VAX.ERAM'II.IBE.  C"H'--NO  =  C^H'»(C'5H^)N0=.—PACTy(;rt/(ram?&.— Pro- 
duced by  the  action  of  valeric  anhydride  on  aniline.  Crystallises  in  lustrous  needles 
or  prisms,  sparingly  soluble  in  water,  easily  in  alcohol  and  ether.  Melts  at  115°,  and 
distils,  for  the  most  part  unaltered,  at  a  temperature  above  220^.  It  is  but  slowly 
attacked  by  caustic  potash,  and  it  is  only  by  fusion  with  hydrate  of  potassium  that  any 
appreciable  quantity  of  aniline  can  be  obtained  from  it.  (Chiozza,  Ann.  Ch.  Phys. 
[3],  xxxix.  201.) 

ViHERA-TES.    See  Valeric  Acid  (p.  976). 

VAIiEKEITE.    Syn.  with  Amtlene  and  with  Boeneene. 

VAIiERXASI'.  The  root  of  Valeriana  officinalis  contains  starch,  extractive  matter, 
resin  (about  6  per  cent.),  an  essential  oil,  valeric  acid,  and  the  ordinary  plant-consti- 
tuents. 

The  essential  oil  of  valeri  an  is  obtained  by  distillation  with  water,  1,000  pts. 
of  the  root  yielding  from  4  to  12  pts.  of  oil.  It  is  a  pale-yellow  or  greenish  liquid, 
having  a  strong  odour  of  valerian,  an  aromatic  taste,  and  strong  acid  reaction.  Specific 
gravity  =  0'90  to  0'93°.  Becomes  viscid  at  —IS-",  but  does  not  solidify  completely  even 
at  —  40°.  Begins  to  boil  at  about  200°,  the  boiling-point  gradually  rising  to  above  400°. 

Crude  valerian-oil  is  a  mixture  of  several  substances.  According  to  Pierlot  (Ann. 
Ch.  Phys.  [3],  Ivi.  291),  100  pts.  of  it  contain  : 

25  pts.  camphene,  C'°H"'  (borneene,  valerene). 

5  pts.  valeric  acid. 
18  pts.  stearoptene  ' 

47  pts.  resin  •  or  70  pts.  valerol. 

6  pts.  water 

On  submitting  the  crude  oil  to  fractional  distillation,  a  yellowish  oil  passes  over 
between  120°  and  200°,  containing  nearly  all  the  valeric  acid  and  the  borneene 
(i.  626) ;  afterwards,  accordins;  to  Gerhardt  (Ann.  Ch.  Phys.  [3],  vii.  275),  an  oxy- 
genated oil,  valerol;  according  to  Pierlot,  this  oil  may  be  resolved,  by  further 
fractional  precipitation,  and  distillation  over  potassium-hydrate,  into  a  camphor  or 
stearoptene,  a  resin,  valeric  acid,  and  water. 

VA.XiEBIAXTZC  or  VAXiERXC  ACID.    C^H'^O^     =     ^'^^  ^^0. —Bdphinid 

Acid.  PJwcenic  Acid.  Butylcarhonic  Arid.  BaldriansHiire.  (Chevreul  [1817], 
liechcrchcs  $nr  les  corps  gras,  pp.  99,  209. — Grote,  Brandes' Arch,  xxxiii.  160. — 
Trommsdorff  and  Ettling,  Ann.  Ch.  Pharm.  vi.  176. — Dumas  and  Stas,  ihid. 
XXXV.  145. — Balard,  «A;V(!.  lii.  311. — Meyer  and  Zenner,  ibid.  Iv.  317. — Moro, 
ihid.  Iv.  330. — Kedtenbacher,  ihid.  lix.  41. — Hlasiwetz,  ihid.  Ixxi.  40. — 
Winekler,  Repert.  Pharm.  xxvii.  169. — Kramer,  Brandes'  Arch.  xl.  269;  xliii.  21. 
.—P.  Morin.  J.  Pharm.  [3],  vii.  299.) — This  acid,  related  to  amylic  alcohol  in  the 
same  manner  as  .icetic  acid  to  ethylic  alcohol,  was  first  obtained  by  Chevreul,  in  1817, 
from  the  fat  of  Delphinum  Pliocana,  and  thence  called  delphinic  or  phocenic  acid. 
Grote,  in  1830,  obtained  from  essential  oil  of  valerian  an  acid  which  he  designated  as 
valerianic  acid.  This  was  shown  by  Trommsdorff  and  Ettling  to  be  identical  with 
Chevreul's  phocenic  acid,  and  the  same  acid  was  after\\  ards  produced  by  oxidation  of 
amylic  alcohol,  by  Dumas  and  Stas,  who  established  its  composition  audits  relation  to 
amylic  alcohol. 

Valeric  acid  appears  to  be  somewhat  widely  diffused  in  the  vegetable  kingdom, 
being  found  in  valerian-root,  angelica-root,  the  root  of  Athamanta  oreoselinum,  the  fruit 
and  bark  of  the  guelder  ro.se  {Viburnum  Opvhis),  the  bark  of  the  elder-tree,  and  in 
many  plants  of  the  composite  order.  It  is  also  found  in  many  animal  oils  and  other 
animal  secretions.  It  is  a  frequent  product  of  the  oxidation  of  fats  and  of  the  pntre- 
faclion  of  albuminous  substances,  &c.  Amylic  alcohol  yields,  by  oxidation,  valerianic 
acid,  together  with  valeral  and  amylic  valerate. 

Preparation. — By  oxidation  of  amylic  alcohol. — A  mixture  of  1  pt.  amylic  alcohol  and 
2  pts.  strong  sulphuric  acid  is  allowed  to  flow  slowly  into  a  solution  of  5  pts.  acid  potas- 
sium-ehrom.-ite  in  water ;  and  when  the  first  action,  which  takes  place  spontaneously,  is 
over,  the  mixture  is  heated  for  some  time  in  a  flask  provided  with  a  vertical  condcns- 
ing-tube,  in  order  to  convert  the  valeral  produced  in  the  first  instance  into  valeric  acid. 
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The  liquid  is  then  distilled ;  the  distillate  saturated  with  carbonate  of  sodium ;  the 
amylic  valerate  contained  in  it  is  distilled  off;  and  the  dry  residue  of  sodium-valerate 
is  dissolved  in  an  equal  weight  of  water  and  distilled  with  sulphuric  acid  {-^  to  |  pt. 
oil  of  vitriol  to  1  pt.  sodium-salt).  The  distillate  consists  of  an  aqueous  solution,  of 
valeric  acid,  surmounted  by  an  oily  layer  consisting  of  a  definite  hydrate,  C^H'^O^.H^O, 
from  which  the  pure  acid  or  hydric  valerate,  C*H'"0^  may  be  obtained  by 
rectification,  a  milky  aqueous  distillate  passing  over  at  first,  and  afterwards,  at  175°, 
the  pure  acid,  in  the  form  of  a  clear  oily  liquid. 

Properties. — Pure  valeric  acid,  or  hydric  valerate,  is  a  colourless  mobile  oil,  having 
a  sour  burning  taste,  and  a  strong  peculiar  odour,  like  that  of  valerian-oil,  some- 
what also  like  that  of  butyric  acid  and  decayed  cheese.  Specific  gravity'=  0'937  at 
16°  (Dumas  and  Stas) ;  0-9378  at  19-6°,  and  0-9555  at  0^  (Kopp)  ;  0-9558  at  15« 
(Mendelej ef ).  Index  of  refraction,  1-3952  (Delffs).  It  is  active  or  inactive  to 
polarised  light,  according  as  it  has  been  prepared  from  active  or  inactive  amylic  alcohol : 
the  active  modification  produces  a  rotation  of  17°  to  the  left  in  a  tube  50  centimetres 
long  (Pedler,  Chem.  Soc.  J.  sxi.  74).  It  remains  liquid  and  transparent  at  -15°, 
makes  transient  grease-spots  ou  paper,  boils  at  175°  (Dumas  and  Stas;  Persin): 
at  175-8°  under  a  pressure  of  746  mm.  (Kopp).  The  specific  gravity  of  its  vapour, 
when  determined  at  a  sufficiently  high  temperature,  is  3-66  ;  calc.  for  2  vols.  =  3-63. 

Hydric  valerate,  (C*H"'0^),  dissolves  in  30  pts.  water  at  12°,  mixes  in  all  proportions 
-with  alcohol  and  ether,  and  dissolves  abundantly  in  strong  acetic  acid.  It  dissolves 
-water,  and  forms  an  oily  hydrate,  C^H'^O^.H^O  (commonly  called  the  trihydrate,  from 
having  been  regarded  as  C'"H"'0'.3H^0),  which  separates  on  decomposing  a  valerate 
with  sulphuric  acid  not  too  much  diluted  ;  or  on  adding  chloride  of  calcium,  or  other 
dehydrating  salt,  or  phosphoric  anhydride,  to  an  aqueous  solution  of  the  acid.  This 
hydrate  is  oily,  like  the  pure  hydric  valerate,  but  has  a  higher  specific  gravity  (0-950, 
according  to  Trautwein),  and  a  lower  boiling-point;  when  it  is  heated,  aqueous 
valeric  acid  first  passes  over,  and  afterwards  pure  hydric  valerate. 

Valeric  acid  mixes  with  oil  of  turpentine,  and  dissolves  phosphorus,  camphor,  and 
some  resins. 

Decompositions. — 1.  Valeric  acid  vapour  passed  through  a  red-hot  tube,  is  resolved 
into  carbonic  oxide,  carbonic  anhydride,  and  a  mixture  of  hydrocarbons  of  the  olefine 
group  (ethylene,  tritylene,  and  tetrylene),  sometimes  also  mixed  with  marsh-gas 
(Hofmann,  Chem.  Soc.  Qu.  J.  iii.  121). — 2.  When  an  electric  current  is  pussed  through 
a  solution  of  potassic  valerate,  the  valeric  acid  is  resolved,  with  absorption  of  oxygen 
into  tetryl  and  carbonic  anhydride  : 

2C*H'<'0'  -I-  O    =    C'H's  -1-  2C0»  +  ffO. 

Valeric  Tetryl. 
acid. 

The  tetryl  is,  however,  converted  by  further  oxidation  into  tetrylene  and  water  : 

C8H'«  +  O    =    2C'H»  +  H'O; 

or  it  is  oxidised  to  tetrylic  oxide,  (C'H')^O,  which  then  reacts  with  the  valeric  acid 
to  form  tetrylic  valerate  (Kolbe,  Ann.  Ch.  Pharm.  Ixix.  257).—  3.  By  potassic  per- 
manganate in  alkaline  solution,  valeric  acid  is  oxidised  to  carbonic  acid,  oxalic  acid, 
butyric  acid,  and  its  lower  homologues,  together  with  a  volatile  solid  acid,  perhaps 
angelic  acid  (Neubauer,  Ann.  Ch.  Pharm.  cvi.  59). — 4.  Valeric  acid  dissolves,  with 
evolution  of  heat,  in  strong  sulphuric  acid,  apparently  forming  a  conjugated  acid. — 
6.  Strong  nitric  acid  slowly  converts  it  into  nitrovaleric  acid. — 6.  With  chlorine  and 
bromine  it  also  forms  substitution-products.  It  disfolves  iodine,  but  without  forming 
an  iodated  acid. — 7.  With  pentachloride  or  oxtjcMoride  of  phosphorus,  it  forms  valeric 
chloride  or  valeric  anhydride.  —8.  When  heated  with  pcntasulphide  of  phosphorus,  it 
forms  thiovaleric  acid,  a  liquid  having  an  extremely  offensive  odour,  and  probably 
consisting  of  C^H'»OS.    (Ulrich,  Ann.  Ch.  Pharm.  ex.  281.) 

VaJerates. — Valeric  acid  is  monobasic,  forming  neutral  salts,  C^H'MO^,  and  a  few 
acid  and  basic  salts.  The  valerates  are  produced  by  direct  saturation.  They  are 
unctuous  to  the  touch,  inodorous  when  dry,  but  smell  of  valeric  acid  when  moist,  espe- 
cially if  they  are  also  warmed  ;  they  have  a  sweetish  taste,  -with  somewhat  pungent 
after-taste.  Most  of  them  dissolve  in  water,  a  few  also  in  alcohol ;  many  of  them 
rotate  on  the  water  in  the  act  of  dissolving.  By  dry  distillation,  they  yield  chiefly 
valerene  and  valerone.  A  mixture  of  valerate  and  formate  subject  to  dry  distillation 
yields  valeral;  a  mixture  of  valerate  and  acetate  yields,  in  like  manner,  methylvaleral 
(p.  975).  The  soluble  valerates  are  decomposed  by  the  electric  current,  with  forma- 
tion of  carbonic  acid,  tetrylene,  and  tetrylic  valerate. 

Valerates  are  decomposed  by  mineral  acids  and  by  many  organic  acids :  e.g.  acetic, 
tai-tarie,  citric,  malic  acid,  &c.,  with  separation  of  valeric  acid.  Butyric  acid  does  not 
decompose  them  ;  on  the  other  hand,  butyrates  heated  with  valeric  acid  yield  frea 
butyric  acid.    On  thi.s  reaction  i«  founded  a  method  of  separating  butyric  and  valeric 
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acids,  hy  partial  saturation  wit.li  potash,  -wliereby  only  valerate  of  potassium  is  at  first 
produced.  When  a  mixture  of  acetic  and  valeric  acids  is  partially  neutralised  with 
potash,  and  heated,  aciil  acetate  of  potassium  remains  behind.  (Liebig,  see  Analvsis, 
i.  2.50.)  Valeric  acid  is  fvirther  distinguished  from  butyric  acid,  which  it  resembles  in 
many  respects,  by  the  tohaviour  of  its  cupric  salt  (infra). 

Valerate  of  Ammonium,  C''H''(NH^)0^  easily  gives  off  ammonia  when  heated. 
It  dissolves  freely  in  water  and  in  alcohol.  When  heated  with  phosphoric  anhydride, 
it  yields  valeronitrile.  This  salt  is  formed  in  the  putrefaction  of  organic  bodies,  and  is 
a  frequent  constitvient  of  mouldy  cheese. — The, potassium-salt,  C^H'KO^,  solidifies 
on  evaporation,  to  an  amorphous,  white,  deliquescent,  saline  mass,  having  an  alkaline 
reaction,  very  soluble  in  water  and  in  strong  alcohol,  soluble  in  less  than  3'9  pts.  of 
aljsolute  alcohol  at  20'^.  It  melts  at  140°,  and  decomposes  at  a  stronger  heat.  Wlien 
distilled  with  arsenic,  it  yields  a  heavy,  oily,  alliaceous,  fuming  liquid,  proliably  the 
caoodyl  of  valeric  acid  (Gibbs,  Sill.  Am.  J.  [2],  xv.  118). — The  sodium-salt  crystal- 
lises, by  spontaneous  evaporation  in  dry  air  at  32°,  in  cauliflower-like  masses,  extremely 
deliquescent,  very  soluble  in  water,  and  even  in  ab.solute  alcohol,  melting  at  140°. — 
Tlie  lithium-salt,  2C-^H''LiO''.H'0,  crystallises  from  the  syrupy  solution,  in  spherical 
warty  masses. 

Valerate  of  Barium,  C"'H'"Ba"0'.2H-0,  crystallises  by  spontaneous  evaporation 
in  shining,  easily  friable  crystals,  which  dissolve  in  2  pts.  water  at  15°,  in  1  pt.  at  20°, 
exhibiting  a  very  brisk  rotation,  and  are  sparingly  soluble  in  alcohol.  They  give  off 
from  2  to  2 J  per  cent,  water  on  exposure  to  the  air  at  25°,  the  rest  (about  7  per  cent.) 
when  heated ;  the  dry  salt  decomposes  at  a  dull  red  heat,  giving  off  an  inflammable 
gas,  probably  tetryleue,  yielding  a  strong-smelling  distillate  of  valeral,  with  a  little 
valerone,  and  leaving  carbonate  of  barium  mixed  with  alittle  charcoal. — The  calcium- 
salt,  C"'H"'Ca"0'.H-'0,  crystallises  by  slow  evaporation  in  stellate  groups  of  prisms 
and  needles,  easily  soluble  in  water  and  in  ordinary  alcohol,  sparingly  soluble  in 
absolute  alcohol,  melting  with  decomposition  at  150°.  A  mixture  of  6  pts.  valerate  of 
calcium  and  1  pt.  lime  yields,  by  dry  distillation,  a  mixture  of  valerone  and  valeral. — 
Th«  strontium-salt  crystnlWaes  in  four-sided  tables. —  The  magnesium-salt  is 
obtained,  by  slow  evaporation,  in  tufts  of  transparent  prisms,  moderately  soluble  in 
water,  slightly  soluble  in  alcohol. 

The  cupric  salt  separates  from  the  lilue  green  solution  of  cupric  carbonate  in  the 
aqueous  acid,  in  green  monoclinic  prisms  containing  C"'H"'Cu"0'.H'0,  soluble  in 
water  and  in  alcohol.  When  concentrated  valeric  acid  is  added  to  a  solution  of  cupric 
a<?etate,  and  the  liquid  agitated,  anhydrous  cupric  valerate  separates  after  a  while  in 
oily  drops,  which  in  five  to  twenty  minutes  change  into  a  greenish-blue  crystalline 
powder  of  the  hydrated  salt.  According  to  Larocque  and  Huraut  (J.  Pharra.  [3] 
ix.  430),  this  reaction  distinguishes  valeric  from  butyric  acid,  which,  when  added  to 
cupric  acet-ate,  immediately  forms  a  crystalline  precipitate. 

Iron-salts. — Neutral  ferric  t>alc7-ate  hus  nol  been  obtained  in  the  separate  state. 
Valerate  of  .sodium  added  to  ferric  cliloride,  throws  down  a  mixture  of  neutral  and 
basic  salt,  which,  after  drying,  forms  a  dark  brick-red,  amorphous  powder.  Iron 
dissolves  in  aqueous  valeric  acid  with  evolution  of  hydrogen,  forming  ferrous  valerate. 

Lead-salts. — The  neutral  salt,  C'"H"'Pb"0',  separates  from  solution  by  slow  eva- 
poration, in  shining,  easily  fusible  laminae. —  A  /;rtsic*a/i',C"'II"Pb"0'.2PbO,  is  obtained, 
by  treating  valeric  acid  with  excess  of  litharge,  exhausting  with  cold  water,  and  eva- 
porating the  filtrate  in  a  vacuum  over  oil  of  vitriol,  in  hemispherical  groups  of  shining 
needles,  infusible  and  sparingly  soluble  in  water. 

Mercury-salts. — The  neutral  mercuric  salt  separates,  on  mixing  mercuric  chloride 
with  valerate  of  sodium,  in  slender  white  needles,  which  are  also  deposited  on  boiling 
the  basic  salt  with  water,  and  leaving  the  filtrate  io  cool.  The  basic  salt,  which  has  a 
red  colour,  is  obtained  by  moderately  heating  the  neutral  salt,  or  by  dissolving  mercu- 
ric oxide  in  warm  concentrated  valeric  acid.  It  is  insoluble  in  cold  water,  and  is 
decomposed  by  boiling  water  into  the  neutral  salt  and  a  red  residue. — The  merctirous 
salt  separates  in  small  needles  from  a  solution  of  mercurous  oxide  in  hot  concentrated 
valeric  acid. 

The  silver-salt,  C'H'AgO'^,  separates  on  evaporation,  in  white  shining  laminae.  On 
adding  an  alkaline  valerate  to  nitrate  of  silver,  a  curdy  precipitate  is  formed  which 
gradually  becomes  crystalline.  The  .salt  blackens  on  exposure  to  liglit,  and  is  decom- 
posed by  heat. 

Zinc-salt,  C'"II"Zn'0'. — MetalHc  zinc  dissolves  .slowly  in  aqueous  valeric  acid. 
The  aqueous  acid  saturated  by  boiling  with  zinc-carbonate  and  filtered  hot,  deposits 
the  anhydrous  zinc-salt  in  nacreous  scales  resembling  boric  acid.  The  same  salt  is 
obtained  by  precipitation.  According  to  Duclou,  it  dissolves  in  60  pts.  cold  and  40  pts. 
boiling  water,  in  17'5  pts.  cold  and  lfi-7pts.  boiling  rJcohol ;  according  to  Wittstein, 
VoJuV.  3  K 
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it  dissolves  in  90  pts.  cold  water,  in  60  pts.  cold  alcohol  of  80  per  cent.,  in  500  pts, 
cold  and  200  pts.  boiling  ether.  The  aqueous  solution  gives  off  valeric  acid  on  boiling. 
The  salt  melts  at  140"^,  and  decomposes  at  a  higher  temperature. — A  hydrated  salt, 
C'°H'*Zn''0'.12H^0,  is  obtained  by  mixing  equivalent  quantities  of  hydric  valerate  and 
recently  precipitated  zinc-carbonate  with  a  small  quantity  of  water,  and  drying  at  a 
gentle  heat.  It  does  not  diifer  in  appearance  from  the  anhydrous  salt,  gives  off  all  its 
crystallisation-water  at  100°,  and  dissolves  in  44  pts.  of  cold  water,  the  solution,  when 
evaporated,  yielding  crystals  of  the  anhydrous  salt  (Wittstein).  Valerate  of  zinc  is 
used  as  a  remedy  in  nervous  disorders.  The  commercial  salt  is  said  to  be  sometimes 
contaminated  with  butyrate,  the  presence  of  which  may  be  detected  by  separating  the 
acid,  and  testing  with  acetate  of  copper  in  the  manner  already  described  (p.  977). 

Substitution-derivatives  of  Valeric  Acid. 
Amidovaleric  Acid,  C^H"NO''  =  C=H»(NH2)02.  Valeramic  Acid.  Valeramidio 

Acid. — This  acid,  which  might  also  be  regarded  as  oxyvaleramic  add,  (C'H'O )">■„,  was 

H 

found  by  Gorup-Besan ez  (Ann.  Ch.  Pharm.  xcviii.  15),  together  with  leucine 
(amidocapric  acid)  in  the  pancreas  of  an  ox.    It  is  produced  artificially  by  the 
action  of  ammonia  on  an  alcoholic  solution  of  bromovaleric  acid : 
C^H'BrO'  +  2NH3    =    C*H'>N02  +  NH^Br. 

(Cahours,  Ann.  Ch.  Pharm.  Suppl.  ii.  83. — Pittig  and  Clark,  Zeitschr.  f.  Chem. 
1865,  p.  503).  It  might  probably  also  be  formed,  similarly  to  the  homologous  amic 
acids,  by  reducing  nitrovalerie  acid  with  sulphydric  acid,  and  by  the  action  of  hydro- 
cyanic and  hydrochloric  acids  on  butyral. 

Amidovaleric  acid  was  prepared  from  the  pancreas  of  the  ox  by  extraction  with  cold 
water.  The  solution  was  boiled,  the  filtrate  mixed  with  excess  of  baryta-water  to 
separate  phosphoric  acid,  and  the  filtrate  evaporated  to  a  syrup  over  the  water-bath ; 
whereupon  it  deposited  a  mixture  of  leucine  and  amidovaleric  acid,  which  were  sepa- 
rated by  fractional  solution  in  alcohol  of  specific  gravity  0'82,  the  amidovaleric  acid 
being  much  less  soluble  than  the  leucine.  It  was  ultimately  purified  by  recrystallisa- 
tion  from  strong  alcohol. 

Amidovaleric  acid  closely  resembles  leucine  (amidocapric  acid),  but  is  less  soluble  in 
water  and  in  alcohol,  especially  in  the  latter ;  it  is  insoluble  in  ether.  It  unites  with 
acids,  forming  crystallisable  compounds,  which  are  much  more  soluble  than  the  corre- 
sponding leuciup-salts.  It  dissolves  easily,  and  without  decomposition,  in  aqueous 
alkalis,  forming, for  the  most  part,  crystallisable  compounds. 

When  heated  in  a  glass  tube,  it  melts  and  sublimes,  with  partial  decomposition, 
giving  off  alkaline  vapours  having  a  strong  odour  of  herring-pickle,  probably  tetryl- 
amine.    When  heated  in  the  air,  it  burns  quickly  with  a  bluish  flame. 

Bromovaleric  Acid,  C^H^BrO^. — Produced  by  the  action  of  bromine  on  valeric 
acid  at  140° — 150°  (Cahours,  Ann.  Ch.  Pharm.  Suppl.  ii.  74),  or  on  valerate  of 
silver  (Borodine,  cxix.  121).  It  is  a  colourless  heavy  oil,  having  a  pungent 
odour,  and  boiling,  according  to  Cahours,  between  226°  and  230°,  without  perceptible 
decomposition  ;  according  to  Borodine,  on  the  other  hand,  it  is  decomposed  by  boiling, 
giving  off  liydi'obromic  acid,  yielding  a  distillate  containing  valeric  acid,  and  apparently 
valeral,  and  leaving  a  carbonaceous  residue. 

Bromovaleric  acid  separates  valeric  acid  from  valerates.  Its  compotmds  with  the 
alkalis  and  alkaline  earths  are  easily  soluble  and  not  crystallisable.  The  silver-salt 
is  white,  insoluble,  and  very  unstable.  (Borodine.) 

This  acid  is  easily  etherified  ;  its  ethylic  ether  boils  between  190°  and  194°. 

Chlorovaleric  Acids.  TricMoromlc-ric  or  CMorovakrisic  acid,  C^H'CPO^, 
is  formed  by  passing  chlorine-gas  into  hydric  valerate  in  the  dark,  the  liquid  being 
cooled  at  first,  and  afterwards  warmed  to  50°  or  60°  ;  the  excess  of  chlorine  is  expelled 
by  a  stream  of  carbonic  anhydride.  Trichlorovaleric  acid  is  an  oily  liquid,  very  viscid 
at  —  18°  ;  not  very  mobile  at  ordinary  temperatures,  but  perfectly  mobile  at  30°.  It  is 
inodorous,  has  a  sharp  burning  taste,  is  heavier  than  water,  and  decomposes  at  110° — 
1 20°,  with  evolution  of  hydrochloric  acid.  In  contact  with  water  it  forms  a  very  fluid 
liydrate,  which  sinks  to  the  bottom  of  the  water.  The  acid  dissolves  in  aqueous  alka- 
lis, but  is  precipitated  therefrom  by  acids  in  its  original  state.  The  aqueous  solution 
forms,  with  nitrate  of  silver,  a  precipitate  soluble  in  nitric  acid.  (Dumas  and  Stas.) 

TetracMorovahric  or  CMorovalerosic  acid,  C^H^CPO',  is  formed  by  the  prolonged 
action  of  an  excess  of  chlorine  on  valeric  acid  in  sunshine,  the  action  being  ultimately 
assisted  by  heating  the  liquid  to  60°.  It  is  a  colourless,  inodorous,  semifluid  oil,  having 
a  sharp,  burning,  bitter  taste,  heavier  than  water,  not  solidifying  at  —15°,  not  volatile, 
decomposing  when  heated  above  1 50°.    It  unites  with  water,  forming  an  oily  hydrate, 
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C^H*C1'0-.H'0,  and  dissolvos  in  a  large  quantity  of  watrr,  cosily  also  in  alcohol  and 
ether.  The  solutions,  after  a  while,  contain  free  hydrochloric  acid.  The  acid  is  easily 
decomposed  by  fixed  alkalis,  but  not  by  ammonia. 

Tetrachlorovaleric  acid  decomposes  carbonates.  The  alkaline  tetraehloro valerates 
ai-e  easily  soluble  in  water;  the  rest  insoluble  or  sparingly  soluble. — The  silver-salt, 
C*H*AgC1^0^  obtained  by  precipitation  from  the  ammonium-salt,  is  white,  slightly 
.soluble  in  water,  ea.sily  in  nitric  acid;  the  solution,  when  exposed  to  light, deposits 
chloride  of  silver.  The  dry  salt  decomposes  slowly  in  the  dark,  forming  chloride  of 
silver,  and  a  substance  which  makes  grease-spots  on  paper — probably  trichloroxyvaleric 
acid,  C^H'CTO^    (Dumas  and  Stas.) 

xrltrovalerlc  Acid,  C*H'(NO^)0^  (Dessaignes,  Ann.  Ch.  Pharm.  Ixix.  274.) 
— Formed  by  the  action  of  strong  nitric  acid  at  the  boiling  heat  on  valeric  acid  ; 
crystallises  fi-om  the  acid  solution  in  thin  needles,  from  water  in  rhombic  plates.  It 
sublimes  at  100°,  but  its  boiling-point  is  much  higher. — Ni/rnvalerate  of  lead  is  easily 
soluble,  and  crystallises  in  thin  prisms. — The  ferric  salt  is  insoluble,  and  resembles 
ferric  succinate. — The  barium-  and  calcium-salts  are  very  soluble,  the  latter  crystal- 
lising in  needles. — The  silver-salt,  C*H'Ag(NO^)0-,  crystallises  from  boiling  water  in 
slender  prisms. 

Dessaignes  is  of  opinion  that  the  acid  designated  <is  nitrovaleric  acid  may  perhaps  be 
nitro-angelic  acid,  C>H'(NO0O^. 

VAKEBXAHr-OZIi.    See  Valerian  (p.  975). 
VAXiEBZC  .AKBEBTDE.    Syn.  with  Vat.ehai.  (p.  973). 

VAXiEXtZC  AirHTZ>RXSE.  C"'H"'0'  =  (C^H'-'O)-O.  Valtric  Oxide.  Vale- 
rie Valerate.  Anhydrous  Valeric  Acid.  (Chiozza,  Ann.  Ch.  Phann.  Ixxxiv.  106.) 
— Prepared  by  decomposing  6  at.  dry  valerate  of  potassium  with  rather  more 
than  1  at.  oxychloride  of  phosphorus,  and  purified  by  washing  the  distillate  with  carbo- 
nate of  sodium,  dissolving  it  in  ether,  and  evaporating.  It  is  a  colourless,  moderately 
mobile  oil,  not  miscible  with  water.  When  recently  prepared  it  has  a  faint  and  not 
unpleasant  odour  of  apples,  but  when  rubbed  between  the  fingers,  it  emits  the  offen- 
.'^ive  odour  of  valeric  acid.  Specific  gravity  =  ()'934  at  15'-'.  Boiling-point,  215°. 
Vapour-density  =  6-23.  It  slowly  absorbs  ivater,  and  is  converted  into  valeric  acid. 
When  lieated  with  an  alkali,  it  is  instantly  converted  into  a  valerate.  On  gently 
warming  it  with  a  small  quantity  of  potassic  I/i/drate,  a  violent  act'.ou  takes  place,  and 
free  valeric  acid  is  formed  as  well  as  potassic  valerate  : 

(C^H»0)=0  +  KHO    =    C^H'O.K.a  4-  C^H'O.H.O. 

With  alcohol  it  quickly  forms  ethylic  valerate  ;  hence  the  ether  used  in  purifying  it 
tnust  be  free  from  alcohol. — By  ammonia  it  is  quickly  converted  into  valeramide  ;  by 
aniline  into  valeranilide. 

Beuzovaleric  anhydride,  C'H^O.C'IPO.O,  is  produced  by  the  action  of  benzoic 
chloride  on  potassic  valerate  (i.  658),  and  other  double  anhydrides  containing  valeryl 
may  be  formed  in  a  similar  manner. 

VAXiERIC  BKOnsiSE,  C^H'OBr,  is  produced  by  the  action  of  phosphoric  pcn- 
tabromide  on  valeric  acid.    It  is  a  liquid  boiling  at  143°.  (Becliamp.) 

VAIiESZC  CHIiORXOE,  C*H"0C1,  is  produced  by  the  action  of  phosphoric 
oxychloride  on  valerate  of  sodium  (Molde n hauer),  or  of  phosphorous  chloride 
on  valeric  acid  (Bechamp).  It  is  a  colourless,  mobile,  fuming  liquid,  having  a  speci- 
fic gravity  of  1-005  at  6°,  and  boiling  between  115°  and  120°;  easily  decomposed  by 
water  into  hydrochloric  and  valeric  acid.  (Bechamp,  Compt.  rend.  xlii.  224. — 
Moldenhauer,  Ann.  Ch.  Pharm.  civ.  111.) 

VAIiERIC  ETHERS.  The  valerates  of  methyl,  ethyl,  and  amyl  are  prepared 
l)y  distilling  valerate  of  sodium  with  sulphuric  acid  and  the  corresponding  alcohols. 

Methijlic  Valerate,  C^H'(CH')0-,  is  a  colourless  liquid,  having  an  odour  likethat 
of  wood-spirit  and  valerian  together.  Specific  gravity  =  0-8869  at  15°  ;  0-9015  at  0°. 
Boils  at  116°.    Specific  heat  (between  45°  and  21°)  =  0-491.  (Kopp.) 

Ethylic  Valerate,C'''R?(C-YL'')0,  is  a  colourless  liquid,  having  a  fruity  odour,  also 
like  that  of  valerian.  Specific  gravity  =  0-866  at  18°  (Kopp),  0-894  at  0°  (Otto). 
Index  of  refraction  =  1-3904  (Delffs).  Boils  at  133°  (Otto;  Kopp  ;  Berthelot) ; 
at  131°  (Delffs).  Dissolves  sparingly  in  water,  easily  in  alcohol.  Ammonia  converts 
it  into  valeramide. 

Ethylic  valerate  dissolves  sodium,  with  little  or  no  evolution  of  hydrogen.  Wan  k- 
lyn  (Chem.  Soc,  J.  xvii.  371),  by  heating  2  grms. sodium  with  6  grins,  ethylic  valerate 
and  7-5  grms.  pure  ether,  obtained  an  oily  body,  having  approximately  the  composition 
of  valeryl : 

2(C^H'0.C-H\0)  +  Na^    =    2C=H^N.aO  ^  (C'^H'O)^ 

Ethvlic  valerate.  Sodium-etlijiatE.  Valerjl. 

3  E  2 
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Geut  her  and  Greiner  (Jabresb.  1865,  p.  319)  obtained  no  ralevjl,  buttlie  sodium-, 
salt  of  a  crystallisable  acid,  and  an  oily  body,  which,  when  distilled,  yielded,  -as  princi- 
pal product,  a  liquid  boiling,  like  the  so-called  diamylvaleral  (p,  974),  between  240° 
and  260°. 

Amylic  Valerate,  C''H"(C^H")0,  is  prepared  as  above,  and  is  likewise  formed  in 
the  preparation  of  valeric  acid  by  oxidising  amylic  alcohol  with  sulphuric  acid  and 
potassic  chromate,  being  contained  in  the  oily  liquid  separated  from  the  valerate  of 
sodium  (p.  975).  It  is  an  oily  liquid,  having  an  agreeable  fruity  odour.  Specific 
gravity  =  0-8645  at  17°.  Boiling-point  187°  to  188°  (Kopp);  196°  (Balard). 
Vapour-density  =  6'1.  A  solution  of  this  ether  in  6  to  8  pts.  alcohol  has  a  strong 
odour  of  apples,  and  is  iised  for  aromatising  sugar,  &c. 

Getylie  Valerate,  C^H'(C"^ff^)0,  has  a  specific  gravity  of  0-852  at  20°,  melts  at 
25°,  solidifies  again  at  20'',  and  boils  at  280°— 290°.  (E.  Dollfus,  Ann.  Ch.  Pharm. 
cxxxi.  283.) 

VAIiERIC  XOSXSE,  C^H°OI,  is  prepared  by  distilling  an  anhydrous  valerate 
with  iodide  of  phosphorus,  and  rectifying  the  distillate  over  mercury.  It  is  a  heavy 
nearly  colourless  liquid,  boiling  at  108°,  quickly  decomposed  by  water  and  by  alcohol. 
(Cahours,  Corapt.  rend.  xliv.  1252.) 

VAXiERXC  OXXBES.  The  irrotoxide,  {Q^WQifO,  has  been  already  described  as 
valeric  anhydride  (p.  979). 

Valeric  Peroxide,  C'"H'«0*  =  (C=H''0)'0%  is  produced  by  the  action  of  hydrated 
barium-peroxide  on  valeric  anhydride.  It  is  a  heavy  oily  liquid,  slightly  soluble  in 
water,  exploding  slightly  when  heated,  and  acting  as  an  oxidising  agent  when  suspended 
in  water.    (Brodie,  Proc.  Roy.  Soc.  xii.  655.) 

VAKERXN'S.  Glyceridos  produced  by  heating  valeric  acid  with  glycerin.  The 
delphinin  or  phocenin  which  Chevreul  obtained  by  treating  dolphin-oil  with  alcohol, 
was  probably  a  mixture  of  trivalerin  with  monovalerin  and  divalerin. 

Monovalerin,  C»H'«0'  =  (C=H5)"'(HO)''.(C'5H'O0  =  C'WO''  +  CH^O^  -  H-0. 
— Produced  by  heating  valeric  acid  with  excess  of  glycerin  to  200°  for  three  hours, 
and  purified  with  potash-ley,  &c.  in  the  usual  way.  It  is  also  formed  by  the  action 
of  hydrochloric  acid  gas  on  a  mixture  of  glycerin  and  valeric  acid.  Oily  neutral  liquid 
having  a  faint  odonr,  and  a  specific  gravity  of  1-100  at  16°.  Mixes  with  lialf  its  bulk 
of  water  to  a  clear  liquid  ;  separates,  on  addition  of  more  water,  and  mixes  with  100 
vols,  water  to  a  liquid  having  the  character  of  an  emulsion.  By  contact  with  the  air 
for  some  weeks  it  becomes  acid,  and  then  contains  free  valeric  acid,  but  the  alteration 
is  not  attended  with  any  perceptible  absorption  of  oxygen.  Alcohol  and  hydi-ochloric 
acid  decompose  it,  even  in  the  cold,  forming  ethylic  valerate  and  glycerin.  Aqueoxis 
ammonia  slowly  converts  it  into  valeramide. 

Divalerin,  C'^H^^O^  =  (C^H=^)"'.HO.(C^H»0')-  =  C'H'O'  +  2C^H'»0'  -  IWO. 
—Produced  by  heating  glycerin  with  valeric  acid  to  275°.  Oily  liquid,  having  a  dis- 
agreeable fishy  odour  and  a  bitter  aromatic  taste.  Specific  gravity  =  1-059  at  16°. 
Solidifies  at  —40°,  but  remains  soft  and  transparent;  does  not  mix  readily  with 
water.    Its  reactions  are  similar  to  those  of  monovalerin. 

Trivalerin,  C'«H'»0«  =  (C'H=)"'(C^H»0=)^  =  CTI^O'  +  SCSH'^O^  -  SH^O. 
— Produced  by  heating  divalerin  to  220°  with  8  or  10  times  its  weight  of  valeric  acid. 
It  is  a  neutral  oily  liquid,  having  a  faint  impleasant  odour,  insoluble  in  water,  but 
soluble  in  alcohol  and  ether ;  decomposed  by  alcohol  and  hydrochloric  acid  like  the 
other  Valerius.  (Berthelot.) 

VAXaERXSIC  ACXBS,  in  the  nomenclature  of  Laurent  and  others,  are  substitu- 
tion-products of  valeric  acid,  in  which  3  at.  hydrogen  are  replaced  by  chlorine  or 
other  radicles,  e.g.  chlorovalerisic  acid,  C^H'CPO^.  In  like  manner,  those  products  in 
which  4  at.  hydrogen  are  thus  replaced,  are  called  valerosic  acids. 

VAIiERODXCRXiORH-S-DRXIT,  (C''II^)"'(C-'H«0)OCP,  is  produced  by  heating 
epichlorhydrin  (i.  894)  with  chloride  of  valeryl  to  100°.  It  is  a  mobile  liquid,  smell- 
ing like  amylic  acetate,  having  a  specific  gi-avity  of  1-149  at  11°,  and  boiling  at  245°, 
\inder  a  pressure  of  737  mm.    (Truchot,  Ann.  Ch.  Pharm.  cxxxviii.  297.) 

(C^ff)'" ) 

VAX.EROCX.VCERA1.    C''H"^0^  =         H    lo^   =    C^H'O'  +  C=H'»0  - 

(CH"')") 

H^o. — A  compound  analogous  to  acetal,  produced  by  heating  glycerin  with  valeral  to 
170° — 180°  for  24  hours.  It  is  a  liquid  boiling  between  224°  and  228°.  Specific 
gravity  =  1-027  at  0°.  Vapour-density,  obs.  =  5-526  ;  calc.  5-544.  It  is  inso- 
luble in  water,  has  only  a  faint  odour,  but  is  decomposed  by  moist  air,  and  then  emits 
an  odour  like  that  of  valeral.  (Harnitz-Harnitzky  and  Menschutkin,  Ann. 
Ch.  Pharm.  cxxx\'i.  126  ;  Jahresb.  1865,  p.  506.) 

Similar  compounds  are  obtained  -with  acetic  and  benzoic  aldehydes. 
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VAlEROXi.  C''H'°0  ? — Tlio  neutral  oxygenated  constituent  of  valerian-oil 
p.  1)75).  It  was  first  prepared  and  examined  by  Gerhardt  (Ann.  Ch.  Phys.  [3],  vii. 
275),  and  afterwards  found  by  Personne  (Compt.  rend,  xxxvii.  309)  in  the  volatile 
oil  of  lupulin.  It  is  prepared  by  rapidly  distilling  valerian-oil  in  a  stream  of  carbonic 
anhydride,  whereupon  bornoeno  (valerene),  borneol,  and  valeric  acid  pass  over  first, 
and  afterwards  valerol.  The  latter  is  heated  to  200",  for  some  time,  in  an  atmosphere 
of  carbonic  anhydride,  then  cooled  in  ice,  and  the  valerol  wliich  crystallises  out  is 
washed  with  aqueous  sodio  carbonate,  rectified  several  times  in  carbonic  anhydride, 
and  crystallised  by  cooling  (Gerhardt).  According  to  Pierlot  (Ann.  Ch.  Phys. 
[3],  Ivi.  294),  it  must  be  distilled  over  hydrate  of  potassium,  to  free  it  completely  from 
valeric  acid. 

Valerol  crystallises  at  0°  in  colourless  transparent  prisms.  It  melts  at  20°,  then 
remains  liquid  at  ordinary  temperatures,  and  does  not  solidify  till  cooled  to  0°.  In  the 
liquid  state  it  floats  on  water.  It  is  slightly  soluble  in  water,  easily  soluble  in  alco- 
hol, ether,  and  volatile  oils.  According  to  Pierlot,  its  boiling-point  is  not  constant, 
but  varies  during  distillation  from  200°  to  430°  without  remaining  stationary  at  any 
intermediate  point;  in  fact,  valerol  is  not  a  definite  compound,  but  a  mixture  of  the 
stearoptene  of  valerian-oil  (p.  975),  with  resin  and  a  little  water.  According  to  Gerhardt 
and  Cahours,  it  is  converted  into  valeric  acid  by  atmospheric  oxidation,  and  when 
heated  with  potassie  hydrate  gives  off  hydrogen,  and  yields  valerate  and  carbonate  of 
potassium : 

C'^H'«0  +  3KH0  +  H^O    =    C=H»KO^  +  K'CO^  -t-  3H-. 

According  to  Pierlot,  on  the  other  hand,  it  is  not  converted  into  valeric  acid  by  ex- 
posure to  the  air,  or  by  treatment  with  any  oxidising  agent,  and  if  quite  free  from 
valeric  acid  is  not  acted  upon  by  potash. 

VA1.SROI.ACTIC  ACXS.  C-'H'W— Syn.  with  ethyl-lactic  acid  (see  Lactic 
Etheks.  iii.  '163).  According  to  .1.  Clark  (Jahresb.  1865,  p.  319),  it  is  produced  by 
heating  bromovalerio  acid  with  silver-oxide  and  water.  Its  zinc-salt  crystallises  readily. 

VAXiEROIfE.    CH'SQ  =  =  *^'^g^O.—  Valcryl-buit/L    Valcne.  Va- 

hroyl-butylo.vidc.  Bihutylacctonc.  Dihidylcarbonoxyd. — This  body,  the  ketone  of 
valeric  acid,  is  produced  by  the  distillation  of  valerates,  the  calcium-salt  being  gene- 
rally used.  It  was  first  prepared  by  Lowig  (Pogg.  Ann.  xlii.  412),  mixed,  however, 
with  a  large  quantity  of  valeral ;  pure  valcrone  was  first  obtained  by  Ebersbach 
(Ann.  Ch.  Pharm.  cvi.  268),  who  separated  the  valeral  by  means  of  acid  sulphite  of 
sodium.  The  best  mode  of  preparing  it  is  to  distil  valerate  of  calcium  with  one-sixth  of 
its  weight  of  lime ;  the  quantity  obtained,  however,  is  but  small,  probably  because  the 
greater  part  of  it  is  resolved  into  valeral  and  tetrylene  :  CH'^O  =  C''>H'»0  -i-  C'H». 
Valerono  is  a  transparent,  colourle  s,  mobile  liquid,  having  a  pleasant  ethereal  odour 
and  burning  taste.  It  is  lighter  than  water,  docs  not  mix  with  it,  but  dissolves  iu 
alcohol  and  ether.  It  boils  at  165°,  does  not  combine  with  acid  sulphite  of  sodium, 
and  is  decomposed  by  sodium  and  by  pentachloride  of  phosphorus  only  when  heated. 

VAXiEKOWITRIXiE.  C'H'N.— Syn.  with  Cyanide  of  Teteyl,  CH^CN.  (See 
Cyanides,  ii.  272.) 

VAXiEROITYXi.    Lowig's  name  for  the  hydrocarbon  CH' 
VAIiSnosiC  ikCllSS.    See  Vaieeisic  Acids  (p.  980). 
VAXiSROXYXi.    Syn.  with  Vaxeeyx. 

VAXiEROYIi.  A  name  applied  to  the  hydrocarbon  CH',  according  to  which  de- 
nomination, valoreue  or  amylene  may  be  designated  as  hydride  of  valeroyl,  C'H'.H,  &c., 
valerono  as  valeroyl-butyloxide,  C^H'.C'H^O,  &c. 

VAIiBRVREIB.    Syn.  with  VjU,eeylueea.    (See  Carbamides,  i.  753.) 

VAXiERYX.  C'H'O.  Valcroxyl. — The  radicle  of  valeric  acid  and  its  derivatives. 
According  to  AVanklyn,  it  is  obtained  in  the  free  state  by  the  action  of  sodium  on  ethyUc 
valerate  (p.  979). 

The  bromide,  chloride,  &c.  of  valeryl  are  described  as  valeric  bromide,  &e.  (p.  979) ; 
the  protoxide  as  valeric  anhydride  (p.  979) ;  the  peroxide  as  valeric  peroxide  (p.  980). 
VAXiEBVXAIHClDIC  ACID.    Syn.  with  Amidovaxeeic  Acid  (p.  978). 
VAiERYIi-BUTYIi.    Syn.  with  Vaxeeone. 

VAXERYXiENE.    C*H'.  (E  eb  o  u  1,  Ann.  Ch.  Pharm.  cxxxi.  238  ;  cxxsii.  117; 

cxxxv.  372;  Jaliresb.  1864,  p.  605;  1865,  p.  609.) — This  hydrocarbon,  homologous 
with  acetylene,  is  obtained  l)y  heating  bromide  of  amylene  with  concentrated  alcoholic 
potash  to' 140°  for  scvrral  hours,  distilling  the  liquid  separated  from  the  product  by 
water,  and  collecting  that  which  patscs  over  from  44°  to  46°.    It  is  a  colourless  very 
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mobile  liquid,  which  floats  on  water,  and  is  nearly  insoluble  therein.  It  has  a  pnn^ent 
alliaceous  odour,  boils  at  44°  to  46°  under  a  pressure  of  745  mm.,  has  a  vapour-density 
of  2'356  (calc.  2'354).  It  is  not  absorbed  by  an  ammoniacal  solution  of  cuprous  chloride. 

Bromine-compounds  of  Valerylene. — Valerylene  shaken  up  with  strong  aqueous 
hydrobromic  acid,  becomes  hot  and  is  converted  into  a  red  oil,  which,  after  washing 
with  alkaline  water,  yields,  by  fractional  distillation,  the  two  following  compounds : 

Monohydrobromate  of  valerylene.  C^H'.HBr,  boiling  at  112°; 
Dihydrobromate  of  valerylene,  C^Hs.2HBr,  „        170°— 175°. 

The  former,  which  is  the  cliief  product,  is  distinguished  from  the  isomeric  body  mono- 
bromamylene,  C^H'Br,  boiling  at  115°,  chiefly  by  its  property  of  forming  with  bromine 
a  liquid  compound,  C^H'.HBr.Br*,  whereas  monobromamylene  forms  with  bromine  a 
crystallisable  compound,  C^H'Br.Br^. 

When  bromine  is  added  by  drops  to  valerylene  cooled  by  a  freezing  mixture,  a  fresli 
quantity  of  valerylene  added  before  the  red  colour  appears,  then  more  bromine,  and  so 
on  alternately,  a  heavy  oil  is  formed  containing  two  liquid  bromine-compounds, 
C'H^Br*  and  C^H^Br',  in  various  proportions.  If  the  addition  of  bromine  be  discon- 
tinued when  no  more  instantaneous  decoloration  takes  place,  the  product  consists 
mainly  of  the  dibromide ;  in  the  contrary  case,  provided  the  action  be  sulBciently  pro- 
longed, nothing  but  tetrabromide  is  obtained.  In  sunshine  the  tetrabromide  forms  in 
an  hour  or  two,  together  with  the  crystalline  compound,  C^H'Br.Br'  (a). 

Tetrabromide  of  Valerylene,  C^H^Br',  is  a  thick  very  heavy  liquid,  which  does  not 
solidify  at  —10°;  it  is  isomeric  with  the  (probably  solid)  bromide  of  dibromamylene, 
C^ffBi^.Br'. 

Dibromide  of  Valerylene,  C^H^Br',  is  obtained  by  distilling  the  above-mentioned 
mixture,  and  collecting  the  portion  which  passes  over  below  200°.  It  boils  at  166° — ■ 
172°,  and  unites  quickly  with  bromine,  forming  a  tetrabromide,  from  which,  however, 
on  exposure  to  sunshine,  crystals  of  a  compound,  C*H'Br.Br\6)  separate,  differing 
from  the  isomeric  body  (a)  in  crystalline  form,  beliaviour  when  heated,  and  solubility 
in  ether.  Hence  it  appears  probable  that  there  are  two  isomeric  tetrabromides  of 
Valerylene,  C^H'Br'  and  C^H*Br'''.Br^,  each  of  which  yields  a  corresponding  substitu- 
tion-product.   Wurtz's  diallyl  is,  perhaps,  homologous  with  valerylene. 

Bromovalerylene,  C^H'Br. — When  the  above-mentioned  mixture  of  dibromide  and 
tetrabromide"  of  valerylene  is  distiOed  to  dryness  with  alcoholic  potash-solution,  and  the 
distillate  mixed  witli  water,  a  heavy  oil  separates,  which  is  resolved  by  fractional 
distillation  into  the  three  following  compounds: — (1)  Dibromide  of  valerylene, 
C^H^Br'  (boiling  at  170° — 175°),  mixed  with  a  small  quantity  of  the  compound 
C^H'»Br(C^H50) ;  (2)  Bromovalerylene,  eH'Br,  boiling  at  125°— 130°;  and  (3) 
Valylene,  C^H^,  boiling  at  45°  to  60°,  together  with  a  small  quantity  of  valerylene. 
The  formation  of  these  bodies  is  represented  by  the  equations : 

C^H'Br='  -    HBr    =    C^H'Br.  Bromovalerylene. 
C^HsBr'  -  2HBr    =    C*H«.  Valylene. 
C^HW  -       Br^  =    C^H".  Valerylene. 

Bromovalerylene  is  partially  decomposed  by  distillation,  and  becomes  coloured  by  keep- 
ing. It  unites  at  low  temperatures  with  bromine,  forming  the  compounds  C^H'Br' 
and  C^H'Br^.  When  shaken  up  with  an  ammoniacal  solution  of  cwprous  chloride,  it 
is  immediately  converted  into  a  yellow  solid  body,  consisting  of  cuprous  valylide, 
C*H*Cu,  together  with  cuprous  bromide  and  oxide : 

C^H'Br  +  Cu'O    =    C'H'Cu  +  CuBr  +  H^O. 

VAXiBK'SX-HTSBZSE.  Syn.  with  Vaxerai>  (p.  973.) 

VAIiERT^VREA,.    See  Cabbamjbes  (i.  753). 

V.a.&OXrXA.  The  commercial  name  of  the  large  cups  of  the  pricHy-eupped  oak 
{Quercus  Mgilops),  an  infusion  of  which  is  used  in  tanning  leather.  They  contain 
tannin  and  gallic  acid.  The  tannin  does  not  yield  pyrogallic  acid  by  dry  distillation, 
and  is  but  slightly  precipitated  by  sulphuric  acid,  even  from  very  concentrated 
solutions. 

VA£Y£.   Kolbe's  name  for  Tetbyi,  or  Butyl. 

VAXiTXiEirE.  C^W.  (Reboul,  Ann.  Ch.  Pharm.  cxxxv.  372;  Jahresb.  1865, 
p.  510.) — This  hydrocarbon  is  found,  as  above  mentioned,  among  the  products  of 
the  action  of  alcoholic  potash  on  dibromide  of  valerylene,  passing  over  on  dis- 
tillation, together  with  a  little  valerylene,  between  45°  and  50°.  It  may  be  obtained 
pure  by  treating  the  mixture  with  ammoniacal  cuprous  chloride,  which  converts 
the  valylene  into  cuprous  valylide,  C'H^Cu,  but  does  not  act  upon  the  valery- 
lene.   The  cuprous  valylide  (which  may  also  be  obtained  by  the  action  of  ammo- 
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I    See  Vanadium,  Oxides  of  (p.  989). 


niacal  cuprous  chloride  on  bromovaleryleno),  is  washed  by  decantation  with  ammo- 
niacal  water,  then  with  a  little  alcohol,  and  dried.  It  decomposes  quickly  when  heated, 
leaving  a  blacli  residue.  It  is  decomposed  by  bromine  with  inflammation,  and  by 
fuming  nitric  acid  witli  incandescence.  An  ammoniacal  silver-solution  converts  it 
into  a  silver-compound  of  analogous  composition  and  properties. 

To  separate  the  valyleno,  the  copper-compound  is  warmed  with  a  very  slight 
excess  of  dilute  hydrocliloric  acid,  and  the  hydrocarbon  which  distils  over  is  condensed 
by  a  freezing  mixture.  Valylene  is  a  light  liquid  boiling  at  about  50°,  haring  an 
alliaceous  odour,  recalling:  also  that  of  prussic  acid.  Wlien  brought  in  contact  by 
drops  with  bromine  in  a  freezing  mixture,  it  forms  a  crystalline  mass  saturated  with  a 
thick  liquid,  the  crystalline  portion  consisting  of  bromide  of  valylene,  C^H'^Br'^,  and 
the  liquid  being  a  mixture  of  the  compounds  C^H^Br",  C^H'^Br^  and  perhaps  C^H^Br^. 

VAX.YXXBES.    See  the  last  article. 

VASTADATES. 

VAM-ASIC  ACXD. 

VAITASZK'BIlOia'ZITE.  This  name  is  given  by  SchafhiiutI  (N.  Jahresb.  f. 
Min.  1844,  p.  721)  to  a  mineral  from  tlie  Serpentine  of  Bracco,  on  the  coast  of 
Genoa,  containing  49'50  per  cent,  silica,  5'5t5  alumina,  18'13  lime,  14  12  magnesia, 
3-28  ferrous  oxide,  3  65  vanadiuni-pentoxido,  3'75  soda,  and  1'77  water.  It  is 
coarsely  laminar,  with  one  distinct  and  two  indistinct  directions  of  cleavage,  has  a 
nacreous  lustre  and  greenish-grey  colour,  and  is  translucent  in  thin  laminae.  Hardness 
less  than  4.    Specific  gravity  =  3'255. 

VAlTASZSrXTE.  Vanadate,  or  more  properly,  Vanadato-cMoride  of  lead.  See 
Vanadatks  (p.  991). 

!    See  Vanadium,  Oxides  of  (p.  988). 
VANASITES.  i  \i  I 

VAIfASIUIU.  Atomic  weight,  51'2  ;  Symbol,  V.— A  metal  usually  classed  with 
niiilybdrnum  and  tungsten,  but  .shown  by  recent  investigations  to  belong  to  the  same 
series  as  arsenic,  antimony,  and  bismuth. 

Del  Rio,  in  1801  (Gilb.  Ann.  Ixxi.  7),  found  iu  the  lead-ore  of  Zimapan,  in  Mexico, 
.•1  now  metal  whicli  he  designated  as  erythronium ;  subsequently,  however,  he  regarded 
it  as  impure  chromium. — Sefstrom,  iu  1830  (Pogg.  Ann.  xxi.  43)  found  in  the  bar- 
iron  obtained  from  the  ores  of  Taberg  iu  Sweden,  and  especially  in  the  refinery  slags, 
a  new  metal  which  ho  named  vanadium,  after  the  Scandinavian  deity  Vanadis  ; 
Wohlor  {ibid.  xxi.  49)  then  showed  that  the  lead-ore  of  Zimapan  consisted  of  lead- 
vanadate,  and  that  Del  Rio's  erythrouium  was  not  chromium,  but  vanadium.  Subse- 
quently this  metal  has  been  found  in  several  other  ores,  most  abundantly  in  lead- 
vanadate  from  Wanlockhead  in  Scotland,  and  from  La  Plata ;  in  smaller  quantity  also 
iu  pitchblende,  in  many  iron-ores,  and  tlie  pig-iron  obtained  from  them  ;  also  on  the 
native  copper  of  Lake  Superior,  probably  as  phosphate;  and  in  several  kinds  of  clay,  to 
the  amount  of  0'02  to  0-07  per  cent.  Vanadium  appears,  therefore,  to  be  somewhat  widely 
dilfused,  but  it  never  occurs  in  lai-ge  quantity,  and. has,  indeed,  been  hitherto  regarded  as 
one  of  tlie  rarest  of  the  metals.  Quite  recently,  however,  a  more  productive  source  of 
it  lias  been  discovered  by  Roscoe  (Proc.  Roy.  Soc.  xvi.  223)  in  some  of  the  copper- 
bearing  beds  of  the  Lower  Keuper  sandstone  of  the  Trias,  worked  at  Alderley  Edge  and 
Mottram  St.  Andrews,  in  Clieshire.  In  working  up  a  pure  cobalt-ore  from  Mottram, 
a  hirge  quantity  of  a  lime-precipitate  was  obtained,  containing  nearly  2  per  cent,  of 
vanadium. 

Extraction.  — \.  From  the  refinery  slag  of  the  Taberg  iron-ore. — The 
finely-pulverised  slag  is  deflagrated  with  nitre  and  cai'bonate  of  sodium;  the  fused 
mass  is  digested  witli  I)oiling  water;  and  into  the  crude  solution  of  potassium-vana- 
date  thus  obtained,  lumps  of  sal-ammoniac  are  introduced,  whereby  vanadate  of  am- 
monium, which  is  insoluble  in  a  saturated  solution  of  sal-ammoniac,  is  deposited  in 
crystalline  grains.  This  salt,  when  ignited  in  an  open  vessel,  leaves  pure  vanadium- 
pentoxide.  (Berzelius.) 

2.  From  certain  kinds  of  pig-iron. — The  grey  pig-iron  smelted  from  the  oolitic 
iron-ores  of  Westbury,  in  Wiltshire,  contains,  according  to  Riley  (Chem.  Soc.  J.  xvii. 
21),  about  0-7  per  cent,  vanadium,  wliich  becomes  concentrated  in  the  graphitic  residue 
left  on  dissolving  the  iron  in  hydrochloric  acid.  On  treating  this  residue  with  pot- 
ash-ley, to  free  it  from  silica,  and  burning  the  remaining  grapliite  with  free  access  of 
air,  a  mixture  of  tetroxide  and  pentoxide  of  vanadium  is  obtained.  (Riley.) 

3.  From  native  vanadate  of  lead. — The  solution  of  the  mineral  in  nitric  acid  is 
freed  from  lead  and  arsenic  by  sulphydric  acid  ;  the  blue  filtered  liquid  is  boiled  for 
a  short  time,  and  then  evaporated  to  dryness  at  a  moderate  heat ;  the  dark-red  residue 
is  boiled  with  a  saturated  solution  of  ammonium-carbonate,  which  is  added  from  time 
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to  time  ;  and  the  liquid  is  filtered  at  the  boiling  heat.  On  cooling,  it  deposits  white 
needles  of  ammonium-vanadate,  which  may  be  purified  by  recrystallisation.  (John- 
ston, N.  Edinb.  J.  of  Sc.  v.  166,  318.) 

4.  From  the  lime-precipitate,  obtained,  as  already  mentioned,  in  working 
the  cobalt-ore  of  Mottram  in  Cheshire. — This  precipitate,  containing  mainly 
arsenic,  iron,  load,  copper,  vanadium,  and  lime,  with  sulphuric  and  phosphoric  acids, 
was  first  well  furnaced  with  ground  coal,  to  drive  oif  the  greater  portion  of  the  arsenic  ; 
then  roasted  with  one  quarter  of  its  weight  of  soda-ash,  so  as  to  convert  the  vanadium 
into  a  soluble  vanadate ;  and  on  lixiviation,  arsenic  and  the  heavy  metals  were  com- 
pletely thrown  down  by  sulphuretted  hydrogen.  The  deep  blue  solution  was  neutra- 
lised by  ammonia,  the  precipitated  vanadium-oxide  dried  and  oxidised  by  nitric  acid, 
and  the  crude  vanadic  acid  thus  obtained  was  boiled  out  with  a  saturated  solution  of 
ammonium-carbonate.  The  slightly  soluble  ammonium-vanadate  was  washed  and 
recrystallised.  In  order  to  prepare  pure  vanadic  acid  from  this  salt,  it  was  roasted,  and 
the  powdery  acid  thus  obtained  was  suspended  in  water  into  which  ammonia-gas  was 
passed ;  the  dissolved  ammonium-vanadate  was  separated  by  filtration  from  a  residue 
containing  silica,  phosphates,  &c.  The  pentoxide  obtained  by  heating  this  salt  was 
free  from  phosphorus.  A  second  method  of  preparing  the  pure  vanadium-pentoxide 
consists  in  decomposing  the  pure  oxychloride  with  water,  and  freeing  the  acid  from  any 
traces  of  silica  by  exposure  to  hydrofluoric  acid  gas.  Great  difficulty  was  experienced 
in  obtaining  vanadium  free  from  phosphorus ;  all  the  native  vanadates  contain  large 
quantities  of  phosphorus.  (Eoscoe.) 

Metallic  vanadium  remains  when  vanadium-nitride  is  heated  to  whiteness  in  am- 
monia-gas (Uhrlaub,  Pogg.  Ann.  ciii.  134),  but  it  does  not  appear  to  have  been 
obtained  quite  pure. 

Eerzelius,  by  igniting  vanadium-pentoxide  with  potassium,  and  washing  out  the 
fused  mass  with  water,  obtained  a  brilliant  metallic-looking  powder,  vphich  has  been 
liitherto  regarded  as  pure  vanadium ;  but  Roscoe  has  shown  that  it  is  an  oxide. 

Compoundsof  Vanaditim. — Berzeli u s,  to  whose  elaborate  research,  published 
in  1831  (Pogg.  Ann.  xxii.  1),  we  were  till  lately  indebted  for  nearly  all  our  knowledge 
of  the  vanadium-compounds,  obtained  three  oxides,  to  which  he  assigned  the  formulae 
rO,  V0-,  VO^  {V  =  68-5,  O  =  8);  he  also  obtained  a  chloride  corresponding  to  the 
highest  oxide,  namely  VCP.  According  to  these  results,  vanadium  was  regarded  as 
a  metal  belonging  to  the  same  class  as  chromium,  molybdenum,  and  tungsten.  This 
view,  however,  was  somewhat  difficult  to  reconcile  with  the  observed  fact  of  the  iso- 
morpliism  of  certain  vanadium-compounds  with  analogous  compounds  belonging  to  the 
phosphorus  and  arsenic  groups ;  the  mineral  vanadinite,  for  example,  which  is  a  com- 
pound of  lead-vanadate  and  lead-chloride,  is  isomorphous  with  apatite,  pyromorphite, 
and  mimetesite — minerals  consisting  of  calcium-phosphatochloride,  lead-phosphato- 
chloride,  and  lead-arsenatochloride.  This  anomaly  induced  sevei'al  chemists  to  suspect 
that  vanadium  might  really  belong  to  the  phosphorus  and  arsenic  group  of  elements. 
Baumgarten,  in  particular  (Jahi-esb.  1866,  p.  219),  was  led  to  this  conclusion  by  ob- 
serving among  the  last  crystallisations  from  the  soda  mother-liquors  at  Schoningen, 
colourless  crystals,  consisting  of  phosphatofluoride  of  sodium,  2Na"PO''.NaF.19H^O, 
in  which  the  phosphorus  was  partly  replaced  by  arsenic,  and  to  a  greater  extent  by 
vanadium  (the  crystals  containing  from  0'89  to  1'06  per  cent,  vanadic  oxide).  Baum- 
garten likewise  obtained  perfectly  similar  crystals,  containing  the  same  proportion  of 
vanadium,  by  direct  synthesis. 

Such  observations  could  not,  however,  be  regarded  as  having  much  weight  against 
the  definite  experimental  results  of  Berzeli  us,  which  showed  beyond  doubt  that,  if  the 
lowest  of  the  three  oxides  obtained  by  him  is  a  monoxide,  VO,  the  highest  must 
be  a  trioxide,  VO^.  This  conclusion  was  based  :— 1.  On  tlie  constant  loss  of  weight 
which  the  highest  oxide  undergoes  on  reduction  in  hydrogen  at  a  red  heat. — 2.  On 
the  action  of  chlorine  on  this  reduced  oxide,  whereb}'  a  volatile  chloride  is  formed,  and 
a  residue  of  vanadic  oxide  obtained,  which  is  found  to  be  exactly  one-third  of  the  quan- 
tity originally  taken  for  reduction  in  hydrogen.  These  results  may  be  represented  by 
the  following  equations : 

(1)  VO'  +  =  VO  +  H'O' 
{2)  ZVO  +         =     VO'  +  2VCP. 

But  the  recent  experiments  of  Eoscoe,  whilst  fully  confirming  these  fundamental 
results  of  Berzelius,  and  proving  that  if  the  atomic  weight  assigned  to  vanadium  by 
that  chemist,  viz.  68-5,  be  correct,  the  formulae  of  the  oxides  must  be  VO,  VO',  VO^, 
or  V^O,  V^O'^,  V'^O',  and  that  of  the  volatile  chloride  VCP,  have  shown,  on  the  other 
hand, — 1.  That  the  supposed  metal  of  Berzelius  is  really  an  oxide. — 2.  That  the  quantities 
of  oxygen  in  this  and  the  three  higher  oxides,  united  with  the  same  weight  of  vanadium, 
are  to  one  another  as  the  numbers  2,3,4,  5 — these  four  oxides  being,  in  fiiet,  represented 
by  the  formuljc  V-0^,  V^O',  V^O',  V-'O*,  analogous  to  thoie  of  the  oxides  of  nitrogen 
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(neglecting  the  monoxide). — 3.  That  the  supposed  trichloride  obtained  by  Berzelius  is  an 
oxychloride,  VOCF,  related  to  vanadic  oxide,  V'O^  in  the  same  manner  as  phosphoric 
oxychloridc  is  related  to  phosphoric  oxide.  The  quantitative  results  of  the  reduction 
of  vanadie  oxide  in  hydrogen,  and  the  treatment  of  the  reduced  oxide  by  chlorine,  are 
represented  on  thi.s  view  by  the  equations  : 

V=0*  +   2H-    =    V'O'  +  2W0. 
3V'0'  +  601-    =    V=0^  +  4V0CF. 

Roseoe  has  further  pointed  out  that  vanadie  oxide  forms,  with  metallic  oxides,  two 
classes  of  salts,  analogous  in  composition  to  the  orthophosphates  and  metaphosphates 
(p.  991).  It  may  therefore  be  concluded  that  vanadium  exhibits  in  all  rospiocts  the 
cliaracters  of  a  metal  belonging  to  the  phosphorus  and  arsenic  group. 

VATTADZUnX,  BROTMIDES  Or.  No  bromide  of  vanadium  has  yet  been  ob- 
tained in  the  free  state.  The  so-called  tribromide  obtained,  by  Schafarik,  is  an  oxy- 
bromide,  VOBr^  (p.  992). — The  tetrabromide,  V15r\  is  probably  contained  in  the  blue 
.solution  of  vanadium-tetroxide  in  hydrobroraic  acid.  This  solution  dries  up  in  a 
vacuum  to  a  blue  gum,  which  becomes  violet-brown  when  heated,  but  is  still  perfectly 
solulile  in  water.  The  aqueous  solution  gives  off  a  greenish-grey  precipitate  with  am- 
monia. 

VAIVADZUIVX,  CHIiORXSES  OS".  None  of  these  compounds  are  known  in  the 
fre«  state. — The  Utrachloride,  VCl',  probably  exiscs  in  solution  and  in  two  isomeric 
modifications  : 

a.  Vanadie  aeid,  boiled  with  strong  hydrochloric  acid,  gives  off  chlorine  and  forms  a 
blue  solution,  which,  when  concentrated  by  evaporation,  yields  a  blue  syrup  not  pre- 
cipitated by  alcohol.  Wlien  perfectly  dried  by  heat,  it  leaves  a  brown  oxychloride  no 
longer  quite  soluble  in  water. 

0.  Vanadium-tetroxide  dissolved  in  strong  hydrochloric  acid  forms  a  brown  solution, 
which,  when  left  to  evaporate,  yields  a  black  liquid,  becoming  brown  again  on  dilution. 
The  brown  solution  turns  bine  when  evaporated  by  heat,  or  on  addition  of  strong 
sulphuric  acid.  Ammonia  added  to  the  brown  solution  forms  a  greenish-brown  pre- 
cipitate, insoluble  in  water. 

.Several  oxychlorides  of  vanadium  have  been  obtained  (p.  992). 

VAM-ABXUnr,  DETECTXOXr  AlffD  ESTIMATIOW  OP.  1.  Blowpipe 
lieactions. — All  compounds  of  vanadium  heated  with  horax  or  phosphorus-salt,  pro- 
duce a  clear  bead,  which  is  colourless  if  the  quantity  of  vanadium  is  small,  yellow  if  it 
is  large ;  in  the  inner  flame  the  bead  acquires  a  beautiful  green  colour. 

2.  Reactions  in  Solution. — Vanadium-dioxide  (the  metallic  vanadium  of  Ber- 
zelius), may  be  obtained  in  solution  by  the  action  of  nascent  hydrogen  on  a  solution 
of  the  pentoxide  in  sulphuric  acid.  The  solution  ©f  hypovanadi  ous  sulphate 
I  lius  obtained  has  a  lavender  colour,  and  is  an  extremely  powerful  reducing  agent. 
(Si'e  p.  987.) 

Vanadium-tetroxide,  or  vanadious  oxide  (the  dioxide  of  Berzelius)  dissolves  in 
acids,  forming  salts  called  vanadi  ous  salts,  most  of  which  are  of  ablue  colour.  Vana- 
dious salts  form,  with  the  hydrates  and  monocarhonates  of  the  fixed  alkalis,  a  greyish- 
white  precipitate  of  hydrated  vanadious  oxide,  which  dissolves  in  a  moderate  excess 
of  tlio  reagent,  but  is  precipitated  by  a  large  excess,  in  the  form  of  a  vanadite  of 
I  lie  alkali-metal. — Ammonia  m  excess  produces  a  brown  precipitate,  soluble  in  pure 
water,  but  insoluble  in  water  containing  ammonia. — Ferrocyanide  of  potassium  forms 
a  yellow  precipitate,  which  turns  green  on  exposure  to  tlie  air. — Sulphuric  acid  pro- 
duces no  precipitate. — Sulphide  of  ammoniwH  forms  a  black-brown  precipitate,  so- 
luble in  excess. —  Tincture  of  galls  forms  a  finely-divided  black  precipitate,  which  gives 
to  the  liquid  the  app)e:xrance  of  ink. 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
culled  vanadites,  all  of  which  are  insoluble,  except  those  of  the  alkali-metals.  The 
solutions  of  the  alkaline  vanadites  are  brown,  but  when  treated  with  sulphydric  acid, 
they  acquire  a  splendid  red-purple  colour,  arising  from  the  formation  of  a  sulphiu-- 
.salt. — Acids  colour  them  blue,  by  forming  a  double  vanadious  salt ;  tincture  of  galls 
colours  them  blackish-blue.  The  insoluble  vanadites.  when  moistened  or  covered  with 
water,  become  green,  and  are  converted  into  vanadates. 

Vanadium-pentoxide,  or  vanadie  oxide,  reacts  for  the  most  part  as  an  acid  oxide, 
tmiting  with  bases  to  form  salts  called  vanadates.  These  salts  are  all  more  or  less 
soluble  in  water;  the  barium-  and  lead-salts,  however,  are  very  sparingly  soluble. 
The  alkaline  vanad;itcs  are  sparingly  soluble  in  cold  water,  especially  if  it  contains 
free  alkali  or  another  alkaline  salt :  e.g.,  vanadate  of  ammonium  is  nearly  insoluble 
in  water  containing  sal-ammoniac :  hence,  on  treating  a  solution  of  potassium-vana- 
date  with  excess  of  sal-ammoniac,  a  precipitate  of  ammouium-vauadato  is  produced. 
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The  aqueous  solutions  of  the  vanadates  are  coloured  red  by  the  stronger  acids,  but  the 
mixture  often  becomes  colourless  again  after  a  while.  They  give  orange-red  precipi- 
tates with  the  antimonious,  •plumbic,  nipric,  and  mercuric  salts. — Siilphi/dric  arid  pro- 
duces, in  neutral  solutions  of  the  vanadates,  a  mixed  precipitate  of  sulphur  and  hy- 
drated  vanadious  oxide;  in  acid  solutions  it  merely  throws  down  sulphur,  and  reduces 
the  vanadic  oxide  to  vanadious  oxide. — Sitlphidc  of  ammonium  imparts  to  solutions 
of  the  vanadates  a  brown-red  colour,  and,  on  adding  an  acid  to  the  solution,  a  light- 
brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixed  with  sulphur ;  the 
liquid,  at  the  same  time,  generally  acquires  a  blue  colour. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions  are  red ;  they  are 
distinguished  from  one  another  by  the  vanadic  acid  becoming  blue,  and  the  chromic 
acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acidulated  solution  of  an  alkaline  vanadate, 
is  shaken  up  with  ether  containing  hydric  peroxide,  the  aqueous  solution  acquires  a 
red  colour,  like  that  of  ferric  acetate,  while  the  ether  remains  colourless.  This  reac- 
tion will  serve  to  detect  the  presence  of  1  pt.  of  vanadic  acid  in  40,000  pts.  of  liquid. 
The  red  colouring  is  also  produced  by  ozonised  oil  of  turpentine,  and  by  hydric  per- 
oxide alone  ;  also  by  ordinary  ether  not  containing  hydric  peroxide.  Chromic  acid, 
even  in  considerable  quantity,  does  not  interfere  with  the  reaction.  (G.  Werther, 
J.  pr.  Chem.  Ixxxiii.  195.) 

3.  Estimation  and  Separation. — Vanadium,  in  the  form  of  free  pentoxide  or 
tetroxide,  is  estimated  by  reducing  it  to  trioxide  by  ignition  in  a  stream  of  hydrogen. 

In  solutions  of  vanadites,  the  vanadium  is  precipitated  by  mixing  the  solution  with 
excess  of  mercuric  chloride,  and  then  with  ammonia.  The  precipitate,  consisting  of 
mercuric  vanadite  and  chloride  of  dimercurammonium  (white  precipitate)  is  ignited  in 
contact  with  the  air,  whereupon  vanadium-pentoxide  remains  mixed  only  with  a  small 
quantity  of  mercuric  oxide,  from  which  it  is  separated  by  solution  in  carbonate  of 
ammonia. 

When  vanadic  acid  is  dissolved  in  a  liquid  not  containing  any  other  fixed  constitu- 
ents, it  may  be  separated  as  vanadium-pentoxide  by  evaporation,  and  if  volatile  acids 
or  ammonia  are  also  present,  by  igniting  the  residue. 

Vanadic  acid  may  be  separated  from  many  acids  and  other  substances,  by  causing  it 
to  unite  with  ammonia,  expelling  the  excess  of  ammonia  by  evaporation,  and  then 
adding  a  saturated  solution  of  sal-ammoniac,  in  which  vanadate  of  ammonia  is  inso- 
luble. The  precipitate  is  then  washed  on  a  filter,  first  with  solution  of  sal-ammoniac, 
then  with  alcohol,  and  the  ammonia  driven  oif  by  ignition.  This  method  serves  to 
separate  vanadium  from  the  alkali-metals. 

Vanadium  may  be  separated  from  many  of  the  preceding  metals  by  the  solubility 
of  its  sulphide  in  sulphide  of  ammonium;  and  from  others,  which  are  precipitated 
from  their  acid  solutions  by  sulphydric  acid,  by  acidulating  the  liquid  and  passing 
sulphydric  acid  gas  through  it;  the  vanadium  then  remains  dissolved  in  the  form  of 
vanadious  oxide. 

From  lead,  barium,  and  strontium,  vanadic  acid  may  be  separated  by  fusion  with 
acid  sulphate  of  potassium  ;  on  treating  the  fused  mass  with  water,  sulphate  of  lead, 
barium,  or  strontium  remains,  while  vanadate  of  potassium  is  dissolved.  Sulphuric 
acid  cannot  be  used  to  efifect  this  separation,  because  the  precipitated  sulphate  always 
carries  down  with  it  a  portion  of  the  vanadium.  (Berzelius.) 

Vanadium  may  also  be  separated  from  these  metals,  and  from  all  others  which  form 
insoluble  carbonates,  by  fusing  the  vanadate  with  twice  its  weight  of  sodium-carbonate, 
digesting  the  fused  mass  in  water,  and  washing  the  nndissolved  portion,  (v.  Hauer, 
J.  pr.  Chem.  Ixix.  385.) 

Atomic  Weight  of  Vanadium. — The  atomic  weight  of  this  metal  has  been  de- 
termined in  two  ways : — o.  By  igniting  vanadium-pentoxide,  V'O*,  in  pure  dry  hydro- 
gen-gas, whereby  it  is  reduced  to  the  trioxide,  V^O^.  The  atomic  weight  of  vanadium 
is  then  determined  from  he  equation : 

^  ^  8  jbb-Za) 
~       a—b  ' 
where  a  =  the  weight  of  vanadium-pento-xide  taken  ; 
„     6  =  ,,  vanadium- trioxide  obtained. 

Eoscoe,  in  four  experiments,  obtained  the  following  results  : 

Weight  of  Weight  of  Atomic 

No.  pentoxide  trioxide  weight  of 

tJikeii.  obtiiined.  vanadium. 

1.  7-7397  6-3827  51-26 

2.  6-5819  5-4296  51-39 

3.  5-1895  4-2819  61-48 

4.  5  0460  4-1614  61-36 
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The  mean  atomic  weight  deduced  from  these  experiments  is51'37,  with  a  mean  error 
of  +  0-066.  Berzelius  found,  as  a  mean  of  four  experiments,  that  120'927  pts.  of  the 
poutoxide  yielded  100  pts.  of  trioxide,  which  gives,  according  to  the  above  equation, 
V  =  52'55.*  The  difference  is  probably  due  to  the  fact  that  the  vanadium  employed 
by  Berzelius  contained  a  trace  of  phosphorus,  which  prevented  the  complete  reduction. 

/8.  By  the  analysis  of  vanadium-oxytrichlorido  or  vanadyl-tricliloride,  VOCP. — -The 
chlorine  in  this  com^iound  was  estimated  both  by  Gay-Lussac's  volimietric  process,  and 
by  weight-analysis.  Nine  volumetric  determinations  give  61'306  per  cent,  chlorine ; 
seven  gravimetric  determinations  give  61'241  percent.  From  these  numbers  an  atomic 
weight  of  5r05  is  obtained  for  vanadium.  The  mean  of  5r05and  51-37  (the  number 
obtained  from  the  reduction  experiments),  viz.  51-21,  is  regarded  as  the  true  atomic 
weight  of  vanadium.  (Roscoe.) 

VAiril.I>XXJm,  FXaVOIUDES  or.  Vanadium-tetroxide  dissolves  in  hydro- 
fluoric acid,  forming  a  blue  solution,  which  yields,  by  spontaneous  evaporation,  a 
greenish  syrup  and  green  crystals,  probably  consisting  of  the  hydrated  tetrafluoride. 
It  forms  light-blue  double  salts  with  the  fluorides  of  potassium  and  sodium. 

Vauadiura-pontoxide  also  dissolves  in  warm  aqueous  hydrofluoric  acid,  and  the 
solution,  evaporatrd  at  40°,  leaves  a  white  mass,  which  dissolves  perfectly  in  water, 
but,  when  strongly  heated,  leaves  an  insoluble  residue  of  pure  vanadiiim-pentoxide. 

VAN-ADIVM,  IODIDES  OP.  Vanadium-tetroxide  dissolves  in  aqueous 
liydriodic  acid,  forming  a  blue  solution,  which  turns  green  in  contact  with  the  air,  and 
yields,  by  spontaneous  evaporation,  a  brown  semifluid  mass,  soluble  with  black-brown 
colour  in  water. 

VAir.a.DXUIW,  M-ITRIDES  or.  There  are  two  compounds  of  vanadium  and 
nitrogen. — The  mononitride,  VN,  obtained  by  heating  the  compound  of  vanadiuni-oxy- 
trichloride  with  ammonium-chloride  to  whiteness,  in  a  current  of  ammonia-gas,  is  a 
greyish-white  powder,  unalterable  in  the  air.  It  gave,  by  analysis,  78-6  per  cent,  vana- 
dium and  21--i  nitrogen,  the  formula  VN  requiring  77'8  vanadium  and  20-2  nitrogen. 
(Roscoe.) 

Vanadium-dhiitridc,  VN',  was  obtained  by  Uhrlaub  (Pogg.  Ann.  ciii.  134),  who 
however  assigned  to  it  a  different  formula,  by  heating  the  ammonium-oxychloride  in 
ammonia-gas  to  a  moderate  temperature.  It  is  a  black  powder,  which  is  strongly 
acted  upon  by  warm  nitric  acid,  and  gives  off" ammonia  when  fused  with  potash. 

VAXTASIUM,  OXIDES  Or.  The  oxides  of  vanadium  are  analogous  in  com- 
position to  the  oxides  of  nitrogen,  excepting  that  the  one  corresponding  to  the  prot- 
oxide or  monoxide  of  nitrogen  has  not  yet  been  obtained.    The  complete  series  is  as 


follows  -. 

Vanadium-monoxide  (hyp.)    ..........  V-0 

Vanadium-dioxide,  Hypovanadious  oxide,  or  Vanadyl   V-0' 

Vanadium-trioxide,  or  Hypovanadic  oxide      .......  V'O' 

Vanadium-tetroxide,  Vanadious  oxide,  or  Vanadious  anhydride      .       .       .  V'O* 

Vanadium-pentoxide,  Vanadic  oxide,  or  Vanadic  anhydride     ....  V-0* 


Vanadium-dioxide,  V-0-. — This,  the  lowest  oxide  of  vanadium  yet  obtained, 
was  regarded  by  Berzelius  as  metallic  vanadium.  As  it  enters  into  many  vanadium- 
oonipouuds  (just  as  uranyl  enters  into  the  uranic  compounds),  it  may  be  appropriately 
called  vanadyl. 

Vanadium-dioxide  is  obtained  by  reducing  either  of  the  higher  oxides  with  potassium 
(Berzelius),  or  by  passing  the  vapour  of  vanadium-oxytrichloride,  (VOCP),  mixed 
with  excess  of  hydgogen,  through  a  combustion-tube  containing  red-hot  charcoal 
(Schafarik,  Ann.  Ch.  Pharm.  cix.  85;  Jahresb.  1859,  p.  168).  As  obtained  by  the 
second  process,  it  forms  a  light-grey  glittering  powder,  or  a  metallically  lustrous  crys- 
talline crust,  having  a  specific  gravity  of  3-64,  brittle,  very  difficult  to  fuse,  and  a 
conductor  of  electricity.  When  heated  to  redness  in  the  air,  it  takes  fire  and  burns 
to  black  oxide.  It  is  insoluble  in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but 
dissolves  easily  in  nitromuriatic  acid,  forming  a  dark-blue  liquid.  (Schafarik.) 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent  hydrogen,  evolved 
by  metallic  zinc,  cadmium,  or  sodiura-amulgam,  on  a  solution  of  vanadic  acid  in  sul- 
phuric acid.  After  passing  through  all  shades  of  blue  and  green,  the  liquid  acquires  a 
permanent  lavender  tint,  and  then  contains  the  vanadium  in  solution  as  dioxide,  or  as 
hypovanadious  salt.   This  compound  absorbs  oxygen  more  rapidly  than  any  other 

*  Berzelius,  rpgatding  the  highest  oxide  as  VO^,  [0  =  8]  and  supposing  it  to  be  reduced  to  VO 
by  ignition  in  hydrogen,  calculated  the  atomic  weight  of  the  met,al  from  the  equation  V= 

which  gives,  according  to  his  experiments,  V  —  and,  according  to  Koscoe's,  V  =  67-37  ;  this  is 

really  the  molecular  weight  of  the  dioxide. 
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known  reducing  agent,  and  bleaches  indigo  and  other  vegetable  colours  as  quickly  as 
chlorine.  (Koscoe.) 

The  degree  of  oxidation  of  the  vanadium  in  the  lavender-coloured  solution  was 
ascertained  by  oxidising  it  with  a  standard  solution  of  permanganate.  By  this  method 
it  was  found  that  150  pts.  of  vanadium-pentoxide  lost  26-53  per  cent,  oxygen  on  reduc- 
tion with  zinc;  tlie  calculated  loss  from  V*0^  to  V^O-  is  26-3. 

When  the  neutral  lavender-coloured  solution  of  a  hypovanadious  salt  is  left  exposed 
to  the  air  for  a  few  seconds,  the  colour  changes  to  a  deep  chocolate-brown  from  absorp- 
tion of  oxygen;  indeed,  this  reaction  is  as  delicate  as  that  of  an  alkaline  pyrogallate. 
If  air  be  passed  through  the  acid  lavender-coloured  solution  of  hypovanadious  sulpliate, 
oxygen  is  absorbed,  the  liquid  assumes  a  permanent  blue  colour,  and  the  vanadium  is 
then  contained  in  solution  as  tetroside.  If  the  free  acid  contained  in  the  lavender 
solution  be  neutralised  by  zinc,  the  liquid,  on  exposure  to  air,  attains  a  permanent 
brown  tint,  which,  on  addition  of  acids,  becomes  green,  the  solution  then  containing 
vanadium-trioxide.  (Koscoe.) 

Vanadium-trioxide,  or  Vanadyl-monoxide,  (V^0-)"0.  (Berzelius's 

suboxide). — Obtained  by  igniting  the  pentoxide  in  hydrogen-gas,  or  in  a  crucible 
lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  metallic  lustre,  and  infu- 
sible ;  by  pressure  it  may  be  united  into  a  coherent  mass  which  conducts  electricity 
(Schafarik).  When  exposed  warm  to  the  air,  it  glows,  absorbs  oxygen,  and 
is  converted  into  pentoxide.  At  ordinary  temperatures,  it  slowly  absorbs  oxygen, 
and  is  converted  into  tetroxide.  By  ignition  in  chlorine-gas  it  is  converted  into 
vanadyl-trichloi'ido  and  vanadium-pentoxide.  It  is  insoluble  in  acids,  but  may  be 
obtained  in  solution  by  the  reducing  action  of  nascent  hydrogen  evolved  from  metallic 
magnesium  on  a  solution  of  vanadic  acid  in  sulphuric  acid.  100  pts.  of  vanadium- 
pentoxide  were  found  to  lose,  on  reduction  with  magnesium,  17'7  per  cent,  oxygen  ;  the 
calculated  loss,  on  reduction  to  V-0^  is  17'6  per  cent.  Solutions  of  vanadium-trioxide 
may  also  be  obtained  liy  partial  oxidation  of  tlie  lavender-coloured  solution  of  the  di- 
oxide (R  OS  coo).  According  to  Schafarik,  vanadium-trioxide  unites  with  acids,  forming 
salts  (which  may  be  called  hypo  vanadic  salts),  red  in  the  anhydrous,  and  green 
in  the  hydrated  state.  When  the  tetroxide  or  pentoxide  is  ignited  in  a  glass-tube  in  a 
stream  of  hydrogen,  the  glass  acquires  a  red  colour,  in  consequence  of  the  formation  of 
hypovanadic  silicate. 

Vanadium-tetroxide,  V^O*.  Vanadious  Oxide  or  Anhydride.  (Berzelius's 
vanadic  oxide.) — Tliis  oxide  is  produced,  either  by  the  oxidation  of  the  dioxide  or  tri- 
oxide,  or  by  the  partial  reduction  of  the  pentoxide.  By  allowing  the  trioxide  to 
absorb  oxygen  at  ordinary  temperatures,  the  tetroxide  is  obtained  in  blue  shining 
crystals.  It  dissolves  in  acids,  tlie  more  easily  in  proportion  as  it  has  been  less 
strongly  ignited,  forming  solutions  of  vanadious  salts,  which  have  a  bright-blue 
colour.  The  same  solutions  are  produced  by  the  action  of  moderate  reducing  agents, 
such  as  sulphurous,  sulphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solution  ;  also  by 
passing  air  through  acid  solutions  of  the  dioxide  till  a  permanent  blue  colour  is  attained. 
100  pts.  of  vanadium-pentoxide,  reduced  with  sulphurous  or  sulphydric  acid,  lose 
9'03  per  cent. ;  the  calculated  loss  on  reduction  to  the  tetroxide  is  8'75  per  cent. 
(Eoscoe.) 

The  principal  reactions  of  vanadious  salts  have  been  already  mentioned  (p.  985). 
The  solutions  treated  with  alkaline  carbonates,  yield  a  precipitate  of  vanadious  hy- 
drate, which,  when  dried  out  of  contact  with  the  air,  is  neutral,  has  a  grey  colour,  and 
is  insoluble  in  water.  It  oxidises  readily  in  contact  with  the  air,  acquiring  a  brown 
colour  and  acid  reaction,  and  imparting  a  green  colour  to  water.  It  dissolves  easily  in 
acids,  and,  when  ignited,  leaves  the  anhydrous  tetroxide. 

Vanadious  phosphate  and  sulphate  have  been  obtained  in  definite  crystals  (iv.  586  ; 
^•617). 

Vanadium-tetroxide  also  unites  with  the  more  basic  metallic  oxides,  forming  salts 
called  vanadites.  Those  of  the  alkali-metals  are  sohxble  in  water,  and  are  formed 
by  dissolving  the  tetroxide  or  the  corresponding  hydrate  in  caustic  alkalis;  the  rest 
are  insoluble  and  are  obtained  by  precipitation. — The  avimoninm-saU  is  likewise  pro- 
duced by  adding  ammonia  to  awarm  solution  of  a  vanadious  salt  (the  sulpliate,  for  exam- 
ple), till  the  resulting  precipitate  redissolves  with  black-brown  colour.  Tliis  solution, 
if  left  to  itself  in  a  well-closed  vessel,  deposits  vaiiadite  of  ammonium  on  cooling,  as  a 
brown  crystalline  powder,  the  liquid  then  becoming  colourless.  Tlie  salt  dissolves  in 
pure  water,  forming  a  brown  solution,  from  which  it  is  precipitated  by  ammonia. — The 
]}otassium-scdt,  prepared  in  a  similar  manner,  forms  brown  shining  crystals. 

The  insoluble  vanadites  have  been  but  little  examined. — The  manganous  salt  is  a 
brown  powder,  which,  when  exposed  to  the  air  in  the  moist  state,  oxidises  to  man- 
ganous vanadate. — The  mcmiric  salt  is  thrown  down,  together  with  chloride  of  dimer- 
curammoniuni  (white  precipitate.),  on  adding  ammonia  to  a  sohition  of  mercuric 
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clilurlde  iiiixod  with  a  vanadoiis  salt.  Tho  precipitate,  when  ignited,  leaves  vanadium- 
ictroxide,  still  retaining  a  small  quantity  of  mercimc  oxide. 

Vanadium-pentoxide,  V'O^.  Vanadic  Oxide.  Vanadic  Anhydride.  Anhydrous 
]'(tnadic  Acid. — This  is  tho  highest  oxide  of  vanadium.  It  is  prepared  by  igniting 
vanadate  of  ammonium  in  an  open  platinum-crucible;  when  cold,  it  has  a  rusty-yellow 
colour,  lighter  in  proportion  as  tho  oxide  is  more  finely  divided. — The  pentoxide  may 
also  be  obtained  by  dissolving  the  impure  tetroxide  in  strong  sulphuric  acid,  and 
evaporating  the  solution,  Piu-e  vanadic  sulphate,  V-0^2S0^.H'-0  (p.  617 — there 
called  "  basic  vanadic  sulphate,"  and  represented  by  the  formula  V0^.2S0^),  then  remains 
as  a  light,  orange-coloured,  sandy  powder,  which,  on  ignition,  leaves  tho  pure  pentoxide 
(Fritzsche,  J.  pr.  Chem.  liii.  93). — Very  pure  vanadium-pentoxide  is  likewise 
obtained  by  decomposing  vanadyl-tricliloride  with  water  (Sehafarik) : 
2V0CP  +  ZWO    =    V-0=  6HC1. 

Pure  vanadium-pentoxide  has  a  more  or  less  reddish-yellow  colour:  it  is  tastoles.<?, 
rcddeus  moistened  litmus-paper,  and  dissolves  in  1,000  pts.  of  water,  forming  a  light- 
yellow  solution.  When  heated,  it  melts  without  decomposition,  if  kept  from  contact 
with  deoxidising  substances ;  and  the  red  liquid  crystallises  on  cooling,  becoming 
incandescent  at  the  moment  of  solidification,  in  consequence  of  the  heat  then  suddenly 
evolved.  The  solidified  mass  is  yellowish-red,  and  according  to  Nordonskjold 
(Pogg.  Ann.  cxii.  160),  contains  more  or  less  distinct  rhombic  crystals. 

Vanadium-pentoxide  is  not  altered  by  simple  ignition,  but  is  easily  reduced  by 
lieatiiig  with  potassium,  charcoal,  hydrogen,  carburetted  hydrogen,  organic  substances, 
&c.  In  solution,  it  is  also  easily  reduced  by  sulphurous  or  sulphydric  acid,  and  even 
by  nitrous  acid  ;  also  by  stannous  salts,  and  by  sugar,  alcohol,  and  other  organic  suli- 
stances,  the  colour  of  the  solution  then  changing  from  red  or  yellow  to  green  and 
blue.  Tho  solution  of  tho  acid  in  hydrochloric  acid  gives  oiT  chlorine  when  evaporated  ; 
tincture  of  galls  colours  tho  solution  of  vanadic  acid  black,  on  standing,  in  consequence 
of  reduction. 

I'avadic  Hydrate  or  Vanadic  Acid,  ffO.V^O^  +  aq.  or  2HV0'.H'0,  is  ob- 
tained, by  treating  a  somewhat  concentrated  solution  of  an  anhydrovanadate  of 
alkali-metal  with  nitric  acid,  as  a  bulky  floeculent  precipitate,  which  dries  up  in  tho 
air  to  a  light  brown-red  powder  having  the  compositiou  just  mentioned.  It  gives  oft' 
1  at.  water  over  oil  of  vitriol,  and  wlien  dried  by  heat,  forms  solid  lumps,  having  a 
conchoi'dal  fracture. 

Vanadium-pentoxide  dissolves  in  the  stronger  acids,  forming  red  or  yellow  solutions, 
which  are  partly  decolorised  by  boiling  and  evaporation,  especially  when  they  contain 
excess  of  vanadium  ;  many  of  these  solutions  yield  crystalline  compounds  by  spon- 
taneous evaporation.  (See  Puosphatovanadic  Acid,  iv.  686 ;  and  Sulphates  of 
Vanadium,  v.  617).  Alkalis  added  to  tho  solutions,  form  precipitates  soluble  in 
excess.    The  solutions  are  easily  reduced  by  oxidi  sable  substances. 

Vanadates. — Vanadium-pentoxide  unites  with  bases  much  more  re.adily  than 
with  acids.  When  fused  with  alkahne  carbonates,  it  eliminates  3  at.  carbonic  anhy- 
dride, forming  ortliovanadates,  analogous  to  the  orthophosphates,  e.g.: 

3(Na-0.C0-)  -I-  V=0^    =    SNa'O.V^O'*  -f  300^. 

It  also  forms  motavanadates,  analogous  to  the  mctaphosphates,  and  two  series  of 
acid  vanadates  or  anhydrovanadates,  viz. : 

Ortliovanadates,  M^VO'    =     ^^^^^  1 0'        =  SM-O.V^O^* 

Met-iivanadates,  MVO'     =  1 0-       =  M'-O.V^O^ 

Divanadates,  M=V^O"  =  2MVO^.V=05  =  M20.2V0'. 
Trivanadates,  M»V«0"^     =    2MV0^2V-'0*    =  M'-'0.3V20\ 

Metavauadate  of  lead  occurs  native,  as  Bcchcnite  ;  tlie  orthovaiiadate  .also,  combined 
with  lead-chloride,  as  Vanadinitc.  Descloizife  is  a  diplumbic  vanadate,  Pb^V-O'  = 
2PbO.V-0',  analogous  in  composition  to  a  pyroplwsphato. 

The  metavanadates  are  mostly  yellow;  some  of  them  however,  especially  those  of 
the  alkaline  earth-metals,  and  of  zinc,  cadmium,  and  lead,  are  converted  by  warming 
— either  in  the  solid  state,  or  under  water,  or  in  aqueous  solution,  ospoci.ally  in  jsresence 
of  a  free  alkali  or  alkaline  carbonate — into  isomeric  colourless  salts.  The  same 
transformation  takes  place  also,  though  more  slowly,  at  ordinary  temperatures.  The 
metavanadates  of  alk.ali-metal  arc  colourless.  The  acid  vanadates  are  yellow,  or 
yellowish-red,  both  in  the  solid  state  and  in  solution;  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-jed  on  addition  of  .an  acid.     The  metavanadates  of 
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ammonium,  the  alkali-metals,  barium,  and  lead  are  but  sparingly  soluble  in  water, 
the  other  metavanadates  are  more  soluble.  The  alkaline  vanadates  are  more  soluble 
in  pure  water  than  in  water  containing  free  alkali  or  salt ;  hence  they  are  precipi- 
tated from  their  solution,  by  addition  of  alkali  in  excess,  or  of  salts.  The  vanadates 
are  insoluble  in  alcohol.  The  aqueous  solutions  of  vanadates  form  yellow  precipitates 
with  antimony-,  capper-,  lead-,  and  merciiry-saXts  ;  with  tincture  of  galls,  they  form  a 
deep  black  liquid. 

Vanadates  containing  fixed  bases  are  not  decomposed  by  ignition  ;  strong  acids 
turn  their  solutions  red,  md  when  added  in  excess,  often  throw  down  very  acid  salts. 
From  concentrated  solutions  of  acid  vanadates,  7iitric  acid  throws  down  a  bulky  brown 
precipitate  of  vanadic  acid,  retaining  a  small  quantity  of  the  base. — Hydrochloric  acid 
decomposes  the  vanadates,  with  evolution  of  chlorine  and  formation  of  vanadiuin- 
tetroxide. — Acetic  acid,  in  excess,  takes  away  part  of  the  base  from  neutral  vanadates, 
converting  them  into  di-  and  tri-vanadates. — Suliihtiroiis  acid,  cdcohol,  and  other 
reducing  agents,  colour  the  acid  solutions  blue,  by  formation  of  vanadium-tetroxide. 

The  vanadates  have  been  examined  chiefly  by  B erze  lius,  and  more  recently  by 
V.  Hauer  (J.  pr.  Chem.  Ixix.  38.5;  Ixxvi.  156,929;  Ixxx.  324),  and  Czudnowicz 
(Pogg.  Ann.  cxx.  17;  Jahresb.  1863,  p.  221);  their  crystalline  forms  by  Grailich 
{Krystallographische  TJntcrsuchungen,  Wien  u.  Olmiitz,  1858,  p.  3). 

Vanadates  of  Ammonium. — The  mctavanadate,  (NH*)VO^  is  obtained  by 
adding  an  excess  of  ammonia  to  the  reddish-yellow  acid  solution  of  vanadic  acid  in 
ammonia,  then  warming  it  and  leaving  it  to  evaporate,  or  mixing  it  with  alcohol ;  also 
by  placing  a  lump  of  sal-ammoniac,  more  than  suf&cient  for  satxu'ation,  in  a  solution 
of  potassium-  or  sodium-vanadate  (p.  985).  It  separates  in  colourless,  transparent, 
crystalline  crusts,  which  dissolve  slowly  in  cold  water,  forming  a  colourless  liquid ; 
quickly  in  boilingwater,  forming  a  yellow  solution.  It  is  decomposed  by  heat,  leaving 
vanadium-pentoxide  when  heated  in  contact  with  the  air.  Its  solution  forms,  with 
tincture  of  galls,  a  deep  black  liquid,  which  may  be  used  as  an  insoluble  ink.  Alkalis 
do  not  act  upon  it  ;  acids  colour  it  blue  ;  chlorine  destroys  the  black  colour,  but  the 
ink  does  not  fade  spontaneously  (Berzelius). —  Yellow  mctavanadate. — The  yellow 
solution  of  vanadic  acid  in  ammonia  mixed  with  excess  of  ammonia,  and  left  to 
evaporate  without  warming,  yields  lemon-yellow  indistinct  crystals,  which  dissolve  in 
water  with  the  same  colour,  and  are  reprecipitated  therefrom  by  alcohol. 

The  divanadate,  2(NH')VO».V'^0\4H20  or  (NH')20.2V20^4ffO,  is  obtained  by 
saturating  warm  aqueous  ammonia  with  vanadic  acid,  and  leaving  it  to  evaporate ; 
Or  by  mixing  a  boiling  solution  of  the  metavanadate,  gradually  and  with  agitation, 
with  acetic  acid,  tiU  the  precipitate  redissolves.  The  yellowish-red  liquid,  on  cooling, 
deposits  the  salt  in  large,  transparent,  orange-red  crystals,  which  dissolve  in  water, 
and  are  precipitated  by  alcohol  as  a  lemon-yellow  powder. — This  trivanadate, 
(NH<)VO='.V'0\3H20  or  (NH')=0.3V^0^6H=0,  is  obtained  by  repeated  crystallisa- 
tion of  the  diacid  salt  from  water  containing  acetic  acid.  It  forms  large  splendid 
red  crystals,  which  are  permanent  in  the  air,  more  soluble  in  water  than  the  preceding 
salt,  but  give  off  water  and  ammonia  at  a  moderate  heat.    (v.  Hauer.) 

Vanadates  of  Bariiun. — The  metavanadate,  Ba"(VO^)^.H-0,  is  obtained,  by 
double  decomposition,  as  a  yellow  gelatinous  precipitate,  which  turns  white  slowly  in 
the  cold,  immediately  when  heated.  The  white  and  yellow  salts,  which  have  the  samo 
composition,  dissolve  sparingly  in  water,  eacli  with  its  own  colour,  and  the  solution, 
when  left  to  evaporate,  deposits  the  salt  in  white  crystalline  grains.  It  dissolves  with 
red  colour  in  strong  sulphuric  acid.  When  heated,  it  gives  off  water,  and  turns  yellow, 
but  becomes  white  again  on  cooling.  At  a  red  heat,  it  melts  to  a  yellow-brown  trans- 
parent mass.  It  is  completely  decomposed  by  fusion  with  acid  sulphate  of  potassium. 
— The  divanadate,  Ba"(VO'')*.V-0^,  separates  by  spontaneous  evaporation,  from  a  solu- 
tion of  potassium-divanatlate  mixed  with  chloride  of  barium,  in  orange-yellow  prisms, 
or  on  addition  of  alcohol,  in  shining  lemon-yellow  scales,  slightly  soluble  in  water. — 
Another  acid  «a«,  3Ba0.5V'OM9H^O  =  3Ba(VO')'^.2V20M9ffO,  is  obtained  by 
dropping  chloride  of  barium  into  a  warm  solution  of  the  divanadate,  and  then  adding 
acetic  acid  till  the  precipitate  redissolves.  The  solution,  on  cooling,  deposits  the  salt 
in  reddish-yellow,  shining,  oblique  prisms,    (v.  Hauer.) 

A  so-called  basic  salt  (?  the  orthovanadate)  is  formed,  on  mixing  the  solution  of 
thp  metavanadate  with  baryta-water,  as  a  yellow  precipitate,  which  after  a  while  turns 
white. 

Vanadates  of  Calcium. — The  mctavanadate  is  obtained,  by  slow  evaporation  of 
ammonium-vanadate  mixed  with  calcium-chloride,  in  white  or  yellowish  crystalline 
crusts ;  it  is  moderately  soluble  in  water  (more  solublet.han  the  strontium- salt),  and  is 
precipitated  by  alcohol. — The  acid  salt  forms  large,  orange-red,  non-efSorescent  crys- 
tals, easily  soluble  in  water. — A  basic  salt  (?  orthovanadate)  is  said  to  be  obtained  by 
mixing  the  solution  of  the  metavanadate  with  lime-water. 
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Vanadates  of  Copper. —  Cupric  mctavanadatc  separates,  as  a  yellow  precipitate, 
on  adding  alcohol  to  a  mixture  of  a  cupric  salt  and  potassium-metavanadate. — An  acid 
salt  separates,  as  a  yellow  crystalline  crust,  from  a  solution  of  acid  potassium-vanadate 
mixed  with  cupric  sulphate. 

Cupric  ort/iovanadatc  occurs  native  in  volborth  ite,  a  mineral  found  at  Friedrichs- 
Tode  in  the  Thuringian  Forest,  and  at  Syssersk  and  Nischne-Tagilsk  in  Eussia.  The 
mineral  from  Friedrichsrode  contains,  according  to  Credner's  analysis  (Pogg.  Ann. 
Ixxix.  546),  39-02  per  cent.  V=0\  38-27  CuO,  16-62  CaO,  and  5-05  water,  together 
with  0-92  MgO,  0-52  MnO,  and  0-76  insoluble  matter,  agreeing  nearly  with  the  formula 
(Cu;Ca)'(VO')-.(Cu;Ca)II'0' ;  that  from  Kussia  appears  to  be  similarly  constituted, 
but  to  contain  only  copper  without  calcium  ;  but  it  has  not  been  analysed.  The  specific 
gravity  of  the  Thuringian  mineral  is  3-495  ;  that  of  the  Russian,  3-55.  Hardness  = 
3.  Both  minerals  form  small  six-sided  tables,  spherical,  radiate,  graniilo-laminar  or 
scaly  lumps,  or  earthy  deposits,  having  an  olive-green,  grass-green,  siskin-green,  or 
lemon-yellow  colour,  vitreous  and  nacreous  lustre,  and  yellow  or  greenish-yellow  to 
greyish  streak.    The  mineral  is  soluble  in  nitric  acid. 

Vanadates  of  Lead. — The  mctavanadate,  Pb(VO^)'',  occurs  native  as  dechenite 
(ii.  308).  It  is  also  obtained  by  precipitating  either  the  motavanadate  or  acid  vana- 
date of  potassium  with  acetate  of  lead.  It  dissolves  slightly  with  yellow  colour  in 
■water,  easily  in  dilute  nitric  acid  ;  when  it  is  heated  with  strong  nitric  acid,  a  brown 
substance  separates,  probably  consisting  of  a  lead-vanadate  containing  a  very  large 
excess  of  acid.  The  mctavanadate  is  not  decomposed  by  boiling  with  aqueous  carbonate 
of  potassium,  and  not  completely  by  boiling  with  strong  sulphuric  acid  ;  but  fusion  with 
acid  sulphate  of  potassium  decomposes  it  perfectly. — The  ditmiadate,  Fh(VO^)-.Y''0'', 
is  obtained  by  precipitating  the  acid  potassium-salt  with  nitrate  of  lead,  as  an  orange- 
yellow  precipitate,  slightly  soluble,  with  yellow  colour,  in  water. 

A  diplwmbic  vanadate  (pyrovanadato),  Pb'V'O'  =  2PbO.'V"-'0^  occurs  native  as 
descloizite. 

The  iriphmhic  salt,  or  orthomnndate,  occurs  native  in  combination  with  chloride  of 
load,  as  vanadinito  or  vanadite,  PbCl-'.SPb^VO^  a  mineral  occurring  atZimapan 
in  Mexico,  in  the  county  of  Wieklow  In  Ireland,  at  Wanlockhead  in  Scotland,  at  Windisch- 
kappel  in  Carinthia,  and  at  Beresowsk  in  the  Ural,  In  crystals  belonging  to  the  hexa- 
gonal system,  isomorphous  with  pyromorphite  and  mimetesite.  The  crystals  usually 
exhibit  the  combination  of  the  hexagonal  prism,  ooP  with  the  basal  face  oP  and  the 
hexagonal  pyramid  P,  having  the  angle  P  :  P  in  the  terminal  edges  =  143°.  It  also 
forms  kidney-shaped  lumps,  with  fusiform  to  fibrous  separation.  Colour  yellow  to 
brown.  Lustre  waxy  to  adamantine.  Transparent  to  translucent  on  the  edges  only. 
Hardness  =  3.  Specific  gravity  =  6-8  to  7-2  It  dissolves  in  nitric  acid,  forming  a 
yellow  solution,  any  undissolved  portion  becoming  covered  with  a  red  deposit  of  vana- 
dium-pentoxide. 

Analyses  : — a.  From  Zimapan  (Berzelius). — h.  From  Wieklow  in  Ireland  (Thom- 
son, Outlines, \.  574).- — c.  From  Windischkappel :  crystallised;  specific  gravity  =  6-886 
(Rammel  sberg,  Pogg.  Ann.  xcvili.  249). — d.  From  Beresowsk:  brown  crusts  on  crys- 
tallised pyromorphite;  specific  gravity  =  6-863  (Struve,  Verb.  d.  min.  Ges.  zu 
Petersburg,  1857) : 

a.  b,  c.  d. 


Chlorine     ....    2-56       2-44       2-23  2  46 

Vanadiiim-pentoxide   .       ...      23-43      17-41  16-98  14-54 

Phosphoric  pentoxido                                       0-95  3-08  2-79 

Lead-oxide  ....  76-54      73-94     76-70  79-47  78-88 

9T-29  101-99  ' 

A  cupricnplumbie  vanadate  called  chilci  to,  occurring  as  an  amorphous  brown  sub- 
stance in  cavities  of  the  massive  pyromorphite  of  Mina  Grande  in  Chile,  was  found  by 
■Domcyko  (Ann.  Min  [4],  xiv.  145)  to  contain  15-21  percent.  V^O*,  5-26  As'0«, 
0-72  F-0\  60-56  PbO,  17  88  CuO.  and  0-37  PbCP,  which  may  be  n-prcsentod,  approxi- 
mately, by  the  formula  (Pb;Cu)^(V0')-.3(Pb;Cu)0,  the  vanadium  being  partly  replaced 
by  arsenic  and  phosphorus. 

Vanadates  of  Lithium. — The  mctavanadate  crystallises  from  concentrated  solu- 
tions, in  radiate  groups  of  slender  colourless  needles,  easil}-  soluble  in  water. — The  acid 
salt  forms  large  rod  efflorescent  crystals,  resembling  acid  chromato  of  potassium,  easily 
soluble  in  water  and  not  completely  precipitated  by  alcohol. 

Vanadates  of  Tot  a  ssium. — The  mctavanadate,  KVO'  or  K-0.\"OS  disolves 
slowly  in  cold,  easily  in  boiling  water,  with  difficulty  In  water  containing  potash.  The 
solution  yields,  by  spontaneous  evaporation,  a  syrup  which  dries  up  to  a  white  earthy 
mass,  melting  when  heated  to  a  transparent  yellow  liquid,  and  becoming  white  again  on 
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cooling.— The  acid  sah,  2KVO'.V«0-'.3H^O,  or  K''0.2V20^3H20,  is  obtained  by 
fusing  the  metavanadate  with  vanadiiim-pentoxide,  or  by  boiling  it  with  addition  of 
water.  It  forms  broad,  reddish-yellow,  crystalline  laminae,  slightly  soluble  in  cold, 
abundantly  in  boiling  water.  The  crystals,  when  heated,  give  off  their  water,  and 
tvirn  brick-red  ;  the  dry  salt  is  easily  fusible,  and  forms  a  yellow  mass  on  cooling.  The 
salt  is  partially  decomposed  by  boiling  with  a  small  quantity  of  water,  metavanadate 
and  divanadate  dissolving,  and  a  more  acid  salt  remaining  behind.  On  mixing  a  cold 
concentrated  solution  of  the  divanadate  with  caustic  potash,  the  divanadate  partly 
separates  unaltered;  but  if  the  two  solutions  are  mixed  hot,  metavanadate  is  produced. 

Vanadates  of  Silver. — The  7nctavanadate  is  a  gelatinous,  yellowish,  or  whitish 
precipitate,  soluble  in  nitric  acid  and  in  very  dilute  ammonia,  and  precipitated  from 
the  latter  solution  by  concentrated  ammonia.  It  is  not  completely  decomposed  by 
hydrochloric  acid. — The  acid  salt  is  yellowish-red,  slightly  soluble  in  water,  easily 
soluble  in  nitric  acid  and  in  very  dilute  ammonia.  It  melts  below  a  red  heat,  and  crys- 
tallises on  cooling.  The  ammoniacal  solution  yields,  by  evaporation,  crystals  of  ammo- 
nio-argentio  vanadate. 

Vanadates  of  Sodium. — The  metavanadate  resembles  the  potassium-salt. — The 
divanadate,  2NaVO^V20^9H■-'0  =  ]Sra20.2V20^9H■■'0,  is  prepared  like  the  corre- 
sponding potassium-salt,  and  separates,  by  spontaneous  evaporation,  in  large  crystals  of 
a  splendid  orange-red  colour.  It  is  but  slightly  soluble  in  water,  even  at  the  boiling 
heat :  nevertheless,  1  pt.  of  it  imparts  a  distinct  yellow  colour  to  200,000  pts.  of  water 
It  effloresces  in  dry  air,  acquiring  a  rusty- brown  colour,  melts  at  an  incipient  red  heat, 
and  forms,  on  cooling,  a  shining,  amorphous,  vamish-like  mass  of  a  dark-red  colour. 

A  'phosphatovanadate  of  sodium  is  obtained  by  heating  a  mixture  of  vanadic  and 
sodic  phosphates  with  nitric  acid. 

Vanadates  of  Strontium. — The  metavanadate,  Sv(VO^)'',  is  gradually  precipi- 
tated by  chloride  of  strontium  from  metavanadate  of  ammonium,  in  white  crystalline 
grains.  It  is  more  soluble  than  the  barium-salt.  The  solution,  mixed  with  strontia- 
water,  forms,  after  some  time,  a  yellow  precipitate,  which  afterwards  turns  white  (pro- 
bably the  orthovanadate).— The  divanadate,  Sr(VO')^V20^9H■-'0  =  Sr0.2V20^9H20, 
separates  on  cooling  from  a  hot  very  strong  solution  of  sodium-divanadate  mixed  with 
chloride  of  strontium,  in  shining  orange-red  crystals,  having  the  form  of  sodium-diva- 
nadate. It  is  not  very  soluble  in  water,  but  more  soluble  than  the  barium-salt.  The 
crystals  do  not  effloresce  even  in  dry  air. — The  trivanadatc,  Sr(VO')^.2V-'OM4H-0  = 
Sr0.3V-'0''.14H'^0,  is  prepared  by  mixing  a  solution  of  an  alkaline  divanadate  with 
acetic  acid  and  strontium-chloride,  and  heating  the  liquid  nearly  to  the  boiling-point. 
A  straw-yellow  basic  salt  is  then  deposited,  and  the  deep-red  filtrate  evaporated  over 
oil  of  vitriol  yields  crystals  of  the  trivanadate.  By  recrystallisation,  witli  addition  of 
a  large  quantity  of  free  acetic  acid,  it  is  obtained  pure,  in  large,  red,  diclinic  crystals, 
exhibiting  a  golden-yellow  surface-lustre  by  reflected  light.  They  are  permanent  in 
the  air,  give  off  8  at.  water  at  100°,  turn  yellow,  and  melt  at  a  low  red  heat  to  a  dark- 
red  liquid  which  solidifies  to  a  crystalline  mass  on  cooling.  The  salt  dissolves  easily, 
and  without  decomposition,  in  water,  on  addition  of  acetic  acid.  (v.  Hauer,  J.  pr. 
Chem.  Ixxvi.  156.) 

Vanadates  of  Vanadium. — Several  oxides  of  vanadium,  intermediate  in  com- 
position between  the  tetroxide  and  pentoxide,  and  perhaps  consisting  of  compounds  of 
the  two,  are  described  by  Berzelius.  They  are  produced  by  direct  oxidation  of  the 
tetroxide,  or  by  mixing  vanadious  salts  with  vanadates  in  various  proportions.  Thi; 
compounds  thus  characterised  are : — 1 .  A  purple  oxide,  formed  when  vanadious  hydratu 
is  left  for  twenty-four  hours  in  a  vessel  not  perfectly  closed ;  2.  A  green  oxide  con- 
taining V-0-.2V^0^ ;  3.  A  yellow-green  oxide,  V''0'''.4V'^0* ;  and  4.  An  orange-yelloMr 
oxide.    (See  Gmelin's  Handbook,  iv.  84.) 

The  remaining  vanadates  have  not  been  examined  with  sufficient  exactness  to  rendf  r 
special  description  necessary. 

VAie-ASXUnX,  OXYBROIVIXSX:  of,  orVAIO'ADlfX.-BROBZZSE.yOBr^-- 

This  compound  (regarded  by  Schafarik,  who  discovered  it,  as  tribromide  of  vanadium, 
VBr^),  is  formed,  like  the  corresponding  oxychloride,  by  igniting  a  mixture  of  vanii.- 
dium-tetroxideand  charcoal  in  bromine-vapour.  It  forms  needle-shaped  crystals,  having 
a  dark-brown  colour  and  blue  metallic  iridescence.  (Schafarik.) 

VAWASXtriVI,  OX'SrCBZiORZSSS  or.— a.  Vanadium-oxytrichloride,ov 
Vanadyl-trichloride,  NOCV  (usually  regarded  as  vanadium-trichloride),  is  pre- 
pared: (o).  By  the  action  of  chlorine  on  vanadium-trioxide  : 

3V=^0'  +  6CP    =    V^O^  +  4V0C1'. 
(/3.)  By  burning  the  dioxide  (Berzelius's  metal)  in  chlorine-gas,  at  a  red  heat,  a 
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grconish-ycllow  vapour  being  thoii  formed,  which  condenses  to  a  liqiiid. — (7.)  By  passing 
chlorinc-g;is  over  an  ignited  mixture  of  the  trioxide,  tetroxidc,  or  pentoxiJe  of  vana- 
dium, with  charcoal,  and  condensing  the  resulting  vapours  iu  a  cooled  U-tube.  Tlie 
liquid  is  freed  from  excess  of  chlorine  by  passing  dry  air  through  it,  or  by  rectifying 
it  over  mercury. 

Vanadyl-trichloride  is  a  golden-yellow  liquid,  of  specific  gravity  1'764  at  20°, 
(Seliafari ii),  1'841  at  14-5"  (Eoscoo).  Boiling-point  127".  Vapour-density  = 
6-41  (Schafarik),  6-108  (Koscoe) ;  calc.  (2  vols.)  =  6-119.  When  expcsed  to  the 
air,  it  emits  cinnabar-coloured  vapours,  being  resolved  by  the  moisture  of  the  air  into 
liydrocliloric  and  vanadic  acids.  With  a  small  quantity  of  water,  it  becomes  turbid, 
from  separation  of  vanadic  acid ;  with  a  larger  quantity,  it  forms  a  clear  pale-yellow 
solution,  which  when  left  to  itself  for  some  time,  or  more  quickly  when  heated,  gives 
off  chlorine,  turns  green  or  blue,  and  then  contains  vanadium-tetracliloride,  or  the  cor- 
responding oxide,  or  vanadyl-dicidoride.  The  same  effects  are  produced  on  dissolving 
vanadyl-trichloride  in  hydrochloric  acid.  The  recently  prepared  solution  in  hydro- 
chloric acid  dissolves  gold.  Vanadyl-trichloride  dissolves  also  in  alcohol,  the  solution, 
however,  being  quickly  reduced  to  a  lower  chloride.  (Schafarik.) 

The  following  experiments  show  that  this  compound  contains  oxygen  : — ( 1 .)  The 
vapour,  passetl  over  perfectly  pure  cai-ljon  at  a  red  heat,  yields  carbonic  anhydride. — 
(2.)  It  oxidises  magnesium,  converting  it  into  magnesia. — (3.)  It  converts  sodium  into 
caustic  soda. — (4.)  Its  vapoiu-  passed,  together  with  hydrogen,  through  a  red-hot  tube, 
yields  vanadium-trioxide.  (Eoscoe.) 

^.  Vanadium-oxydichlvride,  or  Vanadyl-dichloridc,  VOCl*. — This  compound,  obtained 
by  the  action  of  zinc  on  vanadyl-trichloride  at  400°  in  scaled  tubes,  is  a  light- 
green  crystalline  solid,  having  a  specific  gravity  of  2-88,  insoluble  in  water,  deli- 
quescing on  long  exposure  to  the  air,  easily  soluble  in  acids.  (Eoscoe.) 

7.  Vanadium-vxymmochloride,  or  Yanadyl-inonochloridc,  VOCl,  formed  by  the  action 
of  hydrogen  upon  vanadyl-trichloride  at  a  red  heat,  is  a  brown,  light,  powdery  solid, 
insoluble  in  water,  but  easily  soluble  in  acids.  (Eoscoe.) 

8.  Bimnadyl-monocldoridCjY ■0-C\,  is  also  formed  by  the  action  of  hydrogen  at  a 
red  heat.  It  is  easily  separated  from  the  preceding  compound,  as  it  is  a  heavy, 
shining,  metallic  powder,  resembling  mosaic  gold.  (Eoscoe.) 

VAN-ADXirni,  SUXiPBISXSS  or.  Two  vanadium-sulphides  are  known,  cor- 
responding to  tlic  tetroxide  and  pentoxide. 

The  ictrasulpliidc  or  Vanadious  sulphide,  V-'S\  is  produced  by  heating  tlie  tetroxide 
to  redness  in  a  stream  of  sulphydric  acid  gas.  It  is  bhick,  very  friable,  of  sp.  gr. 
4-70,  insoluble  in  water,  aqueous  alkalis,  and  sulphides  of  alkali-metal,  not  altered 
by  hydrochloric  or  sulphuric  acid,  but  converted  by  nitric  acid  into  vanadious  sulphate. 
When  heated  in  the  air,  it  bui-ns,  producing  snlpliurous  and  vanadic  anhydrides. 

Hi/dratcd  vanaditms  nulphidc  is  obtained  by  dissolving  a  vanadious  salt  in  excess  of 
an  alkaline  monosulphidc,  and  precipitating  with  hydrochloric  acid.  The  precipitate 
is  bi-own  at  first,  but  becomes  black,  without  decomposition,  on  wasliing  and  drying. 

Vanadious  sulphide  unites  with  basic  metallic  sulphides,  forming  salts  called 
sulpho  vanadi  t  es.  Those  of  the  alkali-nietals  are  obtained  by  dissolving  the 
hydrated  sulphide  in  monosulphidc  of  ammonium,  &c.,  or  by  treating  a  vanadite  with 
excess  of  sulphydric  acid.  These  sulphosalts  are  black  in  the  di-y  state,  jaurple-brown 
in  solution  (like  the  permanganates).  The  other  sulphovanadites  are  insoluble  in 
water,  and  are  obtained  by  precipitation.  (Berzelius.) 

Pintasuljihidc  of  Vanadium,  or  Vanadic  sulphide,  V'S^,  cannot  be  formed  in  the  dry 
way,  but  is  obtained  by  dissolving  the  pentoxide,  or  an  alkaline  vanadate,  in  excess  of 
alkaline  monosulphidc,  and  precipitating  with  hydrochloric  acid.  It  is  brown  when 
moist,  black  in  the  dry  state,  but  yields  a  brown  powder.  AVhen  heated  in  a  retort, 
it  is  resolved  in  sulphur  and  the  tetrasulphide  ;  by  heating  in  the  air,  it  is  oxidised  to 
sulphurous  and  vanadic  anliydrides.  It  dissolves,  with  red-brown  colour,  in  aqueous 
solutions  of  alkaline  carbonates,  hydi-ates,  and  sulphydrates. 

Vanadic  sulphide  unites  with  basic  metallic  sulphides,  forming  the  sulpho  vana- 
dates. Those  of  the  alkali-metals  arc  soluble  in  water,  and  are  obtained  by  dissolving 
vanadium-pentoxide  in  excess  of  alkaline  sulphide,  or  by  treating  the  alkaline  vana- 
dates with  excess  of  sulphydric  acid;  in  the  dry  way  also  by  fusing  vanadium-com- 
pounds with  iilkali  and  sulphur. 

The  sulphovanadates  of  alkali-metal  are  brown  in  the  dry  state,  red-brown  in 
solution.  The  aqueous  solution  of  the  piotassiura-salt  gives,  with  alcohol,  a  scarlet 
precipitate,  which  turns  brown  when  washed  with  alcohol. — The  sulphovanadates  of 
barium,  calcium,  and  strontium  may  bo  obtained  as  crystalline  powders,  slightly 
soluble  in  water.  All  the  other  sulphovanadates  are  insoluble  in  water,  and  are 
obtained  by  precipitation.  (Berzelius.) 
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"VA.NA.'D'ZIm.    Syn.  with  Vanaditjm-Monoxide  (p.  987). 

Vi\.Wii.I9irX.-BH.oasiX»]S.    See  Vanadium,  Oxtbkomide  of  (p.  992). 

VAIJil.2JYI.-BICH:iiOSll>E.    Syn.  with  Vanaditjm-Oxychloeide  (p.  993). 

VATSTAD YI,-TRICHI.OaiS>E.    Syn.  with  VanAditjm-Oxytbichloeide  (p.  992). 

VATflliXiA.  Vanille.  Vaniglia. — The  fruit  of  Vanilla  phmifolia,  a  climbing 
orchidaceous  plant  growing  wild  in  Mexico,  Brazil,  and  Guiana,  and  cultivated  in 
Jamaica,  Trinidad,  Mauritius,  Ceylon,  Java,  and  other  tropical  countries.  The  pods, 
which  are  nearly  cylindrical,  five  or  six  inches  long,  and  a  line  or  two  thick,  have  a  very 
pleasant  aromatic  taste  and  smell,  and  are  often  covered  externally  with  white 
shining  crystals  of  vanillin,  which  is  their  principal  constituent.  They  also  contain 
an  iron-greening  tannin,  a  non-drying  fat-oil,  wax,  resin,  &c. 

Vanilla  is  used  for  flavouring  ices,  creams,  chocolate,  &c. ;  also  in  medicine  in  the 
form  of  powder  and  of  alcoholic  tincture. 

VANZXiXiIC  ACXB.    Syn.  with  Vanillin. 

yAWII.l.lW,  C'H^O^  (G  0  bl  ey)  ;  CH^^O"'  (S  t o k k  eb y  e),  the  neutral  odoriferous 
principle  of  vanilla,  was  formerly  mistaken  for  benzoic,  and  afterwards  for  cinnamic 
acid.  It  was  first  recognised  as  a  peculiar  substance  by  Bley  (Jahresb.  1858,  p.  535  ; 
1859,  p.  608),  further  examined  by  Gobley  (J.  Pharm.  [3],  xxxiv.  401  ;  Jahresb. 
1858,  p.  534),  and  afterwards  by  Stokkebye  (Jahresb.  1864,  p.  612),  who  designates 
it  as  vanillic  acid. 

Vanillin  may  be  prepared  by  mixing  the  alcoholic  extract  of  vanilla  with  water  to 
a  syrupy  consistence;  agitating  with  ether,  evaporating,  and  treating  the  residue  with 
boiling  water ;  again  evaporating ;  and  treating  the  resulting  crystals  with  animal 
charcoal  (Gobley).  It  crystallises  in  long,  colourless,  four-sided  prisms,  bevelledat 
the  ends.  It  is  nearly  insoluble  in  cold  water,  moderately  soluble  in  hot  water,  more 
easily  in  alcohol,  ether,  and  volatile  oils.  The  alcoholic  solution  has  a  faint  acid 
reaction.  It  melts  at  76'^  (Gobley),  at  82°  (Stokkebye),  begins  to  sublime  at  150° 
(Gobley),  and  distils  over  with  vapour  of  water  (Stokkebye).  It  dissolves  in 
strong  sulphuric  acid  and  in  caustic  potash.    Nitric  acid  converts  it  into  oxalic  acid. 

VAPOURS,  3>ESrsiT"5r  OP.    See  Specific  Gravity  (p.  365). 

VAPOURS,  S.ATEM-T  HEAT  OF.    See  Heat  (iii.  96). 

VAPOtTR,  TEWSIOIT  OP.    See  Heat  (iii.  81). 

VABEC.  The  name  applied  in  Normandy  to  the  ash  of  seaweed,  used  as  manure 
and  for  the  preparation  of  bromine,  iodine,  and  potassium-salts.  In  Scotland  the  same 
substance  is  called  kelp  (p.  210). 

VARESTTTA-TirxCE.  Succus  varcnTKS. — The  juice  of  Varenna  polystacha,  a 
leguminous  plant  indigenous  in  Mexico.  When  dry,  it  has  a  brownish  vitreous  gloss, 
and  consists  almost  wholly  of  tannin.    (Soubeiran,  J.  Pharm.  [3],  xxviii.  190.) 

VABXOXiAItlA.  A  genus  of  lichens,  several  species  of  which,  viz.  V.  dealbata, 
V.  aspargilla,  V.  orcina,  and  others,  are  used  for  the  preparation  of  archil. —  V.  amara 
contains  a  bitter  substance  called  picrolichenin  (iv.  642). 

VARXOAASIXf.  The  name  applied  by  Eobiquet  to  a  crystalline  body,  which  he 
obtained  from  that  portion  of  the  alcoholic  extract  of  Variolaria  dealbata  which  is 
insoluble  in  water.    It  was  probably  lecanoric  or  orsellic  acid. 

VARXOXiXTE.  A  fine-grained  to  compact  diorite,  enclosing  roundish  lumps  of 
felspar. 

VARXSCXTE.  A  hydrated  aluminic  phosphate,  occurring  in  quartz  and  silicious 
shale  at  Mosbach  in  the  Saxon  Voigtland.  It  contains  small  quantities  of  ferrous 
oxide,  chromic  oxide,  magnesia,  and  ammonia,  and  is  apparently  related  to  turquois 
(iv.  551).  It  is  non-crystalline,  has  an  apple-green  colour,  and  faint  waxy  lustre  ; 
hardness  =  5'0  to  5-5.  Specific  gravity  =  2'34  to  2'38.  (A.  Breithaupt,  J.  pr. 
Chem.  X.  507.) 

VARirxSH.  Vernis.  Firniss.- — A  solution  of  a  resinous  substance  spread  over 
the  surface  of  wood,  metal,  &c.,  and  forming  shining,  transparent,  hard  crusts,  capable 
of  resisting  the  influence  of  air  and  moisture.  The  principal  resins  used  for  making 
varnishes  are  copal,  anime,  mastic,  and  sandaraeh ;  the  solvents  are  spirits  of  wine, 
turpentine-oil,  or  linseed  and  other  drying  oils. 

Crystal  varnish  for  maps,  prints,  drawings,  &c.  is  made  by  dissolving  Canada  bal- 
sam in  the  best  oil  of  turpentine.  (See  Ure's  Diciicnmrt/  of  Arts  and  Manufactures, 
iii.  940.) 

VARVXCXTE.  A  manganese-orefrom  "Warwickshire,  consisting,  according  to  Kam- 
melsberg,  of  MnO^.Mn^O^H^O ;  according  to  Phillips,  of  MnO.SMn^O^H^O  (iii.  813). 
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VASCUtOSS.  A  substanco  constituting,  according  to  FrSmy  (Jiihresb.  1859, 
p.  .538),  the  principal  part  of  the  vessels  of  wooil.  It  is  distinguished  by  its  insolubility 
in  concentrated  acids  and  in  cuprate  of  ammonia,  and  is  prepared  by  treating  wood, 
first  with  dilute  potash-ley,  then  repeatedly  with  hydrochloric  acid,  afterwards  witli 
cuprato  of  ammonia,  and  Anally  with  cold  hydric  sulphate. 

VATEBZA.  V.  indica,  a  tree  growing  in  Malabar,  yields  a  semifluid  resin,  which 
hardens  in  the  air,  and  is  used  for  making  Peynio-varnish. 

VATTGXTEItlTE.  The  name  given  by  Fo urn et  (Annal.  des  Mineral.  [4],  xix. 
149)  to  a  coarse-grained  variety  of  diorite  from  the  gneiss  of  Vaugnoray  (Depart, 
du  Rhone),  rich  in  oligoclase,  blackish-green  hornblende,  and  brown-black  mica. 

VATTQTTE^LXN'E.  A  name  originally  given  by  Pelletier  and  Cavcntou  to  strych- 
nine ;  also  by  Pallas  to  a  crystalline  substance  obtained  from  the  bark  of  the  olive- 
tree. 

VAUQTTEIiXIfflTE.  Native  chromate  of  lead  and  copper.  (See  Chrom.ites,  i.  934. ) 
VEGETABLE  AI^KAXI.    Syn.  with  Potash  (p.  700). 

VECETABXiE  STHXOPS.  A  charcoal  prepared  by  incinerating  common  sea- 
wrack  {Fucus  visicidosus)  in  a  covered  crucible. 

VECETABXiE  ZVORV.  This  name  is  applied  to  the  tagua-nut,  the  fruit  of 
Phyldcplias  macrocarpa,  a  tree  growing  on  the  borders  of  the  Magdalen  river  in  Co- 
lumbia, South  America.  It  contains  about  80  per  cent,  of  woody  fibre,  is  very  hard 
and  compact,  has  the  appearance  of  ivory,  and  may  be  turned  in  the  lathe. 

VECETABXiE  PABCHBXEIO'T.    See  Celltjlose  (i.  819). 

VEGETABIiES,  XTITTRXTXOn'  Or.    See  NUTRITION  OF  Plants  (iv.  162). 

VEinr-STOSrES.  Vluholitcs. — Concretions  found  in  the  veins,  chiefly  of  the 
prlvis,  and  consisting  of  calcic  phosphate  and  carbonate,  with  a  small  quantity  of  mag- 
nesia, and  generally  an  organic  nucleus. 

The  term  veinstone  is  also  applied  to  the  mineral  substances  which  accompany  and 
often  enclose  metallic  ores. 

VEITETIAN'  CHAX.K.    Syn.  with  SxE.iTiTE. 

VEUETIAM'  RED.    A  pigment  formed  of  red  haematite. 

VEHrzCE  TURPESTTXirE.    See  Turpentine  (p.  919). 

VERAN-TXW.  C'^H"'0^  ?  (Schu  nek,  J.  pr.  Chcm.  lix.  474.)— A  .substance  con- 
tained in  madder-root,  whence  it  is  extracted  by  processes  already  described  (pp.  121, 
123).  It  is  a  reddish-brown  amorphous  powder,  like  snuff  or  roasted  coffee.  Boiling 
water  scarcely  dissolves  it,  but  renders  it  soft  and  coherent.  It  is  easily  soluble  in  boil- 
ing alcohol ;  the  solution  reddens  litmus.  It  dissolves  in  alkalis  and  alkaline  carbonates, 
forming  dingy-red  .solutions,  from  which  it  is  prcci-pitatpd  in  brown  flocks  by  acids. 
The  alcoholic  solution  forms  dark-brown  precipitates  with  cupric  and  plumbic  acetates. 
Vorantin  also  forms  a  stannous  Jake,  the  preparation  of  which  is  described  under  Ru- 
iiiAFiN  (p.  121).    Verantin  does  not  impart  any  colour  to  mordanted  fabrics. 

VERATRIC  ACXS.  CTI"'0''. — An  acid  existing  in  sabadilla-seeds  ;  discovered 
by  K.  Merck  in  1839  (Ann.  Ch.  Pharm.  xix.  180),  further  examined  by  Schrotter 
(ihiil.  xxix.  188),  and  by  W.  Merck  (ibid,  cviii.  68).  It  is  prepared  by  exhausting 
sabadilla-seeds  with  alcohol  acidulated  with  sulphuric  acid,  precipitating  the  extract 
with  milk  of  lime,  evaporating  the  filtrate,  mixing  the  clear  solution  of  calcic  vera- 
trate  thus  obtained  with  sulphuric  or  hydrochloric  acid,  and  lea\nng  it  in  a  cold  place. 
Veratric  acid  then  crystallises  out,  and  may  be  purified  by  solution  in  alcohol  and 
treatment  with  animal  charcoal. 

Veratric  acid  crystallises  from  its  alcoholic  solution  by  spontaneous  evaporation,  in 
slender  colourless  spicula^,  or  four-sided  prisms.  It  has  a  slight  acid  reaction  ;  dissolves 
sparingly  in  cold,  more  freely  in  boiling  water;  also  in  alcohol,  especially  when  warm, 
but  is  insoluble  in  ether.  At  100°  the  crystals  give  off  water  and  become  opaque  ;  at 
.a  higher  temperature  they  melt  to  a  clear  liquid,  the  acid  afterwards  subliming  without 
decomposition. 

Chlorine  and  bromine  act  strongly  on  veratric  acid,  forming  viscid  uncrystallisable 
substitution-products.  The  acid  appears  to  be  but  slightly  acted  upon  by  oil  of  vitriol, 
and  not  at  all  by  pictitackloride  of  phosphorus.  It  dissolves  in  very  strong  nilric  acid, 
and  the  solution,  when  mixed  with  water,  deposits  ni  t  ro  verat  ri  c  acid,  (?'H'(NO^)0', 
which  dissolves  easily  in  alcohol,  and  cr)'stallises  therefrom  in  .small  yellow  lamina^, 
melting  and  decomposing  at  100°.    Tliis  compound,  boiled  with  niti-ic  acid,  is  con- 
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vorted  into  dinitroveratric  acid,  which,  however,  is  difficult  to  separate  from  the 
mononitrated  acid.    (W.  Merck.) 

Veratric  acid  distilled  with  excess  of  baryta  is  resolved  into  carbonic  anhydride  and 
veratrol:  CH'^O*  =  CO^  +  C«H'»0^  (W.Merck.) 

Veratric  acid  is  monobasic. — The  veratrates  of  the  alkali-metals  are  crystallisablej 
non-deliquescent,  easily  soluble  in  water. — The  lead-salt  is  insoluble. — The  silver-salt, 
CH'AgO',  is  a  white  precipitate,  slightly  soluble  in  water. 

Ethylic  Veratrate,  C'H"(C-H^)0*,  is  obtained  by  passing  hydrochloric  acid  gas 
into  a  moderately  concentrated  solution  of  veratric  acid  in  strong  alcohol,  distilling 
the  saturated  solution,  treating  tlie  distillate  with  water,  &c.,  as  a  radio-crystiilline 
easily  friable  mass,  having  a  specific  gravity  of  1'141  at  18°,  inodorous,  but  having  a 
slightly  bitter,  burning,  and  somewhat  aromatic  taste.  It  is  slightly  soluble  in  M'ater, 
easily  in  alcohol,  and  separates  therefrom  by  spontaneous  evaporation  in  shining 
needles.  It  does  not  volatilise  without  decomposition  ;  when  heated  in  the  air,  it 
burns  with  a  luminous  flame.  It  is  decomposed  by  heating  with  potash-ley.  (Will, 
Ann.  Ch.  Pharm.  xxxvii.  198.) 

VEBATBinr.    Syn.  with  Vbkateum-eesin  (p.  997). 

VEBATBmz:.  C-ffWO*.  (Meissner,  Neues  Journ.  v.  TrommsdorfF,  v.  3. 
—  Pelletier  and  Caventou,  Ann.  Ch.  Phys.  [2],  xiv.  69. — Couerbe,  ibid.  hi.  352. 
— Me rck,N.  Journ.  v.  Trommsd.  xxi.  134. — G.  Merck,  Ann.  Ch.  Pharm.  xcv.  200.)— 
An  organic  base  discovered,  in  1818,  by  Meissner,  in  sabadilla-seeds  (p.  141),  and  soon 
afterwards  by  Pelletier  and  Caventou,  in  white  hellebore  (  Veratrum  album) ;  it  is  pro- 
bably contained  also  in  other  species  of  veratrum. 

Preparatiu7x. — 1.  The  evaporated  alcoholic  extract  of  sabadilla-seeds  is  dissolved  in 
dilute  sulphuric  acid;  the  solution  treated  with  animal  charcoal,  and  then  precipitated 
by  an  alkali  (100  pts.  of  the  seeds,  thus  treated,  yiekl  9  pts.  veratrine) ;  the  precipitate 
still  containing  sabadilline  and  other  bodies,  is  dissolved  in  dilute  sulphuric  acid,  and 
nitric  acid  is  added  as  long  as  a  black  pitchy  precipitate  is  thereby  produced ;  the  fil- 
trate is  precipitated  with  dilute  potash-ley ;  the  washed  and  dried  precipitate  is  dis- 
solved in  absolute  alcohol ;  the  solution  evapoi-ated  ;  the  residue  boiled  out  with  water, 
and  the  impure  veratrine  which  remains  is  dissolved  in  ether,  which,  on  evaporation, 
leaves  the  pure  base  (Cou.erbe). — 2.  The  pulverised  seeds  are  boiled  with  water  con- 
taining hydrochloric  acid  ;  the  extract  is  evaporated  to  a  syrup ;  hydrochloric  acid  is 
added  as  long  as  it  forms  a  precipitate  ;  the  filtered  liquid  is  decomposed  with  excess 
of  lime ;  the  precipitate  is  treated  witli  hot  alcohol ;  the  extract  evaporated ;  the  resi- 
due dissolved  in  dilute  acetic  acid,  and  precipitated  by  ammonia ;  and  the  precipitate  is 
purified  by  ether.  By  this  process,  5  kilogrammes  of  sabadilla-seeds  yield  10  to  15 
grammes  of  veratrine  (Merck). — Delondre  (.1.  Pharm.  [3],  xxvii.  417)  prepares  pure 
veratrine  by  exhausting  crushed  sabadilla-seeds  with  water  containing  hydrochloric 
acid  in  a  displacement-apparatus,  finally  washing  them  with  water,  precipitating  the 
extracts  with  a  slight  excess  of  potash,  and  heating  the  washed  and  dried  precipitate 
with  twice  its  weight  of  ether  for  four  hours  in  a  vessel  which  can  be  closed.  The 
solution  left  to  evaporate  in  shallow  basins  leaves  pure  veratrine. 

Properties. — Veratrine  is  ordinarily  a  white  or  whitish-green  crystalline  powder ; 
but,  by  spontaneous  evaporation  of  its  alcoholic  solution,  it  is  olitaincd  in  lung  prisms 
with  rhombic  base  (Merck),  which  effloresce  in  contact  with  the  air,  assuming  the 
aspect  of  porcelain,  and  becoming  very  friable  (Gr.  Merck).  It  is  inodorous,  but  the 
smallest  quantity  introduced  into  the  nose  produces  violent  sneezing,  accompanied  by 
headache  and  general  uneasiness.  It  is  very  acrid  and  poisonous,  producing  vomiting 
and  purging  when  taken  internally  :  3  milligrammes  of  it  killed  a  j'oung  cat  in  ten 
minutes.  It  is,  however,  used  in  medicine  as  an  external  application,  and  when  taken 
internally,  in  properly  regulated  doses,  is  said  to  exert  an  antifebrile  action.  It  is  inso- 
luble in  water  and  alkaline  liquids,  very  soluble  in  alcohol,  and  still  more  in  ether  (G. 
Merck).    The  solutions  turn  litmus  blue. 

Veratrine  dried  at  100°  gives,  by  analysis,  64*51  to  65-00  per  cent,  carbon,  8'55  to 
8-84  hydrogen,  and  6-5  nitrogen  (G.  Merck).  The  formula  C^'H^'^N'-O^  requires 
64-86  C,  8-78  H,  4-73  N,  and  21-63  O. 

Veratrine  melts  easily  when  heated,  and  decomposes  at  a  higher  temperature;  but 
by  very  careful  heating,  small  quantities  of  pure  veratrine  may  be  sublimed  without 
decomposition. 

Strong  sulphuric  acid  colours  veratrine  first  yellow,  then  a  fine  carmine-red,  and 
ultimately  violet;  according  to  Vasmer  (Arch.  Pharm.  ii.  74),  1  pt.  of  veratrine 
imparts  an  amethyst-red  colour  to  3,000  pts.  of  the  acid. — Qtrongnitric  acid  is  coloured 
by  veratrine,  first  scarlet,  and  then  yellow. — Strong  hydrochloric  acid  dissolves  vera- 
trine, especially  when  heated,  forming  a  deep  violet  solution,  and  separating  small 
drops  of  oily  liquid. 
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Vrratri  uo-sal  t  s. — Veratrine  dissolves  easily  in  dilute  acids,  forming  colourless 
salts,  which  have  a  sharp  burning  taste  and  poisonous  action.  There  appear  to  be  two 
classes  of  veratrine-salts,  inasmuch  as  Couerbe  obtained  crystallisable  salts  containing 
2  at.  hydrochloric  or  1  at.  sulphuric  acid  to  1  at.  voratrine,  whereas  G.  Merck  obtained 
only  uncrystallisable  gummy  .salts  containing  half  that  proportion  of  acid. 

The  solutions  of  veratrine-.salts  are  inactive  to  polarised  light.  Most  of  them  give, 
with  alkaline  hydrates,  carbonates,  and  phosphates,  precipitates  not  perceptibly  soluble 
in  excess  of  the  reagent.  A  solution  of  a  veratrine-salt,  mixed  with  tartaric  acid, 
gives  a  precipitate  with  acid  carbonate  of  sodium,  but  not  with  acid  carbonate  of 
potassium.  'Tlie  concentrated  solutions  give  yellow  precipitates  with  auric  acid  and  pla- 
tinic  chloride,  yellowish-white  with  potassium-iodide,  light-red  with  potassiiini-sulpho- 
cyanate,  kermes-brown with  tincture  of  iodine,  sulphur-yellow  with  picric  acid.  Tinc- 
ture of  galls  renders  the  neutral  solutions  turbid,  and  on  addition  of  hydrochloric  acid, 
a  copious  white  precipitate  is  formed. 

Chtoro-aurate  of  Veratrine,  C''-IP"N'0''.HCl.AuCP,  crystallises  from  solution  in 
hot  alcohol,  on  cooling,  in  thin  yellow  crj'stals  having  a  silky  lustre,  and  giving,  by 
analysis,  20  87  to  21-26  per  cent,  gold  (calc.  =  21-09). 

VEIULTROIi.  C"H'"0'^  (W.  Merck,  loc.  cit.) — A  compound  formed  by  distil- 
ling veratrie  acid  (p.  997),  with  excess  of  baryta  at  a  gentle  heat.  It  is  a  colourless 
oil,  having  an  agreeable  aromatic  odour,  and  specific  gravity  1-086  at  15°,  solidifying 
at  +  15°  and  boiling  at  202°— 205°. 

Veratrol  does  not  appear  to  unito  with  alkaline  bisulphites.  It  is  not  altered  by 
alkalis  or  by  weak  acids. — With  j)otassium  it  forms  a  gelatinous  mass  without  evolution 
of  hydrogen. — Chlorine  decomposes  it,  forming  at  first  a  crystalline  product,  converted 
by  the  further  action  of  the  chlorine  into  an  unctuous  mass. 

Bromine  converts  veratrol  into  dibromo  veratrol,  C'H"Br^O',  which  forms  white 
prismatic  crystals,  insoluble  in  water,  easily  soluble  in  alcohol  and  ether,  melting  at 
92°,  and  volatilising  without  decomposition  at  a  higher  temperature. 

Nitric  acid  acts  strongly  on  veratrol,  forming  at  first  nitrov  eratrol,  C"H'{NO")0-, 
which  crystallises  from  alcohol  in  yellow  laminaj.  By  further  action  of  the  nitric  acid, 
di  nit  roveratrol,  C*'H"(NO'-)-0^  is  produced,  which  forms  long  yellow  needles, 
sparingly  soluble  in  water,  easily  in  alcohol,  melting  at  100°,  and  then  volatilising 
with  decomposition. 

VXiKATItvnx.  Ead.  vcratri,  the  root  of  white  hellebore  (  V.  album),  is  used  in 
medicine  ;  it  contains,  according  to  Pelletier  and  Caventou,  a  volatile  acid  resembling 
sabndillic  acid,  also  gallic  acid  and  veratrine,  together  with  starch,  sugar,  and  fat ; 
according  to  Simon,  it  contains  also  another  base,  called  j ervine  (iii.  443). 

Veratrum  Sabad ilta,  Hctz  {V.  officinale,  Schlecht),  yields  sabadilla-seeds  {Semen 
sabadilhe). 

VERATRtTM-RESIM-.  Veratrin.  (Couerbo,  Ann.  Ch.  Phys.  [2],  lii.  352.)— 
A  constituent  of  sabadilla-seeds.  When  the  solution  decanted  from  the  pitchy  precipi- 
tate oljtained  in  the  preparation  of  veratrin  after  treatment  with  nitric  acid  (p.  996), 
is  precipitated  with  potash,  and  the  alcoholic  solution  of  the  resulting  precipitate  is 
evaporated,  there  remains  a  yellow  resinous  mass  ;  and  on  exhausting  this  mass,  first 
with  water  and  then  with  ether,  veratrum-resin  remains  behind,  and  maybe  purified  by 
solution  in  alcohol  and  evaporation.  This  resin  is  said  to  have  the  composition 
CH-'^N-O^,  but  it  is  perhaps  only  a  mixture.  It  is  brown,  insoluble  in  water,  ether, 
and  alkalis,  melts  at  185°,  and  decomposes  at  a  higher  temperature.  It  unites  with 
acids,  but  without  neutralising  them  or  forming  crystalline  compounds. 

VERBASCUnx.  The  flowers  of  great  mullein  ( V.  Thapsus),  which  are  used  in 
medicine  as  florcs  virbasci,  contain,  according  to  Morin,  a  resinous  colouring-matter, 
volatile  and  fat  oil,  together  with  other  constituents;  according  to  Rossignon,  the 
entire  plant  contains  a  large  quantity  of  ammonium-nitrate. 

VERBEIfA-OXK,  from  Aloi/sia  citriodora,  has  a  red  colour,  and  yields,  by  distil- 
lation, an  oxygenated  oil,  while  the  residual  resinised  portion  gives  off  sulphydric  acid 
when  heated  (Crladstono,  Chem.  Soe.  J.  xvii.  1).  Respecting  its  specific  gravity  and 
optical  properties,  see  Oils,  Volatile  (iv.  186). 

VERDIGRIS.  Basic  cupric  acetate.  See  Acetates  of  Copper  (i.  14). 
VERSITER,  The  commercial  name  of  normal  cupric  acetate,  Cu"(C'H'0-')'  ('• 
VERMXCUIiITE.  A  chloritic  mineral  from  Vermont  in  North  America,  con- 
taining, according  to  Thomson  {Outlines  of  JMincralogt/.  i.  372),  49  0S  percent,  silica, 
7-28  alumina,  16  96  magnesia,  16-12  ferrous  oxide,  and  10-27  water.  It  resembles 
scaly  tale,  but  is  specially  characterised  by  swelling  up  very  strongly  before  the  blow- 
pipe, and  breaking  out  into  vermicular  escresceuces  before  it  melts.    Similar  minerals 
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are  found  at  Milbury  in  Massachusetts  and  at  Westchester  in  Pennsylvania.  (Handw. 
d.  Chem.  ix.  214). 

VEBKXXI.IiXOM'.    See  Meecueic  Stophide  (iii.  913). 

VERnxoia'TXTS.  The  name  of  one  of  the  five  varieties  (poisonous  pyrites,  mis- 
pickel,  vermontite,  dalarnite,  and  aconitite)  into  which  A.  Breithaupt  divides  the  mine- 
ral species,  arsenical  pyrites,  on  account  of  differences  in  the  angles. 

VSIilTOXS'Sil.    The  seed  of  V.  anthelmintica  is  known  in  commerce  as  Calagero. 

VEaTXBXWE.  An  organic  base,  not  yet  isolated,  existing,  according  to  C.  G  r. 
Williams  (Chem.  Soo.  Qu.  J.  vii.  97),  in  very  small  quantity,  in  the  tar  of  bitumi- 
nous shale.  On  separating  the  volatile  bases  from  the  tar  by  the  action  of  an  acid, 
and  subjecting  them  to  fractional  distillation,  vertidine  is  found  in  tlie  portion  boiling 
between  183°  and  210°.    It  imparts  a  fine  green  colour  to  solution  of  chloride  of  lime. 

VESWXAN'.  Idocrase.  Egeran,  Gbkumite.  Lohoite.  Frugardite.  Frotheite. 
WUuiic.  Cyprine.  Xanthite. — A  calcio-aluminic  silicate,  9(2CaO.SiO^).2(2Ar-'0', 
3SiO^),  in  which  the  lime  is  replaced  to  a  small  amount  by  magnesia,  ferrous  oxide, 
and  manganous  oxide,  and  the  alumina  to  a  somewhat  greater  extent  by  ferric  oxide. 
For  analyses  and  discussion  of  formulee,  see  Kammelsberg's  Mineralchemie  (pp.  734- 
739). 

Vesuvian  occurs  in  quadratic  crystals,  usually  exhibiting  the  combination  P  .  oP  . 
coP  .  Pc»  .  ooPoo  ,  &c.  [somewhat  like  fig.  322  (Cbystai,i,ogeaphy,  ii.  160),  suppos- 
ing the  terminal  summits  very  much  truncated].  Sometimes  crystals  occur  with  a 
great  number  of  secondary  faces.  For  P,  the  length  of  the  principal  axis  is  0-4696. 
Angle  P :  P  in  the  terminal  edges  =  129°  21' ;  in  the  lateral  edges  =  74°  27'.  Cleav- 
age indistinct  parallel  to  odP  and  ooPoo  .  The  crystals  usually  have  the  prismatic 
faces,  more  rarely  the  pyramidal  faces  predominant ;  they  occur  implanted  and  im- 
bedded, intergrown,  and  forming  aggregations  of  various  character,  from  columnar  or 
fibrous  to  granular,  passing  into  massive.  Fracture  concho'idal  or  uneven  to  splintery. 
Brittle.  Hardness  =  6  to  7.  Specific  gravity  =  3-2  to  3'5.  Colour  brown  or  green, 
light  or  dark  to  nearly  black  ;  also  yellow,  rarely  blue.  Streak  white.  Lustre  vitreous, 
sometimes  very  strong  on  the  crystalline  faces;  also  waxy, especially  on  the  fractured 
surfaces.  Transparent  to  translucent  on  the  edges  only.  Before  the  blowpipe,  vesu- 
vian melts  easily,  and  with  intumescence,  to  a  yellowish-green  or  brown  glass  ;  with 
borax  or  phosphorus-salt  it  exhibits  the  iron  reaction,  and  with  the  latter  a  skeleton  of 
silica.  In  its  natural  state  it  dissolves  but  imperfectly  in  hydrochloric  acid ;  but 
-after  fusion  it  dissolves  completely,  with  separation  of  gelatinous  silica. 

Vesuvian  was  first  observed  in  the  ancient  Vesuvian  lavas ;  it  has  since  been  found 
in  serpentine,  gneiss,  and  granular  limestone.  The  mineral  from  Vesuvius  has  a  hair- 
brown  or  olive-green  colour ;  the  crystals  from  Ala  in  the  Val  di  Brozzo,  in  Piedmont, 
are  usually  transparent  and  shining,  with  a  green  or  brown  colour,  rarely  black.  Egg 
near  Christiania  in  Norway,  the  Ural,  the  Wilui  river,  near  Lake  Baikal,  Cziklowa  in 
the  Bannat,  and  Monzoni  in  the  Fassa  valley,  are  other  localities.  Sulphur-yellow 
crystals  have  been  found  at  Monzoni.  A  light-brown  variety  occurs  in  Donegal, 
Ireland.  The  variety  called  frugardite  comes  from  Frugard  in  Finland  ;  gbkumite,  or 
lohoite  from  Gokum  near  Dannemora  in  Sweden.  Liver-brown  diverging  crystals,  from 
Eger  in  Bohemia,  have  been  called  egeran.  Crystals  called  cyprine,  of  a  blue  tint, 
attributed  to  copper,  come  from  near  TeUemark  in  Norway ;  xanthite  is  from  near 
Amity,  New  York.  Vesuvian  is  found  also  at  many  other  localities  in  the  United 
States.    (Dana,  ii.  199.) 

VETCH.    See  ViciA. 

VETXVBR.  Kus-lcus.  Iwarancusa-root. — The  rootstock  of  an  Indian  grass, 
■ptohahly  Anathcrum  muricatum,  and  similar  species,  such  as  Andropogon  Schwnarithus, 
&c.  It  is  used  in  India  for  making  mats,  for  window-blinds  and  other  coverings,  these 
objects,  when  moistened  with  water,  exhaling  the  fragrant  odour  of  the  vetiver-root. 
The  root  contains  two  essential  oils,  the  more  volatile  of  which  is  lighter  than  water, 
the  other  of  more  viscid  consistence.  100  lbs.  of  root  of  good  quality  yield  about  \  lb. 
of  volatile  oil  resembling  oil  of  sandalwood. 

Citronella-oil,  from  the  leaves  of  Andropogon  Schmnanthus,  consists  almost  wholly  of 
an  oxygenated  oil,  boiling  at  200°,  and  of  specific  gravity  0-8741  at  20°.  Lemon-grass 
oil,  from  Andropogon  Nardus,  is  scarcely  distinguishable  from  citronella-oil.  (Glad- 
stone, Chem.  Soc.  J.  x\'ii.  1.) 

VIBTJRSJIC  ACID.    See  the  next  article. 

VIBURBT'UJW:.  A  genus  of  trees  and  shrubs  belonging  to  the  caprifoliaceous 
order.  The  bark  and  berries  of  the  guelder-rose  ( V.opidiis)  contain  valeric  acid  (vibur- 
nic  acid).  The  red  berries  of  the  wayfaring-tree  (  V.  Lantana),  contain,  according  to 
Enz  (Jahresb.  1863,  p.  614),  an  iron-greening  tannic  acid,  valeric,  acetic,  and  tartaric 
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acids,  a  bitter  principle,  an  acrid  principle,  red  colouring-matter,  sugar,  gum,  fat-oil, 
wax,  resiu,  and  chlorophyll. 

VICIA.  Viich. — The  seed  of  the  common  vetch  ( Vicia  sativa)  contains  the  ordi- 
nary constituents  of  leguminous  seeds.  According  to  Gobel,  100  fsts.  of  the  seeds 
contain  39  pts.  starch  and  4  pts.  gluten.  Greif  found  68  pts.  starch  to  2  pts.  gluten, 
besides  sugar,  albumin,  &c. 

Tiie  following  table  exhibits  the  composition  of  the  ash  of  throe  species  of  vetch. 

I.  — III.  Seed  of  V.  sativa. — I.  according  to  Sprengel  (J.  techn.  Chem.  x.  350). — 

II.  according  to  Lewi  (Ann.  Ch.  Pharm.  1.  421). —  III.  Vetch  from  Noufchatol 
(Cohen,  ibid.  Ixxxv.  288). — IV.  Straw  of  V.  sativa.  The  air-dried  straw  contained 
10 — 12  per  ceut.  water,  26-0  substances  extractable  by  water,  30'7  extractable  by 
potash-ley,  42-0  woody  fibre,  and  O'lO  ash  (Sprengel,  J.  techn.  Chem.  vi.  398). — 
V.  Ash  of  the  entire  plant  of  V.  sativa.  100  pts.  of  the  fresh  plant  yielded  82-9  pts. 
water  and  I'l  ash.  1,000  pts.  of  the  dry  plant  contained  2-38  pts.  sulphur  (Way  and 
Ogston,  Jahresb.  1868,  p.  661,  Table  B).— VI.  The  tufted  vetch  (F.  cracca):  the 
entire  plant  yielded  68  per  cent,  water,  ITo  substances  soluble  in  water,  13'8  sub- 
stances soluble  in  dilute  potash,  and  1-626  ash  (Sprengel,  J.  techn.  Chem.  viii.  355). 
— 7.  Vicia  dunutorum  contains,  in  the  flowering  state,  68-0  per  cent,  water,  10-4  sub- 
.stances  soluble  in  water,  11-5  substances  soluble  in  dilute  potash-ley,  and  2'25  ash 
(Sprengel,  loc.  cit.) : 

Ash  of  VctcJies. 


Vicia  sativa. 

v. cracca. 

V.  dume- 
torum. 

Seed. 

Seed. 

Seed. 

Straw. 

Entire 
plant. 

Entire 
pliint. 

Entire 
plant. 

1. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

Quantity  of  ash  . 

2-29 

2-40 

6-10 

2-6 

G-50 

1-62 

2-25 

Potash 

391 

30-3 

35-5 

24-7 

32-8 

17-6 

16-4 

Soda  .... 

27-1 

9-8 

13-1 

30 

Lime .... 

7-0 

4-7 

38-3 

8-0 

20-7 

52-5 

55-3 

Magnesia  . 

6-2 

8-4 

6-3 

4-8 

5-3 

8-9 

4-3 

Ferric  oxide 

0-4 

0-7 

0-2 

0-8 

0-6 

0-7 

Phosphoric  anhydride 

6-0 

37-8 

5-5 

29-6 

10-6 

10-2 

7-9 

Sulphuric  „ 

2-2 

4-1 

2-4 

9-7 

2  5 

4-2 

5-5 

Silica 

8-7 

2-0 

8-7 

11 

1-3 

2-9 

3-8 

Chlorine  . 

1-9 

2-2 

31 

Alumina  . 

1-0 

0-3 

Manganic  oxide . 
Chloride  of  sodium  . 

0-2 

0-1 

trace 

0-5 

2-0 

2-6 

7-5 

'7-3 

According  to  Schwerz,  a  hectare  yields,  on  the  average,  1,275  kilos,  of  seed  of 
Vicia  sativa  (15  hectolitres),  and  3,000  kilos,  straw.  The  seed  contains  about  30-6 
kilos.,  the  straw  153-1  kilos.,  the  entire  plant,  therefore,  183-7  kilos,  of  ash-constituents. 

VIGNITE.  A  mineral  from  the  Jura  limestone  near  Vignes,  in  the  Department 
of  MoscUo  in  France,  consisting  of  greenish-blue  grains,  bound  together  by  a  cement  of 
the  same  colour  but  diflfereiit  composition.  The  grains  have  a  specific  gravity  of  3-7, 
and  contain,  according  to  Karsten  (Archiv.  f.  Bergbau,  xvi.  30),  41-12  percent,  ferric 
oxide,  29-98  ferrous  oxide,  11-87  carbonic  anhydride,  3-38  phosphoric  anhydride,  and 
2-9  water,  -with  small  quantities  of  silica,  alumina,  magnesia,  and  lime ;  probably  a 
decomposed  iron-ore. 

VIIiIiARSITS.  A  hydratid  magnesium-silicate,  4Mg"SiO'.H-0,  -with  small 
quantities  of  iron,  manganese,  calcium,  and  potassium,  occurring  massive,  and  in 
granular  aggregates,  at  Travcrsella  in  Piedmont.  (Dufrfenoy,  Ann.  Min.  [4], 
1.  387.) 

VIWE.  Boussingault  (Ann.  Ch.  Phys.  [3],  xxx.  389)  has  determined  the 
quantities  of  mineral  constituents  abstracted  from  the  soil  by  the  culture  of  the  ^^ne. 
As  the  leaves  are  returned  to  the  soil,  the  products  actually  removed  from  the  vineyard 
are  limited  to  the  wine,  the  lees,  and  the  liranches  cut  off  in  pruning.  A  vineyard  of 
170  acres,  in  Alsace,  produced,  in  1848,  55-05  hectolitres  of  wine,  containing  10-294 
kilos,  of  ash  (1-87  grm.per  litre);  together  -svith  492  kilos,  of  air-dried  lees,  containing 
6-65  per  cent,  or  32-72  kilos,  of  ash  ;  and,  finally,  2,624  kilos,  of  branches,  with  2-44  per 
cent,  or  C4-03  kilos,  of  ash.    The  composition  of  these  ashes  was  as  follows  : 
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Ash  of  K20. 
Wine  (1  litre)  0  S42 
Lees       .  3G-9 
Branches  180 


0-4 
0-2 


CaO. 
0'(I92 
10-7 
27-3 


FC203  and 
MgO.      A1203.  SO'. 
0-172       —  0-096 
2-2  3-4  5-4 

6-1         3-8  1-6 


CI.  CfB 

trace  0  2."i0 

0  4  12-4 

0-1  20-3 


P203.  Sand. 

0-412  0-0116  =  I  870 

10-7  15-3    =  97-S 

10-4  10-9    =  98-7 


The  folio-wing  table  exhibits  the  quantities  of  the  several  mineral  constituents 
lemoved  by  the  vine-culture  from  the  170  acres  of  soil  (as  calculated  from  the  pre- 
ceding results,)  compared -with  those  removed  by  other  crops  grown  on  equal  surfaces 
of  laud  in  the  neighbourhood  of  the  vineyard : 


Abstracted  by 

K20. 

Na^O. 

CaO. 

MgO. 

P20 

S03. 

Wine  ..... 

11-53 

0-13 

17-48 

3-91 

6-66 

1-02 

Lees  ..... 

12-07 

0-13 

3-50 

0-72 

3-50 

1-77 

Branches  .... 

4-6i 

0-61 

0-95 

2-27 

0-63 

Total 

28-24 

0-26 

21-49 

6-58 

12-43 

3-32 

Potatoes  .... 

107-1 

23-8 

Mangold--svurzel  . 

153-0 

20-4 

Wheat,  -with  straw 

46-9 

323-0 

Hence  it  appears  that  the  culture  of  the  vine  does  not  remove  more  potash  from  the 
soil  than  that  of  cereals  and  root-crops. 

On  the  composition  of  tlie  several  parts  of  the  vine,  see  Crasso  (Ann.  Ch.  Pharm. 
Ivii.  69  ;  Ixii.  59  ;  Jahrosb.  1847-1848,  p.  1082  ;  Table  B.  Nos.  45-53).— On  the  ash  of 
the  several  parts,  also  Borthier  (Ann.  Ch.  Phys.  [3],  xxxiii.  249;  Jahresb.  1851, 
p.  708). 

In  the  juice  exuding  in  spring  from  fresh-cut  surfaces  of  the  vine,  Wittstein 
(.Jahrosb.  1857,  p.  620),  found  chiefly  potash,  combined  -with  citric  and  lactic  acids; 
malic  acid  -was  not  present. 

-VXirSTIxr  (from  viiictier,  the  French  name  of  Berheris  mlgaris).  The  namo 
given  by  Wacker  to  the  base  obtained  by  Polex  from  the  root-bark  of  the  common 
barberry,  and  by  him  calledoxyacanthin  (iv.  288).  This  lattername  has  also  been 
given  by  Leroy  to  another  base  extracted  from  the  -white  thorn  {Cratccgus  o.ryacantha). 

VINEGAR.    See  Acetic  Acid  (i.  7). 

VICXiL,  The  fragrant  flowers  of  the  -violet  ( V.  odorata)  are  said  to  contain, 
besides  colouring-matter,  slight  traces  of  m.  volatile  oil,  two  acids,  one  red  and  the 
other  colourless,  an  emetic  principle  called  violin  (probably  identical  with  emetin 
from  ipecacuanha-root)  (ii.  485),  sugar,  and  other  substances.  The  colouring-matter 
of  the  flowers  is  easily  turned  red  by  acids,  and  green  by  alkalis.  The  colourless  acid 
called  violcnic  acid  by  Peretti  (Buchn.  Kepert.  xl.  130),  is  said  to  crystallise  in 
silky  needles,  to  be  soluble  in  water,  alcohol,  and  ether,  and  to  form  yellow  salts  which 
stain  the  skin. 

Viola  tricolor  (heartsease  or  pansy)  contains  a  yellow  colouring-matter,  resin, 
vegetable  mucus,  and  other  substances,  but  no  violin.  (Boullay.) 

-VZOIiA-BMSTXia-.    Syn.  with  Violin  (p.  1001). 

VXOXiATT.  A  silicate  of  aluminium,  calcium,  magnesium,  and  sodium,  containing 
also  iron  and  manganese,  from  St.  Marcel  in  Piedmont.  It  occurs  massive,  and  in 
indistinct,  elongated,  granular  concretions,  cleavable  in  two  directions  inclined  at 
nearly  90°.  It  is  nearly  opaque,  with  a  dark  violet-blue  colour,  and  vitreous  lustre; 
hardness  =  5  to  6  ;  specific  gravity  =  3-233.    (Plattner,  J.  pr.  Chem.  xv.  329.) 

-VXOKAIl-TXia-.    CN^H^O'.    (Baeyer,  Ann.  Ch.  Pharm.  cxxvii.  223.) — A  com- 
pound containing  the  elements  of  violuric  and  dilituric  acids,  and  produced  by  their 
direct  combination,  just  as  alloxantin  is  formed  from  alloxan  and  dialuric  acid : 
C^N'H'O*  +  C'N^H'O*    =  C8N8H«0'. 

Violuric  acid.        Dilituric  Violantin. 
acid. 

A  mixture  of  the  hot  concentrated  solutions  of  the  two  acids  deposits  -violantin  on 
cooling,  in  crystals  containing  C^N''H"0'.4H20.  Violantin  is  likewise  always  pro- 
duced by  imperfect  oxidation  of  violuric  acid,  or  by  imperfect  reduction  of  dilituric 
acid.  It  may  also  be  prepared  by  gently  heating  hydurilic  acid  with  dilute  nitric  acid 
(the  vessel  being  dipped  into  hot  water),  till  a  yellow  colouring  appears  on  the  edges  ; 
on  removing  it,  a  brisk  reaction  sets  in,  and  violantin  separates  as  a  yellowish-white 
crystalline  body.    If  too  little  heat  has  been  applied,  the  product  is  chiefly  violuric 
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acid  ;  if,  on  the  other  hand,  the  mixture  has  been  too  strongly  heated,  dilituric  acid  is 
the  principal  product. 

Violantin  dissolves  in  water,  but  is  resolved  at  the  same  time  into  violuric  and 
dilituric  acids.  The  same  decomposition  takes  place  on  heating  it  with  solutions  of 
salts  of  the  stronger  acids,  a  diliturato  of  the  base  being  then  separated,  and  violuric 
acid  remaining  in  solution.  On  heating  it  with  acciatcs,  both  diliturate  and  violurate 
of  the  base  are  produced,  the  less  soluble  diliturate  separating  out,  but  in  most  eases 
strongly  coloured  by  adhering  violurate.  From  a  mixture  of  equal  parts  of  alcohol 
and  water,  violantin  may  be  partly  crystallised  without  decomposition. — Ammonia-gas 
colours  violantin  blue  ;  aqueous  ammonia  decomposes  it  into  violurate  and  diliturate. — 
Sulphydric  and  hydriadic  acid  easily  reduce  violantin  to  uramil. 

Dry  violantin  heated  to  120'-',  decomposes  immediately  through  the  entire  mass, 
giving  off  gas,  and  leaving  a  brown  substance  which  dissolves  with  red  colour  in 
caustic  potash. 

VXOI.x:n-ZC  acid.    See  Viola  (p.  1000). 

VXOXiET  (AWIliIUE).  Hofmanns  violet  consists  of  tricthylrosanilino  (iv. 
471).  According  to  Duproy  (Bull.  Soc.  Chim.  1867,  i.  95),  it  maybe  rendered 
soluble  in  water  by  decomposing  the  hydriodate  with  boiling  caustic  soda,  and  redis- 
solving  in  an  acid.  Po  irrier  and  Chappat  {ihid.  1866,  ii.  502)  describe  methods  of 
preparing  violet  dyes  from  methyl-,  ethyl-,  and  amyl-aniline,  without  first  preparing 
rosanilinc.  Lauth  {ihid.  362)  prepares  methylaniline-violet  by  simply  heating  certain 
salts  of  methylaniline.  Thus,  when  a  mixture  of  10  pts.  methylanilino,  3  pts.  hydro- 
chloric acid,  and  200  pts.  sand,  is  heated  to  100° — 220^,  and  the  crude  product  ex- 
hausted with  water,  a  solution  is  obtained  having  a  very  deep  and  pure  violet  colour.  The 
colouring-matter  contained  in  it  may  be  purified  from  a  trace  of  tarry  matter,  by  pre- 
cipitating with  an  alkali  or  alkaline  salt,  and  redissolving  the  precipitate  in  water.  A 
second  precipitation  yields  the  methylaniline-violet  quite  pure,  and  in  the  form  of  a  fine 
green  mass,  which  constitutes  the  commercial  product.  A  similar  product  is  obtained 
by  subjecting  methylaniline  to  the  action  of  powerfid  oxidising  agents,  such  as  cupric 
nitrate,  mercuric  acetate,  &c. 

VIOXIW,  or  VXO^A-sniETXN'.  An  emetic  substance  contained,  according  to 
Boullay,  in  all  parts  of  the  common  violet.  It  has  not  been  obtained  pure,  and  is, 
perhaps,  identical  with  emetin  from  ipecacuanha-root. 

VXOXiXNE.  This  name  was  given  by  Pri  co  (Eep.  of  Patent  Inventions,  Feb.  1860), 
to  a  blue  precipitate  obtained  by  treating  aniline  with  sulphuric  acid  and  peroxide  of 
lead. 

VXOXiTTRXC  ACXD,  C^N''II'0',  Or  Nitrosoharhiiuric  acid,  C^N-H3(N0)'0^ 
(Baeyer,  Ann.  Cli.  Pharm.  cxxvii.  200.) — An  acid  produced: — 1.  By  the  action  of 
nitric  acid,  nitrous  acid,  or  a  metallic  nitrite  on  hydxirilic  acid  : 

C»N^H«0«  +  HNO^    =    C^N^'H'O'  +  C'N-'^H-O'  +  W-0. 

Hjcliirilic  Violuric  acid.  Alloxan, 

acid. 

CN'R^O"  +  KNO-  +  2HN0^  =  C^N^H'KO'  +   C'N-H-O"  +  2H=0  +  N-0'. 

Hydurilic  Violurate  of  Alloxan, 

acid.  potassium. 

2.  Together  with  other  subst  ances,  by  the  partial  reduction  of  dilituric  acid,  (C^N'H'O'), 
as  when  that  compound  is  cautiously  heated  with  glycerin,  or  when  ferrous  diliturate  is 
reduced  by  solution  of  potassium-cyanide. 

To  prepare  it,  hydurilic  acid  is  warmed  with  water  and  nitrate  of  potassium,  whereby 
deep-blue  violurate  of  potassium  is  formed,  the  quantity  of  which  may  be  increased  by 
alternately  adding  small  quantities  of  acetic  acid  (to  neutralise  free  potash,  which 
would  exert  a  decomposing  action)  and  nitrate  of  potassium.  After  filtering  oif  tho 
mother-liquor,  the  violurate  of  potassium  is  washed  with  a  small  quantity  of  water, 
mixed  in  hot  solution  with  chloride  of  barium,  and  the  precipitated  violurate  of  barium 
is  exactly  decomposed  by  dilute  sulphuric  acid.  The  filtrate  evaporated  at  60° — 70°, 
yields  pure  violuric  acid  (about  §  of  the  hydurilic  acid  used). 

Violuric  acid  crvstallises  in  shining,  yellowish,  rhombic  octahedrons,  containing 
C^N''IPO'.H'^0.  They  give  oflf  their  water  of  crystallisation  at  100°,  dissolve  with 
moderate  facility  in  cold,  more  easily  in  hot  water;  tho  solution  is  not  precipitated  by 
alcohol. 

Violuric  acid  soon  turns  mouldy  in  aqueous  solution,  and  decomposes  at  the  boiling 
heat ;  tho  dry  acid  likewise  decomposes  when  strongly  heated,  giving  off  red  fumes. — 
Nitric  acid  converts  it  into  dilituric  (nitrobarbituric)  acid. — Bromine  converts  it,  in 
aqueous  solution,  into  alloxan  -  bromi  d  e  or  dibromobarbituric  acid,  and 
hydrobromic  acid,  with  evolution  of  red  vapours : 
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•  2C'N2H'(NO)0'  +  4Br2  +  H^O    =    2C*N^H2Br203  +  4HBr  +  mO\ 
Viol  uric  Dibroniobarbituric 
acid.  acid. 

Heated  with  chloride  of  lime,  it  yields  chloropierin. — Heated  ytith  caustic  potash-ley, 
it  gives  oflfa  small  quantity  of  ammonia,  and  is  converted  into  hydrovioluric  acid, 
a  compound  not  yet  examined. — Violuric  acid  heated  with  soda-lime,  gives  off  aU  its 
nitrogen  in  the  form  of  ammonia. 

Eeducing  agents,  such  as  sulphydric,  hydriodic  acid,  &e.,  convert  violuric  acid  into 
uramil  (amidobarbitiiric  acid) : 

C^N2H^(N0)0^  +  2H=S    =    C<N=H^(NH2)03  +       +  H=0. 

Violuric  Uramil. 
acid. 

With  0/ a?«mo«Mt?)j,  it  formis  sulphuric  acid  and  thionurate  of  ammo- 

nium.— With  dilituric  acid  it  unites  directly,  forming  violantin. 

Violurate  s.- — Violuric  acid  is  monobasic.  It  decomposes  acetates,  but  not  chlorides. 
Its  salts  are  distinguished  by  the  great  beauty  and  variety  of  their  colours. 

Violurate  of  Ammonium,  C'N-'H^(NH')0',  crystallises  in  fine,  dark-blue,  anhydrous 
prisms. — The  potassium-salt,  C'N^H''K0''.2H''0,  forms  deep-blue  laminse  or  prisms, 
which  dissolve  in  hot  more  easily  than  in  cold  water,  forming  a  deep-blue  solution. 
At  115^ — 120^,  the  salt  gives  off  its  water,  and  becomes  greenish-blue.  The  solution 
mixed  with  excess  of  potash,  turns  red,  perhaps  from  formation  of  a  basic  salt.  A 
solution  of  potassium-violurate  in  hot  concentrated  hydrochloric  acid  deposits,  on 
cooling,  the  compound  2(KCl.C<N'ffO*).HC1.6H^O,  in  large,  colourless,  shining, 
efflorescent  prisms,  easily  soluble  in  water,  sparingly  in  alcohol.  At  100°,  these 
crystals  give  off  water  and  hydrochloric  acid,  leaving  the  compound  KC1.C*N'H^0\ — 
Violurate  of  sodium  forms  red  nodules  composed  of  short  needles,  easily  soluble  in  hot 
water. 

Violurate  of  barium,  C''N'*H^Ba"0'.4H^0,  is  precipitated  by  chloride  of  barium 
from  a  solution  of  the  potassium-salt,  in  red  shining  quadratic  tables,  which  are  nearly 
insoluble  in  cold  water,  and  give  off  all  their  water  of  crystallisation  at  about  230°. — 
The  calcium-salt  forms  brick-red  crystals. — The  cupric  salt  is  an  amorphous  olive- 
green  precipitate. — Ferrous  salt.  Violuric  acid  added  to  ferrous  acetate  forms  a  dark- 
blue  solution,  from  which  alcohol  precipitates  ferrous  violurate  in  six-sided  tables 
with  red  metallic  lustre  ;  they  dissolve  easily  in  water,  forming  a  dark-blue  solution. — 
The  lead-salt,  C*H'Pb"N-0".4:H-0,  is  obtained,  by  double  decomposition,  in  small  red 
crystals,  becoming  dark-red  when  dry.  A  reddish  basic  salt  (containing  68  per  cent, 
lead,  and  0-5  hydrogen),  is  formed  by  precipitating  the  potassium-salt  with  basic 
acetate  of  lead. — The  magnesium-salt,  C'H^Mg"N"0'*.6H-'0,  separates,  on  cooling,  from 
a  warm  mixture  of  magnesium-acetate  and  violuric  acid  or  the  potassium-salt,  in  hard, 
shining,  purple-red,  rhombic  cystals,  becoming  dark-red  when  dry. — The  silver-salt  is 
a  violet  gelatinous  precipitate. 

VIRSIMIA  CKSSPSSt.  Ampclopsis  hederacea.  Vitis  hederacea,  L.  Hedera 
quinqnifolice,  Du  Roi. — The  leaves  of  this  plant,  which  turn  red  in  autumn,  contain  a 
red  colouring-matter,  called  by  Wittstein  cissotannic  acid,  which  may  be  extracted 
by  alcohol.  100  pts.  of  the  fresh  leaves  yielded  1-56  per  cent,  ash,  containing  in 
100  pts. :  23-9  K^O,  12  0  Na^O,  20  2  CaO,  8-0  MgO,  0-1  Al-0^  0  6  Fe20^  3-1  S0^ 
15-1  P20^  6-0  SiO^  10  0  C0=,  and  1-8  CI  (Wittstein,  Buchn.  Eepert.  xcvi.  318).— 
The  berries  contain  malic,  tartaric,  and  citric  acids  (Eiegel,  Arch.  Pharm.  [2],  Iv. 
153.) 

VXReZXTZC  A.CZD.  An  acid  obtained,  according  to  Quevenne  (J.  Pharm. 
xxii.  449),  by  heating  the  fat-oil  of  the  Virginian  senega-root  to  200°.  It  is  described 
as  a  reddish-yellow  oil,  having  a  strong  odour  and  sharp  taste,  soluble  in  alcohol, 
ether,  and  alkalis. 

VIRSDE  .SRXS.    Syn.  with  Verdigris. 

VIRIDIC  ACIS.    C'*H"0«  (?)  (Eochle  der,  Ann.  Ch.  Pharm.  Ixiii.  193.)— An 

acid  produced  by  the  oxidation  of  cafietannic  acid  in  presence  of  ammonia.  CoSee- 
beans  owe  their  green  colour  to  a  small  quantity  of  calcic  viridate.  To  prepare  the 
acid,  the  solution  obtained  by  decomposing  caifetannate  of  lead  (i.  709)  with  sulphy- 
dric  acid  is  supersaturated  with  ammonia,  and  left  in  contact  with  the  air  for  thirty- 
six  hours,  till  it  acquires  a  deep-blue  colour ;  then  mixed  with  excess  of  acetic  acid, 
which  colours  it  brown;  then  with  alcohol,  which  precipitates  a  few  black  flocks  (of 
ulmous  substance).  The  liquid  filtered  from  these  flocks  is  precipitated  witli  acetate 
of  lead,  and  the  blue  precipitate  of  lead-viridate  is  decomposed  by  sulphydric  acid. 
The  brown  solution  thereby  obtained  leaves  viridic  acid,  on  evaporation,  as  an  amor- 
phous mass  of  the  same  colour,  and  very  soluble  in  water.    The  solution  forms  a  blue 
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precipitate  with  acetate  of  load,  greenisli-bluo  with  baryta-water,  and  is  instantly 
culoured  deep-groen  by  ammonia,  potasli,  or  soda.  Viridic  aeid  dissolves  in  strong 
sulphuric  acid,  forming  a  solution  of  a  fine  crimson  colour,  from  which  water  throws 
duwn  a  blue  flocculeut  precipitate. 

VZBIIIZM'.    Syn  with  Chlorophyli,. 

VIRISZN'Z:.  C'-H"*N.— A  base  obtained  from  coal-tar.  Specific  gravity  =  1-017. 
Boiling-point  230°.  Slightly  soluble  in  water,  easily  in  alcohol  and  ether. — The 
pUitinuiii-salt,  2(C'^H'"N.HCI)PtCl*,  is  greenish-brown,  insoluble  in  alcohol  and  iu 
other. — The  mercuric  salt  crystallises  from  water,  and  molts  at  35°.  (Thenius, 
Jahrcsb.  1861,  p.  503.) 

VIHOXiA.  TAI.XiOW.  The  fat  of  Virola  sebifcra,  Aubl.  {Myristica  sehifcra,!,.), 
a  tree  indigenous  in  Carolina  and  Guiana.  It  is  obtained  by  boiling  the  shelled  and 
bruised  almonds  with  water  ;  has  a  yellowish  coloiir,  melts  at  40° — 50°,  dissolves  in 
alcohol  and  ether,  partly  also  in  ammonia,  and  is  slowly  but  completely  saponitiod  by 
potash.    (Bonastre,  J.  Pharm.  xix.  186.) 

VXSCAU'TSCKXN'.  The  portion  of  crude  viscin  which  is  insoluble  in  alcohol  and 
ether,  and,  according  to  Reinsch,  forms  the  chief  constituent  of  bird-lime  (i.  689). 

VXSCEM'E.    An  oil  obtained  by  the  dry  distillation  of  ^nscin. 

VISCIC  ACZD.    See  the  next  article. 

VXSCXN.  A  substance  which  forms  the  glutinous  constituent  of  the  stalks,  leaves, 
and  especially  the  berries  of  the  mistletoe  ( Viscum  album),  and  is  the  principal  con- 
stituent of  bird-lime.  It  is  also  contained  in  the  receptacle  and  Horal  envelopes  of 
Atracti/lis  gummifera  (Macaire,  J.  pr.  Chem.  i.  415);  in  the  bark  of  the  holly  {Ecx 
aquifoUum)  (Bouillon-Lagrange) ;  in  the  mUky ^mce  of  Ficus  rcligiosa  (S ees  v. 
E  s  e  n  b  e  c  k),  and  in  the  glutinous  substance  which  coats  the  branches  of  Robinia  viscosa. 
(Vauquelin.) 

Crude  viscin  is  obtained  by  bruising  the  finely-scraped  bark  of  the  mistletoe,  and 
kneading  it  with  water  as  long  as  anything  is  thereby  dissolved.  A  yellow,  very  viscid, 
and  glutinous  mass  then  remains,  containing  (besides  woody  fibre,  part  of  which  may  be 
mechanically  removed),  pure  viscin,  a  waxy  substance  soluble  in  alcohol,  and  a  mass 
insoluble  in  alcohol  and  ether,  called  vi  scant sch  in.  To  obtain  pure  viscin,  the  crude 
mass  is  boiled  several  times  with  strong  alcohol;  the  undissolved  portion  macerated 
five  or  six  times  with  ether,  at  ordinary  temperatures,  for  twelve  hours  ;  and  the  residue 
left  on  evaporating  the  ethereal  exti-acts  is  kneaded  first  with  alcohol,  as  long  as  this 
solvent  takes  up  anything,  and  then  with  water.    (Reinsch,  Jahresb.  1860,  p.  541.) 

Viscin  thus  obtained  is  clear,  colourless,  nearly  inodorous,  and  tasteless  ;  has  the 
consistence  of  honey  at  ordinary  temperatures ;  may  bo  dr.awn  out  into  very  fine 
threads;  has  the  same  density  as  water ;  becomes  more  fluid  at  30°,  and  at  100°  is  as 
fluid  as  oil  of  almonds,  and  makes  a  greasy  stain  on  paper.  It  has  an  acid  reaction. 
(Reinsch.) 

Viscin  is  decomposed  by  dry  distillation  (the  boiling-point  rising  from  210°  to 
above  275°),  a  mobile  oil  called  viscene  first  passing  over,  then  a  greenish  oil,  and 
afterwiirds  a  crystalline  buttery  mass,  while  a  black  substance  resembling  asphalt 
remains  in  the  retort. 

Viscene  is  a  very  mobile  yellowish  oil,  of  specific  gravity  0'85,  and  distilling 
almost  completely  at  226°.  When  mixed  with  soda-ley,  it  solidifies  to  a  crystalline 
pulp,  which,  when  distilled  with  water,  gives  off  a  fragrant  oil  called  viscinol,  while 
the  remaining  impure  sodium-salt  contains  an  acid  called  viseic  acid,  which,  in  the 
free  state,  is  an  oil  having  a  strong  acid  reaction,  and  a  faint  odoiu-  like  that  of  angelic 
acid.  (Reinsch.) 

Viscautschin  is  contained  in  the  portion  of  crude  viscin  which  is  insoluble  in 
alcohol  and  ether.  To  purify  it,  the  residue  is  repeatedly  treated  with  rectified  oil  of 
tui'pentino,  which  leaves  woody  fibre  undissolved  ;  the  solution  is  mixed  with  water, 
and  evaporated ;  the  clear  yellowish  residue  is  ti-eated  with  ether,  in  which  it  now 
dissolves  ;  the  ether  is  evaporated ;  and  the  residue  is  repeatedly  washed  with  alcohol, 
and  dried  at  100°. 

Viscautschin  has  a  density  of  0-978.  It  is  extremely  viscid  and  glutinous,  being,  iu 
fact,  the  substance  to  which  bird-lime  owes  its  adhesive  properties.  At  120°  it  has 
the  consistence  of  olive-oil.  Crude  viscin  contains  about  0-5  pt.  viscin,  0-2  viscautschin, 
and  0-3  w-axy  matter.  (Reinsch.) 

VZSCXM-OX..    See  the  last  article. 

VXSCOSIIVISTER,  This  name  is  given  by  Dollfus  to  an  apparatus  for  measuring 
the  viscosity  of  colouring  liquids  thickened  with  gum,  &e.,  by  comparing  the  time  re- 
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quired  by  a  given  qiumtity  of  tho  liquid  to  pass  througli  a  certain  aperture,  with  that 
required  by  an  equal  quantity  of  water. 

VISCUM.  The  leaves  and  younger  branches  of  the  mistletoe  (  Viscmn  album)  contain 
(according  to  Winckler),  besides  viscin,  about  16"7  per  cent,  uncrystallisable  sugar, 
6'8  fat-oil,  together  with  tannin,  gum,  &c.,  and  a  small  quantity  of  a  volatile  odori- 
ferous principle. 

The  ash  of  the  leaves  and  branches  contains,  according  to  Fresenius  and  Will, 
and  according  to  Eeuling,  the  constituents  given  under  a  in  the  following  table. 
C.  Erdmann  found  in  the  leaves,  62-5  per  cent,  water  and  3-85  ash,  containing  the 
constituents  given  under  b ;  in  the  stalks  of  a  mistletoe  growing  on  an  apple-trea 
ho  found  66'68  per  cent,  water  and  1-9  ash,  composed  as  under  c.  Keinsc  h  found 
the  ash  of  the  stalks  and  loaves  of  a  mistletoe  growing  on  a  Scotch  fir,  to  contain, 
in  100  pts.,  the  constituents  given  xinder  d.  The  bark  of  the  stem  contains  white 
viscin,  gum,  sugar,  albumin,  tannic  acid,  pectin,  and  similar  substances  (Reinsch); 
the  ripe  fruit  contains  resinous  substances  (bird-lime),  gum,  wax,  &c.: — 

Ash  of  Mistletoe. 


K-'O. 

Na'O. 

CaO. 

MgO. 

Fe-P04. 

S03 

C02. 

SO'. 

Cl. 

NaCl. 

a. 

35-3 

19-4 

19-5 

1-8 

16-6 

1-4 

13-1 

1-6 

1-0 

b. 

19-7 

4-3 

22-6 

9-3 

1-6 

16-4 

2-0 

16-8 

1-2 

0-8 

c. 

20-1 

4-1 

22-2 

9-7 

1-6 

16-3 

20 

15-7 

1-0 

0-8 

d. 

22-0 

3-8 

21-7 

11-7 

6-5 

14-1 

1-7 

15-8 

1-7 

0-6 

VXTSSZaZiIXir.  This  name  was  given  to  tho  albuminoidal  substance  of  the  yolk  of 
birds'  eggs,  now  known  to  be  merely  a  mixture  of  albumin  and  casein. 

VITBX.  The  seed  of  Vitex  Agnus  castus  is  said  to  contain  a  peculiar  bitter  prin- 
ciple called  castine  (i.  814),  a  volatile  acrid  substance,  a  large  quantity  of  free  acid, 
and  fat-oil.  In  Greece,  the  fresh  and  rather  unripe  berries  are  said  to  be  added  to  the 
must  of  the  grape,  to  render  the  wine  more  intoxicating,  and  prevent  it  from  turning 
sour.    (Landerer,  Buchn.  Eepert.  liv.  20;  Ixxxi.  229;  Buchn.  N.  Eopert.  iii.  392.) 

VITIS.    See  Vine  and  Virginia.  Ceeepek  (pp.  999  and  1002). 

VITItXN'OPAIi.  Vifrite. — The  matrix  of  Bohemian  pyrope,  related  to  pitchstone, 
and  containing,  according  to  AVertheira,  83'72  per  cent,  silica,  3-58  ferric  oxide,  7"67 
lime,  0  67  magnesia,  and  11-46  water.    (Handw.  d.  Chem.  ix.  288.) 

VITRXOIi.  An  old  name  for  sulphates,  still  frequently  used  in  commercial  lan- 
guage, the  several  vitriols  being  distinguished  by  their  colours,  or  by  the  metals  which 
they  contain :  e.g.,  white  or  zinc-vitriol,  blue  or  copper-vitriol,  red  or  cobalt-vitriol, 
green  or  iron-vitriol,  lead-vitriol,  nickel-vitriol,  &c.  Ferroso-cupric  sulphates,  obtained 
in  the  preparation  of  cupric  sulphate  on  the  large  scale  from  ferruginous  materials,  are 
known  as  Admont,  Bayreuth,  and  Salzburg  vitriols  (p.  593). 

VXTRXOXi,  OXXi  or.    Concentrated  sulphuric  acid. 

VITRXO]b-OCHRB  (the  Pitticito  of  Beudant)  is  a  basic  ferric  sulphate  found 
in  the  copper-mines  of  Fahlun  in  Sweden.  It  contains  15'9per  cent.  SO^,  62-4  Fe'O', 
and  21-7  water  =  2Fe=OlSO'.6H20. 

VXTKXTX:.    Syn.  with  Viteinopal. 

VITKUM  AXrTXBXON'XI.  An  oxysulphide  of  antimony,  formed  by  fusing 
tetroxide  of  antimony  with  sulphur  (i.  328). 

VXVIANXTE.    Native  ferrous  phosphate.    (See  Phosphates,  iv.  564.) 
vblCKWEaiTE.    See  Hydrotaxcite  (iii.  219). 

VOGIiITS.  A  carbonate  of  uranium,  copper,  and  calcium,  occurring  at  Joachims- 
thal  in  Bohemia.    (See  Carbonates,  i.  798.) 

VOICTXTS.  A  micaceous  or  chloritic  mineral,  occurring  in  the  graphic  granite  of 
Ehrenberg,  nearllmenau,in  the  Thuringian  Forest,  forming  green  soft  laminae,  mostly 
tmned  brown  by  weathering.  Specific  gravity  =  2-91.  It  gives  oiF  water  when 
heated,  and  before  the  blowpipe,  exfohates  strongly,  turns  dark-brown,  melts  easily  to 
a  black  glass,  and  gives  with  fluxes  the  reactions  of  iron.  It  is  easily  decomposed  by 
hydrochloric  acid,  forming  a  yellow  solution,  with  separation  of  tumefied  silica. 
According  to  Schmid  (Pogg.  Ann.  xcvii.  108),  it  contains  33-02  per  cent,  silica,  13-08 
alumina,  33-15  ferric  oxide,  7-28  magnesia,  1-99  lime,  -96  soda,  and  9-52  water. 

VOX.BOBTKXTE.    Calcio-cupric  vanadate.    (See  Vanadium,  p.  991.) 

VOIiCAN-XC  CZ.ASS.    Syn.  with  Obsidian  (iv.  169). 

-VOXaCAirXTE.    Selenide  of  sulphur,  from  Vuleano,  one  of  the  Lipari  Islands. 
VOIiGERXTE.    Antimouic  hydrate,  5H^0.Sb-0^  or  Sb'H^O\  occurring  as  a 
white  powder  or  crust  with  cervant'itc  (i.  524),  and  resulting  from  its  alteration. 
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VOIiTAGOMETEK.  A  pcpuliar  rheostat  or  current-regulator,  iuvouted  by 
Jacobi.    (I'dgg.  Ami.  Ixxviii.  173). 

VOX.TAZC  EIiECTRlCITY.    See  Electricity  (ii.  414). 

VOIiTAITE.  A  ferroso-ferric  sulphate,  containing  alumina,  occurring  at  tlie 
Solfatara,  near  Naples,  in  opaque  octahedrons  and  other  monometrie  forms,  having  a 
resinous  lustre,  dull  green  brown  or  black  colour,  and  greyish-green  streak.  Accord- 
ing to  Abich  (Berg.  u.  hiitt.  Zeitung,  1842,  No.  17),  it  contains  48-32  per  cent.  S0\ 
2-20  Al-O',  17-6o  JVC,  11-6  FeO,  4-04  K^O,  6-25  Na'-^O,  and  l.'j-y4  water,  whence 
Eammelsberg  deduces  the  formula  3(±Fe".iK-)SO'.2(|Fe.lAl)'"(SO^)-M2n=0.— A 
similar  mineral,  containing  manganous  as  well  as  ferrous  oxide,  has  been  found  by 
Ulrich  at  the  Ilammelsberg  mine,  near  Goslar  in  the  Harz. 

VOXiTAIHCETSR.  An  apparatus  for  measuring  the  force  of  an  electric  current 
by  the  quantities  of  hydrogen  and  oxygen  evolved  in  the  electrolysis  of  water.  (See 
Electricity,  ii.  433.) 

VOXaTZXIT  or  VOIiTZITE,  An  oxysulphide  of  zinc,  Zn'S'O,  occurring  in 
imphiiited  spherical  gloljules  at  K(jsieres  in  Puy-do-Dome,  and  at  the  Elias  mine  near 
.loacliiiiisthal  in  Bohemia.  Hardness  =  4  5.  Specific  gravity  =  3'66.  (Fournet, 
Ann.  Oil.  Phys.  |2],  xli.  426. — Laudecker,  Jalirb.  geol.  Eeichsanstalt,  iv.  120.) 

VOZiVME.  The  volume  of  a  regularly-formed  body  may  bo  calculated  from 
measuivmonts  of  its  linear  and  angular  dimensions.  The  volume  of  an  irregular  body 
may  be  found  from  its  weight  and  specific  gravity — that  is  to  say,  the  weight  of  a 
unit-volume.  If  w  be  the  weight  of  the  body  in  grammes,  and  «  its  specific  gravity, 

w     .      .  ... 

the  fraction  —  gives  its  volume  in  cubic  centimetres, 
s 

The  capacities  of  vessels  are  determined  by  filling  them  with  water  or  mercury  from 
a  measuring  tube  or  otlior  vessel,  wliose  capacity  is  previously  known,  or,  when  very 
great  accuracy  is  required,  by  determining  the  weiglit  of  water  or  mercury  at  the 
standard  temperature  which  fills  the  vessel.  The  capacities  of  wooden  vessels  may  be 
estimated  with  suflicient  accuracy,  for  commercial  purposes,  by  filling  them  with 
measured  quantities  of  sand  or  fine-grained  seeds,  taking  care  to  shake  the  vessel  from 
time  to  time,  so  that  the  grains  may  lie  close  together. 

The  volume  of  a  large  cai-ity,  or  vessel  full  of  water,  might  in  some  cases  be  con- 
veniently determined  by  dissolving  a  known  weight  of  a  soluble  substance  in  the  water, 
say  1  kilogramme  of  common  salt,  agitating  the  water  to  secure  uniformity,  and  then 
analysing  one  litre  of  it.  If  this  litre  were  found  in  the  above  case  to  contain  one 
gramme  of  salt,  it  would  be  apparent  that  the  cavity  or  vessel  contained  1,000  litres 
of  water. 

VOI.USKE,  ATOMIC  or  SPECIFIC.    (See  Atomic  Volume,  i.  440.) 


Fiff.  820. 
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VOtUMENOnSETEK,  or  STEREOIUETES.  These  names 
are  applied  to  instruments  for  measuring  the  volume  of  a  solid  body  by 
the  quantity  of  a  liquid  or  of  air  which  it  displaces,  and  thence  also  deter- 
mining its  specific  gravity.  A  very  simple  apparatus  of  this  kind  was 
used  by  Playfair  and  J oule  in  their  experiments  on  atomic  volumes 
(Chem.  Soc.  Mem.  ii.  477).  It  consists  of  a  globular  flask  provided 
with  a  narrow  neck,  about  twelve  inches  long,  and  graduated  from 
below  upwards  to  indicate  grains  of  water.  The  flask  has  a  tubuhire, 
accurately  fitted  with  a  ground  stopper,  for  admitting  the  solid  body  to 
be  me.asured.  The  instrument  being  filled  to  the  mark  0°  on  tho 
neck  with  water,  oil  of  turpentine,  or  other  liquid  which  does  not  act 
upon  tho  solid,  it  is  inclined  on  one  side,  the  stopper  removed,  and  the 
solid  body  carefully  introduced.  Tiie  stopper  is  then  replaced,  and  the 
number  of  divisions  through  which  tho  liquid  is  raised  in  the  stem  gives 
at  once  the  volume  of  the  body  in  grain-measures.  Any  other  unit  of 
graduation  might  of  course  be  adopted. 

The  stereometer,  invented  by  Captain  M.  K.  Say,  of  the  French 
Engineers,  for  determining  the  specific  gravity  of  gunpowder,  is  an 
instrument  which  measures  tho  volume  of  a  body  by  the  amount  of  air 
which  it  displaces. 

The  simplest  form  of  this  instrument  is  shown  in  fcf.  820,  where  AB  is 
a  uniform  graduated  glass  tube,  open  at  the  bottom,  and  communicating 
by  a  small  hole  with  the  glass  vessel  AE,  which  can  be  closed  air-tight, 
by  a  piece  of  ground  plate-glass,  F.  The  instrument  is  immersed 
in  a  cylindrical  glass  vessel,  full  of  clean  mercm-y.  If,  now,  AB  be 
plunged  into  tho  mercury  up  to  A,  tlie  zero  of  the  scale,  and  the  upper 
end  of  the  vessel  AC  be  then  closed  air-tight,  we  may,  by  again  raising 
tlie  tube,  diminish  tho  pressure  on  tho  air  within  by  tlie  weight  of  a  measurable 
column  of  mercury;  wc  also  learn  the  increase  of  the  volume  of  the  air,  provided 'we 
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Fig. 


know  the  capacity  of  the  divisions  of  the  tube  AB,  which  we  shall  suppose  known.  Thus 
suppose  that,  on  the  tube  being  raised,  the  mercury  within  stands  at  C,  and  without 
at  D,  then  h  being  the  ordinary  barometric  pressure  of  the  atmosphere  at  the  time, 
h  —  CT)  (inches)  is  now  the  pressure  on  the  air  within.  If  m  be  the  capacity  of  the 
vessel  AE,  down  to  the  zero  A,  we  find  that — 

Under  the  pressure  A,  the  air  within  has  the  volume  u  ; 

^-CD         „  „  M  +  vol.  AC. 

Hence,  by  the  law  that  the  volumes  of  gases  are  inversely  as  their  pressures,  we 
find— 

u  h-  CD  h-CD    ,  ,„ 

 nrri  =   1—  .  or  M  =  — —  vol.  AC. 

M  +  vol.  AC  h  CD 

Now,  if  we  place  any  object,  as  sand,  gunpowder,  a  soluble  salt,  &c.,  having  the  total 
volume  V,  in  the  vessel  AC,  we  may  proceed,  as  before,  to  find  the  volume  u  —  v  of  air 
still  remaining  in  AE;  and  as  u  is  already  known,  we  thus  find  v,  in 
cubic  inches.  From  the  volume  v,  the  weight  of  the  objects  in  AE,  and 
the  weight  of  a  cubic  inch  of  pure  water  at  60°,  we  may,  by  a  simple 
calculation,  find  the  specific  gravity  of  the  objects. 

The  stereometer  has  been  rendered  much  more  accurate  and  convenient 
by  Prof.  W.  H.  Miller,  whose  form  of  the  instrument,  as  employed  by  him 
in  finding  the  specific  gravity  of  standard  weights  not  allowed  to  be 
weighed  in  water,  we  will  now  describe,  referring  to  the  Phil.  Mag. 
[1834]  v.  203,  and  Phil.  Trans.  [18.56]  cxlvi.  799. 

It  consists  of  two  glass  tubes,  PQ,  DB  {fig.  821),  of  equal  diameter, 
communicating  with  each  other  at  their  lower  ends,  which  are  cemented 
into  the  oblong  piece  of  iron,  QB.  Below  the  ends  of  the  tiibes  are  holes 
concentric  with  the  tubes,  that  below  PQ,  being  closed  by  the  screw  K, 
while  below  DB  is  the  stopcock  L.  On  the  upper  end  of  PQ,  is  the 
metallic  cup  F,  which  may  be  closed  air-tight  by  the  plate  of  glass  E, 
smeared  with  lard.  The  tube  PQ  is  accurately  marked  with  a  scale  of 
centimetres,  and  the  fractional  parts  of  the  divisions  may  be  read  off  by 
the  ivory  scale  S,  a  centimetre  long,  divided  to  every  fifth  of  a  millimetre. 
Some  contrivances  of  Prof.  Miller  for  avoiding  error  of  parallax  in  this 
reading  need  not  here  be  described. 

To  use  this  instrument,  the  object  experimented  on  is  placed  in  a  cup 
within  the  vessel  F  ;  and  mercury  is  poured  into  the  tube  at  D,  until  both 
tubes  are  nearly  full,  and  the  surface  in  PQ  stands  exactly  at  zero  of  the 
scale.  The  plate  E  is  now  placed  air-tight  upon  F,  which  being  accom- 
plished, the  stopcock  E  is  opened,  and  merciuy  is  allowed  to  run  out, 
until  the  difference  of  altitude  of  the  mercury  in  the  two  tubes  is  nearly 
equal  to  half  the  height  of  the  barometer  at  the  time.  Suppose  the  mer- 
cury in  PR  now  to  stand  at  the  point  M,  and  in  DB  at  the  point  C ;  then 
the  pressure  within  F  is  less  than  the  atmospheric  pressure  by  the  weight 
of  the  column  of  mercury,  MC,  which  corresponds  to  the  column  of  mer- 
cury, CD,  in  the  simple  form  of  instrument  above  described  {fig.  820). 
Hence,  by  the  formula  already  given,  we  may  find  the  volume  of  air 
within  F,  occupied  or  \inoccupied  by  other  objects.  This  is  on  the  con- 
dition, however,  that  we  know  the  volume  PM,  and  it  is  necessary  to 
determine  accurately  the  capacity  of  the  divisions  of  the  tube  PQ  by  tlie 
usual  method  of  filling  it  with  mercury,  and  weighing  the  portions  as 
they  run  out,  corresponding  to  given  lengths  of  the  tube.  To  facilitate 
this  operation,  F  may  be  unscrewed,  and  the  stopcock  L  substituted;  and 
the  instrument  being  inverted,  mercury  may  be  poured  in  through  a  tube- 
funnel  at  the  opening  K. 
IjgyJ  The  results  of  this  instrument  are  much  affected  by  changes  of  tem- 
^  (0)1.  perature,  and  will  be  uncertain  and  inexact,  except  in  the  hands  of  a 
skilful  and  careful  operator.  Actual  readings  of  a  good  barometer  at  the 
time  are  also  necessary.  (See  Baeombter,  i.  509.)  W.S.J. 
VOKZZSr  and  VOIiZITE.  Syn.  with  Voltzin  and  Voi-tzite. 
VORAULITE.    Syn.  with  Laztoite  (iii.  477). 

VOS.HA'U'SEKXTS.  A  massive  dark-brown  variety  of  serpentine  from  Monzoni 
in  the  Flemser  valley,  Tyrol:  specific  gravity  =  2-45.  (Oellacher,  Jahrb.  geol. 
Reichsanstalt,  1857,  p.  258.) 

VOSG'XTX;.  This  name  was  given  by  Delesse  to  a  green  felspar  from  the  porphjrry 
of  the  Vosges,  and  from  the  gabbro  of  Mont  Genfevre.  Eammelsberg  has,  however, 
shown  that  it  is  merely  a  decomposed  labradorite. 


VULCANISATION— VULPULIN. 


1007 


VUIiCAWISATIOM".  Tlio  jjrocess  of  combining  c.ioutcliouc  witli  sulphur,  at 
high  temperature,  whereby  it  acquires  increased  elasticity  (i.  739).  Oils  heated  with 
sulphur  likewise  form  more  or  less  tenacious  and  elastic  masses;  and  Pcrra  has 
shown  (Compt.  rend,  xlvii.  878),  that  liiiseed-oil  heated  with  chloride  of  sulphur 
yields  a  product  of  this  nature,  which  he  calls  vulcanised  oil.  100  pts.  linseed- 
oil  heated  with  2.5  pts.  chloride  of  sulphur  (saturated  with  sulphur),  yield  a  product  of 
considerable  hardness,  thougli  not  so  hard  as  ebonite.  It  is  opaque,  brittle  when  cold, 
permanent  in  the  air ;  withstands  the  action  of  dilute  mineral  acids  and  alkalis,  but  is 
decomposed  by  them  in  the  concentrated  state;  turns  brown  at  120°,  and  decomposes 
at  a  somewhat  higher  temperature  ;  becomes  strongly  electric  by  friction. 

VUIiCAXriTZ,  or  EBOITXTS.    Hardened  caoutchouc. 

VUIiPIC  ACID.  C"H"0\ — An  acid  occurring  in  Cctraria  valpina  (Lichen 
vulpiniis,  L.),  a  lichen  which  grows  in  Norway,  and  is  there  collected  for  mixing  with 
nux  vomica,  as  poison  for  wolves.  It  was  first  separated  by  Bebert  (Ann.  Ch. 
Pharm.  ii.  342), — who  called  it  vulpulin,— but  in  an  impure  state,  so  that  it  was 
regarded  by  Berzelius  as  identical  with  the  colouring-matter  of  Parmdia  parutina, 
and  was  afterwards  mistaken  for  chrysophanic  acid,  till  its  truo  composition  was 
demonstrated  by  Strecker  and  Moller  {ibid,  cxiii.  56),  who  designated  it  vulpic 
acid.  It  is  very  much  like  usnie  acid  (p.  570),  from  which  it  diflfers  only  by  the 
elements  of  2  at.  water. 

To  prepare  vulpic  acid,  the  lichen  is  macerated  with  20  pts.  of  lukewarm  water,  and 
a  little  milk  of  lime  for  six  hours,  and  then  strained;  the  residue  is  again  exhausted 
with  10  pts.  of  warm  water  ;  the  united  extracts  are  slightly  supersaturated  with  hy- 
drochloric acid  ;  and  the  yellow  floeeulent  precipitate,  consisting  of  vulpic  acid  con- 
taminated with  resin  and  chlorophyll,  is  purified  by  recrystallisation  from  strong 
boiling  spirit  or  from  ether.    100  pts.  of  the  lichen  yield  about  12  pts.  of  the  acid. 

Vulpic  acid  separates  from  its  ethereal  solution  on  cooling,  in  transparent  yellow 
needles;  by  slow  evaporation  it  is  obtained  in  well-defined,  bulky,  transparent,  mono- 
clinic  crystals,  having  nearly  the  colour  of  rhombic  sulphur.  It  is  nearly  insoluble  in 
water  even  at  the  boiling  heat,  dissolves  with  diificulty  also  in  boiling  absolute  alcohol, 
and  separates  for  the  most  piart  on  cooling ;  more  easily  in  ether,  but  most  abundantly 
in  chloroform,  which  might  therefore  be  advantageously  used  for  extracting  it  from  the 
lichen.  It  melts  at  a  temperature  above  100°,  and  solidifies  in  the  crystalline  form 
on  cooling.  At  a  stronger  heat  it  decomposes,  leaving  a  small  quantity  of  charcoal, 
and  giving  off  a  yellow  smoke,  which  condenses  partly  in  brown  drops,  partly  as  a 
yellow  powder. 

Vulpic  acid  boiled  with  excess  of  potash-ley,  of  specific  gravity  1'05  to  1'15,  is  re- 
solved into  oxatolylic  acid  (iv.  287),  carbonic  anhydride,  and  methylic  alcohol: 
C'H'^O^  +  3H-0    =    C'«H"=0^  +  2C02  +  CH'O. 

Vulpic  acid.  Oxatolylic  Metiiylic 

acid.  alcohol. 

But  when  boiled  with  baryta-water,  it  undergoes  a  different  decomposition,  yielding 
alphatoluic  acid  (p.  863),  oxalic  acid,  and  methyhc  alcohol: 

C"H"0^  +  4H-0    =    2C«H«02  +  C=H'0'  +  CH'O. 

Vulpic  Alphatoluic  Oxalic  Methylic 

acid.  acid.  acid.  alcohol. 

Vulpates. — Vulpic  acid  is  monobasic.  The  vulpates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water,  and  are  easily  obtained  by  treating  tho 
acid  with  water  and  alkaline  hydrates  or  carbonates.  Tho  other  vulpates  are  in- 
soluble, and  are  obtained  liy  precipitation. 

Viilpatr  of  aiiir/ioniuiii,  C"'H"(NH')OMI-0,  forms  yellow  crystals,  which  dissolve  in 
water  and  in  alcoliol,  give  off  ammonia  and  water  when  heated,  and  are  then  no  longer 
]>erfectly  soluble  in  water. — The  hariiim-sali,  C^''H-'*Ba"0'".2H-0,  is  obtained  by  boiling 
vidpic  acid  with  water  and  barium-carbonate,  and  separates  from  the  filtrate  on  cooling, 
in  light-yellow  needle-sliaped  crystals;  but  by  recrystallisation  from  alcohol,  it  is 
obtained  in  orange-yellow  needles  containing  a  different  amount  of  water. — The  potas- 
sium-salt, C'''H"KO^.n-0,  crystallises  in  light-yellow  needles,  somewhat  sparingly 
soluble  both  in  water  and  in  alcohol. — The  silver-salt,  C'^H'^AgO,  is  a  yellow  easily 
deeomposible  precipitate,  which  dissolves  in  ammonia,  and  likewise  in  boiling  water, 
though  in  the  latter  case  with  partial  decomposition.  It  blackens  at  100°,  but  without 
much  loss  of  weight. 

VUXiPlU'lTS.    Anhydrite  from  Vulpino,  near  Bergamo. 

\  Syn.  witli  Vulpic  Acid. 
VUZiPUXiXM-.  > 
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"WACKX:.    Syii.  with  Grattwacke  (ii.  842). 

WAD.  A  term  applied  to  ores  of  manganese  of  variable  composition,  consisting 
mostly  of  mixtures  of  the  sesquioxide  and  dioxide  of  manganese.  (See  Manganese, 
iii.  813.) 

WACXTE.  A  mineral  from  Kischni-Jagurt  in  the  Ural,  containing  26'0  per  cent, 
silica,  66  9  zinc-oxide,  4-7  water,  and  1'55  lime,  together  with  traces  of  copper  and  iron, 
closely  allied  therefore  to  hemimorphite,  but  containing  somewhat  less  water.  It  forms 
crystalline  coatings  of  blue  to  green  colour  ;  hardness  =  5-0,  and  specific  gravity  = 
2-707.    (Radoszkowski,  Compt.  rend.  liii.  107.) 

WACXfERXTE.  Phosphatofluoride  of  magnesium,  found  in  the  valley  of  HoUen- 
graben  in  Salzburg.    (See  Phosphates,  iv.  569.) 

WAXFA.  The  Chinese  name  of  a  yellow  dyestuff,  consisting  of  the  undeveloped 
flower-buds  of  Sophora  jaj)onica. 

WAX.CHOWXTE.    Eetinite  from  the  coal-mines  of  Walchow  in  Moravia  (p.  98). 

WAXiDHEXnxxTE.  A  green  mineral  resembling  actinolite,  from  the  serpentine 
of  Waldheim  in  Saxony,  containing,  according  to  Knop  (Ann.  Ch.  Pharm.  ex.  360), 
55-58  per  cent,  silica,  10-65  magnesia,  10-84  lime,  12-64  soda,  5-66  ferrous  oxide,  0-36 
raanganous  oxide,  and  1-72  alumina.    Hardness  =  5-0.    Specific  gravity  =  2-957. 

"WAXiK  KXCHEM'.    Parmelia  ■parictina.    (See  Lichens,  iii.  587.) 

WAXiNTTT.  Juglans  rcgia. — The  green  shells  of  the  fruit  of  this  tree  contain, 
according  to  Braconnot,  a  peculiar  bitter  principle,  together  with  citric  acid,  malic 
acid,  tannin,  &c.  According  to  Buchner,  the  alterable  constituent  of  the  shells  and 
leaves  of  walnuts  is  not  tannin,  but  a  peculiar  acid,  juglandic  acid,  which,  in  contact 
with  the  air,  is  converted  into  a  neutral  brown  insoluble  substance  called  juglandin 
(iii.  444). 

The  ripe  kernels  contain  40  to  50  per  cent,  of  a  fat-oil,  having  a  yellow  or  greenish- 
yi'llow  colour,  a  mild  taste  and  odour,  and  a  specitic  gravity  of  0  96.  It  solidifies  at 
—  27'',  dissolves  sparingly  in  alcohol,  and  dries  easily  in  contact  with  the  air.  According 
to  Saussure  and  Hermann,  it  contains  from  79  to  80  per  cent,  carbon,  and  10-5  to  11-0 
hydrogen. 

According  to  Vogel  and  Eoischauer  (Buchn.  Repert.  v.  106;  vi.  1),  fresh 
walnut-shells  contain  a  peculiar  principle,  which  they  call  mucin  (iv.  143). 

The  ash  of  the  wood,  bark,  and  leaves  of  the  walnut-tree  in  spring  and  autumn  has 
been  analysed  by  Staffel  (Ann.  Ch.  Pharm.  Ixxvi.  379) ;  that  of  the  nuts  themselves 
by  Glasson  {ibid.  Ixi.  343) : 


Ash  of  the  Walnut-tree. 


•Wood. 

Bark. 

Leaves. 

Nuts. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Ash  per  cent,  of  fresh 
substance 

1  0-90 

1-47 

1-38 

3-68 

1.09 

2-57 

0-67 

Ash  per  cent,  of  dry 

10-03 

2-98 

8-75 

6-40 

7-72 

7-0 

substance      .  . 

Potash 

40-8 

14-9 

44-5 

110 

42-0 

25-5 

27-1 

Lime .... 

22-5 

55-9 

18-4 

70-1 

26-9 

53-6 

21-6 

Magnesia  . 

8-9 

81 

7-2 

10-5 

4-8 

9-8 

7-7 

0-3 

0-2 

0-06 

Ferric  oxide 

2-7 

2-2 

0-8 

0-4 

0  4 

0-5 

0-7 

Sulphiiric  anhydride  . 

4-9 

3-1 

4-4 

0-1 

2-6 

2-6 

2-3 

Silicic  „ 

2-4 

2-8 

2-7 

0-7 

1-2 

2-0 

1-1 

Phosphoric  „ 

14-9 

12-2 

19-0 

6-8 

21-1 

4-0 

35-6 

Chloride  of  potassium 

3-1 

0-6 

1-9 

0-9 

1-0 

1-7 

0-8 

Several  preparations  from  the  leaves  and  young  shells  of  the  walnut  are  used  in 
medicine ;  the  oil  of  the  nuts  is  used  chietly  as  a  condiment.    (Handw.  d.  Chem.  ix.  555.) 
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WARWICKITE,  A  mineral  occurring  ;it  Warwick  in  New  York,  in  dark-brown 
or  iron-black,  indistinct,  monoclinic  crystal.s,  of  specific  gravity  3'0  to  3'3.  According 
to  Shepard  (Sill.  Am.  J.  xxxiv.  313  ;  xxxvi.  85),  it  contains  27'33  per  cent,  fluorine, 
61-71  titanium,  7' 11  iron,  0-80  yttrium,  and  traces  of  aluminium.  According  to 
L.  Smith  (ihid.  xvi.  293)  it  contains  20  per  cent,  boric  acid. 

WASKINGTONITX:.    Titaniferous  iron,  from  Litchfield,  Connecticut  (p.  847). 

WASITE.  Tliis  name  was  given  by  Bahr  (Pogg.  An.  cxix.  672;  .Tahrcsb.  1863, 
p.  199)  to  a  mineral  resembling  orthite,  from  Rensholm,  an  island  near  Stockholm, 
which  he  supposed  to  contain  the  oxido  of  a  new  metal,  wasium  ;  subsequent  experi- 
ments, however,  have  led  him  to  regard  thi.'i  supposed  new  oxide  as  most  probably  iden- 
tical with  thorina  (Ann.  Ch.  Pharm.  exxxii.  227  ;  Jahrosb.  1866,  p.  207).  Tlie  so- 
called  wasite  contains  alumina,  ferric  oxido,  yttria,  thorina,  the  oxides  of  cerium, 
lanthanum,  didymium,  and  manganese,  lime,  and  alkali. 

WASIUM.    See  the  last  article. 

WATER.  Synonyms,  JVasscr.  Eau.  Aqua.  iiSaip.  Symbol,  H'O.  Molecular 
weight,  18. — This  substance,  which  plays  so  important  a  part  in  most  terrestrial 
phenomena,  was  long  regarded  as  an  element  or  simple  substance.  Towards  tlie  end  of 
the  last  century,  however,  the  observations  of  Cavendish  on  inflammable  air  turnished 
the  material  by  which  Lavoisier  was  enabled  to  show  that  water  is  a  compound  of 
two  distinct  elementary  substances,  and  thus  to  supply  an  important  feature  of  the 
chemiail  system  he  had  introduced.    (S'-e  Gas,  i.  780  et  scq.) 

AVator  occurs  universally  on  the  earth  in  one  or  other  of  the  physical  states  whicli 
it  is  capable  of  assuming.  As  a  liquid  it  constitutes  the  gr^at  mass  of  the  oceans, 
seas,  rivers,  lakes,  &c.,  which  cover  upwards  of  three-fourths  of  the  earth's  surface. 
Water  also  issues  from  the  interior  of  the  earth  at  many  places  as  springs  (pp.  1014, 
1015).  In  the  solid  state,  as  ice  and  snow,  it  occurs  permanently  in  the  polar  regions, 
and  in  lofty  mountain  districts,  and  periodically  in  the  temperate  zones.  In  the  state  of 
vapour  it  occurs  invariably  as  a  constituent  of  the  aerial  envelope  of  the  earth,  and  to 
.an  extent  determined  by  the  temperature  and  other  local  conditions.  (Atmospherk, 
i.  437,  and  Clouds,  i.  1027  et  scq.)  Water-vapour  also  occurs  abundantly  in  the  exha- 
lations of  volcanoes,  during  eruptions,  and  is  continuously  evolved  from  the  interior  of 
the  earth  at  many  places,  as  in  Iceland  and  at  the  solfatara  and  fumaroles  in  tho 
neighbourhood  of  volcanoes. 

Water  also  occurs  meehanic;illy  disseminated  throughout  the  mass  of  the  strata 
underlying  the  earth's  surface,  sometimes  in  considerable  proportion,  and  even  tho 
most  compact  rocks  contain  a  sensible  amount  of  w.-iter.  In  many  solid  minerals  and 
organic  substances  it  also  exists  in  a  state  of  combination,  sometimes  to  the  extent  of 
40  or  60  per  cent,  and  upwards.  Thus  allopliane  contains  about  40  per  cent,  of  water, 
chabasite  contains  20  per  cent.,  and  brown  iron  ore  15  percent,  of  water.  Living  plants 
and  animals  contain  from  80  to  90  per  cent,  of  water. 

Properties. — Pure  water  is  perfectly  free  from  taste  and  smell,  and  within  a  range  of 
temperature  between  0°  and  lOO"^  C,  under  the  ordinary  atmospheric  pressure,  it  is  a 
transparent,  almost  colourless  liquid.  The  slight  blue  colour  of  water  may  be  observed, 
as  pointed  out  by  Bunsen  (Ann.  Ch.  Pharm.  Ixxii.  44),  by  looking  at  a  shining  white 
object  through  a  column  of  pure  water  2  metres  long,  contained  in  a  tube  blackened 
inside. 

The  density  of  water  in  the  liquid  state  is  about  770  times  as  much  as  that  of  at- 
mospheric air,  and  is  greatest  at  a  temperature  of  about  4"  C.  (  =  39'2°  F.)  (Heat, 
iii.  58  ct  seq.)  Taking  the  density  at  this  temperature  as  unity,  it  is  0'999877  at  0^ 
C,  and  0-999107  at  15-6°  C.  The  density  of  water  is  always  taken  as  the  standard  of 
comparison  in  reference  to  which  the  densities  of  other  solid  and  liquid  substances  are 
expressed  (see  Specific  Gkavity,  p.  357  <t  seq.).  In  the  United  Kingdom  th(! 
density  of  water  at  the  temperature  of  60°  F.  (  =  15-5°  C.)  is  taken  as  unity  ;  but  on 
the  continent  the  density  of  water  at  the  temper.-iture  of  4°  C.  is  more  generally 
adopted  as  unity.  A  cubic  centimetre  of  pure  water  at  this  temperature,  and  under  a 
pressure  equal  to  a  barometric  column  of  760  millimetres  of  mercury — 29-922  inclics 
. — weighs  16-432349  grains  or  1  gramme,  which  is  the  unit  of  weight  in  the  metric 
system. 

The  following  table  (p.  1010)  gives  the  weights  of  certain  volumes  of  water  in  terms 
both  of  the  metric  system  and  of  the  system  of  weights  and  measures  used  in  the 
United  Kingdom. 

Water  is  slightly  elastic.  By  an  increased  pressure  of  one  atmosphere  its  volume 
is  reduced  to  the  extent  of  -000045  (Oersted),  or  -000047  (Regnault),  and  under  a 
pressure  of  200 atmospheres  its  volume  is  said  to  be  reduced i  (Perkins,  Gilb.  Ann. 
Ixxii.  173;  Pogg.  Ann.  ix.  664).    Tho  compressibility  increases  as  the  temperature 
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WATER. 


Grains. 

Ciibic  centimetres 
at  4°  C. 
grammes. 

Cubic  inches 
at  6'2°  F. 

Pound. 

Gallon  at 
C2°  F. 

Cubic  feet 
at  6-i°  F. 

1 

15-432349 
252-456 
7000- 
70000- 
436,495- 

1 

16-3861769 
454-3437969 
4543-457969 
28315- 

-061027 

1 

27-727 
277-276 
1728- 

1 

10- 

62-355 

-0002201 
-1 

1 

6-2355 

-0000353 

-016016 
-16046 

1 

rises.  Thus  at  0°  C.  it  amounts  to  -0000503  ;  at  10  8°  to  -000048  ;  at  35°  to  -0000466, 
and  at  63°  to -000041.  (Grassi,  Ann.  Ch.  Phys.  [3],  xxsi.  437.  See  Elasticity, 
ii.  370.) 

Taking  the  volume  of  water  at  0°C.  as  unity,  it  expands  to  1-042986  when  heated  to  100° 
C.  (Kopp),  and  to  1-1016  when  heated  to  156  8°    (Mendelejeff.— SeeHEAT,  iii.  58.") 

Water  has  a  high  capacity  for  heat,  and  its  specific  heat  is  taken  as  the  standard  of 
unity  in  reference  to  which  the  capacities  of  other  substances  for  heat  are  expressed. 
(Heat,  iii.  34.) 

Water  is  a  very  bad  conductor  of  heat ;  but  when  heat  is  applied  to  water  from  below 
the  portion  which  is  heated  expands,  and  thus  becoming  specifically  lighter,  rises 
to  the  surface,  while  the  colder  and  denser  portion  sinks,  and  is  in  its  turn  heated, 
until  the  whole  mass  acquires  a  uniform  temperature.  (Conduction  op  Heat, 
p.  73.) 

At  the  temperature  of  0°  C.  water  becomes  solid  or  freezes,  and  at  the  same  time  ex- 
pands considerably.  In  that  state  it  presents  as  ice  crystalline  structure,  and  as  snow 
crystalline  forms  belonging  to  the  Iiexugonal  system,  which  are  derivatives  of  the  rhom- 
bohedron  and  six-sided  prism. 

Ice  is  colourless  or  slightly  blueish,  and  transparent  when  it  has  been  formed  from 
water  perfectly  at  rest.  Its  density  is  less  than  that  of  water  at  0-"  C,  or  aboiit  0'  920 
(Dufour,  Compt.  rend.  Ivi.  1079. — Duvernoy,  Pogg.  Ann.  cxvii.  454).  Consequently 
ice  always  floats  on  the  surface  of  water,  and  since  water  attains  its  maximum  density 
at  the  temperature  of  4°  above  the  freezing-point,  it  follows  that  when  the  water  of 
lakes,  rivers,  &c.,  is  cooled  below  that  point,  the  colder  portion  remains  at  the  surface, 
and  when  it  reaches  the  freezing  point,  is  there  converted  into  ice,  while  the  water  below 
remains  at  4°  C. 

The  expansion  which  takes  place  in  the  freezing  of  water,  to  the  extent  of  nearly  yj- 
the  volume  of  the  water,  frequently  causes  the  bursting  of  pipes  and  other  vessels, 
and  it  is  a  powerful  agent  in  the  disintegration  of  rocks.    (See  Heat,  iii.  78  et  seq.) 

Water  contained  in  closed  vessels  and  in  a  state  of  perfect  rest  may  be  cooled  to  — 10° 
or  —13°  C.  without  becoming  solid,  and  then  on  the  slightest  agitation  it  suddenly  soli- 
difies.   (HEAT,'iii.  75.) 

The  conversion  of  water  at  0°  C.  into  ice  is  accompanied  by  liberation  of  heat,  and 
in  the  melting  of  ice  heat  is  absorbed  or  rendered  latent  to  the  same  extent,  without 
raising  the  temperature  of  the  water  above  0°,  so  that  by  applying  heat  to  a  mixture  of 
ice  and  water,  the  temperature  is  not  raised  above  0°  until  after  all  the  ice  has  been 
melted.  The  quantity  of  heat  absorbed  or  liberated  in  the  melting  of  ice  or  freezing  of 
water  is  sufficient  to  raise  the  temperature  of  an  equal  weight  of  water  to  the  extent  of 
79-2°  C,  so  that  when  1  pound  of  ice  is  mixed  with  1  pound  of  water  at  79-2°,  the  ice  is 
melted  and  the  whole  of  the  water  has  a  temperature  of  0°  C.    (Heat,  iii.  77.) 

The  melting  point  of  ice  is  reduced  slightly  below  0°  C.  by  increase  of  pressure  to 
the  extent  of  0-00747°  C.  for  each  additional  atmosphere.  (Mousson,  Ann.  Ch.  Phys. 
[3],  Ivi.  252.    See  Heat,  iii.  76.) 

Water  evaporates  at  all  temperatures  when  in  contact  with  atmospheric  air  or  other 
gases,  and  the  vapour  thus  formed  has  a  density  and  tension  determined  by  the  tem- 
perature (see  Heat,  iii.  81,  93).  This  evaporation  takes  place  only  from  the  surface, 
and  to  .an  extent  proportionate  to  the  volume,  temperature,  and  dryness  of  the  air  with 
which  the  water  is  in  contact.  In  a  confined  space  this  evaporation  ceases  when  the 
air  becomes  saturated  with  water-vjipour.  In  the  open  air  it  proceeds  more  rapidly 
in  proportion  to  the  extent  of  snrface  exposed,  and  when  the  air,  which  has  become 
saturated  with  vapour,  is  constantly  replaced  by  fresh  air.  Consequently  a  rapid  ;ur- 
rent  of  air  favors  evaporation. 

Under  the  ordinary  atmospheric  pressure — 760  mm.  or  29-922  inches — water  boils 
at  the  temperature  of  100°  C,  and  is  converted  into  upwards  of  1600  times  its  volume 
of  vapour.  When  the  pressure  is  reduced  to  near  a  vacuum,  the  boiling  point  is  lowered 
to  nearly  0°  C. ;  and  it  rises  when  the  pressure  is  increased,  as  shown  in  the  following 
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I  ible  of  the  results  obtained  by  Arago  and  Dulong  (Ann.  Ch.  Phys.  [2],  xliii. 
74):— 
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The  boiling  point  of  water  under  the  ordinary  pressure  is  slightly  influenced  by  the 
nature  of  the  vessel  in  which  it  is  heated,  and  by  the  state  of  its  surface.  Thus  in 
vessels  of  glass  or  porcelain,  with  very  smooth  surfaces,  w.iter  boils  1  or  2  degrees 
higher  than  in  metallic  vessels  with  a  rough  surface.    (See  Heat,  iii.  87.) 

The  conversion  of  water  into  vapour  is  always  attended  with  absorption  of  heat.  The 
quantity  of  heat 'absorbed  or  rendered  latent  by  water  at  100°  C,  in  becoming  vapour 
at  the  same  temperature,  would  raise  the  temperature  of  water  5-37  times  as  much 
from  0-'  to  100°  C.,  so  that  when  one  pound  of  water  vapour  at  100°  C.  is  mixed  with 
5-37  pounds  of  water  at  0°  C,  the  vapour  is  condensed  and  the  6-37  pounds  of  water 
have  a  temperature  of  100°  C.    (See  Heat,  iii.  96  ct  seq.) 

Water-vapour  is  colourless  and  transparent,  and  becomes  'visible  only  when  pai-^ 
tially  condensed,  as  in  the  case  of  steam  escaping  into  the  atmosphere.  The  specific 
gravity  of  water-vapour  at  100'-'  C.  is  0-622,  as  compared  with  air  at  the  same  tem- 
perature, and  as  compared  with  air  at  0°C.  it  is  0  455. 

Water  is  a  very  efficient  solvent,  so  much  so  that  there  are  very  few  substances, 
solid,  liquid,  or  gaseous,  which  are  not  to  some  extent  capable  of  being  dissolved  by 
water.  Many  substances,  however,  can  be  dissolved  by  water  only  in  such  minute 
proportions  that  for  most  purposes  they  may  be  regarded  as  practically  insoluble.  Thus 
calcic  carbonate  is  generally  classed  among  insoluble  substance ;  but  since  it  dissolves 
in  from  10,601  ?  (Fresenius)  to  30,000  parts  of  water,  it  must  be  considered  as  a 
soluble  substance,  so  far  as  relates  to  the  character  and  contents  of  natural  waters, 
since  the  above  proportion  amounts  to  at  kast  2-5  grains  per  gallon,  and  especially 
since  calcic  carbonate  in  some  form  or  other  is  so  frequently  a  constituent  of  the  strata 
with  which  water  comes  in  contact. 

The  solubility  of  different  substances  in  water  is  very  unequal.  Some  are  readily 
soluble,  and  require  only  small  proportions  of  water,  others  are  but  sparingly  soluble. 
Generally  the  solubility  of  any  particular  solid  or  liquid  substance  is  increased  in  pro- 
portion as  the  temperature  is  raised.  (See  Heat,  iii.  79;  and  Solution,  v.  p.  349.) 
But,  there  are  many  exceptions  to  this  rule  :  thus  cold  water  dissolves  calcic  sulphate 
in  larger  proportion  than  water  at  100°  C,  and  water  at  120^  C.  does  not  dis.solve 
any.    Water  at  0°  C.  dissolves  nearly  twice  as  much  lime  as  water  at  100°  C. 

In  the  case  of  gases,  the  amount  capable  of  being  dissolved  by  water  is  very  much 
dependent  on  the  pressure.  Under  the  ordinary  pressure  it  is  generally  larger  in 
proportion  as  the  temperature  is  lower.  Thus  water  at  0°  C.  dissolves  68-61  times  its 
volume  of  sulphurous  acid  gas,  while  water  at  24°  C.  dissolves  only  31  8  times  its 
volume.  There  are,  however,  exceptions  to  this  rule  ;  between  the  temperatures  of  0° 
and  25°  C,  water  dissolves  a  constant  amount  of  hydrogen,  or  0-0193  of  its  volume. 
(Gases,  Absoeption  of,  i.  791  d  scq.) 

When  the  solution  of  a  solid  substance  in  water  is  not  accompanied  by  chemical 
combination,  there  is  very  often  a  reduction  of  temperature  produced,  sometimes  to  a 
considerable  extent.  (See  Heat,  iii.  79,  80,  and  112.)  The  solution  of  gases,  on  the 
contrary,  is  generally  attended  with  inci-ease  of  temperature,  partly  in  consequence  of 
the  change  of  state  in  the  gas. 

Aqueous  solutions  of  solid  substances  have  a  higher  density  than  water  ;  and,  for 
any  given  substance,  the  density  is  proportionately  higher  according  to  the  amount  of 
substance  in  solution.  The  water-solutions  of  certain  liquids  and  gases  are  also  denser 
than  water;  but  in  many  instances  the  density  of  such  solutions  is  less  than  that  of 
water.  For  some  purposes  the  degree  of  density  of  water-solutions  of  any  particular 
substance  affords  a  sufficiently  accurate  indication  of  the  amount  of  such  substance  in 
the  solution,  as  in  the  case  of  sugar,  soda,  sulphuric  acid,  hydrochloric  acid,  ammonia, 
alcohol,  &c. 

The  freezing-point  of  water-solutions  is  lower  than  that  of  water:  thus  sea-water 
freezes  le.is  readily  than  fresh  water.  When  dilute  solutions  freeze,  pure  ice  is  formed, 
and  thus  the  solution  is  concentrated.    In  cold  countries  salt  is  often  obtained  in  this 
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way.  A  solution  containing  10  per  cent,  of  common  salt  freezes  at  —  C°  C. ;  one  with 
10  per  cent,  ammonium-chloride  freezes  at  —  6'5°  C. ;  one  with  43  per  cent,  ci-j  stalliseil 
calcic  chloride  freezes  at  —10°  C,  and  a  saturated  solution  of  calcic  chloride  freezes 
at  —21°  C.    (Rudorf,  Poggend.  Annal.  exiv.  63.) 

The  boiling-point  of  water  is  raised  when  it  contains  solid  substances  in  solution, 
and  to  an  extent  proportionate  to  the  amount  of  substance  in  solution.  (See  Heat, 
iii.  89.)  Liquid  and  gaseous  substances  dissolved  in  water  sometimes  cause  a  rise  and 
sometimes  a  depression  of  the  boiling-point. 

Certain  liquids  when  mixed  with  \iater  form  two  solutions  which  do  not  mix,  each 
liquid  acting  as  a  solvent  to  the  other;  tlius  water  dissolves  10  per  cent,  by  measure  of 
ether,  while  ether  dissolves  about  i  of  its  bulk  of  water,  and  when  water  is  mixed 
with  more  ether  than  it  can  dissolve,  these  saturated  solutions  are  formed  in  two 
separate  layers. 

The  saturated  solutions  of  solid  substances  which  are  capable  of  crystallising 
deposit  these  substances  in  a  crystalline  form  when  the  water  is  evaporated,  and 
the  crystals  thus  produced  are  generally  larger  and  more  regular  when  the  evaporation 
goes  on  slowly,  and  without  disturbance  of  the  liquid.  (Ceystaxhsa-tion,  ii.  114 
et  seq.) 

Water,  in  its  chemical  characters,  is  a  remarkably  neutral  substance,  the  relatively 
basylous  and  chlorous  characters  of  its  constituents  being  so  nearly  compensated  that 
it  is  capable  of  assuming  either  relation  according  to  the  nature  of  the  substance  with 
which  it  reacts  or  combines.  Its  basyl  constituent  may  be  replaced,  either  by  a 
basylous  or  chlorous  substance  (Metals  and  Metalloids,  iii.  937),  so  as  to  produce 
a  great  variety  of  compounds  whose  constitution  is  referrible  to  the  type  of  water. 

Water,  though  itself  an  eminently  neutral  substance,  often  exercises  an  important 
influence  in  determining  the  chemical  activity  of  other  substances,  not  only  as  a  solvent 
by  rendering  one  or  more  of  the  substances  concerned  in  a  particular  reaction,  liquid, 
and  in  so  far  more  susceptible  of  chemical  action,  but  also  by  taking  part  in  the  reac- 
tion itself ;  thus,  for  instance,  concentrated  sulphuric  acid  and  iron  present  no  reaction 
even  when  heated  to  the  boiling-point,  and  this  is  also  the  case  with  concentrated  nitric 
acid,  and  the  metals  tin,  lead,  and  iron.  When  water  is  added,  however,  vigorous 
chemical  action  is  at  once  set  up,  and  in  numerous  other  instances  the  presence  of 
water,  in  some  condition,  is  essential  to  chemical  action.  The  chemical  processes 
taking  place  in  the  organisms  of  plants  and  animals  require  the  presence  of  water,  and 
in  the  alteration  of  minerals  it  is  equally  necessary,  both  as  the  solvent  of  products 
of  decomposition,  and  as  the  medium  for  rendering  efficient  the  carbonic  acid,  oxygen, 
&c.,  by  which  alteration  is  produced. 

Composition. — The  composition  and  constitution  of  water  have  already  been  treated 
of.    (Hydrogen,  Oxides  of,  iii.  195.) 

Decomposition.— y^sXev  may  be  decomposed  in  various  ways ;  viz. 

1.  With  liberation  of  both  constituents. 

By  Heat. — Grove  fijst  observed  that  water  is  decomposed  by  heat.  Deville  con- 
siders that  this  decomposition  {disassociatioii)  takes  place  between  1000°  and  2000°  C, 
and  that  at  a  lower  temperature  the  greater  portion  of  the  gases  again  combine  to- 
gether. 

By  Electricity. — When  two  platinum-plates  are  immersed  in  a  vessel  of  water, 
slightly  acidulated  with  sulphuric  acid  to  increase  its  conducting  power,  and  these 
plates  are  connected  with  the  poles  of  a  voltaic  battery,  hydrogen  and  oxygen  gases 
are  evolved  at  the  surfaces  of  the  plates.  If  these  gases  are  collected  in  two  glass 
tubes  filled  with  water  and  inverted  over  the  platinum-plates,  the  volume  of  the  hy- 
drogen gas  evolved  at  the  one  plate  will  be  found  to  be  exactly  double  that  of  the 
oxygen  gas  evolved  at  the  other  plate,  except  in  so  far  as  the  greater  solubility  of  oxygen 
gas  in  water  affects  this  relation.    (Electrolysis,  ii.  432  et  seq.) 

2.  With  liberation  of  one  constituent  only : — ■ 

The  metals  of  the  alkalis  and  alkaline  earths  decompose  water  at  the  ordinary  tem- 
perature, disengaging  hydrogen  and  forming  oxides.  Many  other  metals  decompose 
water  or  water-vapour  in  the  same  way  at  temperatures  varying  from  100°  C.  to  a 
white  heat.  Others  do  not  decompose  water  under  the  influence  of  heat  alone. — Iron 
and  many  other  metals  decompose  water  at  the  ordinary  temperature,  only  in  the 
presence  of  an  acid. — Zinc  and  some  other  metals  decompose  water  under  the  influence 
of  heat,  and  in  the  presence  of  an  alkali. 

Carbon  also  decomposes  water-vapour  at  a  red  heat,  yielding  hydrogen,  some  car- 
bonic oxide,  and  a  little  carburetted  hydrogen. 

Some  of  the  lower  oxides  decompose  water,  or  water-vapour,  with  evolution  of  hy- 
drogen, either  at  the  ordinary  temperature  or  with  the  aid  of  heat. — Hydrated  silicious 
oxide  decomposes  water  in  presence  of  acids  or  ammonia,  forming  silicic  acid, — 
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Carbonic  oxide  decomposes  water-vapour  at  a  red  heat,  yielding  hydrogen  and  carbonic 
acid. 

Chlorine  decomposes  water  under  the  influence  of  light,  and  water-vapour  at  a  red 
heat,  with  formation  of  hydrochloric  acid  and  liberation  of  oxygen.  Water-vapour 
heated  to  redness  with  bromine-vapour  in  excess,  is  decomposed  in  a  similar  manner. 
This  decomposition  is  not  eflected  by  iodine. 

3.  Both  constituents  enter  into  other  combinations  : — 

Pho.ipkonis  heated  with  water  in  presence  of  an  alkali  decomposes  it,  with  for- 
mation of  phosphoretted  hydrogen  and  hypophosphorous  acid.  According  to 
Schonbein,  water  is  decomposed  when  boiled  in  contact  with  nitrogen-gas,  nitrous 
acid  and  ammonia  being  formed : 

2n'0  +  2N    =  (NH«)N02. 

Man}'  chlorides  and  bromides  decompose  water,  forming  oxides  and  hydrochloric  or 
liydrobromic  acid.  Thus  phosphorus  chlorides  yield,  with  water,  phosphorous  or  phos- 
phoric acid  and  hydrochloric  acid  : 

PC1»  +  3H-0    =    3HC1  +  PH'O';  and  PC1»  +  4H=0    =    PH'O*  +  5HCI. 

Some  metallic  chlorides  are  decomposed  by  contact  with  water,  forming  oxy- 
ehlorides  and  hydrochloric  afiid.  (Antimony,  i.  318,  327,  and  Bismuth,  i.  691.)— 
Aluminio  and  7nagnesic  chlorides  decompose  water  when  their  solutions  are  boiled, 
yielding  alumina  or  magnesia,  while  hydrochloric  acid  escapes. 

Many  metallic  chlorides,  bromides,  and  iodides  decompose  water-vapour  with  the 
aid  of  lieat,  yielding  the  corresponding  oxides  and  hydrochloric  acid.  Certain  metallic 
sulphides  decompose  water- vapour  in  a  similar  manner. 

Arsenious  acid  and  sulphurous  acid  decompose  water  in  presence  of  chlorine,  with 
formation  of  arsenic  acid  or  sulphuric  acid  and  hydrochloric  acid. 

Certain  o.i'irffs decompose  water,  with  formation  of  a  product  containing  the  elements 
of  both  .substances.  Thus  sulphuric  anhydride  and  water  yield  hydric  sulphate ;  calcic 
oxide  and  water  yield  calcic  hydrate  : 

S0»  +  H'O    =    SH=0^  and    CaO.H'O    =  CaH'0=. 

Production. — Water  is  formed  whenever  hydrogen-gas,  or  a  combustible  substance 
containing  hydrogen,  is  burnt  in  oxygen  or  atmospheric  air.  (Hydrogen,  iii.  192; 
Fuel,  ii.  722  ;  and  Eremacausis,  ii.  497.)  Water  is  also  produced  when  hydrogen,  or 
organic  and  other  substances  containing  hydrogen,  are  exposed  to  a  bright  red  heat  in 
contact  with  easily  reducible  metallic  oxides  or  other  substances  capable  of  yielding 
oxygen  under  those  conditions.    (Oxygen,  iv.  308.) 

Combinations. — Water  enters  into  combination  \vith  other  substances  in  various 
ways.  In  some  of  the  compounds  which  it  forms,  water  exists  as  such,  while  others 
mure  probably  contain  only  its  elements  in  the  same  relative  proportion  as  in  water. 
(Hydrates,  iii.  179  ;  Atomic  Weights,  i.  468  ct  scq.) 

With  many  saline  and  other  substances,  water  combines  in  definite  equivalent  pro- 
portidns,  producing  compounds  which  are  sometimes  capable  of  assuming  regular  crys- 
talline forms.  In  such  cases  it  exists  as  water  of  crystaUisation,  and  the  crystalline 
form  of  such  substances  is  essentially  connected  with  the  amount  of  water  they  contain. 
The  amount  of  water  which  may  be  contained  in  crystallised  sulisbmces  varies  from  1  to 
24  atoms,  and  the  same  substance  may  combine  with  water  in  several  diiferentpropor- 
tions.  Thus  borax,  crystallised  from  solution  attheordinary  temperature,  is  combined 
with  4^  at.  of  water,  and  when  crystallised  between  60^  and  80  -'  C.,  it  is  combined  with 
2  at.  :  in  the  one  case  it  forms  oblique  rhombic  prisms  (2NyHB-0'  -f  9Hq.) ;  in  the  other 
case,  octahedrons  (NaHB'-0*24aq.).  Sodic  carbonate  crystallised  from  solution  at  the 
ordinary  temperature  forms  rhomboidal  prisms  (Na'-'CO''  -f  lOaq.),  at  a  higher  tempera- 
lAiru  it  crystallises  as  Na'CO' -i- 8aq.,  or  as  Na-'CO-' -f  6aq.,  and  from  a  boiling  solution 
it  crystallises  as  Na-'CO'  +  laq.  in  rectangular  tables. 

The  presence  of  water  of  crystallisation  combined  with  a  salt,  often  influences  its 
colour  ;  thus  anhydrous  cupric  sulphate  is  white,  while  the  crystalline  salt  Cu"SO'  ■+  5aq. 
is  blue.    Anhydrous  nickel  sulphate  is  yellow  and  the  crystalline  salts  are  green. 

Ill  some  cases,  water  of  crystallisation  is  so  feebly  combined  that  it  is  gradually 
separated  when  the  substance  containing  it  is  exposed  to  dry  air.  (Efflorescence, 
ii.  362.)  Water  of  crystallisation  is  always  expelled  by  heat,  and  generally  at  a  tem- 
perature of  from  100°  to  120°  C.  Some  crystallised  substances  require  a  higher  tem- 
perature ;  but  in  any  case  the  crystals  become  opaque  and  friable  in  proportion  as  the 
water  of  crystallisation  is  expelled,  and  at  last  disintegrate  and  fall  to  powder.  Cer- 
tain substances  retain  a  portion  of  their  water  of  crystalhsation  more  tenaciously  than 
the  rest.  Thus  cupric  sulphate  retains  one  molecule  of  water  when  dried  at  100°, 
and  does  not  give  it  up  until  heated  to  200^  C.    (Hvdratks,  iii,  180.)  Pntash-alum 
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loses  10  at.  water  at  120°,  and  the  remaining  2  atoms  are  not  separated  under  200°  C. 
Water  of  crystallisation  may  also  be  abstracted  from  crystals  by  immersing  them  in  a 
liquid  which  attracts  water  but  does  not  dissolve  the  substance.  Thus  alcohol  ab- 
stracts water  from  crystallised  sodic  sulphate,  and  oil  of  vitriol  abstracts  it  from 
cupric  sulphate. 

Substances  containing  water  of  crystallisation  frequently  melt  with  ease  when  heated, 
and  then  become  solid  again  after  the  heat  is  maintained  some  time,  and  the  water  of 
crystallisation  has  been  evaporated. 

Many  amorphous  substances  also  contain  water  in  a  state  of  combination  similar  to 
that  in  which  it  exists  in  crystals. 

Substances  which  are  very  soluble  in  water  often  attract  water  from  the  atmosphere 
to  such  an  extent  as  to  form  a  solution,  and  are  then  called  deliquescent,  as  for  instance 
calcic  chloride.  (Deliquescence,  ii.  309.)  Many  insoluble  pulverulent  substances 
also  attract  water  from  the  air  in  the  same  manner,  as  for  instance  cupric  oxide,  silica, 
&e.,  and  are  termed  hygroscopic.  Organised  substances,  such  as  wood,  hair,  &c.,  have 
the  same  property  (Hygbometry,  iii.  233).  Some  liquids  have  the  same  property,  as 
for  instance  sulphuric  acid. 

xratural  Water.— The  constant  evaporation  from  the  surface  of  all  masses  of 
water  exposed  to  the  atmosphere,  the  diifusion  of  the  water-vapour  throughout  the 
atmosphere,  and  its  subsequent  condensation  there  to  the  liquid  or  solid  state,  give 
rise  to  an  incessant  circulation  of  water,  which  enables  it  to  play  an  important  part  in 
a  variety  of  natural  phenomena.  Of  the  total  amount  of  condensed  atmospheric  vapour 
falling  upon  the  surface  of  continents  and  islands,  a  certain  portion,  which  varies  in 
different  localities  according  to  the  relative  permeability  and  configuration  of  the  super- 
ficial strata,  is  absorbed  and  penetrates  downwards,  until  it  reaches  a  less  permeable 
stratum,  above  which  it  accumulates,  and  taking  an  underground  course,  determined 
by  the  inclination  of  the  strata,  towards  some  point  where  they  crop  out  again  at  a  lower 
level,  reappears  at  the  surface  as  springs  along  the  line  of  outcrop.  It  is  there  dis- 
charged into,  or  forms  the  source  of  a  stream,  and  thence  flowing  along  the  surface, 
such  streams  unite  to  form  a  river,  which  finally  falls  into  the  sea.  If  the  permeable 
or  "water-bearing"  strata  do  not  crop  out  again  at  the  surface,  but  dip  down  under 
others  which  are  impervious,  the  water  they  absorb  may  penetrate  to  very  considerable 
depths,  and  will  not  then  reappear  at  the  surface  as  a  spring,  unless  it  meets  with 
a  fissure  through  which  it  may  be  forced  upwards — either  by  the  hydrostatic  pressure 
of  tlie  water  in  the  upper  extremity  of  the  water-bearing  strata,  or  by  some  other  force 
acting  from  below — or  unless  the  overlying  strata  are  bored  through  so  as  to  form  an 
artificial  spring.  (See  Aktksian  Wells,  lire's  Dictionary  of  Arts,  Manufactures,  and 
Minis,  i.  192  et  scq.) 

As  a  consequence  of  the  remarkable  solvent  power  of  water,  it  takes  up  whatever 
soluble  substances  it  may  meet  with  in  each  stage  of  its  passage  from  the  state  of 
vapour  in  the  atmosphere  to  its  discharge  into  the  sea.  (G-bology,  Chemistry  of, 
ii.  834  et  seq.)  For  this  reason  natural  water  never  occurs  absolutely  pure,  and  having 
regard  to  this  circumstance,  the  different  kinds  of  natural  water  may  be  classified 
under  the  heads  of  rain-water,  spring -water,  rivcr-watcr,  and  sea-water. 

Rain-water  approaches  nearer  to  absolute  purity  than  any  other  kind  of  natural 
water.  When  collected  in  suitable  vessels,  it  contains  only  such  dissolved  substances 
as  it  can  derive  from  the  atmosphere.  These  consist  chiefly  of  atmospheric  gases — 
oxygen,  nitrogen,  and  carbonic  anhydride,  together  with  organic  substance,  and  parti- 
cles of  dust  and  such  other  mechanical  admixtures  as  are  sometimes  present  in  the  air 
about  towns,  factories,  &c.    (Atmosphere,  i.  439  et  seq.) 

The  total  amount  of  gases  dissolved  in  rain  water  is  about  25  cubic  centimetres 
per  litre.  The  ratio  of  the  oxygen  to  nitrogen  by  volume  is  greater  in  this  gas  than  in 
atmospheric  air,  on  account  of  the  greater  solubility  of  oxygen  in  water.  (Atmo- 
sphere, i.  437. — Gases,  Absorption  of,  ii.  790.)  Analysis  has  given  the  following 
percentage  results  by  measure : 

Bnumcrt.  Peligot. 

Oxygen   33-7  31-2 

Nitrogen  ....  64'5  66'4 
Carbonic  anhydride       .       .      1'8  2  4 

Eain-water  probably  always  contains  ammonia  to  some  extent,  either  as  carbonate 
or  combined  with  other  acids.  The  amount  is  greater  just  after  the  commencement  of 
rain  than  when  it  has  continued  for  a  long  time.  Boussingault  found  -004  grm.  per 
litre  in  rain-water  collected  in  Paris,  and  in  that  collected  in  the  country  only  -00079 
grm.  per  litre.  Dew  he  found  to  contain  from  '001  to  '006  grm.  per  litre.  In  water  con- 
densed from  fog  he  found  -0497  grm.,  and  on  another  occasion  in  Paris  '1378  grm.  per 
litre.    Barral  found  from  '002  to  '003  grm.  per  litre  in  rain-water  collected  in  Paris 
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(Ann.  Ch.  Phys.  [3],  xxxix.  257;  xl.  129).  In  rain-water  collected  at  Lyons, 
Biueau  found  as  much  as  -03  grm.  per  litre.  The  amount  of  ammonia  in  rain  is  also 
much  larger  in  summer  than  in  winter. 

Niirie  acid  is  commonly  present  in  rain-water,  chiefly  in  comLination  with  ammonia. 
The  amount  varies  considerably,  and  is  greater  in  rain  falling  during  thunder-storms. 
Eoussingault  estimated  the  average  amount  at  -0002  grm.  per  litre.  In  rain-water, 
collected  during  a  hail-storm  in  Paris,  he  found  'OSS  grm.  per  litre,  and  in  the  melted 
hail  '083  grm.  per  litre  ;  on  other  occasions  from  -OOO-l  to  •0U21  grm.  per  litre  in  rain- 
water, from  "0003  to  •004  grm.  per  litre  in  snow-water  collected  in  Paris,  and  in  wate  r 
condensed  from  fog  '0101  grm.  per  litre.  In  the  country  (Alsace)  he  found  in  rain- 
water from  '00004:  to  -00028  grm.  per  litre  ;  in  that  collected  during  a  thunder-stonn 
•0021  grra.  per  litre  ;  and  in  water  condensed  from  fog,  from  '0004  to  ■0018  grm.  per 
litre. — Barral  found  froni  ^002  to  •036  grm.  per  litre  in  rain-water  collected  in  Paris. 
The  amount  is  less  after  rain  has  continued  for  some  time,  and  it  is  generally  greater 
ill  summer  than  in  winter.  (Compt.  rend,  xxxiv.  283,  824;  xxxv.  427;  xlvi.  1123, 
1175.) 

Nitrous  acid  is  also  present  in  rain-water,  and  according  to  Schonbein,  ammonia- 
nitrite  is  formed  by  the  direct  combination  of  nitrogen  with  water.  Lawes,  Gilbert,  and 
Way  estimate  the  average  amount  of  nitrogen  contained  in  rain-water,  as  ammonia, 
nitrous  and  nitric  acid,  at  about  •OSS  grm.  per  litre.  (See  Report  of  the  Brit.  Assoc. 
for  1854.) 

Rain-water  perhaps  always  contains  a  small  amount  of  organic  substance,  in  conse- 
quence of  which  it  readily  becomes  putrid  when  kept  some  time.  Angus  Smith 
found  0-01  grm.,  Marehand  •024  grm.,  and  Chatin  -05  grm.  per  litre. 

Sulphuric  acid  is  often  found  in  the  rain-water  falling  in  towns,  and  near  factories 
where  sulphurous  gas  is  generated  and  discharged  into  the  atmosphere.  A.  Smith 
found  •!  grm.  per  litre  in  rain-water  collected  at  Manchester. 

Rain-water  sometimes  contains  a  very  small  amount  of  hi/drochloric  acid,  sodic  or 
calcic  chlorides,  and  other  scdiyie  substances.  Barral  found  the  rain-water  collected  iu 
Paris  gave,  on  evaporation  to  dryness,  a  residue  amounting  to  ^022  grm.  per  litre,  and 
that  collected  in  the  neighbourhood  of  Paris  -0078  grm.  per  litre. — A.  Smith  also 
found  a  minute  quantity  of  coal-ash  in  rain-water  collected  in  Manchester. 

Rain-water  is  stated  by  some  observers  to  contain  iodine.  (Chatin,  Compt.  rend, 
xlvi.  399  ;  1.  420  ;  li.  496.— Marehand,  ibid.  xlvi.  806.— De  Luca,  ibid,  xlvii.  644; 
xlix.  170;  li.  177.) 

Sprin§r-water,  whether  derived  from  natural  or  artificial  springs,  or  from  wells, 
always  contains  a  very  much  larger  amount  of  disscjlved  substance  than  rain-water 
does,  in  consequence  of  its  having  been  for  some  time  in  contact  with  strata  from 
which  it  has  extracted  various  constituents,  partly  by  its  own  solvent  action,  and 
partly  by  the  aid  of  the  carbonic  anhydride  originally  contained  in  it  as  rain-water  or 
derived  from  subterranean  som-ces.  The  amount  and  nature  of  such  dissolved  con- 
stituents vary  of  course  according  to  the  kind  of  strata  traversed  by  the  water,  and  the 
distance  that  it  may  have  passed  thi-ough  them  since  the  time  when  it  fell  as  rain  upon 
the  surface  of  the  earth. 

The  depth  from  wliich  spring-water  rises  to  the  surface  is  in  some  cases  not  more 
than  a  few  feet,  in  others  it  rises  from  very  considerable  depths.  The  water  of  the 
artesian  well  at  St.  Grenelle  rises  from  a  depth  of  1,800  feet,  and  the  water  of  many 
natural  springs  probably  rises  from  still  greater  depths. 

The  temperature  at  which  spring-water  issues  from  the  surface  differs  from  a  few 
degrees  above  0°  C.  up  to  100°  C.  With  the  exception  of  those  .springs  which  occur 
in  mountain  ranges  near  the  limits  of  perpetual  snow,  and  are  supplied  from  glaciers, 
&c.,  and  some  of  those  which  are  situated  near  active  volcanoes,  there  appears  to  be 
an  intimate  connection  between  the  temperature  of  spring-water  and  the  depth  from 
which  it  rises.  Tlie  probable  existence  of  such  a  relation  has  received  considerable 
support  from  the  foct  that  the  water  from  artesian  wells  has  been  observed  to  have 
a  temperature  higher  in  proportion  to  the  depth  from  which  it  rises.  Thus  the  water  of 
St.  Grenelle  has  a  temperature  of  28°  C.  In  many  cases  the  temperature  of  spring- 
water  presents  little  or  no  variation  throughout  the  year.  Those  kinds  which  have  the 
highest  temperature  appear  to  be  most  constant  in  this  respect,  and  to  have  maintained 
a  uniform  degree  of  heat  for  many  years.  Even  cold  spring-water  has  a  temperature 
more  or  less  above  the  mean  local  temperature  of  the  places  where  it  issues  from  the 
earth,  and  it  is  only  those  kinds  of  spring-water  rising  from  depths  within  the  intiueucc 
of  the  local  atmospheric  changes  of  temperature,  that  present  any  considerable  varia- 
tion of  temperature  in  the  course  of  the  year.  The  mean  temperature  of  such  sprin"- 
watcr  IS  either  the  same  as  the  mean  local  temperature  or  but  very  little  above  it. 

As  a  rule  the  general  character  of  the  dissolved  contents  of  spring-water  does  nut 
'I'rescnt  much  variation  except  iu  so  far  as  concerns  the  relative  proportions  of  the 
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several  constituents.  They  generally  consist  chiefly  of  calcic,  magnesic,  sodic,pota3sic, 
ferrous  and  manganous  carbonates,  sulphates,  chlorides,  silicates,  and  sulphides,  together 
with  organic  substance,  carbonic  anhydride,  atmospheric  gases,  and  sometimes  gases 
derived  from  other  sources.  But  there  is  a  very  much  greater  difference  in  the  total 
amounts  of  dissolved  contents,  saline  and  gaseous,  in  the  water  from  different  sources. 
Some  kinds  of  spring-water  are  so  highly  charged,  either  with  saline  or  gaseous  sub- 
stances, that  they  have  a  peculiar  taste,  and  are  unfit  for  the  ordinary  uses,  either 
technical  or  economic,  to  which  water  is  applied.  Such  water  is  commonly  termed 
mineral  water,  and  is  in  many  cases  considered  to  have,  in  virtue  of  its  dissolved  con- 
tents, various  medicinal  properties.  The  total  amount  of  saline  contents  in  spring-water 
does  not  bear  any  relation  to  the  depth  from  which  it  rises. 

Spring-water,  of  the  kind  suitable  for  ordinary  use,  does  not  contain  such  an  amount 
of  saline  or  gaseous  contents  as  to  be  sensibly  alFected  in  regard  to  taste.  Water  of 
this  character,  whether  derived  from  natm-al  or  artificial  springs,  or  other  sources, 
such  as  rivers,  lakes,  &c.,  is  called  fresh  water,  in  contradistinction  to  mineral  water 
and  such  water  as  contains  a  large  amount  of  saline  contents,  like  sea-water  and  the 
water  of  certain  .lakes. 

The  total  amount  of  dissolved  contents  in  fresh  spring-water  varies  from  '05  to  2  or 
even  3  grm.  per  litre.  The  gaseous  contents  consist  of  carbonic  anhydride,  nitrogen  and 
oxygen.  The  amount  varies  from  a  few  cufeic  centimetres  up  to  as  much  as  1(»0  cubic 
centimetres  per  litre  in  some  instances.  The  amount  of  carbonic  anhydride  is  some- 
times small,  as  in  the  water  of  some  surface  springs  situated  in  the  midst  of  primitive 
rocks,  or  in  districts  where  there  is  little  vegetation  ;  but  generally  it  is  much  larger 
in  spring-water  than  in  rain-water,  and  in  water  coming  from  a  considerable  depth  it 
sometimes  amounts  to  as  much  as  90  cubic  centimetres  per  litre.  (See  Table  op 
Analyses.)  The  carbonic  anhydride  in  spring-water  may  sometimes  be  derived  to  a 
great  extent  from  decaying  organic  substance  in  the  strata  through  which  it  passes. 
This  may  be  the  case  with  the  water  of  surface-springs  containing  only  a  small  amount 
of  the  gas,  especially  if  it  also  contains  nitrogen  which  may  be  the  residue  of  the  atmo- 
spheric gases  in  the  rain-water  feeding  those  springs.  But  as  regards  those  kinds  of 
spring-water  which  contain  a  large  amount  of  this  gas  unaccompanied  by  nitrogen,  and 
which  rise  from  considerable  depths,  it  is  more  probably  derived  from  other  subterra- 
nean sources.  The  frequent  occurrence  of  carbonic  anhydride  in  the  form  of  local 
exhalations,  and  in  mines,  caverns,  and  wells,  would  appear  to  show  that  this  gas, 
originating  from  subterranean  sources,  is  very  largely  diffused  throughout  underground 
strata,  in  such  a  manner  that  the  water  permeating  them  can  become  more  or  less 
charged  with  it,  often  under  considerable  pressure,  before  it  reappears  at  the  surface  as 
a  spring.    (See  Caebonic  Anhydride,  i.  770.) 

The  amount  of  organic  substance  in  fresh  spring-water  is  usually  small,  except  in  the 
case  of  shallow  wells  situated  near  cesspools,  sewers,  grave-yards,  or  other  places  where 
organic  substances  are  undergoing  decomposition.  The  water  of  surface  springs  is  some- 
times liable  to  contamination  from  similar  sources.  Under  such  circumstances  spring- 
water  may  contain  a  considerable  amount  of  organic  substance,  and  am?nomacal  salts, 
nitrites,  or  nitrates  resulting  from  its  decomposition.  The  water  of  such  a  well  in 
Verulam  Buildings,  Gray's  Inn,  contained,  during  the  summer  of  1866,  about  '349 
grm.  per  litre  of  organic  stibstance,  and  -245  grm.  per  litre  of  alkaline  nitrates.  The 
water  of  similar  wells  in  Paris  contained  -034  grm.  per  litre  of  ammonia,  and  from 
•063  to  -428  grm.  calcic  nitrate.  The  water  from  35  such  wells  in  the  city  of  London 
was  found  to  contain  from  -38  to  1-851  grm.  per  litre  of  dissolved  contents,  with  from 
•030  to  -130  grm.  per  litre  of  organic  substance,  and  from  -039  to  '548  grm.  per  litre  of  al- 
kaline nitrates.  (Letheby,  Report  on  the  Quality  of  the  Water  from,  the  Pumps  and 
Surface-wells  of  the  City  of  London,  1 866.) 

Fresh  spring-water  is  almost  always  very  clear  and  bright,  in  consequence  of  the 
great  degree  of  filtration  which  it  naturally  undergoes  in  percolating  thi'ough  the  strata 
which  it  may  have  traversed  between  the  "gathering  ground,"  or  surface  from  which  it 
has  penetrated,  and  the  point  at  which  it  issues  again  from  the  earth.  For  the  same 
reason  it  is  generally  cool,  unless  coming  from  a  depth  much  above  200  feet;  and,  by 
reason  of  the  gas  it  contains,  it  is  sparkling  and  brisk  to  the  taste. 

The  accompanying  table  contains  the  analyses  of  several  kinds  of  fresh  spring-water 
from  natural  and  artificial  springs,  or  artesian  wells,  and  also  from  ordinary  wells. 

In  mineral  spring-water  the  total  amount  of  dissolved  contents  varies  from 
•1  grm.  to  SOO  grms.  per  litre.  Besides  the  substances  already  mentioned  as  being  gene- 
rally present  in  all  kinds  of  spring-water,  it  has  been  found  that  mineral  water  some- 
times contains  a  number  of  other  substances,  some  of  which  are  present  only  in  very 
minute  proportion.  These  are  phosphoric,  sulphurous,  hydrochloric,  boracic,  and  ar- 
senious  acids,  barium,  strontium,  lithium,  rubidium,  ccesium,  bromine,  iodine,  fluorine, 
i:inc,  copper,  tin,  lead,  silver,  antimony,  nickel,  cobalt,  matiganese,  &c. 
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Vichy,  France 
Chaudesaigues,  France 
Bilin,  Bohemia 


Ems,  Nassau  . 
Fachingen,  Nassau 


Teplitz,  Bohemia  . 
Spa,  Belgium. 
Weilbach,  Nassau  (1835) 
Karlsbrunnen,  Silesia 
PiaJFers,  Switzerland 
Toplitz,  lUyria 


Carlsbad,  Bohemia 
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Pyrmont,  Waldeck 
Bath,  Somersetshire 
Cheltenham,  Gloucestershire 

AViesbaden,  Nassau 

Sflters,  ,, 
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Harrogate,  Yorkshire 
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Kesselbrunnen 
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Pouhon 
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Chief  Spring 
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King's  Bath  . 
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Kesselbrunnen 


KaiserqueUe . 
Old  Sulphiu-Well 


41°  18'  N. 
20°  64'  N. 
0°  47'  S. 
23°  45'  S. 
66°  32'  S. 
25°  11'  S. 


36°  28'  W. 
40°  44'  "W, 
35°  20'  W, 
29°  27'  W 
68°  47'  W, 
93°  24'  W, 


22°  6' S.  70°16'W, 
12°  5'  S.  77°  14'  W, 
61'    9'N.     3°  8'E 


,,  between  Belgium  and  England 

,,  some  miles  off  Havre 

,,  off  Heligoland 

Baltic  

Mediterranean,  from  the  Lagunes  of  Venice 
„           from  Leghorn  Harbour  . 
„           off  Cette,  about  3,500  metres 
„           off  Marseilles 
Black  Sea,  off  southern  coast  of  Crimea  . 
Sea  of  Azof,  between  Kertch  and  Mariapol 
Caspian  Sea,  2  werst  S.W.  of  Pischnoi  . 
Dead  Sea  


rom  shore 


IN  1,000,000. 


CI. 


324-8 
85-2 
227-9 

487 


33-5 
35-5 
621-6 
141 
40-5 
29-4 

630-2 

1913-3 

211-1 
292 

108-4 
265-3 
2066-7 

4687-4 

1388-5 
1601-6 

9187-4 
6632-5 

20839-7 
19012-1 
19460-1 
18974-8 
18840-7 
18949-7 
19321-3 
20122-2 
17839-9 
18954-4 
208G8 
181G7-9 
17794-3 
16885-4 
10386-4 
15882-2 
18661-9 
20526-9 
21098-9 
9574-5 
6685 
2737-7 
164442 
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The  gitscous  contt  nt.s  of  mineral  water  also  vary  considerably  in  amount.  In  some 
casus  it  is  very  small,  in  others  so  large  that  the  gas  is  evolved  from  the  vi-ater  as  it 
ascends,  and  the  water  issues  together  with  a  copious  discharge  of  undissolved  gas. 
The  constituents  of  the  gaseous  contents  of  mineral  water  are  chie&y  carbonic  anhy- 
dride, nitrogen,  and  oxycjcn,  sometimes  also  sulphunitcd  hydrogen  and  carbiiretted  hy- 
drogen. 

Since  the  difference  between  tlie  various  kinds  of  mineral  water  consists  chiefly  in  the 
nature  and  relative  amount  of  their  dissolved  contents  and  in  the  proportions  which 
the  constituents  of  those  contents  bear  to  each  other,  they  may  bo  conveniently  classi- 
fied according  to  the  predominance  of  some  one  or  other  constituent,  and  on  this  prin- 
ciple they  may  be  arranged  under  tlie  following  heads,  viz  : 

I.  Carbonated  water,  in  which  tlie  saline  contents  consist  chiefly  of  carbonates.  Ac- 
cording to  the  nature  of  the  basic  constituent  present  in  largest  proportion,  such  water 
may  be  either: 

1.  Alkaline,  like  the  water  of  Vichy,  Bilin,  Ems,  Fachingon,  TopHtz,  &c. 

2.  Magnesian,  like  that  of  Schwalbach,  Gcippingen,  Spa,  &e. 

3.  Calcareous,  like  that  of  Griessbach,  Karlsbrunnen,  etc. 

Mineral  water  belonging  to  any  one  of  these  subdivisions  may  also  contain  ferrous 
carbonate,  and  is  then  termed  chalybeate,  as  for  instance,  tlie  water  of  Spa. 

If  the  water  contains  a  large  amount  of  carbonic  anhydride  in  solution  it  is  termed 
acidulous,  like  the  water  at  Vichy,  St.  Nectaire,  Fachingen,  &c.,  and  wlien  it  contains 
sulphuretted  hydrogen,  it  is  called  sulphuretted,  like  the  water  at  Schinznach. 

II.  Sulphatic  water,  in  which  the  saline  contents  consist  chiefly  of  sulphates,  and, 
according  to  tile  preponderating  basic  constituent,  this  may  be  eitlier: 

1.  Alkaline,  like  the  waters  of  Carlsbad,  Bristol,  Pullna,  Sebastiansweiler. 

2.  Magnesian,  like  the  water  of  Saidschiitz. 

3.  Calcareous,  like  the  water  of  Pyrmont,  Epsom,  Batli,  Schw.irzf-ee. 

Sulphatic  water  sometimes  contains  ferrous  sulphate,  and  is  then  termed  chalybeate. 

Sometimes  it  contains  a  large  amount  of  carbonic  anhydride  in  solution,  and  is  then 
termed  acidulous,  as  in  the  water  of  Carlsbad,  Pyrmont,  and  it  is  frequently  sulphuretted, 
like  the  water  of  Schwarzsee,  Sebastiansweiler. 

III.  Chlorinated  water,  in  which  the  saline  contents  consist  chiefly  of  chlorides,  and 
is,  according  to  the  preponderating  basic  constituent,  either: 

1.  Alkaline,  like  the  water  of  Wiesbaden,  Leamington,  Harrowgate,  Cheltenham, 
Selters,  Homburg,  Kissingen,  Kreutznach,  Alexisbad,  j\_ix-la-Cliapelle,  Weilbach. 

2.  Magnesian,  like  the  water  of  the  Dead  Sea,  Elton  lake,  and  some  other  lakes  of 
eastern  Europe  and  Asia. 

Chlorinated  water  is  sometimes  chalybeate,  and  may  contain  botli  ferrous  sulphate 
and  chloride,  or  ferrous  carbonate,  like  the  water  of  Alexisbad,  Homburg,  Hermanns- 
bad.  It  is  sometimes  also  acididous,  like  the  water  of  Homburg,  Kissingen,  and 
Wiesbaden,  and  sometimes  sulphurctted,\\\io  the  water  of  Harrowgate,  x\ix-la-Chapelle, 
Weilbach. 

IV.  Silicious  wafer,  in  which  the  saline  contents  consist  chiefly  of  silicates,  like  the 
hot  spring-water  of  Iceland. 

The  accompanying  table  contains  the  analyses  of  some  of  the  most  celebrated  kinds 
of  mineral  water,  which  have  been  selected  as  types  of  the  several  classes  above  de- 
scribed. 

River-water,  though  generally  originating  to  a  great  extent  from  natural  springs, 
almost  always  contains  a  smaller  amount  of  dissolved  conlente  than  the  generality  of 
fresh  spring-water.  This  is  partly  the  result  of  dilution  by  the  direct  influx  of  rain  or 
some  other  form  of  meteoric  water,  glacier  streams.  &c.,  and  is  sometimes  also  in  part 
due  to  the  disengagement  of  carbonic  anhydride  when  the  water  of  the  springs  feeding 
a  river  comes  in  contact  with  atmospheric  air  as  a  flowing  stream,  and  there  is  a 
consequent  separation  of  substances  which,  like  calcic  carbonate,  &c.,  were  chiefly  held 
in  solution  bj'  that  gas  in  the  spring-water. 

The  total  amount  of  dissolved  contents  in  river-water  varies  less  than  in  spring- 
water.  It  rarely  exceeds  from  '3  to  -4  grm.  per  litre,  and  is  sometimes  very  much  less 
in  the  case  of  rivers  flowing  through  districts  where  crj'stalline  or  schistose  rocks  prevail, 
when  the  water  is  sometimes  almostas  pure  as  rain-water.  The  gaseous  contents  are  the 
same  as  in  fresh  spring-water,  but  the  amount  of  carbonic  anhydride  is  generally  less 
than  in  most  spring-water,  and  from  the  free  exposure  of  the  water  to  the  atmosphere, 
the  proportion  of  oxygen  to  nitrogen,  under  normal  conditions,  is  the  same  as  in  rain- 
water, or  as  1  to  2  by  volume,  being  greater  than  in  atmos(iheric  air  in  consequence  of 
the  greater  solubility  of  oxygen  in  water.  (See  Atmosphkhk,  i.  437,  and  Gases,  Ab- 
siini'Tio>f  OF,  ii.  790.) 

The  amount  of  dissolved  organic  substance  in  river-water  is  generally  much  greater 
than  in  spring-water.    This  is  due  to  the  surface  drainage  of  river-basins  being  dis- 
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charged  into  the  rivers,  which  are  the  natural  drains  of  the  country  they  flow  through. 
The  organic  substance  thus  constantly  carried  into  rivers,  and  diflflised  throughout  the 
running  water  containing  dissolved  oxygen,  is  exposed  to  its  influence  and  gradually 
decomposed,  being  ultimately  converted  into  the  final  products  of  such  change,  viz., 
carbonic  anhydride,  water,  ammonia,  nitrites,  and  nitrates  (Ekemacausis,  ii.  497). 
Thus  the  oxygen  dissolved  in  river-water,  and  constantly  renewed  by  the  contact  of  the 
flowing  water  with  tlie  atmosphere,  plays  an  important  part  in  the  natural  purification 
of  rivers,  and  in  preventing  the  putrefaction  or  accumulation  of  organic  substance 
in  their  water.  In  the  case  of  rivers  flowing  through  populous  districts,  and  re- 
ceiving the  drainage  of  the  towns  situated  within  their  basins,  in  addition  to  the 
natural  surface  drainage,  the  quantity  of  putrescible  organic  substance  thus  constantly 
carried  into  the  rivers  as  sewage  may  be  so  large  that  this  natural  process  of  purifica- 
tion is  inadequate  to  prevent  putrefactive  change,  especially  during  hot  weather, 
wlien  the  temperature  of  the  water  rises  considerably  (Febmentation  and  Putkb- 
FACTioN,  ii.  623,  et  seq.).  The  condition  of  the  Thames  within  London,  during  the 
autumn  of  1859,  when  the  sewage  of  the  whole  population  was  discharged  directly  into 
it,  affords  an  illustration  of  the  consequences  of  such  contamination  of  a  river.  Some 
observations  made  by  Professor  Miller  at  tiiat  time  on  the  gaseous  contents  of  the 
water  taken  at  different  points  of  the  Thames  at  low  water,  also  serve  well  to  elucidate 
both  the  natural  process  of  purification  taking  place  in  river-water,  and  the  influence 
of  sewage  contamination  on  the  condition  of  the  water,  as  will  be  seen  from  the  follow- 
ing tabular  statement : 


Thames  water  taken  at 

Kingston. 

Hammer- 
smith. 

Somerset 
Hcjuse. 

Greenwich. 

Woolwich. 

Erith. 

Total  amount  of  gas ) 
per  litre  ( 

cub.  cent. 
52-7 

cub.  cent. 

cub.  cent. 
62-9 

cub.  cent. 
71-25 

cub.  cent. 
63-05 

cub.  cent. 
74-3 

Carbonic  anhydride  . 
Oxygen      .  , 
Nitrogen 

30-3 
7-4 
15'0 

4-1 
151 

45-2 
1-5 
16-2 

65-6 
•25 
15-4 

48-3 
•25 
14-5 

57- 
1-8 

15-5 

Ratio  of  oxygen  to> 
nitrogen  J 

1 :  2 

1  :  3-7 

1  :  10-5 

1 :  60 

1 :  52 

1:8-1 

Prom  these  results  it  will  be  seen  that  while  the  water  at  Kingston  was  in  a  normal 
state  of  aeration,  the  influence  of  sewage  contamination  in  abstracting  oxygen  began  to 
become  evident  at  Hammersmith.  At  Somerset  House  it  was  still  more  marked,  and 
at  Greenwich  and  Woolwich  the  oxygen  had  been  almost  entirely  consumed  ;  but  by 
the  time  the  water  reached  Erith  its  state  of  aeration  had  greatly  improved  as  regards 
oxygen.    (See  also  E.  A.  Smith,  Mem.  Philos.  Soc.  Glasgow,  vi.  154,  et  seq.) 

In  addition  to  the  dissolved  contents  of  river-water,  saline,  organic,  and  gaseous,  it 
almost  always  contains  mcchank:ally  suspended  substance,  the  amount  of  which  varies 
according  to  tlie  quantity  of  rain  passing  into  the  rivers  at  different  seasons,  and  also 
according  to  the  nature  and  extent  of  tlie  surfaces  drained  by  them.  The  amount  of 
suspended  substance  in  the  Thames  is  sometimes  as  much  as  -5  grm.  per  litre  at  low  water, 
and  -2  grm.  per  litre  at  high  water.  In  the  Seine  at  Paris,  the  amount  of  suspended 
substance  varies  from  -007  to  118  grm.  per  litre;  in  the  Rhine  at  Bonn  it  is  from  -017 
to  -205  grm.  per  litre  ;  and  in  the  Mcuse  from  -014  to  -474  grm.  per  litre.  In  the  water 
of  the  Mississippi  the  average  amount  of  suspended  substance  is  about  -8  grm.  per  litre ; 
in  that  of  the  Ganges  it  is  stated  to  vary  from  -2  to  2-  grm.  per  litre,  and  in  that  of  the 
Yellow  River  to  be  still  larger. 

The  water  of  lakes  which  are  situated  among  crystalline  or  schistose  rocks,  and 
have  an  outlet,  is  sometimes  almost  as  pure  as  rain-water.  Lakes  through  which 
rivers  flow,  as  the  Rhone  flows  through  the  lake  of  Geneva,  may  be  considered  as  mere 
local  expansions  of  the  rivers,  and  their  water  will  have  nearly  the  same  dissolved 
contents  as  the  river-water.  On  the  contrary  in  lakes  which  have  no  outlet,  like 
the  Dead  Sea,  and  many  of  the  salt-water  or  soda  lakes  of  Eastern  Europe,  Asia, 
Africa,  and  America,  the  water  though  sometimes  fresh,  is  often  so  highly  charged  with 
saline  substances,  which  have  accumulated  by  the  evaporation  of  the  water  flowing  into 
the  lakes,  that  in  the  dry  season  certain  of  the  saline  contents  are  deposited,  as  in  the 
ease  of  the  salt  lakes  of  Russia,  Central  Asia,  Africa,  and  America  (p.  184) ;  the  soda 
lakes  of  Egypt,  Asia,  Mexico,  and  Hungary  ;  the  borax  lakes  of  Thibet,  «&c. 
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Sea-water  is  essentially  a  chlorinated  alkaline  mineral  water,  the  saline  contents 
of  which  consists  chiefly  of  sodic,  magnesie,  potassic,  and  calcic  chlorides  and  sul- 
phates, together  with  a  number  of  other  substances  in  much  smaller  proportion  and 
some  in  very  minute  amounts. 

The  total  amount  of  dissolved  contents  in  the  water  of  the  ocean  at  long  distances 
from  land  varies  from  about  28  to  39  grms.  per  litre.  It  is  largest  near  the  equator 
and  smallest  near  the  poles.  The  greater  evaporation  of  water  in  tropical  regions 
than  in  temperate  or  polar  regions,  and  the  unequal  influx  of  fresh  water  from  rivm-s  or 
as  rain,  tend  to  produce  local  differences,  which  are  to  a  great  extent  compensated  by 
currents.  Forchhammer  fixes  the  mean  amount  of  dissolved  contents  in  the  water  of 
the  ocean  at  34-4:04  grms.  per  litre  (Phil.  Trans,  civ.  203  ct  scq.).  In  the  water  of  seas 
which  are  partly  shut  in  by  land,  the  amount  of  dissolved  contents  is  infkieneed  by  the 
amount  of  evaporation  relatively  to  the  quantity  of  fresh  water  carried  into  them  by 
rivers.  Thus  in  the  water  of  the  Baltic,  the  amount  of  dissolved  contents  varies  from 
about  5  to  18  grms.  per  litre  at  different  parts,  while  in  the  Mediterranean  it  varies  from 
about  36  to  40  gi-ms.  per  litre. 

In  the  water  of  the  ocean  there  appears,  according  to  Forchhammer,  to  be  generally 
but  little  variation  in  the  relative  proportions  of  the  chief  constituents  of  its  contents, 
as  will  be  seen  from  the  fo'ilowing  table,  deduced  from  the  mean  results  of  his  numerous 
analyses : 


SOK 

Mg. 

Ca. 

Total 
saline 
contents. 

Chlorine- 

Maximum 

14-51 

6-768 

2-257 

181-40 

100 

Mean 

14-26 

6-642 

2-114 

181-10 

100 

Minimum 

13-98 

6-570 

2-050 

180-60 

100 

Some  of  the  analyses  of  sea-water  indicate  much  greater  local  variations  in  the 
ri'lative  proportions  of  certain  substances,  and  it  is  vei-y  probable  that  a  variety  of 
circumstances,  .such  as  submarine  springs  or  volcanic  eruptions,  &c.,  may  tend  to  affect 
the  composition  of  its  dissolved  contents  either  permanently  or  for  a  time  at  certain 
points. 

In  addition  to  the  substances  already  mentioned,  sea- water  contains  about  "3  grm.  per 
litre  oi  hroinine,  and  very  minute  amounts  oiiodine  and  fiiwrine;  also  silica,  j)hof;phorie 
acid  (Voelcker,  Chem.  Gaz.  viii.  346),  calcic  and  macjncsic  carbonates  in  small  pro- 
portions. The  amount  of  carbonates  is  largest  near  the  land,  and  is  very  small  in  the 
water  of  the  ocean  (J.  Davy,  Ed.  New  Fhil.  Journ.  xlvii.  320),  Silvcv,  lead,  coppcv, 
and  arsenic  have  been  detected  either  in  sea-water,  the  ashes  of  marine  plants  or 
animals,  or  in  the  deposit  formed  inside  the  boilers  of  ocean  steamers  (Malaguti, 
Du roch cr,  Sarzeaud,  Ann.  Chim.  Phys.  [3],  xxviii.  122. — Field,  Chem.  Gaz.  1857, 
p.  03. — Daubree,  Compt.  rend,  xxxii.  827).  In  fact  since  the  ocean  is  the  common  re- 
cipient of  by  far  the  greater  part  of  the  water  discharged  from  springs  and  constituting 
rivei-s,  most  of  the  material  abstracted  by  their  water  from  the  interior  and  surface 
of  the  earth  passes  into  it,  and  all  substances  which  exist  in  spring-water  may  be  ex- 
pected to  exist,  to  some  extent,  in  sea-water. 

The  gaseous  contents  of  sea-water  are  nitrogen,  ox}'gen,  and  carbonic  anhydride, 
amounting  altogether  to  from  10  to  30  c.c.  per  litre,  according  to  different  observers. 
The  amount  appears  to  be  greater  at  a  depth  of  about  2,000  feet  than  near  the  surface, 
but  at  about  4,000  feet  the  water  contains  scarcely  any  dissolved  gases.  The  relative 
proportions  of  the  gases  have  not  been  estimated  with  much  accuracy.  Carbonic  an- 
hydride is  stated  to  vary  from  2  to  nearly  40  c.c.  per  litre ;  oxygen  from  about  1  to 
3  c.c.  per  litre,  and  nitrogen  from  12  to  17  c.c.  per  litre.  (Aime,  Pogg.  Ann.  Lx. 
404.— Hayes,  Sill.  Am.  J.  1851,  421  ;  Compt.  rend.  vi.  616. — Lewy,  Ann.  Ch.  Phys. 
ii.  635,  viii.425,  xii.  5.— Bischof,  Chem.  Phys.  Geol.  i.  113.— Thorpe,  Chem.  Soc.  J. 
[2]  V.  189.) 

From  the  facts  already  stated  as  to  the  dissolved  contents  of  the  various  kinds  of 
natural  water,  it  will  be  possible  to  form  some  general  idea  of  the  geological  importance 
attiiching  to  the  constant  circulation  of  water  from  the  ocean  to  the  land  by  evapora- 
tion, and  then  back  again  to  the  ocean,  after  having  penetrated  through  the  rocks  con- 
stituting the  land,  to  various  depths  in  the  interior  of  the  earth. 

The  mere  mechanical  action  of  the  water  discharged  by  rivers,  in  abrading  the  rocks 
with  which  it  comes  in  contact  after  falling  as  rain,  in  sweeping  away  the  particles 
detached  by  it  and  by  other  disintegrating  influences,  and  in  transporting  the  finely 
divided  debris  to  the  ocean,  is  alone  a  very  potent  agent  of  geological  change.  The 
quantity  of  solid  material  thus  conveyed  from  the  land  to  the  sea,  as  mud,  by  such 
rivers  as  the  Amazon,  Yaug-tse-Kiang,  Mississippi,  Nile,  Gauges,  and  Danube,  is 
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enormous.  It  has  been  estimated  that  the  suspended  material  annually  discharged 
into  the  sea  by  the  Mississippi  is  equal  to  4,000  million,cubie  feet  of  clay,  and  that 
tlie  quantity  thus  conveyed  into  the  Bay  of  Bengal  by  the  Ganges  and  Brahmapootra 
amount  to  ten  times  as  much.    (Ly ell's  Prinei-ples  of  Geology.) 

But  the  suspended  mud  of  rivers  constitutes  only  a  part  of  the  material  they  convey 
into  the  ocean.  A  further  and  probably  equal  quantity  is  discharged  into  it  in  a  state 
of  solution.  The  compositicn  of  the  dissolved  material  carried  into  the  sea  by  rivers 
differs  widely  from  that  of  the  dissolved  contents  of  sea-water,  as  will  be  seen  from  the 
following  comparison  of  the  relative  proportions  of  the  chief  constituents  in  both  cases: 
CO\       Ca.  K.         SO".      &\OK     Mg.      Na.  CI. 

Dissolved  contents  of  sea  water .  .       2-114      -305     14-26  trace     6-64  67-  100 
„  „       river-water  807*  668-        43-        228-        10-    36-      43-  100 

From  this  comparison  it  will  be  seen  that  precisely  those  substances  which  are  pre- 
sent in  the  dissolved  contents  of  sea-water  in  the  smallest  amount,  relatively  to  chlo- 
rine, exist  in  the  dissolved  contents  of  river-water  in  the  largest  amount  relatively  to 
chlorine,  and  are  carried  into  the  sea  in  the  largest  quantities.  These  substances, 
however,  do  not  accumulate  in  sea-water ;  but  are  abstracted  from  it  by  marine 
plants  and  animals,  whose  growth  is  probably  to  a  great  extent  supported  by  the 
dissolved  material  conveyed  into  the  sea  by  rivers,  and  its  chief  constituents  are  found 
in  the  ashes  of  marine  plants,  and  in  the  shells  or  skeletons  of  marine  animals.  (See 
CoBAL,  ii.  p.  84  ;  Seaweed,  v.  p.  212  ;  Sponge,  v.  p.  403.)  Consequently  the  action 
of  water  in  transporting  material  from  the  land  to  the  sea,  appears  to  be  one  of  the 
conditions  essential  to  the  existence  of  marine  organisms,  and  to  the  formation  of 
submarine  deposits,  either  through  their  agency  or  by  simple  subsidence.  (See 
Geology,  Chemistry  of,  ii.  835.) 

The  amount  of  sodic  and  magnesio  chlorides  carried  into  the  sea  by  rivers  is  small, 
but  as  these  salts  probably  accumulate  in  the  water,  and  as  the  supply  from  the  land, 
through  the  agency  of  water  evaporating  from  the  ocean,  is  continuous,  there  is  some 
ground  for  the  opinion  that  the  saline  contents  of  sea-water  are  very  gradually  aug- 
menting, and  indeed  that  in  their  present  amount  they  may  be  altogether  the  result  of 
the  same  process  continued  during  long  geological  periods.  In  the  water  of  the  Baltic 
and  still  more  in  that  of  the  Mediterranean,  it  has  been  ascertained  with  tolerable 
certainty,  that  such  an  augmentation  of  the  saline  contents  is  going  on.  The  evapora- 
tion from  the  Mediterranean,  under  the  influence  of  hot  dry  winds  from  Africa,  is  so 
much  greater  than  the  supply  of  fresh  water  by  rivers,  that  a  current  of  salt  water  is 
constantly  flowing  in  from  the  Atlantic,  through  the  straits  of  Gibraltar.  The  water 
of  the  Mediterranean  consequently  contains  a  larger  average  amount  of  saline  contents 
than  that  of  any  other  sea  communicating  with  the  ocean.  Moreover,  since  the  amount 
is  greater  at  considerable  depths  than  it  is  near  the  surface,  it  appears  that  by  the 
evaporation  of  the  water  at  the  surface,  it  becomes  denser  and  sinks  towards  the 
bottom.  In  many  places  the  Mediterranean  is  upwards  of  6,000  feet  deep,  but  at  the 
Straits  of  Gibraltar  the  depth  is  only  1,320  feet,  so  that  although  there  is  an  outward 
deep  current  into  the  Atlantic,  the  denser  water  below  that  depth  cannot  flow  out.  A 
similar  process  of  concentration  is  going  on  in  the  Dead  Sea,  and  Caspian  Sea,  in  the 
salt  lakes  of  Russia,  and  the  soda  lakes  in  Egypt  and  Hungary,  which  receive  either  the 
water  of  rivers  or  of  springs,  and  have  no  outlet  for  their  water  but  by  evaporation. 

The  vast  quantity  of  material  continually  being  abstracted  from  the  solid  mass  of 
the  earth  by  the  water  of  springs,  obviously  indicates  considerable  progressive  altera- 
tion of  the  rocks  from  which  it  is  derived.  As  regards  the  contents  of  fresh  water,  its 
chief  constituents  are  probably  obtained,  for  the  most  part,  by  direct  solution.  This 
may  also  be  the  case  with  some  kinds  of  mineral  water ;  but  as  regards  those  kinds  of 
mineral  water  which  contain  alkaline  and  ferrous  carbonate,  &c.,  together  with  large 
amounts  of  carbonic  anhydride,  it  is  more  probable  that  their  dissolved  contents  origi- 
nate from  the  chemical  alteration  of  rocks.  This  is  especially  the  case  when  the  high 
temperature  of  the  water  indicates  that  it  comes  from  a  great  depth,  where  the  degree 
of  heat  and  other  conditions  obtaining,  may  be  sufficient  to  determine  reactions  which 
do  not  take  place  at  the  surface  of  the  earth.  Without  having  recourse  to  any  theory 
respecting  the  former  condition  of  the  earth,  and  its  material  elements,  it  is  possible 
to  arrive  at  a  probable  inference  as  to  the  chemical  changes  involved  in  the  production 
of  the  various  kinds  of  mineral-water,  simply  by  a  consideration  of  the  state  in  which 
the  substances  they  contain  exist  in  rocks,  or  in  those  minerals  which  are  the  most 
abundant  constituents  of  known  rocks,  and  of  the  effects  which  would  result  under  the 
influence  of  such  conditions  as  the  characters  of  mineral  water  testifyto  the  existence 
of  at  the  seat  of  their  production. 

One  of  the  most  striking  phenomena  presented  by  mineral  water  is  the  frequent  and 
abundant  occurrence  of  carbonic  anhydride,  either  dissolved  in  the  water  or  discharged 
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tofi;ether  with  It,  and  sometimes  in  enormous  quantity,  a  single  spring  often  yielding 
annually  upwards  of  a  hundred  tons,  and  some  artificial  springs,  like  the  artesian  wells 
of  Neuaalzwork  and  Nauheim,  yielding  respectively  from  1,300  to  2,000  tons  of  this  gas 
in  the  course  of  the  year.  Among  the  gases  associateil  with  mineral  water,  carbonic 
anhydride  not  only  occurs  in  the  largest  amount ;  but  also  exercises  considerable  influ- 
OQce  on  the  character  of  the  water,  in  many  cases,  by  determining  the  solution  of -calcic, 
magnesic,  and  ferrous  carbonates,  &c.  From  the  frequent  occurriuice  of  this  gas  in 
connection  with  volcanic  phenomena,  and  the  very  general  distribution  of  calcic  and 
magnesic  carbonates  in  rocks,  it  is  probable  that  the  action  of  subterranean  heat  upon 
such  rocks  gives  rise  to  the  production  of  carbonic  anhydride,  eitlier  by  direct  decom- 
position, or  more  probably  by  determining  the  reaction  of  these  carbonates  with  the 
silica  of  silicious  rocks,  in  such  a  manner  as  to  form  products  which,  like  lava  and 
basalt,  contain  both  lime  and  magnesia  combined  with  silica.  Carbonic  anhydride 
may  also  originate  from  the  decomposition  of  organic  remains  in  rocks,  and  from  their 
oxidation  by  reducible  substances  such  as  ferric  oxide,  and  it  may  be  to  some  extent 
produced  by  a  subterranean  process  of  combustion,  either  of  carbon,  or  carbonaceous 
substances  by  atmospheric  oxygen  conveyed  into  the  interior  of  the  earth  by  water. 
The  occurrence  of  nitrogen  together  with  the  carbonic  anhydride  evolved  from 
springs,  and  iu  volcanic  districts,  gives  some  probability  to  the  opinion  that  the  car- 
bonic anhydride  may  originate  partly  in  this  way. 

But  whatever  be  the  precise  mode  in  which  the  carbonic  anhydride  associated  with 
mineral  water  may  originate,  its  abundant  existence  in  solution  at  great  depths,  and 
consequently  under  great  pressure,  is  beyond  doubt.  For  that  reason,  a  considera- 
tion of  the  action  of  such  a  solution  upon  rocks  of  the  kind  which  may  be  supposed 
to  exist  at  those  depths,  is  of  great  interest  as  regards  the  production  of  mineral 
water.  Struve  found  that  a  numlier  of  silicious  rocks  were  decomposed  when  exposed 
to  the  action  of  water  saturated  with  carbonic  anhydride  under  considerable  pressure, 
and  that  the  substances  dissolved  by  the  water  almost  exactly  corresponded  with  the 
dissolved  contents  of  various  kinds  of  minei'al  water.  Thus,  for  instance,  in  operatin;^ 
upon  phonolite  in  this  way,  the  substance  dissolved  contained  sodic,  calcic,  and  magnesic 
carbonates  and  silica,  almost  in  the  same  relative  proportion  as  the  carbonated  alkaline 
water  of  Lilin.  Basalt  and  felspatliic  poi'f  hyry  yielded  substances  corresponding  to 
the  dissolved  contents  of  the  Eger,  Marienbad,  and  Toplitz  water.  It  may,  therefore, 
be  inferred  with  considerable  probability  that  the  decomposition  of  sucli  silicates  as 
constitute  those  rocks,  by  water  containing  a  large  amount  of  carbmiic  anhydride,  is 
the  source  of  the  alkaline  carbonates  in  mineral  water,  and  to  a  great  extent  also  of 
the  calcic,  magnesic,  and  ferrous  carbonates  it  contains.  Some  idea  may  be  formed  as 
to  the  magnitude  of  this  process  of  subterranean  alteration,  from  the  fact  that  the 
mineral  water  of  Vichy  alone  brings  up  annually  from  the  interior  of  the  earth  about 
1,000  tons  of  sodic  carbonate,  while  the  water  of  the  Carlsbad  springs  brings  up  at  least 
ten  times  as  much.  The  occurrence  of  kaolin,  steatite,  serpentine,  and  a  variety  of  similar 
mineral  substances,  may  be  regarded  as  a  phenomenon  correlative  to  such  a  decompo- 
sition as  that  by  which  the  alkalis  or  other  bases  of  felsjjar,  augite,  or  hornblende, 
are  extracted  in  the  production  of  mineral-water,  and  those  minerals  may  represent 
the  residual  parts  of  rocks  de  composed  in  this  manner  during  very  remote  periods.  It 
would  be  out  of  place  here  to  enter  more  fully  into  the  suljject  of  mineral  alteration  by 
water  containing  various  substances  in  solution,  than  to  point  out  that  the  conditions 
imder  which  mineral  water  comes  into  contact  with  rocks  at  great  depths  are  peculiarly 
favourable  to  the  production  of  many  of  those  changes  of  minerals  and  rocks  which 
have  hitherto  been  ascribed  to  imaginary  causes,  without  a  sufficient  knowledge  of 
their  chemical  features.  (See  Gkology,  Chemistry  of,  ii.  833  ;  Pseudomorphs,  iv. 
374;  and  Bischof,  Chem.  Phys.  Geology.) 

The  nitrogen  which  is  so  frequently  associated  with  mineral  water,  either  in  its 
gaseous  contents,  or  in  the  gases  discharged  with  it  from  springs,  does  not  appear  in 
all  cases  to  consist  merely  of  that  atmospheric  nitrogen  which  may  be  conveyed,  in 
solution  by  the  water,  from  the  surface  to  the  place  where  it  acquires  its  saline  contents, 
although  that  may  sometimes  be  the  case,  especially  when  the  nitrogen  is  accompanied 
by  oxygen.  The  proportion  of  nitrogen  to  the  other  gases,  and  the  actual  quantity 
discharged  is  sometimes  so  large — as,  for  instance,  at  the  Bath  springs,  where  it  amounts 
to  about  250  cubic  feet  daily — that  there  are  probably  otlier  sources  of  this  gas,  such 
as  the  slow  decomposibon  of  organic  remains.  Its  occurrence  has  also  been  referred 
to  an  assumed  process  of  subterranean  oxidation  of  metals  by  atmospheric  air,  which  is 
supposed  to  penetrate  in  some  way  to  great  depths  iu  the  interior,  and  in  conjunction 
with  the  reaction  of  water  on  these  metals  to  give  rise  not  only  to  the  phenomena  of 
thermal  springs,  but  also  of  earthquakes  and  volcanoes.  (See  Daubeny,  Description 
of  Volcanoes,  Earthquakes,  and  Thermal  Springs. — Bischof,  Chem.  Phys.  Geology. — 
Lecoq,  Les  Eau.v  Mincrtilcs. 
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The  sulphuretted  hydrogen  prpsent  in  some  kinds  of  mineral-water  originates  from 
the  reduction  of  sulphates  by  carbonaceous  substance  and  the  decomposition  of  the 
sulphides  by  carbonic  anhydride. 

Quality  of  Water  used  for  economic  and  tecbnical  purposes. 

Since  natural  water  is  never  absolutely  pure,  it  is  evident  that  as  regards  the  water 
derived  from  any  particular  source,  its  fitness  for  ordinary  use  will  depend  chiefly  upon 
the  amount  and  nature  of  the  substances  which  may  be  present  in  a  state  of  solution, 
and  perhaps  also  mechanically  suspended  in  the  water.  For  drinking  and  for  many 
other  purposes,  water  which  is  perfectly  clear  and  colourless  is  sensibly  preferable  to 
such  as  is  turbid  and  coloured,  in  consequence  of  its  containing  suspended  impurities 
whether  they  consist  merely  of  earthy  mud,  or  of  minute  living  organisms.  In  this 
respect,  spring  or  well-water,  which  undergoes  a  kind  of  natural  filtration,  is  generally 
preferable  to  the  water  of  rivers  or  lakes,  which  being  fed  to  a  great  extent  by  surface 
drainage,  are  therefore  the  receptacles  of  much  suspended  impurity,  and  generally  yield 
water  which  is  turbid. 

So  far  as  dissolved  substance  is  concerned,  those  kinds  of  water  which  contain  the 
smallest  amount  are  generally  preferable  for  most  purposes.  But  the  quality  of 
water,  as  regards  its  technical  and  economic  applications,  is,  within  certain  limits, 
much  more  influenced  by  the  chemical  nature  of  the  dissolved  contents,  than  by  the 
actual  amount.  Those  kinds  of  water  which  contain  but  a  small  amount  of  saline 
contents,  or  in  which  the  saline  contents,  though  in  large  amount,  consist  chiefly  of 
alkaline  salts,  are,  in  ordinary  language,  termed  "  soft."  Such  water  dissolves  common 
soap  without  causing  any,  or  at  most  but  very  little,  change.  On  the  contrary,  water 
containing  calcareous  or  magnesian  salts  in  solution,  decomposes  soap,  forming  with 
its  fatty  acids  insoluble  compounds  which  separate  as  a  curdy  white  precipitate.  Such 
water  is  commonly  called  "  hai-d,"  and  is  more  or  less  so  in  proportion  to  the  amount 
of  earthy  salts  it  contains.  The  salts  which  render  water  hard  are  calcic  or  magnesic 
carbonates,  sulphates,  or  chlorides,  and  as  the  former  are  held  in  solution  chiefly  by 
carbonic  acid,  the  hardness  due  to  them  may  be,  to  a  great  extent,  removed  by  boiling 
the  water,  and  by  driving  oflF  the  carbonic  acid,  rendering  the  carbonates  insoluble.  But 
tlie  hardness  due  to  the  sulphates  and  chlorides  is  not  affected  by  boiling.  Hard  water 
is  objectionable  for  many  purposes.  Its  use  for  washing  involves  considerable  waste 
of  soap,  since  the  curdy  precipitate  has  no  detergent  action.  For  cooking  and  for 
various  manufacturing  purposes  also,  it  is  inferior  to  soft  water.  When  it  is  used  for 
supplying  steam  boilers,  the  insoluble  carbonates  are  deposited  as  a  crust  upon  the 
inner  surface  of  the  boiler,  especially  when  the  water  also  contains  calcic  sulphate. 
This  salt  is  deposited  as  the  water  evaporates  in  a  crystalline  state,  and  serves  to  cement 
together  the  particles  of  carbonate  precipitated  when  the  water  is  first  heated. 

The  total  amount  of  dissolved  contents  in  water  suitable  for  economic  and  technical 
purposes  rarely  exceeds  -5  grm.,  or  at  most,  I'O  grm.  per  litre,  and  the  better  kinds  of 
water  contain  very  much  less. 

The  presence  of  dissolved,  organic  sttbstance  in  water  has  probably  a  much  greater 
influence  in  determining  its  fitness  for  dietetic  purposes  than  either  the  amount  or 
nature  of  the  saline  contents  of  ordinary  fresh  water.  This  is  especially  the  case  as 
regards  the  water  of  wells  or  rivers  so  situated  that  the  drainage  or  sewage  of  towns 
passes  into  them.  When  this  takes  place  to  any  considerable  extent,  the  natural  pro- 
cess of  purification  of  river-water,  consisting  in  the  oxidation  and  destruction  of  the 
organic  substance,  is  not  sufficient  to  render  the  water  of  such  streams  fit  for  domestic 
use  near  the  places  where  the  sewage  of  large  populations,  or  the  drainage  of  factories,  is 
discharged  into  them  (p.  1(118).  Water  containing  •!  grm.  per  litre  of  organic  substance 
would  perhaps  generally  be  unfit  for  drinking,  and  it  may  be  assumed  that  wholesome 
water  of  good  quality  rarely  contains  more  than  from  "006  to  -01  grm.  per  litre.  How- 
ever, in  districts  where  peat  abounds,  water  which  is  sensibly  coloured  by  dissolved 
organic  substance  is  commonly  used  for  drinking  without  any  deleterious  results.  Pro- 
bably the  nature  of  the  organic  substance  in  water,  its  existence  in  certain  conditions, 
or  its  capability  of^promoting  the  development  of  organic  germs,  may  be  of  much  greater 
importance's  regards  the  wholesomeness  of  the  water,  than  the  actual  amount  of  it. 
Substances  resulting  from  the  partial  decomposition  of  effete  vegetal  or  animal  re- 
fuse are  most  likely  to  be  directly  prejudicial,  and  also  to  favour  the  development  of 
organic  germs,  especially  if  they  are  nitrogenous,  and  in  a  state  of  putrefactive  change 
(Fermentation  and  Putrefaction,  ii.  623  et  seq  ;  Infusoria,  iii.  269).  This  pro- 
bability is  at  least  consistent  with  the  known  eflTects  of  such  substances,  and  with  the 
still  unexplained  connection  which  is  believed  by  some  authorities  to  exist  between  the 
prevalence  of  epidemic  disease  and  the  contamination  of  water,  used  for  domestic  pur- 
poses, with  sewage  or  some  similar  impurity.  (Frankland,  On  the  Watir  Supph/ 
of  ike  Metropolis,  Proc.  Koy.  Inst,  of  Great  Britain. — Simon,  Report  of  the  Medical 
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Ojjiccr  of  the  Privy  Council  for  1866. — Letheljy,  Report  to  the  Sanitari/  Coinmittce  of 
t}ui  Commissioners  of  Seivers  of  tlie  City  of  London,  1867,  p.  11  seq^.,  and  Report  on 
the  C/wlera  Epidemic"  o/  1866.) 

The  whole  subject  of  the  influence  of  organic  substance  on  the  character  of  water, 
in  a  sanitary  point  of  view,  is,  however,  involved  in  much  obscurity  ;  but  there  can  be 
no  doubt  that  water  contaminated  with  the  refuse  of  towns  is  in  every  respect  highly 
olijectionable  for  domestic  purposes.  Consequently  the  practice  of  discharging  sewage 
into  rivers,  which  at  a  lower  part  of  their  course  furnish  the  water-supply  of  towns, 
cajinot  bo  too  strongly  deprecated  for  this  reason,  and  it  is  scarcely  less  objectionable 
us  regards  the  condition  of  rivers,  and  their  influence  on  the  sanitary  state  of  the  dis- 
tricts along  their  banks.  On  agricultural  grounds,  also,  the  vast  quantity  of  material 
possessing  value  as  manure,  which  is  wasted  by  the  discharge  of  sewage  into  rivers, 
constitutes  another  very  cogent  reason  for  the  discontinuance  of  this  practice,  and  for 
the  adoption  of  some  means  by  which  the  phosphates,  alkalis,  and  ammonia  contained 
in  tlie  refuse  of  towns  should  be  turned  to  useful  account  in  augmenting  the  production 
(if  crops,  and  by  which  at  the  same  time  the  natural  purity  of  river-water  .should  be  so 
far  as  possible  preserved.  (See  Excrements,  ii.  613  ;  Manure,  iii.  842  ;  Urine,  v.  964.) 

The  relative  wholesomoncss  of  water  intended  for  domestic  use  appears  to  be  so  in- 
timately connected  with  the  presence  of  organic  substance,  that  considerably  attention 
has  bitely  been  devoted  to  the  methods  of  estimating  its  amount  and  nature.  Hitherto 
the  amount  of  organic  substance  has  been  estimated  by  evaporating  the  water  to  di-y- 
iiess  and  igniting  the  residue  so  as  to  burn  off  the  organic  substance,  the  loss  of  weight 
on  ignition  being  taken  as  representing  organic  substance.  This  nietliod,  however, 
apai't  from  the  objection  of  its  being  indirect,  cannot  be  depended  upon,  for  the  follow- 
ing reasons  : 

1.  If  the  residue  is  dried  at  100°  C,  before  ignition,  it  may  retain  water  combined 
chiefly  with  calcic  and  maguesic  chlorides  or  sulphates,  and  a  considerable  part  of 
the  loss  on  ignition,  may  bo  due  to  this  circumstance.  A  further  part  may  be  due  to 
volatilisation  of  ammoniacal  salts,  and  to  the  decomposition  of  magnesic  chloride, 
nitrites,  and  nitrates. 

2.  If  the  residue  is  dried  at  from  120'^  to  130°  C.  in  order  to  expel  water,  there  is  a 
risk  of  partially  decomposing  the  organic  substance,  especially  when  it  is  in  a  putres- 
cent state. 

3.  In  converting  the  causticised  earths  into  carbonates,  after  ignition,  by  means  of 
carbonic  anhydride,  there  may  be  in  some  cases  a  considerable  increase  of  weight. 

The  method  of  adding  sodic  carbonate  to  the  water  before  evaporating  to  dryness, 
so  as  to  decompose  ammoniacal  salts,  and  convert  calcic  and  magnesic  chlorides  and 
sulphates  into  carbonates,  and  to  obtain  a  residue  free  from  water,  also  gives  indefinite 
results  partly  for  the  reasons  already  given,  and  because  : 

4.  The  organic  substance  may  be  decomposed  and  the  products  volatilised  during 
the  evaporation  to  dryness. 

6.  On  ignition,  certain  products  of  the  organic  substance  may  remain  in  a  fixed  state 
of  combination  in  the  residue. 

The  errors  arising  from  one  or  other  of  these  causes  may  exceed  the  whole  amount 
of  organic  substance  in  the  water;  and  even  if  that  amount  could  be  estimated  with 
any  degree  of  certainty,  the  result  would  not  admit  of  any  positive  inference  as  to  the 
character  of  the  water,  since  the  organic  substance  might  be  of  an  entirely  harmless 
nature.  (Mil'ler,  Chem.  Soc.  J.  xviii.  117. — Frankland,  Proc.  Koy.  Inst.  Great 
Britain. — Wanklyn,  Chapman  and  Smith,  Laboratory,  i.  98,  114;  and  Chem. 
Soc.  J.  [2]  v.  44.5,  591.) 

To  meet  these  defects,  the  use  of  potassic  permanganate,  so  as  to  estimate  the  quan- 
tity of  oxygen  absorbed  liy  the  organic  substance  in  water,  has  been  adopted  by  some 
chemists,  with  the  object  of  arriving  at  a  more  direct  determination  of  the  character 
of  water  as  regards  this  portion  of  its  dissolved  contents.  As  a  means  of  estimating 
the  amount  of  organic  substance,  it  is  however  tobilly  untru.stworthy,  as  will  be  seen 
from  results  obtained  by  Professor  Frankland,  contained  in  the  table  on  p.  1024. 

These  results  show  that  from  the  great  diiferences  which  obtain  in  the  behaviour  of 
organic  substances  with  permanganate,  it  evidently  cannot  be  relied  upon  for  establish- 
ing the  absence  of  organic  substance.  Even  its  positive  indications  are  not  alone  con- 
clusive against  the  character  of  water,  since  the  reduction  may  be  caused  by  an  organic 
substance  which  is  quite  innocuous.  Notwithstanding  these  facts,  however,  tlie  per- 
manganate test  may  afford  serviceable  indications  as  to  the  actual  condition  of  water, 
especially  when  the  results  obtained  with  it  are  considered  in  connection  with  certain 
other  features  of  the  water  in  question,  for  it  may  reasonably  be  assumed  that,  if 
the  presence  of  putrescent  organic  substance  in  water  renders  it  unwholesome,  a  sub- 
stance in  such  a  state  of  chemical  tension  would  be  more  susceptible  of  oxidation  by 
permanganate  than  most  of  tlie  substances  to  which  Professor  Frankland's  experiment's 
relate.    This  .special  applicabilitj-  of  the  permanganate  test  for  indicating  the  presence 
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of  organic  substance  in  the  state  most  likely  to  be  prejudicial,  is  not  even  limited  by 
the  fact  that  the  presence  of  nitrites  in  water  would  determine  the  reduction  in  the 
same  way  as  organic  substance:  for  water  containing  nitrites  is  very  likely  to  be  objec- 
tionable (see  under),  and  moreover  allowance  can  always  be  made  for  the  reduction  due 
to  nitrites ;  so  that  whenever  water  causes  a  considerable  reduction  of  permanganate, 
there  is  at  least  sufficient  ground  for  suspecting  it  to  be  unwholesome.  Hence  Profes- 
bor  Miller  and  others  consider  that  the  permanganate  test  may  render  good  service  as 
an  accessory  test,  in  assisting  the  judgment  as  to  the  salubrity  of  water,  though  it  is 
fallacious  as  a  substitute  for  the  method  of  incineration  for  estimating  the  amount  of 
organic  substance  in  water.  (Miller,  Journ.  Cliem.  Soc.  xviii.  117. — R.  A.  Smith, 
Estimation  of  the  Orgmiic  Matter  in  Water  with  reference  especially  to  Sanitary  Pur- 
poses, London,  1865.) 

The  idea  that  the  deleterious  influence  of  organic  substance  on  the  character  of  water 
is  confined  to  that  portion  of  it  which  is  nitrogenous  and  therefore  liable  to  putrefac- 
tion, naturally  led  to  the  attempt  to  determine  the  character  of  watfr  by  estimating 
the  amount  of  nitrogen  in  the  organic  substance  present,  on  the  principle  of  its  dele- 
terious influence  being  pi-oportionate  to  the  amount  of  nitrogen.  (Hofmann  and 
Blyth,  Report  on  the  Chemical  Quality  of  the  Supply  of  Water  to  the  Metropolis,  1856, 
p.  5.) 

A  method  of  examining  water  has  recently  been  devised  by  Professor  Frank- 
land  upon  this  basis.  The  estimation,  made  in  the  manner  described  under  the  head 
of  Water,  Analysis  of,  consists  of : 

1.  The  amount  of  organic  carbon  in  the  dissolved  contents. 

2.  The  total  amount  of  combined  nitrogen. 

3.  The  amount  of  nitrogen  existing  as  ammonia,  nitrites,  and  nitrates. 

The  difference  between  the  last  two  data  gives  the  amount  of  nitrogen  existing  in 
the  organic  substance  of  the  water,  and  that  is  taken  to  be  the  measure  of  the  quality 
of  the  water,  so  far  as  organic  substance  is  concerned.  One  of  the  objections  to  this 
method  appears  to  be  the  absence  of  any  distinction  either  between  nitrogenous 
organic  substances  which  are  deleterious,  or  may  become  so  by  putrefaction,  and  others 
of  a  perfectly  harmless  nattire,  or  between  a  putrescent  substance  and  one  which  is 
only  capable  of  becoming  so. 

The  liability  of  putrescent  organic  substance  in  water  to  be  decomposed,  and  evolve 
ICS  nitrogen  as  ammonia  during  evaporation  to  dryness,  has  been  adopted  by  Professor 
Wanklyn,  in  conjunction  with  Chapman  and  Smith,  as  a  means  of  ascertaining  the 
character  of  water,  and  of  estimating  the  amount  of  deleterious  organic  substance 
it  contains.  The  decomposition  of  the  organic  substance  is  promoted  by  adding  caustic 
alkali  and  potassic  permanganate  to  the  water,  and  the  quantity  of  ammonia  given  off 
on  distillation  is  then  taken  as  a  measure  of  the  deleterious  organic  substance  in  the 
-water.    (Chem.  Soc.  J.  [2]  v.  445,  591.) 

The  water  of  rivers  and  wells  sometimes  contains  ammouiacal  salts,  nitrites,  and 
nitrates.  Whether  these  substances  are  in  themselves  injurious  or  not,  their  presence 
in  water  may  frequently  be  regarded  as  indicative  either  of  sewage  contamination,  or  of 
Bome  similar  objectionable  admixture  -sviththe  water,  since  they  are  the  products  of  the 
decomposition  of  nitrogenous  organic  materials  (see  Eremacausis,  ii.  497  ;  Nitrates, 
iv.  83,  90,  99).  If  that  decomposition  is  incomplete,  they  may  be  accompanied  by 
organic  substance  in  the  most  objectionable  state.  The  presence  of  these  substances  in 
water  is,  therefore,  always  calculated  to  throw  suspicion  on  its  quality.  Many  of  the 
shallow  wells  situated  in  towns,  and  very  often  near  a  churchyard,  yield  water 
of  this  kind  which,  singularly  enough,  presents  characters  both  attractive  and  agree- 
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able.  Bi'ing  cleav,  sparkling,  and  cool,  with  that  fresh  taste  which  a  small  pnjportiou 
of  nitre  communicates,  such  water  often  holds  a  high  place  in  popular  estimation, 
which  is  strengthened  bj  the  traditional  repute  of  the  wells  for  yielding  good  water, 
acquired  probably  at  a  time  when  they  were  surrounded  by  open  fields,  and  not  fed 
with  the  drainage  of  densely-populated  streets.  (See  Simon,  Report's  on  the  Sanitari/ 
Condition  of  the  City  of  London,  1849-50,  p.  64;  1852-53,  p.  42.— Letheby,  Rcfok 
on  the  Qualiti/  of  the  Water  from  the  Pumps  and  Surface  Wells  of  the  City  of  London,  1866. 
— R.  A.Smith,/oc.cii!.  p.  22. — Wankly  n,  Chapman,  and  Smith,  Laboratory,  i.  252.) 

Sometimes,  however,  water  which  is  quite  beyond  any  suspicion  of  sewage-contami- 
nation or  impurity,  contains  nitrates — as,  for  instance,  the  water  obtained  from  artesian 
wells  in  the  chalk  strata.  The  origin  of  the  nitric  acid  in  this  case  is  not  ascertained, 
but  it  has  been  referred  to  an  oxidation  of  organic  substance,  ammonia,  or  nitrogen 
effected  by  the  oxygen  dissolved  in  the  water,  and  taking  place  during  the  passage  of 
the  water  tlrrough  the  water-bearing  strata.    (Nitrates,  iv.  83.) 

Professor  Frankland  has  adopted  the  estimation  of  tlio  amount  of  nitrogen 
present  in  these  states  of  combination,  as  the  measure  of  the  ^;r(;!)ioM5  sewage- 
cojitar/iination  of  the  water — that  is  to  say,  of  the  sewage  which  has  been  mixed  witli 
the  water,  and  has  undergone  complete  decomposition  into  its  final  inorganic  products. 
To  the  result  thus  obtained  he  applies  a  correction,  to  compensate  for  that  portion 
of  the  nitrogen  which  might  have  existed  as  ammonia  and  ammouic  nitrite  or 
nitrate  in  rain-water,  taking  for  this  purpose  the  mean  value,  deduced  from  the 
observations  of  Lawes,  Gilbert,  and  Way,  of  '240  pts.  nitrogen  existing  as  nitrous 
and  nitric  acids  in  1,000,000  pts.  of  rain-water,  and  "080,  tlie  maximum  quantity  of 
nitrogen  existing  as  ammonia  in  1,000,000  pts.  of  river-water  Uiken  near  the  sources 
(if  streams.  This  correction  of  '240  +  '080  =  -320,  which — upon  tiie  assumption 
that  average  fi.ltered  London  sewage  contains,  in  1,000,000  pts.,  ICO  pts.  of  combined 
nitrogen — corresponds  to  3,200  pts.  sewage  in  1,000,000  pts.  of  water,  is  probably 
somewhat  too  high,  and  in  favoiir  of  the  quality  of  the  water,  since  ammonia  is 
almost  entirely  abstracted  from  rain-water  in  percolating  through  cultivated  soil. 
The  water  supplied  to  London  from  the  Thames,  during  January  and  February 
1868,  was  found  to  contain,  on  the  average,  •003395  grm.  per  litre  of  nitrogen  in 
the  st;ite  of  ammonia,  nitrites,  and  nitrates,  or  3'395  pts.  in  1,000,000  pts.  of  water,  so 
that,  according  to  this  view,  the  amount  of  previous  sewage-contamination  would  be: — 

30,700  :  3-395--320    =  1,000,000:100. 

The  result  thus  obtained  by  analysis  presents  a  very  remarkable  correspondence  with 
the  calculated  result  obtained  in  a  different  manner.  Thus  the  average  flow  of  the 
Thames,  just  above  the  point  at  which  the  London  water-supply  is  taken,  being  esti- 
mated at  800,000,000  gallons  daily,  and  the  drainage  of  a  population  of  about 
600,000  being  discharged  into  the  Thames  above  that  point,  at  the  rate  of  about  30 
gallons  per  head  daily,  the  sewage-contamination  of  the  water,  according  to  these 
data,  would  amount  to  about  22,500  pts.  in  1,000,000  pts.  of  water. 

If  any  of  the  nitrogenous  organic  substance,  originating  from  this  sewage,  had  not 
undergone  complete  oxidation,  its  presence  in  the  water  would  be  indicated  by  the 
amount  of  nitrogen  in  the  organic  substance  contained  in  the  water.  If  the  nitrogenous 
organic  substance  in  water  could  be  regarded  as  originating  solely  from  sewage,  and 
the  nitrogen  could  be  accurately  estimated,  it  would  be  possible  to  determine  the  pre- 
sent scwagc-contaminatio7i  of  river- water.  Thus,  the  amount  of  organic  nitrogen  given 
by  Professor  Frankland,  as  existing  in  the  water  supplied  to  London  from  the  Thanies 
during  the  months  of  January  and  Februai'y  1868,  is,  on  the  average,  -00045  grms. 
pier  litre,  which  would  be  equivalent  to  4,500  pts.  of  actual  sewage  iu  1,000,000  pts. 
of  water,  or  nearly  '5  per  cent.  ( WcrJcly  Returns  of  the  Ecgistrar-  General,  xxix.  35,  69). 
But  as  this  quantity  is  little  above  the  average  apparent  error  of  experiment  (p.  1031), 
such  a  result  maybe  disregarded.  The  methods  by  which  these  estimations  are  made, 
are  described  under  the  head  of  Water  Analysis  (p.  1026). 

The  amount  of  chlorine  in  fresh  water,  existing  chiefly  in  the  form  of  sodie  chloride,  will 
often  serve,  in  some  degree,  to  indicate  whether  it  has  been  contaminated  with  sewage 
or  other  forms  of  animal  refuse,  and  also,  in  the  case  of  water  containing  organic  sub- 
stance, whether  that  is  of  vegetal  or  animal  origin.  It  must  be  remembered,  how- 
ever, that  any  inference  from  the  presence  of  chlorine  in  water  must  (as  in  the  case  of 
nitrates)  be  limited  by  the  circumstance  that  it  is  a  normal  constituent  of  the  contents 
of  most  natural  water,  and  that,  in  certain  localities,  it  exists  in  larger  amount  in  water 
than  in  others.  As  a  rule,  water  containing  as  much  as  -01  grm.  of  chlorine  per  litre 
may  be  suspected  of  being  contaminated  with  drainage.  (See  R.  A.  Smith,  On  the 
Examination  of  Water  for  Organic  Matter,  Proc.  Philos.  Soe.  Manch.) 

The  wholesomeness  of  water  apipears  to  be  intimately  connected  with  its  state  of 
aeration.    In  perfectly  aerated  water,  the  ratio  of  oxygen  to  nitrogen  is  as  1  :  2  by 
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rulume  (pp.  1014,  1017) ;  and  as  this  ratio  is  liable  to  bo  altoivd  by  the  deeoinposilion 
of  organic  substance  in  the  water  (p.  1018),  the  estimation  of  the  g;)seous  contents  of 
water  will  often  serve,  in  conjunction  with  the  permanganate  test,  to  indicate  the  actual 
cliaracter  of  the  water,  as  regards  organic  substance.  Whenever  the  oxygen  amounts 
to  less  than  one-third  of  the  nitrogen,  and  the  water  also  causes  a  considerable  reduc- 
tion of  permanganate,  the  presence  of  decomposing  organic  substance  is  probable. 
(Miller,  loc.  cit -p.  124.) 

But  water  which  is  in  a  normal  state  of  aeration,  and  does  not  cause  any  great  re- 
duction of  permanganate,  may  still  contain  organic  substance,  either  dissolved  or 
suspended,  which  is  susceptible  of  putrefaction,  and  therefore  capable  of  rendering  the 
water  unwholesome  (Ho  fm  an  n  and  Blyth,  loc.  cit.  p.  5).  Such  water,  under  the  in- 
fluence of  warmth  and  light,  often  becomes  pxitrid,  and  evolves  stinking  gases,  or 
presents  a  copious  development  of  confervse  and  other  minute  organisms.  The  cupa- 
bility  of  water  to  remain  for  some  days  at  a  temperature  of  about  22°  C,  without 
undergoing  such  change,  is  therefore  another  important  point  to  be  observed  in  reference 
to  the  question  of  wholesomeness.    (Angus  Smith,  loc.  cit.  p.  1.) 

River-water  is  frequently  so  turbid,  from  the  presence  of  suspended  organic  sub- 
stance, as  to  be  unfit  for  use  without  undergoing  filtration.  This  is  generally  effected 
on  the  large  scale — sand,  gravel,  and  similar  materials  being  used  for  the  purpose.  By 
this  means  the  amount  of  organic  substance  is  to  some  extent  reduced,  and  even  the 
saline  contents  appear  to  be  partially  abstracted. 

The  most  effectual  method  of  purifying  water  appears  to  be  that  proposed  by  Dr. 
Clark,  of  adding  lime-water  in  such  proportion  as  to  combine  with  the  free  carbonic 
anhydride,  and  thus  precipitate  great  part  of  the  calcic  carbonate.  By  this  means  the 
water  is  rendered  soft,  and  a  considerable  portion  of  the  organic  substance  is  removed. 
Unfortunately,  the  removal  of  the  carbonic  anhydride  renders  the  water  flat  and  unpa- 
latable, and  the  vast  mass  of  calcic  carbonate  produced  constitutes  a  serious  difBculty. 
The  addition  of  alum  or  aluminie  chloride  in  small  amount  to  the  water  has  also  been 
proposed  for  separating  calcic  carbonate  and  suspended  organic  substance  by  means  of 
the  basic  aluminium  salt  produced,  and  then  adding  sodic  carbonate  to  ensure  the  separa- 
tion of  aU  the  alumina.  The  addition  of  sodic  silicate  to  water  intended  for  the  use  of 
factories  has  been  proposed  by  Buff" and  Versmann,  so  as  to  precipitate  the  calcium  and 
magnesium  as  silicates,  and  render  the  water  soft. 

Sea-water  is  rendered  fit  for  drinking  on  board  vessels  by  distillation,  and  afterwards 
forcing  air  into  the  condensed  water.  (See  lire's  Dictionary  of  Arts,  Manufactures,  and 
Mines,  iii.  985.)  B.  H.  P. 

WATER  AWAliYSlS.  The  examination  of  natural  water  is  most  frequently 
required  for  the  purpose  of  ascertaining  its  fitness  for  economic  and  technical  use,  some- 
times also  for  ascertaining  the  character  of  mineral  water  employed  for  medicinal 
purposes,  &c.  The  mode  of  operating  is  much  the  same  in  both  cases,  so  far  as  relates 
to  the  estimation  of  the  various  constituents  of  the  dissolved  contents ;  but,  in  refer- 
ence to  water  intended  for  ordinary  use,  several  special  methods  of  examination  are 
adopted  for  estimating  the  degree  of  hardness,  amount  and  nature  of  the  organic  sub- 
stance, &c.,  which  are  not  employed  in  the  analysis  of  mineral  water. 

The  specific  gravity  of  water  is  best  ascertained  by  filling  a  flask  of  known  capacity 
(100  to  300  c.c),  and  furnished  with  a  long  tubular  stopper,  with  the  water  at  a  tem- 
perature of  16-5°  C,  and  weighing.  The  specific  gravity  of  fresh  water  generally 
differs  so  little  from  that  of  pure  water  that  its  determination  is  not  a  matter  of  much 
importance. 

The  colour  of  water  should  be  observed  by  filling  a  flat-bottomed  glass  tube  with  the 
water,  and  looking  down  through  it  at  a  white  object,  beside  a  similar  tube  filled  with 
pure  water.  The  presence  of  suspended  substance  and  minute  vegetal  or  animal  orga- 
nisms is  also  to  be  noted,  as  well  as  the  smell  or  taste,  both  cold  and  when  slightly 
warmed. 

Water  is  often  either  alkaline  or  acid,  and  to  ascertain  this  it  should  be  tested  with 
very  delicate  litmus-paper,  observing  whether  any  change  of  colour  produced  on  it, 
disappears  or  not  when  the  paper  is  afterwards  exposed  to  the  air.  In  such  cases  the 
reaction  maj-  be  due  to  the  presence  of  carbonic  anhydride  or  of  ammonia.  Water 
intended  for  analysis  should  always  be  put  at  once  into  stoppered  glass  bottles  when 
collected,  and  these  should  be  quite  filled,  and  distinctly  labelled. 

Estimation  of  Total  diss'ilved  Solid  Contents. — This  is  effected  by  evaporating  a  known 
volume  of  the  water — from  half  a  litre  to  1  or  2  litres — nearly  to  dryness  in  a  pla- 
tinum-basin, which  need  not  be  large  enough  to  contain  the  whole  quantity  at  once,  but 
can  be  filled  up  from  time  to  time.  For  this  purpose  the  water  should  be  perfectly 
clear ;  but  sometimes  the  separation  of  suspended  substance  cannot  well  be  effected 
otherwise  than  by  leaving  the  water  for  a  long  time  to  settle,  and  then  it  is  best  to 
evaporate  the  water  as  it  is.  Care  must  be  taken  to  avoid  any  access  of  dust  or  fumes, 
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and  to  gn.irJ  against,  any  loss  by  spirting.  Water  containing  a  largo  amonnt  of 
gaseous  contents  must  be  very  carefully  hoatetl  at  first,  for  this  reason.  When  (he 
water  has  been  reduced  to  a  very  small  quantity,  and  I  lie  dissolved  contents  begin  to 
separate,  the  evaporation  is  completed  in  a  steam-bath,  and  the  residue  thoroughly 
dried  at  100°  C,  until  the  weight  remains  constant. 

With  mineral-water  containing  magnesio  chloride,  bromide,  or  iodide,  which  are 
liable  to  be  partially  decomposed  during  the  evaporation,  it  is  advisable  to  add  a  known 
quantity  of  pure  sodic  carbonate,  just  sufficient  to  render  the  water  alkaline,  and  to 
deduct  the  weight  from  that  of  the  dry  residue.  But  with  fresh  water  this  loss  is  of 
comparatively  little  importance,  and  it  is  preferable  not  to  use  sodic  carbonate,  which 
might  cause  decomposition  of  the  organic  substance.    (See  p.  1023.) 

This  result  is  useful  as  a  control  of  those  obt^ainod  in  estimating  the  several  con- 
stituents of  the  solid  contents.  No  very  close  correspondence  can  be  expected, 
however,  especially  when  the  residue  is  dried  only  at  100°  C,  since  it  may  then  con- 
tain hydrated  salts;  but  this  is  probably  the  best  temperature  to  employ  generally,  and 
at  any  rate  in  thofirst  instance. 

Estimation  affixed  Mineral  Contents. — For  this  purpose  the  residue  obtained  by  eva- 
porating the  water  to  dryness,  is  igniteduntil  all  the  carbon  of  the  organic  substance  is 
burnt  off,  and  the  weight  noted.  As  eartliy  carbonates  might  he  partially  decomposed 
by  this  treatment,  the  residue  is  then  to  be  covered  with  a  saturated  solution  of  car- 
bonic acid,  ;igain  dried,  and  heated  to  about  .500°  C,  this  operation  being  repeated  until 
the  weight  remains  constant.  This  result,  like  the  previous  one,  is  ehieily  useful  as  a 
control  of  the  other  results  of  analysis. 

Estimation  of  Suspcinled  Substance. — It  is  often  very  difficult  to  render  turbid  water 
clear  by  filtration,  and  in  such  cases  it  is  best  to  evaporate  the  water  at  once  with  the 
suspended  substance,  and  to  fill  a  large  stoppered  bottle  of  known  capacity  with  the 
water,  leaving  it  until  the  suspended  substance  has  subsided  ;  then  to  draw  off  the 
clear  water,  collect  the  sediment  on  a  filter,  dried  and  weighed  at  100°  C,  dry  it  at  the 
same  temperature,  and  weigh,  afterwards  burning  the  filter  aud  its  contents,  and 
weighing  the  residue.  The  weight  of  the  suspended  substance  dried  at  100°  is  then 
to  be  deducted  from  that  of  the  residue  left  on  evaporation  of  the  water  (p.  1026), 
and  after  its  ignition  the  weight  is  to  be  deducted  from  that  of  the  ignited  residue  of 
evaporation. 

Estimation  of  Hardiuss. — Clark's  method  is  based  upon  the  fact  that  when  pure 
water  is  mixed  with  a  very  small  quantity  of  alcoholic  solution  of  soap,  aud  shaken  fu- 
a  few  minutes,  a  froth  is  produced,  which  is  persistent  for  some  minutes,  while,  on  the 
contrary,  when  the  water  contains  calcic  or  magnesic  salts  in  solution,  no  such  froth  is 
produced  until  a  sufficient  quantity  of  soap-solution  has  been  added  to  decompose  tlieso 
salts.  The  quantity  of  soap-solution  requisite  to  produce  the  froth  in  water  containing 
such  salts  is,  moreover,  to  such  an  extent  proportionate  to  the  amount  of  these  salts 
in  the  water,  that  with  a  .soap-solution  of  known  volumetric  value,  the  degree  of  hard- 
ness is  indicated  by  the  quantity  requisite  to  produce  the  froth  in  a  given  quantity  of 
wafer. 

The  hardness  of  water  is  expressed  in  degrees,  each  of  which  represents  '01  grm. 
of  calcic  carbonate,  or  its  equivalent  of  any  other  calcic  or  niagnesiau  salt  in  the  litre 
of  water. 

The  soap-solution  is  made  by  dissolving  white  curd-soap  in  alcohol  (specific  gravity 
=  ■92),  and  its  strength  is  adjusted  so  that  100  c.c.  suffice  to  produce  the  froth  with 
100  c.c.  of  a  solution  having  20°  of  hardness.  This  solution  is  prepared  by  dissolving 
•20  grm.  of  pure  calcic  carbonate  in  hydrochloric  acid,  evaporating  the  solution  to  dry- 
ness, so  as  to  remove  all  excess  of  acid,  then  dissolving  it  in  pure  water,  and  making 
up  the  volume  to  exactly  1  litre.  This  standard  calcium-solution,  of  20°  of  hardne.ss, 
is  preserved  in  a  well-stoppered  bottle.  A  series  of  other  calcium-standards,  varying 
from  one  degree  upwards,  may  be  made  by  diluting  that  solution,  in  due  proportions, 
with  pure  water. 

The  water  to  be  examined  is  measured  with  a  pipette,  guaged  to  deliver  100  c.c.  into 
a  stoppered  bottle  of  about  double  that  capacity  ;  and  the  soap-snlution  is  added  to  it 
from  a  graduated  burette  in  small  successive  portions,  the  water  being  well  shaken  in 
the  bottle  after  each  addition.  This  is  contiinied  until  a  persistent  froth  appears  on 
the  surface  of  the  water.  A  .second  experiment  is  then  made  comparatively,  with  the 
w.ater  and  the  st.andard  -solutioli  to  which  it  approximates  most  closely  in  hardness. 

When  the  hardness  of  water  exceeds  20°,  the  indications  of  the  soap-test  do  not 
correspond  with  the  amount  of  calcic  and  magnesic  salts  in  the  water,  and  in  that  ease 
it  should  be  diluted  with  such  a  volume  of  pure  water,  that  its  h.ardness  is  reduced  to 
within  20°,  and  100  c.c.  of  the  mixture  tested.  The  degree  of  hardness  fbumi  for 
the  mixture  is  multiplied  by  2,  3,  or  4,  according  to  the  extent  to  which  the  water  has 
been  diluted. 

3  U  2 
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When  the  water  contains  any  considerable  amount  of  raagncsic  salts,  the  indications 
of  the  soap-test  do  not  represent  tlie  full  degree  of  hardness.  It  is  therefore  always 
necessary,  after  applying  the  soap-test,  to  ascertain  whether  magnesic  salts  are  present, 
or  their  presence  may  be  recognised  by  the  curdy  appearance  of  the  water  after  the 
experiment.    (Campbell,  Phil.  Mag.  xxxvii.  171.) 

After  estimating  the  total  hardness  of  water  as  above,  a  known  quantity  of  the 
water  should  be  boiled  for  an  hour  in  a  glass  flask  with  a  tube  three  or  four  feet  long, 
restingon  its  neck  by  a  bulb  blown  at  the  lower  end,  to  serve  for  condensing  the  water- 
vapour.  When  the  water  is  cold,  some  pure  water  is  added,  to  make  up  exactly  for  the 
loss  by  evaporation,  and  the  hardness  is  again  estimated  by  the  soap-test.  It  is  gene- 
rally found  to  be  reduced,  after  the  water  has  been  boiled,  in  consequence  of  the  precipi- 
tation of  calcic  and  magnesic  carbonates,  originally  held  in  solution  by  carbonic 
anhydride. 

Estimation  of  the  Carbonates  precipitated  by  Boiling. — For  this  purpose  the  precipitate 
formed  in  the  last  experiment  may  be  collected  on  a  weighed  filter,  washed,  dried  at 
100°,  and  weighed  ;  any  portion  of  the  precipitate  adhering  to  the  flask  may  be  weighed 
by  drying  the  flask,  weighing  it,  and  deducting  the  weight  of  the  flask.  The  whole  of 
the  precipitate  is  then  dissolved  by  hydrochloric  acid,  and  the  calcium  and  the  magne- 
sium separated  and  estimated  (iii.  763;  i.  717).  This  precipitate  may  contain  iron,  • 
manganese,  phosphoric  acid,  silica,  and  sulpliuric  acid,  which  should  be  tested  for  and, 
if  requisite,  estimated.  Sometimes,  as  in  the  analysis  of  fresh  water,  it  is  desirable 
to  evaporate  the  water  to  one-half  or  one-fourth,  before  collecting  the  precipitate. 

Estimation  of  the  Gaseous  Contents. — For  this  purpose  a  globular  glass  flask  A 
(fig.  822)  of  abouthalf  a  litre  or  a  litre  capacity,  and  having  a  strong  piece  of  vulcanised 


and  at  last  the  water  is  made  to  boil  briskly  for  a  few  minutes,  so  as  to  fill  the 
delivery-tube  with  steam,  and  drive  all  the  gas  discharged  from  the  water  out  of  the 
tube  into  the  jar  M.  The  gas  is  then  measured  and  analysed  in  the  usual  way. 
(Analysis  of  Gases,  i.  268.) 

Estimation  of  Organic  Svbstance. — For  the  reasons  already  stated  (at  p.  1023),  the 
loss  of  weight,  caused  by  igniting  the  residue  left  on  evaporating  water  to  dryness, 
affords  no  adequate  indication  of  the  amount  of  organic  substance  ;  but  it  is  often  use- 
ful to  observe  the  eflfect  of  heat  upon  this  residue  when  igniting  it  (p.  1027),  as  a  means 
of  judging  as  to  the  amount  and  nature  of  the  organic  substance  present,  and  also  as  to 


Fig.  822. 


caoutchouc  tube  B  tightly 
fitted  to  its  neck,  is  quite 
filled  with  the  water  to 
be  examined,  and  then 
closed  by  means  of  a  brass 
screw-clamp  C,  which 
presses  the  sides  of  the 
tube  close  together.  The 
other  end  of  the  caout- 
chouc tube  is  then  tightly 
connected  with  the  bent 
glass  tube  D E F,  having  a 
bulb  at  F.  This  bulb  is 
partly  filled  with  water 
which  is  made  to  boil 
briskly,  while  the  clamp 
C  is  still  closed,  and  the 
delivery  end  of  the  tube 
D  dips  into  mercury,  so 
as  to  drive  the  air  out  of 
the  tube.  After  the  boil- 
ing has  been  continued 
for  1 0  or  1 5  minutes,  until 
no  more  air  escapes  at  D, 
the  jar  M  is  filled  with 
mercury,  and  placed  over 
the  delivery  end  of  the 
tube.  The  clamp  C  is 
then  removed,  and  heat 
applied  to  the  flask  A, 
until  the  water  boils.  The 
boiling  must  be  steadily 
kept  up  for  fully  an  hour, 
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the  presence  of  nitrates.  Several  methods  have  been  proposed  for  the  purpose  of  ex- 
amining water  for  organic  substance,  but  the  one  which  has  been  most  used  is  based 
upon  the  characteristically-marked  oxidising  action  of  potassic  permanganate.  Oxalic 
acid,  dissolved  in  water,  acidulated  with  sulphuric  acid,  is  readily  and  completely 
oxidised  by  permanganate,  yielding  carbonic  anhydride  and  water,  as  follows: 


In  like  manner,  when  a  few  drops  of  a  weak  solution  of  permanganate  are  added  to 
water  containing  organic  substance  and  acidulated  with  sulphuric  or  hydrochloric  acid, 
the  permanganate  yields  oxygen  to  the  organic  substance,  and  the  violet  colour  disap- 
pears. By  testing  the  water  with  a  permanganate-solution  of  known  strength,  it  is 
therefore  possible  to  ascertain  how  much  oxygen  the  organic  substance  it  contains  may 
be  capable  of  abstracting  from  permanganate. 

The  permanganate-solution  for  testing  water  should  be  of  such  strength  that  1  c.e. 
■will  be  capable  of  yielding  exactly  -0001  grm.  of  oxygen  (  =•000396.')  crystallised  per- 
mangnnate).  Its  strength  should  be  adjusted,  immediately  before  using  it,  by  means  of 
a  freshly-prepared  solution  of  crystallised  oxalic  acid  containing  'TSTS  grm.  per  litre. 
100  c.  c.  of  this  solution,  warmed  with  some  dilute  hydrochloric  or  sulphuric  acid,  should 
decolorise  exactly  100  c.c.  of  the  permanganate-solution. 

In  applying  the  test,  a  litre  of  the  water  is  mixed  with  acid  in  a  glass  flask,  and  the 
permanganate  added  from  a  graduated  burette,  in  small  successive  portions,  until  the 
water  retains  a  very  faint  violet  tinge,  the  rate  of  decoloration  being  noted  mean- 
while. It  is  then  left  for  some  minutes,  and  if  the  colour  disappears,  a  further  quan- 
titv  is  added,  the  observation  being  continued  in  this  way  for  two  or  three  hours  or 
more.  When  the  colour  remains  unaltered  for  half  an  hour,  the  volume  of  permanga- 
nate-solution, read  off  in  cubic  centimetres,  with  a  small  deduction  for  the  portion 
which  has  remained  unaltered,  gives  the  quantity  of  oxygen  absorbed,  in  tenths  of  a 
milligramme  per  litre  of  water.  By  operating  in  this  way,  some  judgment  may  be 
formed  as  to  the  state  of  the  organic  substance,  or  some  portion  of  it,  from  the  rate  of 
decoloration.    (K.  A.  Smith,  Eftimalio7i  of  On/anic  Siib-stame  in  Water,  p.  7.) 

The  decoloration  produced  during  the  first  five  or  ten  minutes,  may  be  taken  to 
represent  putrescent  or  readily  oxidisable  organic  substance,  regard  being  had  to  the 
possible  presence  of  nitrites  ;  and  a  portion  of  the  organic  substance  is  generally  found 
to  require  a  much  longer  time  for  oxidation — often  as  much  as  24  hours. 

The  test  ma3'  also  be  applied  by  addmg  at  once  a  measured  excess  of  the  permanga- 
nate-solution to  the  water,  and  leaving  it  for  three  hours,  then  adding  a  small 
quantity  of  potassic  iodide-solution  with  some  starch-paste,  and  estimating  the  quantity 
of  iodine  liberated  by  the  excess  of  permanganate,  with  a  standard  solution  of  disodic 
hyposulphite  containing  1  grm.  of  the  salt  per  litre.  The  quantity  of  tliis  solution 
required  to  destroy  the  blue  tint  must  be  read  off  the  instant  that  colour  disappears,  as  it 
returns  after  some  time.  The  difference  in  cubic  centimeti'es  between  the  permanganate- 
solution  added,  and  the  hyposulphite-solution  usfd,  gives  the  volume  of  permanganate 
decolorised  by  the  organic  substance  of  the  water.  (Miller,  Cliem.  Soc.  J.  xviii.  117.) 

If  the  water  under  examination  should  contain  nitrites,  they  would  decolorise 
permanganate  in  the  same  way  as  organic  substance ;  but  their  action  is  so  very  much 
more  rapid  than  that  of  organic  substance,  that  the  decoloration  due  to  them  may  be 
estimated  approximatively  by  this  difference,  or  still  better  as  directed  at  p.  1033.  For 
each  -001  grm.  per  litre  of  nitrous  acid  (NO'^),  -000348  oxygen,  or  34-78  c.e.  of 
permanganate-solution,  is  requisite. 

The  principal  defect  of  the  permanganate  test  is,  that  it  affords  no  certain  means  of 
distinguishing  between  harmless  organic  substance  and  that  which  may  be  deleterious, 
except  in  so  far  as  putrescent  substances  would  probalily  be  oxidised  by  the  permanga- 
nate most  readily  and  most  rapidly.  Nor  does  it  afford  any  means  of  distinguishing 
nitrogenous  organic  substance,  which  is  considered  to  be  the  most  prejudicial  to  tlie 
character  of  water  for  domestic  use. 

With  the  view  of  sup>ersediug  the  permanganate  test,  it  has  been  suggrsted,  by 
Frankland  and  Armstrong  (Chera.  Soc.  J.  xxi.  77,  cf  geq.),  that  the  carbon  and 
nitrogen  of  the  organic  substance  may  be  estimated  by  operating  upou  the  water  residue, 
much  in  the  same  way  as  the  analysis  of  organic  substances  is  made  (i.  226  et  seq.). 

For  this  purpose,  1  litre  of  the  fresh  water  is  mixed  with  30  c.c.  of  a  fresh 
saturated  solution  of  sulphurous  acid,  and  boiled  for  two  or  three  minutes.  By  this 
treatment,  the  carbonates  are  completely  decomposed,  and  the  carbonic  acid  expelled. 
Unless  the  water  contains  a  considerable  amount  of  carbonates,  2  grms.  of  sodic 
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sulphite  is  also  to  be  added,  for  ensuring  the  saturation  of  the  sulphuric  acids  after- 
wards produced  dviring  the  evuporation  of  the  water  to  dryness.  The  nitrites  and 
nitrates  in  the  water  are  also  decomposed,  and  when  there  is  a  minute  quantity  of 
iron  or  phosphoric  aeid  present,  every  trace  of  nitrogen  existing  in  those  forms  is 
separated.  To  ensure  this  result,  however,  it  is  advisable  to  add  a  few  drops  of  ferric 
chloride  solution  to  the  water  before  evaporating  it.  The  residue  obtained  from  a 
solution  of  ■!  grm.  potassic  nitrate  (  =  '014  grm.N)  and  •!  grm.  sodic  chloride  in  pure 
water,  treated  as  above  described,  gave,  on  combustion,  '00259  grm.  of  nitrogen  ;  but 
the  residues  of  similar  solutions,  to  which  a  drop  of  ferric  chloride  had  been  added, 
gave  no  trace  of  nitrogen  on  combustion.  Three  drops  of  ferric  chloride  solution 
removed  all  trace  of  nitrates  from  half  a  litre  of  water  containing  24'66  parts  of 
nitrogen  as  nitrates  and  nitrites,  in  1,000,000  pts. 

After  evaporating  the  water  to  dryness,  at  100°  C,  the  dry  residue  is  mixed  with  a 
few  grammes  of  plumbic  chromate,  and  the  whole  transferred,  in  the  usual  way 
(i.  232),  to  a  tube  16  inches  long  and  sealed  at  one  end.  The  tube  is  then  charged  with 
some  granulated  cupric  oxide,  and  with  bright  copper  turnings  for  about  3  inches  of 
its  length  at  the  front  part,  and  the  open  end  drawn  out  before  the  blowpipe  and  bent 
downwards,  so  that  it  can  be  connected  with  a  Sprengel  exhaustion-pump  by  a  piece  of 
caoutchouc  tube,  and  the  connection  immersed  in  a  small  vessel  of  water  (as  shown  at  A, 
fig.  823).  The  front  part  of  the  combustion-tube  is  then  made  hot,  and  the  pump  worked 


Fig.  823. 


for  five  or  ten  minutes,  until  the  air  in  the  tube  is  as  perfectly  exhausted  as  possible. 
Tlie  calibre  of  the  pump-tube  should  be  1  millimetre,  and  it  is  advisable  to  allow 
the  mercury  to  flow  very  slowly,  until  the  exhaustion  is  nearly  complete,  when  a  rapid 
stream  is  necessary  to  remove  the  last  portion  of  air. 

To  prevent  any  leakage  of  atmospheric  air  into  the  pump,  the  caoutchouc  pinch- 
cock  at  B  should  be  enclosed  in  a  wide  piece  of  vulcanised  tube,  and  the  clamp  placed 
outside  this,  while  the  annular  space  between  the  two  tubes  is  filled  with  glycerin,  so 
that  the  pinchcock  is  entirely  immersed  in  this  liquid.  With  this  arrangement,  which 
is  shown  on  a  larger  scale  at  D,  the  vacuum  remains  perfect  for  several  days. 

A  tube  d,  filled  with  mercury,  is  then  placed  over  the  bent  end  b,  of  the  pump  in  the 
merciu-y  trough  C,  to  collect  the  gaseous  products ;  and  the  combustion  is  conducted  in 
the  usual  way  (i.  233),  care  being  taken  that  it  proceeds  very  slowly  at  first,  otherwise 
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a  small  quantity  of  carbuiiie  oxide  might  be  foi'mod.  The  operation  usu^illy  lasts 
nearly  an  hour,  and  at  its  conclusion  no  gas  will  have  passed  into  the  tube  d,  unless 
the  water  residue  contained  much  organic  substance.  The  pump  is  then  set  to  work 
again  for  five  or  ten  minutes,  to  transfer  the  gas  into  the  tube  d.  This  gas,  consist- 
ing of  carbonic  anhydride,  nitric  oxide,  and  nitrogen,  is  analysed  in  the  usual  way 
(Analysis  ofG-ases,  i.  2G8).  By  this  method,  -OOOOOOogrm.  carbon, and  -000001  grm. 
nitrogen,  are  stated  to  be  distinctly  measurable  quantities. 

The  quantities  of  gases  thus  obtained  represent  the  carbon  and  nitrogen  of  the 
organic  substance  contained  in  a  litre  of  the  water,  and  any  nitrogen  present  in  the 
water  as  ammonia.  As  the  amount  of  ammonia  is  estimated  separately,  the  quantity 
of  nitrogen  corresponding  to  it  can  be  deducted  from  the  total  quantity. 

The  accuracy  of  the  results  obtained  by  this  metliod  evidently  depends,  in  a  great 
measure,  upon  the  perfect  removal  of  air  from  tho  tube  by  the  Sprengel  pump ;  and 
to  ascertain  the  extent  to  which  this  can  be  done,  two  combustions  were  made  with 
■01  grm.  sugar,  and  the  quantity  of  nitrogen  found  was  -019  c.c,  and  '013  c.c.  at  0°  C. 
and  760  mm.  pressure,  corresponding  to  '000024  and  '000016  grm.  of  nitrogen,  or 
■02+  and  'OIG  parts  in  1,000,000  parts  of  wafer. 

The  correction  to  be  made  for  the  error  thus  arising  from  imperfect  exhaustion,  is 
comprised  in  another  correction  for  errors  of  manipulation  and  apparatus,  the  amount 
of  which  is  to  be  ascertained  by  making  several  blank  experiments,  in  which  a  litre  of 
pure  water  mixed  with  15  c.  c.  of  sulphurous  acid  solution,  and  about  1  grm.  of  recently 
ignited  sodic  chloride,  is  evaporated  to  dryness,  and  a  combustion  made  with  the 
residue,  as  above  described.  The  mean  quantities  of  carbon  and  nitrogen  found  in 
these  experiments,  are  to  be  deducted  from  those  obtained  in  the  combustion  of  water 
residues.  In  order  to  reduce  these  errors  to  a  minimum,  it  is  of  the  utmost  importance 
to  ensure  the  purity  of  the  cupric  oxide  and  plumbic  chromate,  &c.  used  in  the  opera- 
tion, and  to  guard  against  any  access  of  dust  or  organic  substance  to  them,  or  to  the 
wafrr,  during  any  stage  of  the  operation. 

To  show  the  extent  to  which  this  method  may  l)e  depended  upon  for  estimating  the 
minute  quantities  of  carbon  and  nitrogen  in  the  organic  substances  likely  to  be 
present  in  a  litre  of  water,  several  experiments  were  made  with  pure  water,  mixed 
with  carbonates  and  known  quantities  of  sugar  or  urea,  varying  from  "01  to  "035  grm. 
per  litre.  Tho  results  obtained  for  carbon  differed  from  the  calculated  quantities  to 
the  extent  of  from  1'28  to  15  per  cent.,  the  average  apparent  error  being  '00043  grm. 
on  the  carbon  ;  tho  largest  difference  representing  r22,  and  the  smallest  -06  parts  of 
{■arbon  in  1,000,000  parts  of  water,  or  2'022  and  '3  parts  of  the  organic  substance. 
The  results  obtained  for  nitrogen  differed  from  the  calculated  quantities  to  the  extent 
of  from  '(34  to  5'83  per  cent.,  and  in  one  instance  25'1  per  cent.,  the  average  apparent 
error  being  -00035  grm.  on  the  nitrogen  ;  the  largest  difference  representing! -21  and 
•o5,  and  tho  smallest  -03  parts  of  nitrogen  in  1,000,000  parts  of  water,  or  2-59,  1-17, 
and  -13  parts  of  the  organic  substance.  The  quantities  of  nitrogen  operated  upon  in 
tlieso  experiments  were  much  larger  than  those  found  in  water  of  moderate  quality. 
With  mixtui-es  of  pure  water,  calcic  carbonate,  and  sewage,  in  three  different  propor- 
tions, tho  following  results  were  obtained : 


Sewage  ..... 
Water  

100,000 
900,000 

10,000 
990,000 

1,000 
999,000 

In  1,000,000  parts. 

Organic  Carbon  .... 

.,       Nitrogen,  and/ 
Nitrogen  of  Ammonia) 

3-02 
3-30 

-33 
■33 

-05 
•04 

The  method  proposed  by  Wanklyn  in  conjunction  with  Chapman  and  Smith 
(Cheni.  Soc.  J.  XX.  445,  591),  relates  especially  to  tho  nitrogenous  organic  substance  in 
water.  It  does  not,  any  more  than  the  combustion  or  the  permanganate  method,  afford 
the  means  of  estimating  tho  actual  amount  of  this  substance  ;  but  it  has  the  advantage 
of  being  directly  apphcablo  to  the  water  itself,  and  of  furnishing  results  in  a  very 
short  time  without  much  trouble,  so  that,  in  regard  to  nitrogenous  organic  substance, 
it  corresponds  to  the  soap-test  as  regards  hardness.  This  method  of  testing  tho 
quality  of  water  is  based  upon  the  fact  that  albumin  and  the  nitrogenous  substances 
sometimes  present  in  water,  yield  a  considerable  portion  of  their  nitrogen  in  the  form 
of  ammonia  when  heated  with  a  strongly  alkaline  solution  of  potassic  permanganate. 
Fur  this  purpose,  it  is  necessary  in  tho  first  place  to  separate  the  ammonia  existing  as 
sueh  in  the  water,  and  to  decompose  any  urea  that  may  bo  present.  The  operation  ia 
c^aidueled  as  follows  : — ■ 
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I.  A  litre  of  the  water  is  mixed  with  about  2  grms.  sodio  carbonate  in  a  retort,  and 
rapidly  distilled,  until  the  distillate,  collected  in  separate  fractions  of  100  c.  c,  no 
longer  gives  any  indication  of  ammonia  with  Nessler's  test.  With  ordinarily  good 
water,  this  generally  happens  when  about  300  c.  c.  has  passed  over,  and  then  the 
distillation  is  stopped.  The  quantity  of  ammonia  in  the  first  100  c.c.  may  be  esti- 
mated as  ammonia  actually  present  in  the  water,  and  that  in  the  remainder  of  the 
distillate  as  representing  urea,  or  the  whole  may  be  estimated  together  (see  under). 
The  decomposition  of  urea  by  boiling  with  sodic  carbonate  appears  to  depend  very 
much  on  the  presence  of  such  impurities  as  generally  accompany  it  in  urine  or  sewage; 
pure  urea  is  very  slowly  and  imperfectly  decomposed  (loc.  cit.  p.  594). 

II.  The  portion  of  the  water  remaining  in  the  retort  is  then  mixed  with  20  c.c.  of 
caustic  potash  solution — equal  parts  potash  and  water— and  again  distilled.  When 
300  c.  c.  has  passed  over,  the  distillation  is  stopped,  and  the  ammonia  in  the  distillate 
estimated  by  the  Nessler  test. 

III.  About  "3  grms.  of  crystallised  potassic  permanganate  is  then  added  to  the 
contents  of  the  retort,  and,  if  requisite,  100  or  200  c.c.  of  pure  water,  the  distillation 
recommenced,  and  continued  until  300  c.c.  has  come  over.  The  ammonia  in  this  dis- 
tillate is  estimated  as  before,  and  taken,  together  with  that  in  the  second  distillate,  as 
representing  about  two-thirds  of  the  nitrogen  in  the  albuminoid  substance  present  in 
the  litre  of  water. 

Experiments  made  with  solutions  containing  from  7  to  42  pts.  fresh  white  of  egg, 
or  from  1  to  6  pts.  of  dry  white  of  egg  in  1,000,000  pts.  of  pure  water,  gave,  by  this 
treatment,  quantities  of  ammonia  which  corresponded  with  the  quantities  of  white  of 
egg  to  within  5  per  cent.,  the  average  absolute  error  being  -000004  grm.  on  the 
calculated  quantity  of  ammonia  obtainable. 

Estimation  of  Ainmonia. — A  liti'e  of  the  water  is  mixed  with  2  grms.  sodic  carbonate, 
and  distilled  until  100  or  200  c.c.  has  passed  over,  and  the  ammoni  i  estimated  in  the 
distillate  by  Nessler's  method. 

The  test-liquid  for  this  purpose  is  prepared  by  mixing  a  concentrated  solution  of 
mercuric  chloride  with  a  solution  of  potassic  iodide  in  4  parts  of  water,  until  the 
mercuric  iodide  formed  ceases  to  be  dissolved  on  stirring  the  mixtui'e  ;  then  adding 
potash-solution — equal  parts  potash  and  water — until  the  potash  amounts  to  six 
times  as  much  as  the  mercuric  chloride,  and  diluting  with  water  until  tlie  liquid  eon- 
tains  about  25  grammes  per  litre  of  mercuric  chloride.  After  a  day  or  two,  the  liquid 
becomes  clear  and  colourless,  and  it  is  then  decanted  olF for  use. 

About  3  c.c.  of  this  test-liquid  is  added  to  one-half  of  the  distillate  from  the  water, 
in  a  tall  narrow  glass  jar,  and  if  it  contains  no  ammonia  no  alteration  of  colour  is 
produced;  but  if  ammonia  is  present,  to  the  extent  of  more  than  '002  per  litre,  tlie 
water  acquires  a  yellowish  liiige,  which  is  deeper  in  proportion  to  the  quantity  of  am- 
monia, and  when  this  is  large  a  precipitate  is  produced. 

The  quantity  of  ammonia  in  the  distillate  may  be  estimated,  approximately,  by  the 
depth  of  colour,  and  afterwards  more  accurately  by  comparing  the  depth  of  colour 
produced  in  the  other  h:df  of  the  distillate  with  that  produced  in  an  equal  volume  of  a 
solution  containing  a  known  quantity  of  ammonia,  as  nearly  as  can  be  judged  equal  to 
that  in  the  distillate,  on  adding  to  each  equal  quantities  of  the  test-solution,  and 
repeating  this  comparative  observation  with  different  quantities  of  ammonia,  until  the 
tint  of  the  standard  solution  coincides  with  that  of  the  distillate.  For  this  purpose  a 
standard  solution  of  ammonie  chloride,  containing  '317  grm.  (=  -1  grm.  NH^)  per 
litre,  is  prepared,  and  kept  for  making  the  solutions  for  comparison,  by  mixing  a 
measured  quantity  with  pure  water  to  the  volume  of  100  c.c. 

By  this  means  very  small  quantities  of  ammonia  may  be  estimated  to  within  about 
5  per  cent,  of  the  actual  quantity.  When  the  amount  of  ammonia  in  the  water 
exceeds  '001  grm.  per  litre,  the  distillate  must  be  diluted  with  water  free  from  am- 
monia before  applying  the  test ;  or  the  ammonia  may  be  estimated  with  a  standard 
solution  of  sulphuric  acid  (i.  190,  261). 

Estimation  of  Nitrates  and  Nitrites. — The  presence  of  nitrates  or  nitrites  in  water 
may  be  indicafa^d  by  the  deflagration  of  the  residue  left  on  evaporation,  when  it  is 
ignited  ;  or  one  of  the  tests  for  niti-ic  or  nitrous  acids  (described  in  iv.  83,  85) 
may  be  applied  to  a  portion  of  the  water  evapoi-ated  to  a  tenth  of  its  volume,  and 
filtered.  The  amount  of  nitrous  acid  may  be  approximately  estimated  by  means  of 
permanganate-solution,  especially  if  there  is  no  organic  substance  present,  or  if  it  can 
be  separated  by  mixing  the  water,  before  evaporating  it,  with  a  few  drops  of  ahmiinio 
chloride,  and  then  with  sodic  carbonate,  and  filtering.  Each  cubic  centimetre  of  the 
permanganate  decolorised  by  nitrates,  represents  "0002875  grm.  NO^.  The  results 
thus  obtained  will  alwiiys  be  somewhat  uncertain. 

Professor  Franklund  estimates  the  total  amount  of  nitrogen  present  in  the  form  of 
nitrates  and  nitrites  by  a  method  based  on  the  reduction  of  the  acids  by  mercury 
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(Crum,  Phil.  Mag.  xxx.  426).  A  litre  or  half  a  litre  of  the  watrr  is  evaporated  to  a 
small  bulk,  mixed  witha  very  slipht  excess  of  argentic  sulphate  to  convert  any  chlorides 
into  sulphates,  and  filtered.  When  the  water  contains  nitrites,  they  should  be  con- 
verted into  nitrates  before  the  evaporation,  by  means  of  permanganate-solution. 
The  filtered  liquid  is  then  evaporated  in  a  small  V)eaker,  to  about  2  or  3  c.c,  and 
transferred  to  a  glass  tube  open  at  one  end,  and  furnished  with  a  stopcock  and  funnel- 
shaped  mouth  at  the  other  end,  as  shown  in  fg.  824.  This  tube  is  first 
filled  with  mercury  in  the  mercury-trough,  and  after  the  water-residue  has  S' 
been  poured  in,  the  beaker  is  rinsed  first  with  water,  and  then  with  rather  " 
more  than  3  c.c.  sulphuric  acid,  which  is  also  poured  into  the  tuVie,  care  begin 
taken  to  avoid  the  admission  of  any  air  below  the  stopcock.  This  is  then 
closed,  and  the  lower  end  of  the  tube  is  closed,  while  immersed  in  the  mercury- 
trough,  by  the  thumb ;  so  that,  on  removing  the  tube  from  tlie  trough,  the 
contents  of  the  tube  may  be  shaken  well  together,  while  an  unbroken  column 
of  mercury,  at  least  an  inch  long,  remains  between  the  acid  liquid  and  the 
thumb.  The  evolution  of  nitric  oxide  soon  begins  to  exert  a  pressure  within 
the  tube,  which  should  be  resisted  ;  and  within  five  minutes,  when  the 
reaction  would  be  at  an  end,  the  gas  is  transferred  under  mercury  to  a  suit- 
able measuring  apparatus,  and  the  vohime  determined  in  the  usual  way. 

'J'o  ascertain  the  degree  of  accuracy  of  this  method,  two  experiments  were  made 
with  '02  and  'Ol  grm.  of  potassic  nitrate  ;  these  gave  quantifies  of  nilrogen, 
which  were -00012.5  and '000038  grm.  in  excess  of  the  calculated  quantities. 
It  was  ascertained  that  urea,  creatine,  uric  and  hippuric  acid,  gave  no  trace  of 
gas  when  agitated  with  mercury  and  concentrated  sulphuric  acid. 

Estimation  of  Sulpharic  Acid. — A  litre  of  the  water  is  evaporated  in  a 
beaker  to  one-fuurth  or  less,  then  acidulated  with  hydrochloric  acid  to  dis- 
solve any  precipitate,  baric  chloride  solution  added  in  excess,  and  the  pre- 
cipitate collected  as  described  at  p.  SST. 

Estimation  of  Chlorine. — A  litre  or  more  of  the  water  is  evaporated  to  about 
200  c.c,  acidulated  with  nitric  acid,  and  the  chlorine  estimated  as  argentic 
chloride,  as  described  in  i.  903. 

With  water  containing  large  amounts  of  sulphates  or  chlorides,  it  is  not 
necessary  to  operate  on  so  much  as  a  litre,  or  to  evaporate  the  water.  This 
may  be  judged  of  by  the  qualitative  examination  of  the  water. 

Estimation  of  Cariionic  Acid. — That  portion  of  the  carbonic  acid  which  cor- 
responds to  the  neutral  carbonates  in  the  water,  may  be  estimated  by  evapo- 
rating a  quantity  of  the  water  nearly  to  dryness,  in  a  small  glass  flask,"and  treatino-  the 
residue  as  described  under  the  heads  AciDiivrETRY  and  Alkalimetry  (i.  38  and  119). 

The  total  amount  of  carbonic  acid  in  mineral-water  may  also  be  estimated  by  mixing 
a  measured  quantity  of  tlic  water  with  about  one-fifth  of  a  perfectly  clear  solution  of 
baric  chloride  and  ammonia  in  a  well-stoppered  bottle,  and  leaving  it  for  some  days 
until  the  precipitate  has  perfectly  subsided.  The  clear  liquid  is  then  decanted  oif,  as 
much  as  possible  witliout  access  of  air,  the  bottle  filled  with  warm  water  free  from 
carbonic  acid,  closed,  and  left  till  the  precipitate  has  subsided;  the  clear  liquid  is  then 
decanted,  and  this  operation  repeated  until  the  precipitate  is  sufficiently  washed.  It 
is  then  collected  on  a  filter,  dried,  ignited,  and  weighed,  care  being  taken  that  any  por- 
tion causticised  during  the  burning  of  the  filter  is  reconverted  into  carbonate.  The 
amount  of  carbonic  acid  is  then  estimated,  either  in  the  whole  or  in  a  portion  of  this 
precipitate,  with  dilute  nitric  acid,  in  an  apparatus  similar  to  fg.  6  (i.  119);  buthaviu" 
a.  bulb  blown  on  the  tube  a  b  at  the  upper  end,  while  the  lower  end  reaches  only  hal^ 
way  into  the  flask,  and  is  contracted,  so  that  the  acid  contained  in  the  bulb  at  b  cannot 
flow  out  into  the  flask,  while  the  wax  or  caoutchouc  ping  is  in  its  place.  After 
weighing  the  flask,  the  plug  is  loosened  for  an  instant  to  let  out  some  acid,  and  this  is 
repeated  from  time  to  time  until  the  carbonate  is  completely  decomposed.  The  flask  A 
is  then  placed  in  hot  water,  suction  applied  very  gently  to  the  tube  d,  while  the  plug 
is  loosened  at  the  same  moment,  and  air  is  drawn  through  until  the  carbonic  acid  is 
entirely  removed,  when  the  apparatus  is  again  weighed. 

Estimation  of  Siitj/i/im  rfird  H'/d rogrn . — A  litre  or  more  of  the  water,  acidulated  with 
acetic  acid,  is  mixed  with  some  tliin  starch-paste  in  a  large  flask,  and  a  solution  of  iodine 
in  potassic  iodide  added  from  a  graduated  burette,  until  a  persistent  blue  coloration 
is  produced.  The  iodine-solution  used  for  this  piu-pose  should  contain  7938  grm.  per 
litre,  and  then  each  cubic  centimetre  represents  '0001  gi-m.  sulphur. 

Estimation  of  Iodine  a?id  Bromine. — The  residue  obtained  by  evaporating  10  or  20 
litres  of  the  water  in  a  platinum-basin,  is  rubbed  with  alcohol  of  90  per  cent,  until 
all  the  soluble  portion  is  extracted.  The  solution  is  tlien  filtered  and  evaporated  to 
di'yiuss.  In  the  residue,  iodine  is  estimated  with  palladic  chloride  as  directed  in 
iii.  29f),  and  liromine  as  directed  in  i.  678. 
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The  portion  of  the  saline  residue  whieliig  not  dissolved  by  iilcohol,  may  be  used  for 
estimating  silica,  aluminium,  manganese,  barium,  strontium,  phosphoric  acid,  lithium, 
fluorine,  &c.,  by  tlie  methods  described  under  these  several  heads.  Caesium  and  rubidium 
are  tested  for,  and  estimated,  as  described  in  i.  1113,  and  at  p.  130  of  this  volume. 

Boric  acid  is  tested  for  by  evaporating  a  quantity  of  the  water  to  a  small  bulk  with 
sodic  carbonate  in  excess,  filtering,  and  nearly  saturating  the  filtrate  with  hydrochloric 
acid,  then  evaporating  almost  to  dryness,  separating  sodic  chloride  by  filtration,  and 
testing  the  filtrate  as  described  in  i.  639. 

Estimation  of  Silica. — The  residue  left  after  ignition  of  the  solid  contents  (p.  1027), 
is  moistened  with  water,  mixed  with  excess  of  hydrochloric  acid,  and  the  silica  sepa- 
rated as  described  at  p.  245.  Sometimes  it  is  preferable  to  mix  a  litre  or  more  of  the 
water  with  a  moderate  excess  of  hydrochloric  acid,  and  evaporate  it  to  dryness  for 
the  estimation  of  silica. 

Estimatio7i  of  Aluminium,  Iron,  Manganese,  and  Phosphoric  Acid. — The  filtrate 
from  the  silica  is  evaporated  to  a  small  bulk  in  a  beaker;  then  mixed  with  ammonic 
chloride,  a  slight  excess  of  ammonia  free  from  carbonate,  and  some  ammonia  sul- 
phide ;  and  kept  for  some  hours  at  a  gentle  heat  in  a  well  covered  beaker.  The  pre- 
cipitate is  collected  on  a  filter,  and  washed,  out  of  contact  with  air,  with  water  con- 
taining some  ammonic  sulphide.  The  filtrate  is  set  aside,  and  the  precipitate,  which 
may  contain  alumina,  ferrous  and  manganous  sulphides  and  phosphoiic  acid,  is  either 
dried,  ignited,  and  weighed,  if  the  quantity  is  very  small ;  or  it  is  dissolved  in  hy- 
drochloric acid,  and  the  solution  is  boiled  with  a  few  drops  of  nitric  acid  to  oxidise  the 
sulphides.  When  manganese  is  present  in  any  considerable  amount,  the  solution  is 
nearly  neutralised  with  sodic  carbonate,  mixed  with  barytic  carbonate  in  excess, 
and  left  for  some  hours  in  the  cold.  The  precipitate  is  collected  on  a  filter  and  washed, 
dissolved  in  hydrochloric  acid,  the  barium  separated  with  sulphuric  acid,  and  the 
aluminium  and  iron  separated  as  directed  under  Ihon  (iii.  387).  The  filtrate  from 
the  precipitate  produced  by  barium-carbonate  will  contain  the  manganese  :  the  barium  is 
separated  by  sulphuric  acid ;  manganese  precipitated  by  ammonia  and  ammonic  sulphide; 
and  the  washed  precipitate  is  dried,  ignited,  and  weighed.  The  filtrate  should  be  tested 
for  ca,leium  and  magnesium.  When  manganese  is  absent,  or  there  is  only  a  minute 
trace,  the  solution  of  ferrous  sulphide  may  be  at  once  treated  with  potash  to  separate 
iron  and  aluminium. 

Estimation  of  Calcium  and  Magnesium. — The  filtrate  from  alumina  and  the  sul- 
phides is  mixed  with  a  slight  excess  of  ammonic  oxalate,  and  the  calcium  estimated  as 
directed  in  i.  717.  Magnesium  is  separated  from  the  alkaline  salts  with  mercuric 
oxide  as  directed  in  iii.  753. 

Estimation  of  Sodium  and  Potassium. — The  filtrate  from  the  magnesia  is  evaporated 
to  dryness,  and  the  residue  weighed,  then  dissolved  in  water,  and  tested  for  sulphuric 
acid  by  adding  to  a  portion  of  the  liquid  a  few  drops  of  alcoholic  solution  of  strontic 
chloride,  and  some  alcohol.  If  n9  precipitate  appears,  sulphuric  acid  is  not  present, 
aiid  potassium  is  then  separated  and  estimated  with  platinic  chloride  (iv.  699).  If  sul- 
phuric acid  is  present,  add  some  alcoholic  solution  of  strontic  chloride  and  some  alcohol 
to  the  solution,  and  let  it  stand  for  some  time ,  then  collect  the  strontic  sulphate  on  a, 
filter,  wash  with  weak  alcohol,  dry,  ignite,  and  weigh.  Potassium  is  then  estimated  in 
the  filtrate  with  platinic  chloride.  By  deducting  from  the  total  weight  of  the  alkaline 
salts  the  weights  of  the  potassic  chloride  and  of  the  sodic  sulphate  corresponding  to  the 
sulphuric  acid  obtained  as  strontic  sulphate,  the  quantity  of  sodic  chloride  is  ascer- 
tained, and  the  total  quantity  of  sodium  may  be  calculated  from  these  data.  (See 
F  r  e  s  e  n  i  u  s.  Quantitative  Analysis. ) 

Potassium  and  sodium  may  also  be  estimated  by  evaporating  a  separate  portion  of 
the  water  to  a  small  bulk,  precipitating  sulphuric  acid  with  baric  chloride,  and  mag- 
nesia with  baryta-water,  filtering,  and  then  precipitating  the  excess  of  calcium  and 
barium  by  ammonic  carbonate,  again  filtering,  and  evaporating  the  filtrate  to  dryness. 
The  residue  is  ignited,  and  dissolved  in  water;  and  when  the  calcium  and  magnesium 
are  perfectly  separated,  the  potassium  is  estimated  by  means  of  platinic  chloride. 

Statement  of  the  ItesuUs  of  Water  Analyses. — In  stating  the  results  obtained  in  the 
analysis  of  tlie  contents  of  fresh  or  mineral-water,  it  has  been  customary  to  allocate 
the  several  acid  and  basic  substances  in  various  forms  of  combination,  and,  in  a  man- 
ner which  is  very  much  matter  of  individual  fancy,  to  assume  the  existence  in  the 
water  of  certain  of  the  salts  which  those  substances  are  capable  of  forming.  It  may 
sometimes  happen,  therefore,  that  the  statement  of  the  same  analytical  results  obtained 
by  two  chemists  in  the  analysis  of  any  particular  water  will,  in  this  way,  present,  at 
first  sight,  an  apparent  diversity,  which  would  be  perplexing  to  those  who  do  not 
understand  the  reason  of  the  diflference.  The  possibility  of  comparing  the  results  of 
water-analyses  is  one  of  the  most  important  requisites  for  all  practical  purposes  for 
which  they  are  useful.    For  such  purposes  it  is  of  much  less  consequence  whether 
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certiiin  porlions  uf  magnesium,  calcium,  and  sodium  present  in  waler  be  represented  as 
calcic  and  magnesic  chlorides  and  sodic  sulphate,  or  whether  they  be  represented  as 
c^ilcicaud  magnesic  snlphatos  and  sodic  chloride,  than  to  be  able  to  perceive  at  a  glance 
whether,  in  reference  to  other  analyses,  the  total  amounts  of  the  several  substances 
present  are  the  same  or  different.  As  regards  the  practical  utility  of  such  analy- 
ses, it  would  therefore  soom  desirable  to  avoid  all  hypothesis  in  stating  their  results, 
and  to  render  these  statements  stx-iotly  comparable  one  with  the  other.  This  may  easily 
be  done.  Thus,  f(jr  iustauce,in  the  case  of  water  containing  calcic,  magnesic,  and  sodic 
salts  which  are  chlorides,  sulphates,  and  carbonates,  the  simplest  mode  of  stating  the 
analytical  results  is  to  give  the  respective  amounts  of  calcium,  magnesium,  sodium, 
ehlofine,  and,  in  the  case  of  oxysalts,  those  portions  of  them  which  are  equivalent  to 
chlorine — as,  for  instance,  .sulpliuric  acid  (SO^)  and  carbonic  acid  (CO^).  The  analyses 
quoted  in  this  article  are  therefore  stated  in  this  manner. 

The  amounts  of  the  several  constituents  of  the  solid  contents  are,  in  the  case  of  fresh 
spring-  and  river-water,  expressed  as  parts  by  weight  in  1,000,000  pts.  by  weight  of 
water.  Those  data,  which  are  in  most  instances  sufficiently  minute,  are  easily  conver- 
tible in  such  form,  as  to  correspond  either  with  the  metric  system  of  weights  and  mea- 
sures, or  with  that  used  in  tliis  country.  Thus,  for  instance,  in  reference  to  fresh- 
water— the  density  of  wliich  docs  not  differ  from  that  of  pure  water  to  such  an  extent 
as  to  require  notice,  the  litre  being  1,000  grms.— these  data  represent  milligrammes  per 
litre  of  water,  or  grammes  per  cubic  metre.  The  gallon  being  10  pounds,  they  also 
represent  pounds  per  100,000  gallons.  Thus  the  total  solid  contents  of  the  Witley 
Spring-water  (Table  I.)  amount  to  '076  grm.  per  litre,  the  calcium  to  '008,  the  magne- 
sium to  -002  per  litre,  and  so  on,  the  fraction  in  this  case  being  disregarded.  These 
proportions  are  the  same  as  76,  8,  and  2  grms.  per  cubic  metre,  or  76,  8,  and  2  pounds 
per  100,000  gallons. 

The  data  given  in  the  tables  may  also  be  expressed  as  grains  per  gallon  by  multiply- 
ing with  '07.  Thus  the  solid  contents  of  theWitley  Spring-water  amount  to  76  x  '07  = 
5-32  grains  per  gallon,  the  calcium  to  8  x  "07  =  "56,  and  the  magnesium  to  2  x  '07 
■  1 4  grains  per  gallon.  The  numbei's  representing  hardness  are.  in  like  manner,  conver- 
tible into  degrees  of  Clarke's  scale  by  multiplying  with  '7. 

The  data  given  in  the  table  for  the  gaseous  contents  represent  cubic  centimetres 
per  litre  in  the  case  of  fresh  spring-  and  river-water  at  the  ordinary  temperature  of  the 
water,  and  in  the  case  of  mineral-water  at  0°  C.  and  a  pressure  of  760  mm.  These 
data  are  convertible  into  cubic  inches  per  gallon,  by  dividing  with  3'738.    B.  H.  P. 

WiVVBXiI.ITX:.  Native  phosphate  of  alumina,  containing  3APO'.2P'OM2H-0. 
(See  Phosphates,  iv.  651.) 

WAX.  This  term,  originally  restricted  to  beeswax,  is  now  extended  to  a  class  of 
bodies  of  similar  character,  partly  of  animal,  partly  of  vegetable  origin.  Only  a 
few  of  them  have  been  accurately  investigated.  They  are  compounds  containing  but  a 
small  proportion  of  oxygen,  and  consisting  of  the  higher  members  of  the  series  of  fatty 
acids,  C''H-'°0^,  partly  free,  partly  in  combination  with  alcohol-radicles  ;  but  they  differ 
from  the  fats  in  not  containing  glyceryl.  They  arc  more  or  less  bard  at  ordinary  tem- 
peratures, Softer  when  warmed,  and  melt  below  100°  ;  are  insoluble  in  water,  sparingly 
soluble  or  insoluble  in  alcohol,  soluble  in  ether,  volatile  and  fixed  oils,  carbonic 
disulphide,  chloroform,  &c.  They  are  not  volatile  without  decomposition,  and  burn 
with  a  bright  flame  when  heated  in  the  air.  They  are  not  easily  saponified  by  boiling 
with  potash-ley,  more  easily  by  fusion  with  solid  potash. 


1.  Anitnal  Wax. 

The  only  waxes  known  with  certainty  to  be  of  animal  origin  are  — common  beeswax; 
Andaquies  wax  (i.  291),  the  produce  of  a  peculiar  kind  of  bee  found  near  the  Oronoco 
and  Amazon  rivers;  and  spermaceti  (p.  397).  Chinese  wax,  or  Pela,  is  supposed,  by 
some  authorities,  to  be  a  secretion-product  of  an  insect,  like  beeswax,  but  it  is  more 
generally  regarded  as  a  plant-wax,  exuding  from  Ligustrum  lucidiuni  and  other  trees, 
when  punctured  by  an  insect. 

Beeswax.  Ordinari/  Wax.  Cera. — This  is  the  substance  with  which  bees  build 
llieir  Cells;  it  was  formerly  supposed  that  the  bees  extracted  it  ready-formed  from 
plants;  but  direct  experiments  have  shown  that  bees  fed  upon  pure  sugar  continue  to 
produce  wax,  which  must  therefore  be  regarded  as  a  true  animal  secretion. 

Beeswax,  at  ordinary  temperatures,  is  tough  and  solid  ;  it  has  a  yellow  colour,  a 
]iceuliar  odour,  and  unctuous  feel.  AVhen  exposed,  in  thin  shreds,  to  the  air  and  sun- 
shine, it  becomes  bleached,  and  somewhat  less  fusible.  It  may  also  be  bleached  by 
means  of  nitric  acid.    Chlorine  likewise  bleaches  it,  but,  at  the  same  time,  forms  a 
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sulistitution-product,  so  that  when  candles  made  of  wax  tluis  bleached  are  burned,  they 
give  off  irritating  vapours  of  hydrochloric  acid.  According  to  A.  Smith,  wax  may  also 
be  bleached  by  means  of  potassic  bichromate  and  sulphuric  acid. 

Bleached  wax  contains,  according  to  Lewy's  analysis,  80'2  per  cent,  carbon,  13"4: 
hydrogen,  and  6'4  oxygen.  It  is  a  mixture  of  three  different  substances,  which  may  be 
separated  from  one  another  by  alcohol,  viz. — 1.  Myricin  (iii.  1069),  insoluble  in 
boiling  alcohol,  and  consisting  chiefly  of  myricic  palmitate,  C'*H*'(C'"H'")0' ; — 

2.  Cerotic  acid,  C^'ff'O*  (i.  836,  formerly  called  cerin,  when  obtained  only  in  an 
impure  state),  which  is  dissolved  by  boiling  alcohol,  but  crystallises  out  on  cooling ; — ■ 

3.  Cerolein  (i.  836),  which  remains  dissolved  in  the  cold  alcoholic  liquid. 
Beeswax  is  decomposed  by  dry  distillation,  giving  off,  first,  a  small  quantity  of 

water  containing  acetic  acid,  and,  according  to  Polex,  propionic  acid;  then  a  product 
which  forms,  on  coohng,  a  white  buttery  mass,  called  wax-butter,  or  Butyrum  cerm, 
afterwards  a  more  and  more  liquid  oil,  called  wax-oil,  still  retaininga  small  quantity 
of  solid  matter ;  and  finally  leaves  a  carbonaceous  mass.  No  acrolein  is  given  off,  but 
permanent  gases,  chiefly  carbonic  anhydride  and  ethylene,  are  evolved  during  the  whole 
process  of  distillation.  (Ettling.) 

Wax-butter,  purified  by  pressure  from  adhering  oil,  is  mainly  composed  of  solid 
hydrocarbons,  cerotene,  C^'H^*,  and  melissene,  C^°H™,  together  with  palmitic 
acid.  The  liquid  oil,  when  purified  by  rectification,  consists  chiefly  of  hydrocarbons, 
C"H'°  ,  it  has  a  specific  gravity  of  0-7.)0  at  11°,  and  boils  at  137°. 

Wax,  when  distilled  with  lime,  yields  nearly  the  same  products  as  when  distilled 
alone.  It  is  but  slowly  and  incompletely  saponified  by  potash-ley,  which  unites,  in  the 
first  instance,  with  the  cerotic  acid;  after  prolonged  boiling,  a  kind  of  soap  is  formed, 
which  floats  on  water,  and,  when  neutralised  with  an  acid,  yields  myricin. 

Hitrio  acid  acts  upon  wax,  even  at  a  gentle  heat,  converting  it  into  an  oily  mass, 
which  contains  pimelic,  adipic,  and  lipic  acids,  and  by  prolonged  boiling  with  nitric 
acid,  yields  succinic  acid. — Strong  sulphuric  acid  dissolves  wax  at  60°,  the  mass  solidi- 
fying as  it  cools;  at  higher  temperatures,  carbonisation  takes  place. —  Chlorine  decom- 
poses melted  wax,  forming  chlorinated  products. 


2.  Vcgctahlc  Wax. 

Wax  is  very  widely  diffused  in  the  vegetable  kingdom,  occurring  frequently  as  a 
coating  on  various  parts  of  plants — as  stalks,  leaves,  fruits,  &c. 

Several  of  the  more  important  plant-waxes  have  been  already  described  in  their 
alphabetical  places — viz.,  carnauba-wax  (i.  805),  cork-wax  or  cerin  (i.  837),  pine-wax 
or  ceropic  acid  (i.  836),  sugarcane-wax  or  cerosin  (i.  836),  myrtle-wax  or  myriea- 
tallow  (iii.  1069),  ocuba-wax  (iv.  173),  and  palm-wax  (iv.  337). 

Chinese  wax,  or  Pel  a,  also  called  vegetable  insect-wax,  or  vegetable  spermaceti,  is 
generally  supposed  to  be  produced  on  certain  trees  by  the  puncture  of  a  species  of 
Coccus.  It  envelopes  the  branches  as  a  soft  white  coating,  about  aline  in  thicknes,  and 
is  separated  by  fusion  in  boiling  water.  It  consists  almost  wholly  of  cerotylic  cerotate 
C"H^'(C^'H"jO^,  contaminated  only  with  small  quantities  of  fatty  substances.  Its 
physical  properties  and  most  of  its  reactions  have  been  already  described  (i.  837). 
When  it  is  boiled  for  some  time  with  4  or  5  vols,  of  nitric  acid,  of  specific  gravity 
1'40,  a  liquid  distils  over,  containing  butyric,  cenanthylic,  and  caprylic  acids,  and  in 
the  retort  there  remains  a  liquid  containing  anchoic  or  lepargylic  acid  (i.  289),  together 
with  small  quantities  of  pimelic  and  suberic  acids. 

Cowtree-wax,  obtained  by  evaporation  from  the  milk  of  the  cow-tree  {Palo  de 
Vaca,  Brosimu-ni  Galactodcndron),  is  a  waxy  substance,  which  softens  at  40°,  melts  at 
60°,  is  insoluble  in  cold  alcohol,  but  dissolves  completely  in  boiling  alcohol,  and  is 
saponified  by  alkalis.  According  to  Berzelius,  it  resembles  beeswax  more  closely 
than  any  other  kind  of  wax.  Essentially  different  from  this  wax  are  the  resinous 
bodies  and  caoutchouc-like  substance  which  Marchand  obtained  from  the  milk  of  the 
cow-tree.    (J.  pr.  Chem.  xxi.  43.) 

Cuba-wax  is  a  yellowish-brow-n  wax,  of  unknown  origin,  imported  from  Cuba.  It 
is  softer  than  bees-wax,  dissolves  in  warm  ether  and  turpentine-oil,  and  almost 
wholly  in  boiling  alcohol.  According  to  Brandcs,  it  contains  76'5  per  cent,  cerin, 
10-5  myricin,  9  2  balsamic  resin,  and  3-5  water. 

Japan- wax,  also  called  trce-viax,  and  improperly  American  wax,  is  obtained  in  the 
East  Indies  from  the  root  of  Ehus  succcdanca.  It  is  yellowish-white,  of  about  the 
consistence  of  bleached  beeswax,  but  somewhat  softer  and  more  friable ;  insoluble  in 
water,  slightly  soluble  in  absolute  alcohol  at  ordinary  temperatures,  completely  at  the 
boiling  heat,  soluble  in  ether  and  in  volatile  and  fixed  oils.    Diiiercnt  sanjples  melt  at 


WAX,  FOSSIL— WHITE  PIGMENTS. 


1037 


42'-'  to  53°  or  55°.  It  is  not  a  true  w.ix,  but  a  glyecride,  boing  resolved  by  fusion  with 
potassium-hydrate  into  palmitic  acid  and  glycerin.  By  dry  distillation,  it  yields  pal- 
mitic acid  and  acrolein,  a  product  never  obtained  from  the  true  waxes.  By  prolonged 
boiling  with  nitric  acid,  it  yields  succinic  acid. 

Stop- wax,  or  Propolis,  is  the  waxy  substance  with  which  V>ees  cover  over  the 
cracks  in  their  combs.  Boiling  alcohol  extracts  resin  from  it,  leaving  a  substance 
called  propolin,  which  melts  at  57-68°,  emitting  an  odour  of  honey.  (Pellerin, 
J.  Pharm.  viii.  433.) 

WAX,  FOSSZX,.    Syn.  with  Ozocerite  (iv.  322). 

WAX-BUTTER. ) 

WAX-OII..  1    See  Wax  (p.  1036). 

WEBSTERITE.  Native  tribasic  sulphate  of  aluminium,  SAFOISOIOH^  0,  also 
called  a  1  u  m  i  n  i  te.    (See  Sulphates,  p.  579.) 

WEHRIiITE.  A  massive  granular  mineral,  from  Syurrasko  in  Hungary,  resem- 
bling liovrite,  and  containing  34'6  per  cent,  silica,  0'12  alumina,  42'38  ferric  oxide, 
15'78  ferrous  oxide.  0-28  manganous  oxide,  5'84  lime,  and  I'OO  water,  agreeing  nearly 

with  the  formula  ^^"^9  f  SiO-.(Fe-O^SiO-).  Before  the  blowpipe  it  melts  on  the  edges 
jUaU  \ 

only;  acids  decompose  it  with  difficulty.    (Wehrle,  Lconh.  N.  Jalirb.  1834,  p.  627.) 

WEISSXCXTE,  This  name  was  given  by  Jeuzsch  to  small  felspathio  monoelinic 
crystals,  from  the  almond-stone  of  AVeissig  in  Saxony,  apparently  identit'al  with  ortho- 
claso  (.Jahresb.  1853,  p.  803  ;  1854,  p.  829;  1855,  p.  947). 

WEXSSXTE,  A  hydrated  dichroite,  resembling  fahluuitc,  from  Fahlun  in  Sweden 
(Trolle- Waehtmeister,  Pogg.  Ann.  xiii.  371  ;  xiv.  190),  and  Potton  in  Upper  Ca- 
nada (J.  pr.  Chem.  xiv.  35) : 

SiO-;.     Al-i)3.      FcO.    MnO.     MpO     CaO.    K-'O.    N.i'0.  H-O. 

Fahlun    69'69    2170      1-43    0-63    8-99    0-30    4-10    0  68    3-20  =  10072 

Canada    55-05    22-60    12-60    .     .    5-70    1-40    ....    2-25  =    99  60 

WEIiD;  Reseda  Liiteola.  {Dyir's  Weed.  Gaudc.  Wau.) — A  biennial  plant  growing 
■wild  in  many  places,  especially  on  chalky  soils,  and  cultivated  for  use  in  dyeing.  It 
contains  a  yellow  colouring-matter  called  luteolin  (iii.  736),  and  is  much  used  for 
dyeing  silk  a  golden-yellow,  and  in  paper-staining. 

WEXiTER'S  BITTER.    Syn.  with  PiCRic  Acid  (iv.  400). 

WERNERXTE.    Syn.  with  Scapoi.ite  (p.  203). 

WHEAT.    See  Ceeeaxs  (i.  823) ; — also  a  paper,  by  Lawes  and  Gilbert,  On 

some  Points  in  the  Composition  of  Wheat-grain,  its  Products  in  the  Mill,  and  Bread. 
(Chem.  Soc.  (iu.  J.  x.  1.) 

WHEWEXiZiXTE.  Monoelinic  crystals,  observed  by  Brooke  on  a  specimen  of 
calcspar  of  unknown  origin,  and  consisting,  according  to  Sand  all  (Phil.  Mag.  xvi.  449), 
of  calcic  oxalate,  (C=CaO'.H«0  ?) 

WHXSIcy.  Spirit  obtained  by  distilling  the  fermented  wort  of  corn,  sugar,  or 
molasses,  but  generally  the  former. 

WHITE  AM-TinxoXTY.  Native  antimonious  oxide,  Sb^O';  syn.  with  Vaxbnti- 
NiTK  (i.  3'J3). 

WHITE  ARSEM-IC.    Arsenious  oxide,  As'O'  (i.  373). 

WHITE  COPPERAS.  Native  ferric  sulphate,  Fe=(S0^)\9ir-'0,  also  called  Co- 
(Hiiudiile  (p.  595). 

WHITE  XROKT  PYRITES.  The  trimetric  form  of  native  disulphide  of  iron, 
FeS^,  also  called  Mabcasite  (iii.  402). 

WHITE  IiEAD.    Amorphous  basic  carbonate  of  lead,  used  as  a  pigment  (i.  786). 

WHITE-XiEAD  ORE.    Native  carbonate  of  lead,  PbCU'. 

WHITE  PICMENTS.  The  white  pigment  most  in  use  is  white  lead  :  it  sur- 
passes all  others  in  "  body"  or  opacity,  but  has  the  defect  of  turning  black  when  ex- 
posed to  an  atmosphere  containing  sulphuretted  hydrogen.  Sulphate  of  barium  and 
oxide  of  zinc  are  free  from  this  inconvenience  ;  the  latter  is  extensively  used  as  an  ar- 
tist's colour,  bothfor  oil- and  water-painting.  Mixtures  of  white  lead  and  barium-sul- 
phate are  often  used  in  house-painting.  Levigated  chalk,  known  in  France  by  the 
u.-imes  hlanc  d' Espnejne,  hlanc  de  Mcudon,  htanc  de  Bnurjivat,  blanc  de  Troi/cs  ou  de  Chtini- 
IHiyiic,  according  to  the  locality  from  which  it  is  obtained,  is  also  employed  as  a  wliite 
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pigment,  but  appears  to  have  been  used  in  ancient  times  much  more  extensively  tlian 
at  present. 

WHITS  TEIiliTTHIUM.    Sylvanite,  containing  lead  and  antimony  (p.  617). 
WHITE  VXTBIOX..    Sulphate  of  zinc  (p.  617). 

WHITXTEYITE.  An  arsenide  of  copper  from  Houghton  County,  Michigan  ; 
massive,  reddish-white;  of  upeeific  gravity  8'i08.  Melts  easily  before  the  blowpipe, 
giving  olF  arsenic  vapours,  dissolves  in  nitric  acid.  Contains,  according  to  Genth 
(Sill.  Am.  J.  [2],  xxvii.  400),  11'61  per  cent,  arsenic,  88'13  copper,  and  O  -IO  silver  and 
insoluble  matter,  agreeing  with  the  formula  Cu'^As'^ 

WICHTISITE,  WXHTISITE,  or  WICHTYW.  A  silicate  from  Wihtis  in 
Finland;  amorphous;  specific  gravity  =  3-00.  Melts  before  the  blowpipe  to  a  black 
enamel,  and  is  not  attacked  by  acids.  Analyses :  a  by  Laurent  (Ann.  Ch.  Phys.  [2], 
lix.  109);  b  by  Stromborg  (Arppe,  Analyser  af.  finska  Min.  p.  17): 

Si02.  41'0'.        Fe-03.       F.O.         MiiO.        CaO.        MgO.  Na-'O. 

a.     56-3         13-3         4  0       13  0         .     .       6-0         3-0         3  5     =  99-1 
i.     54-24       14-27       .  •       15  62       2-70       5-65        3  86       3-88  =  100-22 

WIX.X.EniXTE,  WXI.HEI.nXIT£,  or  WXIiIiXAIUSITE.  Anhydrous  ortho- 
silicate  of  zinc,  Zn-SiO^  or  2ZnO.SiO',  occurring  in  crj'stals  and  massive  at  Franklin, 
New  Jersey,  and  on  the  Buchsbacli  Berg,  near  Aachen.  The  crystals  are  combina- 
tions of  a  rhombohedron  with  a  hexagonal  prism.  Length  of  principal  axis  =  0-685. 
Angle  R  :  E  (terminal)  =  115°  ;  oR  :  R  =  141°  39-5'.  Cleavage  distinct,  lateral, 
and  basal.  Hardness  =  5  5.  Specific  gravity  =  3-935 — 4-18.  Whitish  or  greenish- 
yellow,  or  greyish-white  with  rather  weak  vitreo-resinous  lustre.  Streak  uncoloured. 
Transparent  to  opaque.  Brittle.  Fracture  concho'idal.  Contains,  when  pure,  27-54 
per  cent,  silica,  and  72-46  zinc-oxide. 

A  variety  called  troostite  from  Sterling,  New  Jersey,  has  the  zinc  partly  replaced 
by  iron  and  manganese,  the  ferrous  and  manganous  oxide  together  amounting  to  about 
9  per  cent. 

WXIaXiIAIHSITE.  Syn.  with  Willemite.  The  name  is  also  applied  to  a  grey, 
laminar,  non-aluminous  serpentine,  from  Westchester,  Pennsylvania  (p.  237). 

WIIiIiOW.  The  inorganic  constituents  of  the  leaves,  wood,  and  bark  of  Salix 
vitellina  have  been  examined  by  Reichardt  (Arch.  Pharm.  [2],  Ixxiii.  257  ;  Jahresb. 
1853,  pp.  581-585),  with  especial  reference  to  the  variations  in  their  total  amount  and 
relative  proportions  in  spring  and  autumn. 

WIIiSOTTXTE.  A  silicate  from  Bathurst  in  Canada,  occurring  in  monoclinic 
forms,  with  rose-red  colour ;  specific  gravity  =  2-76 — 2  77  ;  hardness  very  unequal  in 
different  parts.  Becomes  colourless  and  gives  off  water  when  heated,  and  melts  witli 
intumescence,  before  the  blowpipe,  to  a  white  enamel.  Contains,  according  to  T.  S. 
Hunt  (Geol.  Survey  of  Canada,  1853)i  43  55  per  cent,  silica,  27-94  alumina,  0-20  ferric 
and  manganic  oxides,  6-50  lime,  3-81  magnesia,  1-45  soda,  8-37  potash,  and  8-61  water 
(=  100-43). 

WIXiUZTE.  A  variety  of  lime-garnet,  also  called  grossularia  (see  Garnet,  ii.  772). 
The  same  name  is  sometimes  applied  to  vesuvian  (p.  998). 

WXXrS-FTrRID'ACE,  or  AXR-FITRXrACE.  The  ordinary  furnace  used  for 
crucible  operations,  in  which  the  draught  is  produced,  without  the  aid  of  a  blast,  by  the 
difference  of  specific  gravity  of  the  heated  air  in  the  chimney  and  the  external  air. 

WXITE.  Synonyms  :  Wein.  Vin,  Viniim.  OTvos. — This  name  is  applied,  in  a 
general  sense,  to  all  alcoholic  liquors  produced  by  fermentation  of  saccharine  juices  of 
plants  (Fermentation,  Alcoholic,  ii.  628),  but  it  is  more  usually  restricted  to  the  fer- 
mented juice  of  the  grapes  of  Vitis  vinifcra. 

The  chief  constituent  of  wine,  besides  water,  is  alcohol,  the  amount  varying  from 
6  to  17  per  cent,  in  different  kinds  of  wine,  as  shown  in  the  following  table.  The 
quality  and  value  of  wine  is,  however,  determined  much  less  by  the  amount  of 
alcohol  it  contains,  than  by  the  flavour  and  bouquet  which  it  possesses.  These  cha- 
racters, which  are  due  to  the  presence,  in  very  minute  proportions,  of  ethereal  and  aro- 
matic substances,  differ  in  kind  in  different  sorts  of  wine,  and  in  degree  in  the  same 
kind  of  wine.  The  chemical  nature  of  the  substances  which  constitute  the  bouquet  of 
different  wines  is  as  yet  but  little  known.  They  are  produced,  partly  during  tlie  fer- 
mentation of  the  grape-juice,  and  chiefly  by  the  mutual  reaction  of  various  constituents, 
when  new  wine  is  kept  (Borthelot,  Compt.  rend.  Ivii.  287,  398,  and  795. — Pas- 
teur, ibid.  p.  936):  — 
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Alcohol. 
l*f  rct'u  tjiyci 
by  weight. 

E  xtraet. 

Acid 

Authorily. 

Port,  old  . 

20-29 

5-80 

•36 

3-31 

Griffin 

Maximum 

17-10 

Christison 

I'ort 

Mean  of  7  samples  . 

10-20 

Miaimum 

14-'J7 

Maximum 

16-17 

Mean  of  1.3  samples 

15  37 

Sh  rry 

„     ,,    9  old  sam- 

) 

14-72 

\ 

pies      .          .  . 

Minimum 

13-98 

Montilla,  18.54  . 

16-62 

2-49 

•43 

-60 

Griffin 

Madeira      .        .        .  . 

16-90 

Christison 

Aiiiontilliido 

12-63 

Chateau  Latour,  182.5  . 

7-78 

Claret . 

8-99 

St.  Jiilion,  1858  . 

9-84 

2-67 

•65 

•25 

Griffin 

Rudeslieimor 

8-40 

Clirij-^tisoii 

13-32 

2-84 

•63 

•17 

Griffin 

Steinberger,  1846 

10  17 

10-5 

•424 

Fresenius 

Markobrunner,  1846  . 

11-14 

5-6 

•533 

It  is  stated  that  in  wines  imported  into  England,  espeeially  port  and  slierry,  the 
amount  of  alcohol  is  habitually  augmented  by  mixing  them  with  brandy.  Natural 
wine  made  from  grape-juice  containing  20  per  cent,  of  glucose  should  not  contain  murh 
more  than  10  per  cent,  by  weight  of  alcohol,  unless  it  has  been  hmg  kept  i?i  casks,  and 
there  has  been  a  considerable  separation  of  water  by  evaporation  through  the  wood, 
and  a  consequent  increase  in  the  amount  of  alcohol.  But  if  the  wine  of  hot  countrie  s 
is  produced  from  grape-juice  containing  30  per  cent,  of  sugar,  it  might  well  contain  K! 
or  17  per  cent,  of  alcohol  after  being  kept  in  casks. 

The  peculiar  smell  which  is  common  to  all  wine  is  probably  due  to  the  presence  of 
an  ether, which  Liobig  and  Pelouze  have  termed  oenanthic  ether  (iv.  174). 

Some  kinds  of  wine,  such  as  Malaga,  Tokay,  Tent,  and  Frontignac,  contain  a 
considerable  amount  of  sugar;  others,  like  Rhine  wine,  Bordeaux,  and  Burgundy,  are 
almost  destitute  of  sugar.  The  sweetness  of  wine  may,  in  some  cases,  be  due  to  the 
presence  of  glycerin,  which  appears  to  be  a  product  of  fermentation  (ii.  628). 

All  kinds  of  wine  contain  free  aciil,  which  is  partly  tartaric  acid,  perhaps  also 
succinic,  malic,  and  citric  .acids,  together  with  tannic  and  gallic  acids,  and  acid 
potassic  tartrate. 

The  colour  of  wine  is  chiefly  derived  from  the  husks  of  the  grapes,  especially  in 
the  case  of  red  -wine.  White  wine  frequently  derives  a  portion  of  its  colour  from  the 
o.'ik-casks  in  which  it  is  kept.  The  chemical  nature  of  the  substances  to  -which  the 
colour  of  wine  is  due  is  but  liltle  known  (Faure,  Analyse  chini.ct  cojiquiree  des  Vins, 
tj'-c. — Bati  Uiat,  Trnite  svr  hs  Vi7is  de  la  Frame.') 

(  >n  evaporat  ing  wine  to  dryness  at  100°  C,  it  leaves  an  extract, -which  varies  from  2 
to  5  pier  cent.,  and  sometimes  amounts  to  10  per  cent,  and  upwards.  The  amount  is 
less  in  dry  wines  than  in  sweet  wiue,  and  it  decreases  as  the  wine  is  kept. 

Wine  is  often  liable  to  undergo  certain  changes,  which  render  it  unfit  for  use,  some- 
times becoming  turbid  or  ropy.  These  effects  are  chiefly  referable  to  the  presence  of 
ferment,  or  of  nitrogenous  snbstanco  capable  of  conversion  into  ferment,  and  they 
result  from  imperfections  in  the  nianufacluro.  Pasteur  (Compt.  rend.  Ix.  899, 
1109;  Ixi.  274)  recommends  heating  tlie  wine  in  closed  bottles  to  about  60"^  C,  for 
an  hour  or  two,  in  order  to  prevent  these  changes. 

Effervescent  wines  contain  carbonic  anhydride  dissolved  under  pressure,  and  result- 
ing from  fermentation,  produced  after  bottling  the  wine  by  adding  to  it  a  solution  of 
sugar. 

For  analyses  of  wine  see  Fon t e n elle,  J.  Chim.  Med.  iii.  332. — Payen.  Chim. 
indust. — Pelouze  and  Fremy,  Traitl;  iii.  436. — Mallaml,  .T.  Chim.  Med.  iii.  320. 
—Faure,  J.  Pharm.  vii.  200. — Brando,  Phil.  Trans.  1811. — Bouis,  Brandes 
Archiv.  xxv.  222.— Christison,  Edinb.  Phil.  Joum.  1838.— Khol,  J.  Chim.  Med. 
[4],  ii.  251. — Ludersdorf,  J.  pr.  Chem.  xxiv.  102.- — Geiger,  Mag.  f.  Ph.arm.  xix. 
266. — Fischer  n,  Ann.  Ch.  Pharm.  Iviii.  705. — Fresenius,  Ann.  Cli.  Pharm.  Ixiii. 
384.— Beck,  Edinb.  Phil.  .Tourn.  1835.— Diez.  Ann.  Ch.  Pharm.  xcvi.  304.— Zierl, 
Baierisch.  Kunst.  Gewerbeblatt,  1 838.— Soub  ci  ran,  Traiti  dc  Fliarmacic,  i.  129. — 
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Schubert,  Pogg.  Ann.  Ixx.  397. — Kersting,  Ann.  CIi.  Pharra.  Ixx.  250. — Gero- 
mont,  Ann.  Ch.  Pharm.  xvii.  158. — Mitis,  Baierisch.  K.  Gewerbeblatt,  1838. — 
Hitchcock,  Edinb.  Phil.  Journ.  xxxvii.  176. — G-riffin,  Chemical  Testing  of  Wines 
and  Spirits,  p.  10. — Mulder,  Chemistry  of  Wine. 

Manufacture  of  Whie. — The  grapes  grown  in  ■wine-producing  countries  generally 
consist,  when  ripe,  of  from  70  to  75  per  cent,  juice,  20  to  26  per  cent,  moist  skins  and 
stones,  and  from  3  to  5  per  cent,  oi  stalks.  The  skins  are  covered  with  a  whitish 
pulverulent  bloom,  consisting  of  a  waxy  substance.  They  consist  chiefly  of  compact 
cellular  tissue  containing  nitrogenous  substances,  fat,  &c.,  with  an  internal  layer  of 
vegetable  tissue  containing  nitrogenous  and  colouring-matters,  essential  oil,  tannin, 
and  salts.  The  fleshy  part  of  the  grape  consists  of  cells  and  vessels,  which  contain  the 
chief  part  of  the  juice.  The  stones  consist  chiefly  of  cellulose,  and  contain  also  fatty 
and  ethereal  oils,  nitrogenous  substance,  and  tannin.  The  stalks  contain  acids,  tannin, 
chloroph3'll,  and  similar  substances,  but  scarcely  a  trace  of  glucose.  The  constituents 
of  the  juice  are  chiefly  water  and  glucose,  together  with  gum,  pectin,  dissolved  and 
suspended  nitrogenous  substances,  tartaric  acid — perhaps  also  racemic  acid,  malic  acid,* 
citric  acid,t  paracitric  acid,  succinic  acid,  and  acetic  acid,  J;  partly  free  and  partly  as 
salts.  It  also  contains  fatty  and  ethereal  oils,  wax  and  resin,  colour-substance,  tannin, 
phosphates,  sulphates,  and  other  mineral  substances  in  small  amounts. 


Composition  of  Grapes. 


Ripe  white 
Austrian 
grapes. 

Kleinberger  grapes, 
ripe.      verj'  ripe. 

Riesling 
grapes, 
very  ripe. 

Jolian- 
nisberg 
grapes. 

Assmans- 
hauser 
grapes. 

Fresenius. 

Schlicper. 

Fresenius. 

Fresfnius. 

Glucose  . 
Tartaric  acid  . 
Albuminoid  Sub- 
stance . 
Pectin,  Gum,  Fat,  &c. 
Ash. 

13-8 
111 

\- 

•5 
•36 

10-6 
•92 

•38  J 

13-5 
•78 

41 

161 
•66 

3^4 

19-2 
•74 

3^0 

17-3 
•84 

Soluble  portion  . 
Water 

Skins,    Stones,  and 

Cellulose 
Pectose  . 

Ash  ... 

16-5 
79-8 

1  2-6 

•9 

•11 

12-6 
84-9 

1-8 

•7 

•08 

18 
76^3 
•0 

19^1 
74^4 

22^9 

Insoluble  portion  . 

3-53 

2^52 

5^66 

6^52 

The  amount  of  glucose  in  grape-juice  varies  from  10  to  30  per  cent.,  according  to  the 
climate  and  season  in  which  the  grapes  grow  ;  and  the  amount  of  free  acid,  considered 
as  tartaric  acid,  varies,  under  the  same  conditions,  from  •S  to  1-5  per  cent.  The  juice 
of  grapes  used  for  making  wine  is  generally  colourless,  or  very  slightly  yellowish,  and 
it  is  almost  without  odour,  except  that  of  the  Muscat  grape.  With  the  exception  also 
of  the  teinturier  grape,  which  has  coloured  pulp,  the  yellow  and  blue  colouring  sub- 
stances of  grapes  are  contained  in  their  skins.  They  are  closely  analogous  to  tannin, 
and  are  more  soluble  in  alcohol  containing  acid  than  in  water. 

In  regard  to  the  production  of  wine,  the  principal  constituents  of  grape-juice  are 
glucose,  the  acids,  and  the  nitrogenous  substances  which  furnish  the  ferment,  so  that 
the  raw  material  for  the  production  of  wine  may  bo  regarded  as  a  solution  of  glucose 
in  water,  containing  also  those  substances. 

It  is  especially  important  that  the  grapes  used  for  making  wine  should  be  allowed, 
as  far  as  possible,  to  attain  full  maturity,  and  become  perfectly  ripe,  in  order  that  there 
may  be  a  maximum  amount  of  glucose,  and  a  minimum  amount  of  free  acid,  in  the 
juice  (Fruit,  ii,  710,  711).  Immediately  after  the  grapes  have  been  gathered,  they  are 
crushed,  either  in  vats  or  between  wooden  rollers.  In  some  places  they  are  first  picked 
from  the  stalks,  in  other  places  they  are  pressed  together  with  the  stalks.  The  juice  is 
then  either  separated  at  once  from  the  husks  and  stones,  &c.,  by  pressing  the  crushed 
grapes,  and  the  expressed  juice,  or"mu  sr,"isleft.in  vats  to  ferment  without  the  "  marc"; 
or  the  crushed  grapes  are  first  allowed  to  ferment  for  some  time  with  the  husks,  as  in 

*  Pas  t  e  u  r,  J.  Pharm.  [3],  xxiv.  75  Sc  li  wa  r  t  z,  Ann.  Cli.  Pharm.  Ixxxiv.  i'Z. 

t  W  I  n  c  k  I  er,  Jahrh.  Pharm.  i.  57. 

X  B  e  r  t  h  e  1  o  t  and  F  i  c  u  r  i  e  u,  Compt.  reud.  Ivii.  397. 
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the  manufitcturo  of  red  wilio,  <anJ  tlio  marc  is  spparatixl  after  tlio  formentation,  when 
sufficient  colour  has  boon  extracted.  During  the  tirst  stage  of  the  fermentation,  the 
temperature  of  the  liquid  rises,  and  as  the  conversion  of  glucose  into  alcoliol  progresses, 
some  acid  potassic  tartrate  is  deposited  (p.  678),  together  with  portions  of  the  ferment 
and  other  organic  substances,  forming  what  is  termed  "  1  e e  s."  As  the  evolution  of 
carbonic  anhydride  subsides,  the  liquid  gradually  becomes  clearer.  This  stAge  of  tlie 
fermentation  is  sometimes  at  an  end  within  two  or  three  days,  but  it  sometimes  lasts 
much  longer.  In  order  to  prevent  the  production  of  acetic  acid  by  oxidation  of 
alcohol,  it  is  generally  customary  to  draw  off  the  fermented  liquor  from  the  lees,  as 
Soon  as  the  evolution  of  gas  has  become  comparatively  scanty,  and  to  transfer  it  to 
casks  in  which  the  fermentation  continues  slowly,  for  a  considerable  time  longer,  acid 
potassic  tartrate  being  deposited  meanwhile  as  a  crystalline  crust  on  the  sides  of  the 
casks  (Taktau,  p.  671).  After  a  time,  when  the  production  of  alcohol  is  at  an  end, 
the  wine  is  again  transferred  to  other  casks,  and  is  kept  for  a  long  time,  during  which 
its  constituents  undergo  those  changes  by  which  it  chiefly  acquires  flavour,  bouquet, 
and  ripeness.    In  this  way  what  is  termed  "natural  wine"  is  produced. 

During  the  first  st;ige  of  the  fermentation,  which  is  essentially  analogous  to  that  of 
beer-wort  (i.  51^9),  the  greater  part  of  the  glucose  is  converted  into  alcohol,  and  much 
of  the  nitrogenous  substance  which  yields  the  ferment  is  separated.  The  amount  of 
glucose  remaining  unaltered,  depends  partly  on  the  amount  originally  contained  in  the 
"must,"  and  partly  on  the  temperature  at  which  the  fermentation  takes  place.  At  a 
temperature  of  10^  C,  fermentation  ceases  when  the  alcohol  produced  amounts  to  10  5 
or  1 1  per  cent,  by  weight,  but  at  a  higher  temperature,  it  may  continue  until  the  alcohol 
amounts  to  13  per  cent,  or  more.  During  the  second  stage  of  the  fermentation,  when 
the  weather  has  become  cooler,  there  is  less  fear  of  alcohol  being  oxidised,  and  the 
moderate  access  of  air  to  the  wine  has  chiefly  the  effect  of  causing  the  ferment  to 
separate  from  it. 

Hitherto  little  attention  has  been  paid  to  the  regulation  of  the  temperature  at  which 
the  fermentation  takes  place,  and  although  it  is  highly  probable  that  the  quality  of 
wine  depends  very  much  upon  this  circumstance,  it  is  almost  entirely  a  matter  of  local 
accident,  whether  the  fermentation  takes  place  at  a  high  or  low  temperature.  Active 
formentation  at  a  high  temperature,  is  calculated  to  furnisli  wine  which  is  free  from 
sugar,  and  soon  becomes  ready  for  use  ;  but  the  wine  tlius  produced,  like  much  of  the 
Italian  and  Hungarian  wine,  has  generally  little  or  no  bouquet  or  flavour,  and  is  not 
capable  of  being  kept  long.  On  the  contrary,  slow  fermentation  at  a  low  temperature, 
furnishes  wine  which  not  only  keeps  better,  but  acquires  eventually  a  finer  bouquet, 
and  becomes  generally  of  better  quality  than  that  produced  by  more  rapid  fermenta- 
tion at  a  higlicr  temperature.  In  the  Moselle  and  Khine  districts,  the  fermentation  is 
conducted  at  a  time  of  year  when  the  weather  is  much  colder  than  it  is  in  Italy,  and 
oven  there,  the  wine  produced  in  seasons  which,  from  their  warmth,  are  especially 
favourable  to  the  growth  and  maturation  of  the  grapes,  and  continue  warm  until  late 
in  the  year,  is  not  alw.'13's  so  good  as  that  of  years  when  the  autumn  is  colder. 

The  character  of  wine  also  depends  very  largely  on  the  composition  of  the  "  must  " 
from  which  it  has  been  produced,  especially  on  the  amounts  of  glucose  and  of  acid 
which  the  must  contained,  and  on  the  relative  proportions  of  these  substances.  Gene- 
rally speaking,  in  southern  countries,  where  the  amount  of  sugar  in  the  grape-juice  is 
largest,  as  in  Greece,  Portugal  and  Spain,  the  wine  produced  contains  a  large  amount  of 
alcohol,  some  unfermented  sugar,  and  but  little  bouquet  as  compared  with  the  wine  of 
northern  countries,  such  as  that  of  the  Moselle  and  Khine  districts,  wliich  contains 
loss  alcohol,  no  sugar,  and  a  larger  amount  of  acid,  but  is  chiefly  characterised  by  its 
fine  aroma.  The  grape-juice  of  these  countries  generally  contains  a  smaller  amount  of 
sugar,  and  a  much  larger  proportion  of  acid,  than  that  of  southern  countries.  Bat 
besides  the  differences  due  to  climate,  variations  of  season  also  exercise  a  further 
influence  of  a  similar  nature,  especially  in  the  northern  wine-producing  districts, 
where  in  cold  seasons  the  amount  of  sugar  is  small,  while  the  proportion  of  acid  to 
sugar  in  the  grape-juice  is  frequently  twice  as  great  as  it  is  in  more  favourable  years, 
and  consequently  the  wine  produced  there  is  only  occasionally  good,  and  very  often 
can  scarcely  be  drunk. 

To  produce  good  wine,  it  is  essential  that  the  grape-juice  should  contain  at  least 
20  per  cent,  of  glucose,  and  that  with  this  amount  it  should  not  contain  more  than  -5 
per  cent,  of  acid.  These  conditions  do  not  always  obtain.  In  the  Moselle  district, 
for  instance,  the  proportion  of  acid  to  glucose  is  often  as  1  to  12,  while  the  amount  of 
glucose  is  also  very  small.  In  such  cases  the  wine  made  from  natural  grapio-juice  is 
necessarily  inferior ;  but  it  is  possible  to  remedy  thess  natural  defects  of  the  grape, 
and  by  doing  so,  to  render  it  capable  of  p)rodueing  better  wine,  especially  in  unfavour- 
able years.  With  this  object,  several  methods  have  been  proposed,  of  which  the 
following  are  among  the  principal: — ■ 
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1.  Concentrating  the  grapo-juice  by  partially  drying  the  grapes  before  they  are 
crushed,  or  by  eTaporating  the  "must." — This  method  is  practised  in  some  parts  of 
Hungary,  Spain,  Italy,  and  France,  but  it  has  only  a  limited  applicability,  and  is  more 
adapted  to  the  production  of  liqueur  wines  than  for  improving  the  quality  of  wine 
when  the  grape  contains  little  sugar  and  much  acid. 

2.  Adding  glucose  to  the  must  when  it  amounts  to  less  than  20  per  cent. — This 
method  only  partially  rectifies  the  natural  defects  of  the  grape-juice,  and  although 
it  would  furnish  a  wine  containing  more  spirit  than  that  produced  from  the  unmixed 
must,  the  excessive  amount  of  acid  is  not  affected  except  in  so  far  as  it  maybe 
masked  by  an  excess  of  sugar. 

3.  Diluting  the  must  with  water  sufficient  to  reduce  the  amount  of  acid  to  '5  per 
cent.,  and  then  adding  glucose  until  this  amounts  to  20  per  cent,  in  the  must. — The 
adoption  of  this  method  was  at  first  strongly  opposed  on  the  ground  that  wine  thus 
prepared,  might  be  expected  to  be  deficient  in  flavour  and  bouquet;  but  this  has  been 
found  not  to  be  the  case,  and  the  result  is  quite  consistent  with  the  fact  that  the 
flavour  and  bouquet  of  wine  are  produced  during  the  fermentation.  So  far  as  the  pro- 
duct of  fermentation  is  concerned,  it  is  therefore  a  matter  of  little  consequence  whether 
the  glucose  has  been  derived  from  the  grape,  or  from  some  other  source,  provided  the 
grape-juice  contains  a  sufficient  amount  of  ferment,  acid,  and  other  substances, 
requisite  for  the  production  of  good  wine,  and  these  are  generally  present  in  excess. 
The  principal  condition  to  be  ensured  is  the  purity  of  the  glucose  employed. 

4.  Mixing  the  pressed  grape  marc  with  water  containing  20  per  cent,  of  glucose, 
and  fermenting.— This  method  is  based  on  the  important  observation,  that  the  mare 
from  which  the  grape-juice  has  been  expressed,  still  contains  a  large  amount  of  those 
substances,  which  by  fermentation  with  a  solution  of  glucose,  communicate  to  it  the 
characters  of  wine,  and  are  capable,  under  the  influence  of  this  process,  of  yielding  the 
products  which  constitute  the  bouquet,  etc.  (P^tiot,  Bulletin  soc.  d'Encour.,  1857,  p.  659). 
The  wine  prepared  by  this  method,  is  stated  to  be  even  better  than  that  obtained  from 
the  grape-juice  itself. 

These  last  two  methods  bear  the  character  of  rational  improvements  in  the  manufacture 
of  wine,  and  are  in  this  respect  to  be  regarded  as  totally  different  from  that  system  of 
compounding,  justly  termed  adulteration,  which  has  been  practised  with  the  object  of 
giving  inferior  wine  the  semblance  of  character  it  can  acquire  only  by  the  process  of 
fermentation,  and  in  the  highest  degree,  only  in  certain  favourable  years.  Pasteur's 
method  of  maturing  wine  by  the  application  of  heat  instead  of  keeping  itfor  a  number 
of  years,  is  likewise  an  improvement  which  is  sound  in  principle,  and  likely  to  be  of 
considerable  advantage.  The  chemistry  of  wine  is,  however,  still  so  imperfectly  under- 
stood, both  as  regards  its  composition  and  its  production,  that  the  methods  above 
referred  to  must  be  regarded  merely  as  first  steps  towards  real  improvement  in  the 
practice  of  an  art  which  has  hitherto  been  conducted  in  a  most  crude  and  empirical 
manner,  subject  to  the  accidental  influence  of  conditions  whose  operation  and  effects 
were  wholly  unknown,  and  regulated  by  the  most  fantastic  notions. 

Analysis  of  Wine. — The  chief  data,  &c.  determined  for  practical  purposes,  are : — 
1.  The  amount  of  alcohol ;  2.  The  amount  of  free  acid  ;  and  3.  The  amount  of  non- 
volatile dissolved  contents,  or  "  extract,"  as  it  is  termed.  Neither  the  flavour  nor  the 
bouquet  of  wine  are  susceptible  of  estimation  by  chemical  means.  The  colouring 
substances  of  wine  are  also  too  little  known  to  be  distinguished  with  certainty  from 
other  colouring  substances  employed  for  its  adulteration.  (Blume,  Dingler's  Journ. 
clxx.  240.) 

Estimation  of  Alcohol. — The  most  trustworthy  method  consists  in  distilling  out  the 
alcohol  as  already  described  under  the  head  of  Beer  (i.  530),  and  weighing  or  observing 
the  density  of  the  distillate  (Ai,cohoi.ometky,  i.  81).  The  free  acid  in  the  wine  should 
be  first  neutralised  by  sodic  carbonate  or  baryta-water,  and  a  very  small  quantity  of 
tannic  acid  added  to  prevent  the  wine  from  frothing  when  distilled.  The  percentage 
of  absolute  alcohol  should  be  expressed  by  weight,  that  of  proof-spirit  by  volume. 

Estimation  of  Free  Acid. — This  maybe  effected  with  a  standard  solution  of  alkali,  as 
described  under  Acibimetby  (i.  262). 

The  amount  of  acid  potassic  tartrate  may  be  estimated  by  mixing  the  wine  with  five 
times  its  volume  of  mixed  alcohol  and  ether  (equal  parts)  and  leaving  it  for  twenty- 
four  hours,  when  the  salt  will  have  deposited  almost  entirely.  (Berthelot  and 
Fleurien,  Compt.  rend.  Ivii.  394.) 

If  it  be  desirable  to  ascertain  the  relative  proportions  of  fixed  and  volatile  acids  in 
wine,  this  may  be  done  approximately  by  distilling  the  wine  and  estimating  the  quan- 
tity of  acid  in  the  distillate ;  but  the  result  obtained  will  not  represent  the  full  amount 
of  free  volatile  acid,  and  cannot  be  much  relied  upon. 

Estimation  of  "  Extract" — This  is  made  in  the  same  manner  as  with  Bebb  (i.  530). 
If  the  amount  is  considerable,  it  may  be  desirable  to  ascertain  what  it  consists  of. 
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EstimatUiH  of  Sugar. — This  may  be  made  by  one  of  t<lu>  methods  described  undiT 
Saccuarimetrv  (p.  371).  It  is  necessary,  in  nsing  the  copper-method,  first  to  separate 
the  colouring  substance  of  the  wine.  When  the  fermentation  method  is  adopted,  tho 
alcohol  in  the  wine  should  be  first  distilled  off,  and  the  result  obtained  by  weighing  the 
carbonic  acid  as  barium -carbonate  may  be  checked  by  estimating  the  alcohol  produced. 

The  inorganic  constituents  of  wine  may  be  estimated  by  igniting  the  residue  left  on 
evaporation.  The  amount  of  potash  thus  found  may  be  taken  as  representing  the 
acid  potassic  tartrate  in  the  wine. 

For  more  detailed  descriptions  of  the  methods  and  apparatus  to  be  used  in  the  analy- 
sis of  wine,  see  Bolley  and  Paul,  Manual  of  Technical  Analj/sis,  p.  331,  and  Griff  i  n, 
Chemical  Testing  of  Wines  and  Spirit ;  also  a  paper  by  Dr.  A.  D  u  p  r  e,  On  the  Estimation 
of  Coinfound  Ethers  in  Wine.    (Chem.  Soc.  J.  xx.  493.)  B.  H.  P. 

WXITE,  OXI.  OP.    See  Etheein  (ii.  507). 

WXSXIRITE.  A  hydrated  carbonate  of  manganese,  from  Gonzen,  near  Sarganz, 
in  th(3  Grisons ;  regarded  as  a  variety  of  diallogite. 

WXTHAKXITE.  A  bright-red  variety  of  epidote  ;  the  crystals  exhibit  a  straw- 
yellow  in  one  direction  across  the  prism. 

WXTHERXTE.    Native  carbonate  of  Ijarium  (i.  780). 

WXTTXCBENXTE  or  WXTTXCHXTE.  Sulphide  of  copper  and  bismuth, 
Cu^Jji"'S'',  from  Wittichen  in  Baden  (ii.  76). 

WXTTISTCXTE.  A  ferrieo-manganic  silicate,  from  the  AVittinge  iron-mine  at 
Storkyroin  Finland,  containing,  according  to  a  preliminary  analysis  by  Igelstrcim,  33''28 
per  cent,  silica,  5'93  feme  oxide,  51'79  manganic  oxide,  and  9'0  water. 

WOADo  Isatis  tinctoria.  (Guedc.  Vastcl.  Wau.) — This  plant  has  been  used 
from  ancient  times  for  dyeing  blue,  and  before  tho  introduction  of  indigo  was  of 
great  importance  for  that  purpose.  Schunck  (Phil.  Mag.  [4],  x.  73)  has  shown 
that  the  leaves  of  woad  do  not  contain  cither  indigo-blue  or  indigo-white,  but 
indican  (iii.  246),  a  compound  which  may  be  extracted  from  them  by  alcohol,  and  is 
resolved,  by  heating  with  dilute  acids,  into  indigo-blue  and  indiglucin: 

C^'H^'NO"  +  2E-0    =    C'H'NO  +  3C'*Hi»0''. 

Imiican,  liidigo-bluc.  Indiglucin. 

Woad  is  cultivated  in  France,  in  several  parts  of  Germany  (Thui'ingia,  Silesia,  &c.), 
and  other  countries.  It  is  sown  in  March,  and  the  leaves  are  cut  for  the  first  time  in 
June;  later  in  the  season,  the  plants  yield  fresh  crops  of  leaves,  but  those  do  not 
contain  so  much  colouring-matter  as  the  first.  The  leaves  are  sometimes  merely 
dried,  and  sent  to  market  in  that  state  ;  or  they  are  ground  to  a  paste  in  a  mill,  and  the 
paste  is  made  up  into  heaps,  left  for  some  time,  and  then  formed  into  balls  or  loaves, 
which  are  dried  and  sent  into  commerce. 

At  the  present  day,  woad  is  but  rarely  employed  in  dyeing,  as  the  use  of  indigo  is 
found  to  be  much  more  economical ;  but  as  it  easily  ferments  when  moist,  it  is  used 
for  the  reduction  of  indigo  in  the  so-called  woad-vats.    (See  Indigo,  ii.  252.) 

WOKIiERITE.  A  silico-zirconio-niobate  of  calcium  and  sodium,  occurring  at 
the  Langesundfjord,  near  Brevig,  in  Nonvay,  in  tabular  crystals  and  prisms  belonging 
to  the  trimetric  system.  Axes  a  :  b  :  c  =  1  :  1-01583  :  07261.  Angle  ooP  :  ooP  = 
90°  64' ;  oP  :  f  00  =  144'-'  1'.  Cleavage  distinct  in  one  direction.  The  mineral  also 
occurs  granular.  Hardness  =  5'5.  Specific  gravity  =  3'41.  Lustre  vitreous,  in- 
clining to  resinous.  Colour  light-yellow,  brownish,  or  greyish;  streak  yellowish- 
white.  Transparent  to  subtranslucent.  Fracture  more  or  less  conchoidal  to  splintery. 
When  strongly  heated  before  the  blowpipe,  it  melts  quietly  to  a  yellowish  glass ;  with 
fluxes,  it  gives  the  reactions  of  iron,  manganese,  and  silica.  Hydrochloric  acid  decom- 
poses it,  with  separation  of  silicic  and  niobic  acids.  Contains,  according  to  Scheerer 
(Pogg.  Ann.  xcii.  242),  14-47  per  cent.  NbW,  l.rl7  ZrO^,  30-62  SiO',  l  Ol  FeO,  1-65 
MnO,  26-19  CaO,  0-40  MgO,  8-39  Na^O,  and  0-2  water  ( =  98-94). 

WORTHXTE.  An  altered  or  hydrous  kyanite  (iii.  449),  from  near  St.  Peters- 
burg. Hardness  =  7-25,  white  and  translucent.  Contains,  according  to  Hess, 
(Pogg.  Ann.  xxi.  73),  40-58  per  cent,  silica,  53-50  Al-0',  1-00  MgO,  and  4  63  H'^O 
(  =  99-71). 

WOIiCBXTE.    Antimonial  copper-glance  (ii.  76). 

WOXiCHONSKOXTE.  A  chromiferous  clay  from  Ochansk  in  Siberia,  contain- 
ing, according  to  Kersten  (Pogg.  Ann.  xlvii.  485) : 

Si02.      AtW.       Cr'-O'.       Fe20'.       CaO.        MgO.      MnO.  H-O. 
37  01      6-47      17-93      10-43      1-01       1  91       1  66      21-84   =   98  26 
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WOKFBAIU.  Native  tungstato  of  manganese  and  iron  (p.  907).  The  same 
name  is  also  applied  to  metallic  tungsten. 

WOI.FI2A.ItIXia-£,  or  WOXiFRAia-OCHRE.    Native  tungstic  oxide  (p.  903). 

WOXuFSBSRGITE.  Native  cuprous  sulphantimonite,  or  antimonial  copper, 
Cu,Sb'"S-^  or  Cu^S.Sb'S''  (ii.  76). 

WOZ.I.ASTOirZTB.    Native  metasilicate  of  calcium,  Ca"SiO'  (p.  252). 

WONGSBY,  or  WOWCSKT.  The  Chinese  name  for  the  pods  of  Gardenia 
grandijlora,  which  yield  a  large  quantity  of  a  yellow  colouring-matter,  1  pt.  of  wongshy 
being  sufficient  to  impart  a  strong  yellow  colour  to  60  pts.  of  water.  The  pods  con- 
tain also  pectin,  mucus,  tannic  acid,  and  fat.  The  aqueous  extract  has  a  flery-red 
coloiir  when  concentrated,  yellow  when  dilute.    The  alcoholic  extract  is  fiery-red. 

The  colouring-matter  of  wongshy  has  been  shown  by  Eochleder  to  be  identical  with 
crocin  from  saffron  (ii.  108). — Kespecting  the  products  obtained  from  it  by  Orth, 
see  J.  pr.  Chem.  Ixv.  16. — Chinese  yellow-pods  contain  6  per  cent,  ash,  consisting  in 
100  pts.  of  29-2  pts.  K^O,  11-3  Na'O,  12'0  CaO,  3-5  MgO,  6-5  Fe'O^  0-9  S0^  10-3 
P'OS  4-0  SiO»,  and  O'b  CI.    (Stein,  J.  pr.  Chem.  xlviii.  329.) 

The  aqueous  extract  of  wongshy  colours  M'obl  and  silk  a  fine  yellow,  without  mor- 
dants ;  cotton  to  be  dyed  with  it  must  first  he  mordanted,  best  with  tin-solution.  The 
colour  withstands  the  action  of  soap  ;  alkalis  turn  it  more  yellow,  acids  more  reddish. 
The  colour  does  not  withstand  the  action  of  light,  but  is  most  permanent  on  silk.  The 
colour  of  wongshy  has  a  great  resemblance  to  that  of  annotto. 

WOOD.  Respecting  the  chemical  composition  of  wood,  two  different  views  are 
entertained.  According  to  Payen  (Compt.  rend.  viii.  61),  v.  Baumhaxier  (J.  pr. 
Chem.  xxxii.  204),  and  F.  Schulze  (Chem.  Centr.  1857,  p.  321),  it  consists  of 
cellulose  or  woody  fibre  (i.  818),  which  forms  the  cell-walls,  and  of  incrusting  sub- 
stances deposited  thereon  {Sdcrogen,  Lignin,  formed  of  products  of  decomposition  of 
the  decaying  cells  [Schleideu,  Grundz.  d.  wiss.  Botanik,  Leipzig,  1849,  i.  172]). 
Fr^my,  on  the  other  hand  (Compt.  rend,  xlviii.  862),  denies  the  existence  of  incrusting 
substances,  and  supposes  that  the  true  woody  tissue  consists  of  vasculose,  the  consti- 
tuent of  the  vessels  (p.  995),  which  is  insoluble  in  oil  of  vitriol,  soluble  in  boiling 
concentrated  potash-ley ;  paracclhilose,  the  substance  of  the  medullary  rays  (iv.  34), 
soluble  in  oil  of  vitriol  and  in  boiling  potash-ley;  imd  fibrose,  the  substance  of  the  true 
woody  fibres,  soluble  in  oil  of  vitriol,  but  insoluble  in  boiling  concentrated  potash-ley. 
The  former  view  is,  however,  generally  regarded  as  the  more  exact.  Wood  likewise 
contains  the  following  substances,  in  quantities  varying  with  the  season  and  locality, 
and  with  the  species  and  age  of  the  plant :  the  constituents  of  the  sap,  such  as  slbu- 
minoidal  substances  (0-81 — 0"12  per  cent,  nitrogen,  according  to  Chevandier), 
sugar,  gum,  tannic  acid,  &c.,  colouring-matters,  starch  (only  in  autumn  and  winter), 
pectose,  according  to  Fr^my  (Payen  found  none),  resins  and  volatile  oils,  and  the 
ordinary  mineral  constituents  of  plants. 

The  external  properties  of  wood  depend,  partly  on  the  mode  of  union  of  the 
fibres,  partly  on  the  proportions  between  the  essential  or  adventitious  proximate  con- 
stituents. Hence  the  several  species  of  wood  differ  greatly  in  hardness,  colour,  and 
apparent  specific  gravity.  The  latter,  that  is  to  say,  the  specific  gravity  of  the  wood 
air-di'ied,  but  still  containing  air,  varies,  according  to  Karmarscli  {Grundz.  d.  mech. 
Technologic,  p.  635),  from  0'383  (poplar-wood)  to  1-342  (logwood).  The  acttml  specific 
gravity  of  different  kinds  of  wood  is  tolerably  uniform:  1-5,  according  toViolette; 
from  1'46  (maple)  to  1'63  (oak),  according  to  Eumford.  Wood  always  contains  a 
larger  quantity  of  carbon  than  cellulose  ;  its  composition  varies  between  very  wide 
limits  (according  to  the  nature  of  the  incrusting  substances:  Payen),  as  much  appa- 
rently in  the  same  as  in  different  woods.  The  lowest  and  highest  amounts  actnally 
found  are:  46'10  per  cent,  carbon  (beech-wood:  Baer),  and  54'44  per  cent,  (oak-wood: 
Payen) ;  (beech-wood  =  54'35) ; — 5'55  per  cent,  hydrogen  (box-wood:  Prout),  and 
6'40  per  cent,  hydrogen  (aspen-wood:  Payen); — 39'32  per  cent,  oxygen  (oak-wood: 
Payen),  and  46-87  per  cent,  (beech-wood:  Baer). 

Decay  of  Woody  Fibre. — Moist  wood  exposed  to  the  air,  gradually  undergoes  decom- 
position, a  species  of  fermentation  being  set  up  by  the  nitrogenous  constituents,  in 
consequence  of  which,  oxygen  is  absorbed,  carbonic  acid  and  water  are  evolved,  and 
the  wood  crumbles  down  into  a  blackish-brown  vegetable  mould,  called  humus, 
ulmin,  or  gein  (p.  936).  This  decay  occurs  most  rapidly  in  young  spongy  wood, 
which  admits  the  air  more  freely,  and  at  the  same  time  contains  a  larger  proportion  of 
the  albuminous  substance  than  harder  and  older  wood. 

The  process  of  decay  in  ligneous  tissue  varies  considerably,  according  as  it  takes 
place  with  free  access  of  air,  or  under  water  with  but  a  scanty  supply  of  oxygen  from 
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without.  Wlion  the  air  has  free  acce.ss,  its  oxygon  is  converted  into  an  equal  bulk  of 
carbonic  aniiydrido,  and  at  tho  same  time  a  large  quantity  of  water  is  evolved 
(Saussuro).  According  to  Hermann,  a  small  portion  of  nitrogen  is  absorbed  during 
till)  process,  and  ammonia  is  produced.  The  water  is  formed  at  the  expense  of  tho 
oxygen  and  hydrogen  of  the  woody  tissue,  so  that  tho  mouldered  products  contain  a 
larger  proportion  of  carbon  than  the  wood  in  its  original  state.  It  the  moist  wood  is 
excluded  from  the  air,  a  small  quantity  of  carbonic  anhj-dride  is  evolved  during  its 
decay,  accompanied,  as  in  the  former  case,  by  separation  of  water ;  and  under  certain 
circumstances,  marsh-gas  is  liberated  in  considerable  quantity. 

Such  is  a  general  view  of  tho  changes  which  take  place  in  the  conversion  of  woody 
tissue  into  humus,  peat,  lignite,  bituminous  coal,  aud  antliracite,  the  proportion  of 
carbon  in  these  successive  products  of  transformation  continually  increasing,  until  in 
the  last  the  carbon  is  found  associated  with  only  small  quantities  of  hydrogen  and 
oxygen.  (See  Table  of  the  Composition  of  "Wood  and  Coal,  given  under  Coal,  i.  1030, 
1031.) 

The  composition  of  wood  (oak)  given  in  the  table  may  be  approximately  represented 
by  the  empirical  formula  C^^H^'O" ;  that  of  certain  kinds  of  peat  by  C'-'H^-O' ;  that 
of  Ijovey  lignite  by  C^'H-'*0" ;  that  of  Wigan  cannol-coal  by  C-''H^''0-;  and  that  of 
Welsh  anthracite  by  C'E'^O.  If  now  the  woody  tissue  be  acted  upon  by  a  small 
quantity  of  oxygen,  such  as  might  be  supplied  by  solution  in  water,  each  of  these  pro- 
ducts of  transformation  may  be  supposed  to  be  formed  by  the  separation  of  marsh-gas, 
carbonic  anhydride,  and  water,  in  tho  proportions  represented  by  tho  following 
equations  :* 


Wood. 

+ 

0'  = 

Peat. 

-t- 

6CR* 

+ 

8C02 

+ 

H^O 

Wood. 

+ 

0  = 

C-'H^'O' 

Lignite. 

-t- 

2CH< 

+ 

5C02 

+ 

6H-0 

Wood. 

+ 

0^  = 

Cannel. 

+ 

2CH« 

+ 

6C0^ 

+ 

lOWO 

Wood. 

+ 

0^  = 

Anthracite. 

12CH' 

+ 

16C0= 

+ 

1611=0. 

Destructive  Distillation  of  Wood. — The  products  formed  by  tho  distillation  of  wood 
in  close  vessels,  vary  with  the  nature  of  the  wood  operated  on,  and  the  temperature  at 
which  the  distillation  is  effected.  The  decomposition  begins  at  about  140°.  The 
volatile  portion  of  the  products  includes  permanent  gases — chiefly  carbonic  oxide,  car- 
bonic anhydride,  and  hydrogen — together  with  other  Ijodies,  which  are  liquid  or  solid  at 
common  temperatures,  whilst  a  considerable  portion  of  charcoal  remains  in  the  retort. 
Of  the  liquid  products,  one  portion  is  soluble  in  water,  and  consists  of  acetic  acid, 
methylic  alcohol,  methylic  acetate,  and  acetone,  accompanied  by  water  and  other 
bodies  but  imperfectly  known  ;  while  the  remaining  portion  is  insoluble  in  water,  and 
constitutes  wood-tar,  which  is  a  mixture  of  various  liquids  holding  solid  matters  in 
solution  or  suspension.    (See  Tar,  p.  670.) 

The  products  of  tlic  distillation  of  wood,  obtained  at  the  lowest  temperature,  are 
those  into  the  composition  of  which  oxygon  enters  most  abundantly — such  as  water,  acetic 
acid,  aud  carbonic  acid.  As  the  temperature  rises,  compounds  containing  loss  oxygen 
are  gradually  formed — such  as  wood-spirit,  acetone,  and  creosote ;  at  a  still  higher 
temperature,  various  hydrocarbons,  such  as  toluene,  xylene,  eupione,  and  the  different 
forms  of  paraffin,  are  produced ;  and  as  the^  temperature  approaches  redness,  pure 
hydrogen  predominates. 

When  air-dried  hard  woods,  such  as  oak  and  beech,  are  distilled  in  iron  cylinders, 
the  charcoal  amoimts  to  about  25  per  cent,  of  the  weight  of  the  wood,  or  about  three- 
fifths  of  the  quantity  of  carbon  actually  contained  in  it.  The  liquid  portion,  amounting 
to  about  53  per  cent.,  contains  about  one-fifth  of  the  entire  carbon  in  the  wood  ;  and 
tho  remaining  portion  of  the  distillate,  consisting  of  uncondensed  gas,  carries  off  the 
remainder  of  the  carbon.  Among  the  liquid  products,  acetic  acid  amounts  to  between 
3  and  4  per  cent,  of  tho  harder  woods,  naphtha  to  about  1  per  cent.,  and  the  tar  to 
7;5  per  cent.  (Miller's  Elcmmts  of  Chemistry,  3rd  ed.,  iii.  702 ;  for  further  details 
SCO  Gmelin's  Handbook,  xv.  148-160.) 

WOOD-OX^.  Capivi-balsam,  Giirjun-halsam,  Gwegtm-balsam.  (Hanbury, 
Pharm.  J.  Trans.  January,  1856,  p.  321.— Martins,  Buchn.  N.  Eepert.  v.  100. — 
Guibourt,  ibid.  vi.  97. — Werner,  Zeitschr.  f.  Chem.  1862,  p.  588. — A  balsamic 
sulistance,  much  resembling  balsam  of  copaiba  (i.  492),  imported  of  late  j'cars  from 
Calcutta  into  this  country  for  medicinal  uses.    It  is  obtained  from  several  species  of 
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Dipterocarpus,  growing  in  Pegu,  Assam,  and  some  of  the  islands  of  the  Indian  Archi- 
pelago. It  smells  and  tastes  like  eopaiba-balsam,  is  somewhat  more  Tiscid  than  oliye- 
oil,  and  has  a  specific  gravity  of  0'964.  In  its  original  state  it  is  turbid,  owing  to  the 
presence  of  a  greenish  resin  ;  when  filtered  from  this,  it  is  brown  and  transparent  by 
transmitted  light,  but  opaque,  with  greenish  fluorescence,  by  reflected  light.  This 
colour  and  fluorescence  distinguish  it  from  copaiba-balsam,  and  further  differences  are 
observed  in  its  behaviour  when  heated,  and  with  reagents.  When  heated  to  130°,  it 
becomes  turbid  and  gelatinous ;  whereas  copaiba-balsam  becomes  more  fluid  when  its 
temperature  is  raised.  Wood-oil  is  less  soluble  in  alcohol  than  copaiba ;  it  forms  a 
viscid  liquid  with  ammmia,  whereas  copaiba-balsam  forms  a  clear  liquid;  and,  more- 
over, wood-oil  does  not  solidify  when  mixed  with  i  of  its  weight  of  calcined  ynagnesia. 

Wood-oil  is  not  a  definite  compound,  but  a  mixture  of  resin  and  volatile  oil ;  ac- 
cording to  Lowe,  it  contains  34  per  cent,  resin,  65  volatile  oil,  and  1  pt.  water  and 
acetic  acid.    The  resin  is  hard,  whereas  that  of  copaiba-balsam  is  soft. 

Werner,  by  distilling  the  balsam  with  water,  obtained  about  20  per  cent,  of  a 
volatile  oil,  C^'H'^,  polymeric  with  oil  of  turpentine.  This  oil  has  a  specific  gravity 
of  9-014  at  15°,  a  leevorotatory  power  of  10",  boils  at  265°;  its  vapour-density  is 
9-40  (2  vols.). 

The  resin  left  after  distilling  off  the  oil,  contains  a  resinous  acid,  gurjunic  acid, 
Q22jj3jQ4_  soluble  in  aqueous  ammonia.  To  separate  this  acid,  the  crude  resin  is 
boiled  with  potash-ley,  which  dissolves  it ;  the  solution  is  mixed  with  excess  of  sal- 
ammoniac,  and  filtered ;  and  the  ammouiacal  filtrate  is  mixed  with  hydrochloric  acid, 
which  throws  down  the  gurjunic  acid  in  thick  yellowish  flocks.  This  acid  dissolves 
in  alcohol  and  ether,  melts  at  220°,  solidifies  at  180°,  boils  at  260°,  and  distils  ap- 
parently without  decomposition.  It  is  dibasic,  and  forms  soluble  salts  with  the  alkalis 
and  alkaline  earths. — The  potassmm-mlt,  C*'^H^■■'K^O^  crystallises  from  alcohol  in 
microscopic  laminse. — The  calcium-salt,  C^^H''-Ca"0',  and  the  barium-salt,  C'^H^^Ba"0', 
are  white  and  amorphous. — The  silver-salt,  C^-H^^Ag'^O^,  is  obtained  by  precipitation, 
in  white  flocks,  which  blacken  on  exposure  to  light.  (Werner.) 

Wood-oil  is  used  by  the  Malays  as  a  varnish  for  household  utensils,  boats,  &e. ;  it 
has  been  recommended  as  a  substitute  for  copaiba-balsam  in  medicine. 

WOOD-SPXRXT.    See  Methyl,  Hydrate  of  (iii.  988). 

WOOD-TAR.   See  Tab  (p.  670). 

"WOOIm,  (Schlossberger,  Allgem.  u.  vergl.  Thierehemie,  p.  265. — Grorup- 
Besanez,  Physiol.  Chemie,  p.  592. — Bolley,  Handb.  d.  chem.-techn.  Untersuch., 
4te  Aufl.,  p.  428. — Chevreul,  J.  pr.  Chem.  xxvii.  57:  xxxii.  227. — Mulder,  Physiol. 
Chemie,  ii.  670.— Scherer,  Ann.  Ch.  Pharm.  xl.  64. — v.  Bibra,  ibid.  xcvi.  296. — • 
Gorup-Besanez,  ibid.  Ixvi.  321 ;  cxviii.  230. — Grothe,  J.  pr.  Chem.  Ixxxix.  420. — 
Lassaigne,  J.  Chim.  MM.  xix.  562.)— Wool  belongs  to  the  horny  tissues  (iii.  170). 
After  exhaustion  with  water,  alcohol,  and  ether,  to  remove  fatty  matter,  salts,  &c.,  it 
contains,  according  to  Scherer,  50'65  per  cent,  carbon,  7'03  hych-ogen,  17'71  nitrogen, 
and  24 '61  oxygen  and  sulphur.  Chevreul  found  in  wool  thus  purifled,  1'78  per  cent, 
sulphur;  Mulder  rather  more;  v.  Bibra  0-8-0-9  per  cent.;  and  Grothe  found,  as  a 
mean  of  numerous  determinations  with  different  kinds  of  wool,  2-31  per  cent.,  the 
minimum  being  1'3,  and  the  maximum  3'4  per  cent. 

The  amount  of  water  in  wool,  is,  according  to  Maumend  and  Grothe,  13  to  16 
per  cent.,  of  which  6  or  7  per  cent,  go  off  when  the  wool  is  dried  in  the  air ;  in  damp 
air  dry  wool  quickly  takes  up  a  considPerable  quantity  of  water,  about  0'02  per  cent, 
per  hour  according  to  Grothe's  experiments. 

In  100  pts.  wool  dried  at  110°,  Gorup-Besanez  found  3'23  per  cent,  ash,  containing 
0'29  pt.  silica,  or  8'3  pts.  silica  in  100  pts.  of  ash.  Respecting  the  extraction  of  potas- 
sium-salts from  the  sweat  of  sheep's-wool,  see  Potassium-saits  (iv.  720). 

The  reactions  of  wool  with  acids,  alkalis,  &c.,  are  the  same  as  those  of  horny  tissues 
in  general.  Dilute  alkaline  solutions,  especially  soda-ley,  remove  part  of  the  sulphur, 
but  the  remainder  appears  to  be  more  intimately  combined,  and  can  only  be  removed 
by  boiling  with  strong  alkalis,  which  destroy  the  textxire  of  the  wool.  C.  Gr. 
Williams  (Ann.  Ch.  Pharm.  cix.  127),  by  distilling  flannel  with  strong  boiling 
potash-ley,  obtained  a  distillate  containing  a  large  quantity  of  ammonia,  together  with 
butylamine  and  amylamine.  Flannel  distilled  by  itself  yielded  an  insufferably  stinking 
cil,  accompanied  by  large  quantities  of  pyrrol,  streams  of  sulphydic  acid  gas,  and  a 
small  quantity  of  carbonic  disulphide,  with  mere  traces  of  oily  bases. 

Wool  and  silk  may  be  distinguished  from  vegetable  tissues,  such  as  cotton  and 
linen,  by  drawing  out  a  thread  and  setting  it  on  fire.  The  animal  fibres  then  leave 
a  shining,  tumefied,  difficultly  combustible  cinder,  which  leaves  a  large  quantity  of  ash 
when  completely  burnt ;  the  smoke  smells  like  burnt  horn,  and  turns  tm-meric  brown. 


WOOEARA— WORMSEED-OIL. 


1047 


Vegetable  fibres,  on  the  other  hand,  leave  a  cinder  having  the  form  of  the  thread,  and 
only  a  small  quantity  of  ash ;  they  burn  with  a  smoke  which  has  an  empyroumatic 
odour,  and  reddens  litmus.  Wool  and  silk  are  also  distinguished  from  cotton  and 
linen  by  the  yellow  colour  which  they  assume  when  steeped  in  nitric  or  in  picric  acid, 
the  vegetable  fibres  not  being  coloured  by  this  treatment.  Wool  or  silk  is  dissolved 
by  boiling  -with,  potash-  or  soda-h'ij,  of  specific  gravity  1-04  to  1-05,  whereas  vegetable 
fibres  remain  unattacked.  Cotton  and  linen  dissolve  in  a  solution  of  cupraie  of 
ammonium,  whereas  wool  is  insoluble  therein. 

Wool  and  silk  may  be  distinguished  from  one  another  by  a  solution  of  sodio  plumhate 
(prepared  by  adding  caustic  soda  to  acetate  of  lead  till  the  resulting  precipitate  re- 
dissolves),  wool  and  hair  being  turned  brown  by  this  liquid,  in  consequence  of  the 
sulphur  which  they  contain,  whei'eas  silk,  which  is  free  from  sulphur,  remains  unaltered. 
The  three  following  distinctions  are  given  by  Grotho  (Zeitschr.  anal.  Chem.  iii.  153) : 
— 1.  Wool,  cautiously  heated  to  130°,  gives  otf  the  odour  of  carbonic  disulphide  and 
ammonia,  assumes  a  golden-yellow  colour,  and  curls  up  ;  silk  becomes  coloured  only 
a,t  140'-'-145°,  and  does  not  curl  up. — 2.  When  the  fibres,  moistened  with  potash-ley, 
are  dipped  in  a  solution  of  cupric  sulphate,  and  then  exposed  to  the  air,  the  wool 
quickly  turns  brown,  in  consequence  of  the  formation  of  ciipric  sulphide,  whereas  the 
silk  remains  unchanged. — 3.  On  mixing  the  solution  of  wool  in  caustic  potash  with 
tartaric  acid.,  and  then  with  cupric  sulphate,  a  large  quantity  of  cupric  sulphide  is 
formed,  and  the  filtered  liquid  exhibits  a  dark  brown-red  colour.  Silk  treated  in  the 
same  manner,  yields  a  somewhat  viscid  solution  having  a  fine  violet  colour. 

WOORARA.    Syn.  with  Coraea  (ii.  185). 

WOOTZ.  East  Indian,  or  Persian  Damask  Steel. — A  very  hard  steel,  made  in 
India,  and  coutiiining  small  quantities  of  silicon,  manganese,  nickel,  and  tungsten.  It 
has  a  specific  gravity  of  7'727  at  17°,  and  exhibits  very  beautiful  patterns  when  etched 
with  acids. 

WORKSEED.  Semen  Cina.  Semen  Contra.  Semen  Santonici. — The  flower-buds 

of  Artemisia  VaMiana,  A.  Sicbcri,  and  A.  incidta,  plants  belonging  to  the  composite 
order.  The  first  is  indigenous  in  Persia  and  Asia  Minor,  and  yields  Levant  wormseed ; 
the  second  grows  in  Barbary,  Persia,  and  Arabia,  and  yields  the  Barbary  or  African 
wormseed ;  the  third  is  said  to  yield  the  East  Indian  wormseed,  which  however, 
according  to  some  authorities,  is  merely  the  African  variety  mixed  with  turmeric  or 
fustic. 

Wormseed  contains  santonin  (p.  189),  a  volatile  oil,  a  brown  bitter  resin,  a  green 
soft  resin,  and  a  waxy  substance,  together  with  the  ordinary  plant-constituents.  It  is 
used,  especially  the  Levant  variety,  as  a  remedy  for  ascarides,  being  given  either  as 
an  electuary  or  an  infusion.  It  is  not  known  which  of  the  constituents  of  wormseed 
is  the  active  principle. 

WORMSEED-OXK.  Oleum  cina.  Essence  dc  Scmcn-contra.  (Tromms- 
dorff,  Tr.  N.  J.  iii.  312.— Volckel,  Ann.  Ch.  Pharm.  xxxviii.  110;  Ixxxvii.  312; 
Jahresb.  1853,  p.  512;  1854,  p.  590.— Hirzel,  Jahrcsb.  1854,  p.  591  ;  1855,  p.  655.— 
Kraut  and  Wahlforss  (Ann.  Ch.  Pharra.  cxxviii.  293  ;  Jahresb.  1863,  p.  551. — Gm., 
xiv.  316.) — This  oil  is  obtained  by  distilling  wormseed  with  water.  It  has  a  pale- 
yellow  to  brownish-yellow  colour,  a  pungent  disagreeable  odour,  and  camphorous, 
aromatic,  burning  taste;  specific  gravity  =  0-925  to  0-935  (Wackenroder;  Zeller; 
Volckel) ;  0-94  (Hirzel).  It  boils  at  170°— 180°  (Hirzel).  When  distilled  with 
milk  of  lime,  it  yields  a  lighter  oil,  of  specific  gravity  0-945°  at  8^,  and  boiling  be- 
tween 174°  and  at  177°. 

Wormseed-oil  is  a  mixture  of  several  oils,  the  proportions  of  whioli  seem  to  vary  con- 
siderably in  different  samples  :  hence  the  investigations  of  different  chemists  respecting 
it  have  yielded  very  discordant  results.  According  to  Kraut  and  AVahlforss,  the  oil, 
when  purified  by  rectification  with  alcoholic  potash,  consists  mainly  of  an  oxygenated 
oil,  C'»H''0,  having  a  Isevorotatory  power  of  2-1°,  mixed  -witli  a  camphene,  C'°H"* 
(Volekel's  cynene). 

Wormseed-oil  dissolves  in  about  1000  pts.of  water,  easily  in  ether,  in  all  proportions 
of  absolute  alcohol,  and  in  an  equal  quantity  of  alcohol  of  specific  gravity  1-85 
(Zeller).  In  contact  with  the  ail',  it  thickens  and  becomes  coloured;  it  is  easilyin- 
flaramable. — With  dilute  nitric  acid,  it  j'ields  oxalic  acid  (Volckel),  or  toluic  acid 
(Hirzel) ;  when  heated  with  strong  nitric  acid,  it  is  converted  into  a  yellow  resin. 

Iodine  dissolves  in  wormseed-oil  without  evolution  of  heat.  By  dissolving  1  pt.  of 
iodine  in  4  to  6  pts.  of  the  oil,  with  aid  of  heat,  a  dark  brown-red,  opaque,  viscid  mass 
is  obtained,  from  which,  on  cooling,  black  crystalline  laminae  separate  (consisting  of 
iodine  and  cinsebene  ?).  From  the  solution  of  iodine  in  wormseed-oil,  water  extracts 
acetic,  propionic,  andhydriodic  acids,  and  perhaps  also  iodide  of  propyl.  On  distilling 
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the  solution  of  iodine  in  wormseed-oil,  propionic  acid  and  iodoform  pass  over,  tog-eflier 
with  a  dark-brown  mobile  oil,  containing  cinaebene,  hydriodate  of  cinsebene,  ciiiEebene- 
camghor,  cyraene,  and  small  quantities  of  cinacrol,  angelic  acid,  &c.,  while  the  solid 
blue-black  residue  consists  chiefly  of  cinsephene,  cinaephane,  and  cinsephone  (Hirzel). 
Wormsced-oil,  mixed  with  a  saturated  solution  of  iodine  in  potassium-iodide,  yields 
greenish  metallic-shining  crystals  of  the  compound  2(C'°H"'0.H^0).P,  which,  -when 
treated  with  alcoholic  potash,  reproduces  wormseed-oil.    (Kraut  and  AVahlforss.) 

Sulphuric  acid  colours  wormseed-oil  red-brown,  and  on  applying  heat,  sidphurous 
anhydride  is  evolved. — Phosphoric  anht/dride  blackens  it,  and,  according  to  Volckel, 
forms  cynene  ;  according  to  Hirzel,  cinaebene,  cinsephene,  and  cinacrol. — Hydrochloric 
acid  gas  is  absorbed  by  wormseed-oil,  forming  a  red-brown  liquid,  which  on  standing, 
deposits  worm s eed- ca mphor,  in  colourless  slender  needles  having  an  aromatic 
camphor-like  odour  and  mild  warm  taste ;  they  deliquesce  in  the  air,  melt  when 
heated,  and  yield,  by  distillation,  an  oil  containing  hydrochloric  acid.  (Hirzel  and 
Volckel.) 

Wormseed-oil  distilled  with  fotassium-hydrate  yields  a  colourless,  transparent, 
mobile  oil,  having  a  peppery  odour  and  warm  taste,  a  specific  gravity  of  0-932,  and 
boiling  at  about  175°.  With  hydrochloric  acid  gas,  this  oil  forms  shining  deliques- 
cent needles  ;  with  nitric  acid,  liquid  and  resinous  products  ;  sulphuric  acid  colours  it 
dark-brown,  and  renders  it  viscid.  This  oil  has  a  composition  represented  by  the  em- 
pirical form\ila  C'^H""©',  and  consists,  according  to  Hirzel,  of  cinaebene,  cinsebene- 
camphor,  propione,  and  a  body  containing  CH'^O. 

Derivatives  of  Wormseed-oil. 

Cinaebene,  CH'*  (with  which  Volckel's  cyaene  is  probably  identical),  exists 
ready-formed  in  wormseed-oil,  and  is  separated  by  distilling  the  oil  with  phosphoric 
anhydride  (Hirzel).  It  is  a  colourless,  mobile,  pungent,  strongly-refracting  oil, 
having  a  density  of  0-878  at  16°,  and  boiling  at  172°.  When  distilled  with  an  equal 
volume  of  nitric  acid  of  specific  gravity  1-16,  it  yields  acetic  acid,  propionic  acid,  and 
volatile  oil,  and  leaves  a  resin,  which,  by  prolonged  boiling  with  excess  of  nitric  acid, 
is  converted  into  toluic  and  nitrotoluic  acids,  together  with  an  oil,  probably  anisylous 
acid  ;  no  oxalic  acid  is  formed  in  this  reaction. — With  hydriodic  acid,  cinaebene  forms 
in  oily  hydriodate,  2C'°H'".HI. 

Cinsebene-camphor,  C'°H'*0,  is  contained,  according  to  Hirzel,  in  wormseed- 
oil,  but  cannot  be  separated  from  it  in  the  pure  state.  With  phosphoric  anhydride 
it  is  resolved  into  water  and  cinaebene.  .According  to  Kraut  and  Wahlforss,  worm- 
seed-oil, purified  by  alcoholic  potash,  consists  of  an  oil,  CH'^O,  mixed  with  the  cam- 
phene,  C'H'",  which  cannot  be  separated  by  fractional  distillation. 

Cinaephene,  C™H''^,  is  one  of  the  compounds  formed  by  the  action  of  phosphoric 
anhydride  or  iodine  on  wormseed-oil.  It  is  an  oil,  viscid  at  ordinary  temperatures, 
mobile  when  warm,  boiling  at  315° — 326°,  colourless  by  transmitted  light,  and  exhi- 
biting a  deep  indigo-blue  iridescence  by  reflected  light.  When  heated  with  nitric  acid, 
it  is  converted  into  a  resin  having  a  musk-like  odour.    (Hi  rzel.) 

Cinaephane,  C'H^,  is  a  resinoxis  hydrocarbon  found  in  the  residue  left  on  distil- 
ling wormseed-oil  with  iodine.  To  separate  it,  this  residue  is  boiled  with  alcohol, 
which  dissolves  cinaephene ;  the  remaining  portion  is  dissolved  in  chloroform ;  the 
solution  is  mixed  with  20  pts.  of  alcohol  of  specific  gravity  0-84 ;  and  the  resulting 
precipitate  of  cinaephane  and  cinaephone  is  treated  with  ether,  which  dissolves  the 
latter,  and  leaves  the  cinaephane,  to  be  further  purified  by  solution  in  chloroform,  pre- 
cipitation with  alcohol,  and  washing  with  ether.  Cinaephane  is  a  nearly  velvet-black, 
loose,  resinous  powder,  tasteless  and  inodorous  ;  when  heated  it  burns  away  without 
melting. 

Cinaephone,  C'°H'^,  separated  from  cinaephene  by  ether  in  the  manner  just 
described,  is  a  loosely  coherent  kermes-brown  powder,  destitute  of  taste  and  odour, 
insoluble  in  water  and  in  alcohol,  but  soluble  in  ether,  chloroform,  and  wormseed-oil; 
when  heated,  it  burns  and  decomposes.  (Hirzel.) 

Cinacrol,  C'H'^O',  is  obtained  by  rectifying  the  oil  produced  by  distilling  1  pt.  of 
iodine  with  4  to  6  pts.  of  wormseed-oil;  agitating  the  nearly  black  liquid  which  passes 
over  with  strong  potash-ley ;  heating  the  resulting  dark-brown  solution  till  it  is  nearly 
inodorous  ;  and  then  distilling  it  with  dilute  sulphuric  acid.  The  oil  thus  obtained  is, 
after  drying  and  rectification,  colourless  and  viscid,  with  a  faint  smoky  odour,  and 
sharp  caustic  taste  ;  a  specific  gravity  of  1'06  to  1-15;  boils  at  about  250°  ;  dissolves 
slightly  in  water,  easily  in  alcohol,  ether,  and  acetic  acid ;  still  more  easily  in  alkalis, 
forming  a  solution  which  gives  a  white  precipitate  with  basic  acetate  of  lead,  a  blue- 
green  liquid  with  ferric  chloride,  and  reduces  nitrate  of  silver  when  heated  with  it. 
(Hirzol.) 
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WOUKFE'S  APPARATUS.  An  apparatus  consisting  of  a  scries  of  three- 
nockod  bottles  eonuected  by  suitable  tubes,  and  used  for  washing  gases  or  saturating 
liijiiids  therewith. 

WRXGHTINE.  A  basic  substance  obtained  from  the  bark  and  seeds  of 
Wrightia  antidysenterica  {Nerium  antidysentericum,  L.),  an  ajjocynaceous  plant  indi- 
genous in  India  and  Ceylon.  To  prepare  it,  the  pulverised  seeds  are  treated  with  car- 
bonic disulphide  in  a  displacement-apparatus,  to  remove  a  fat-oil,  then  dried  and 
exhausted  with  hot  alcohol ;  the  extract,  freed  from  alcohol  by  distillation,  is  digested 
with  a  small  quantity  of  dilute  hydrochloric  acid;  and  the  evaporated  filtrate  is  mixed 
with  ammonia  or  sodic  carbonate,  which  throws  down  a  copious  flocculent  precipitate 
consisting  of  the  impure  base. 

Wrigluine,  after  washing  with  cold  water,  forms  an  amorphous  powder,  insoluble 
in  ether  and  in  carbonic  disulphide,  soluble  in  water  and  alcohol,  and  especially  in 
dilute  acids,  with  which  it  forms  uncrystallisable  salts,  having,  like  the  base  itself,  a 
persistent  bitter  taste.  The  acetic  acid  solution  is  precipitated  by  tannic  acid ;  the 
hydroclxloric  acid  solution  gives  flocculent  precipitates  with  platinic,  auric,  and  mercuric 
chlorides.    (Stenhouse,  Pharm.  J.  Trans.  [2],  v.  493.) 

R.  Haines  {iJiid.  vi.  432)  states  that  he  obtained  the  same  base  from  the  bark  of 
Wrightia  dysenterica  (conessi-bark)  in  1858,  and  gave  a  short  description  of  it  in  the 
Transactions  of  the  Medical  and  Physical  Society  of  Bomhay  (new  series,  iv.  38).  He 
proposes  to  call  it  conessine,  and  calculates,  from  the  analysis  of  the  free  base  and 
of  the  platinum-salt,  the  formulaj  C-^H'-'^N^O  and  C'^H^'N^O. 

WxrXiFEirXTX:.    Native  molybdate  of  lead.    (See  Molybdenum,  iii.  1039.) 

WURTZITS.  This  name  is  given  by  Friedel  (Compt.  rend.  lii.  983)  to  a  hexa- 
gonal zinc-sulphide  from  the  silver-mine  of  Oruro  in  Bolivia,  containing  55'6  per  cent, 
zinc,  32'6  sulphur,  8'0  iron,  and  2'7  lead,  with  a  little  antimony  and  a  trace  of  copper. 
It  is  isomorphous  with  grecnoekite,  has  a  brownish-black  colour,  vitreous  lustre,  brown 
streak;  hardness  =  3'5,  and  specific  gravity  =  3'98, 
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XANTBAMZDE.  Syn.  with  ethylic  oxysulphocarbamatc.  (See  Sulphocabbamic 
Ethers,  p.  491.) 

XANTHAMVIiAIVIXItE.    Amylie  oxysulphocarbamate  (p.  493). 

XAU-THAIVlvXilC  ACID.  Syn.  with  amyl-disulphocarbonic  acid.  (See  Sul- 
rHoCAiiiiDNio  Etheks,  p.  496.) 

XAWTHAMYIIC  ETHER.    Amylic  disulphocarbonate  (p.  496). 

XANTHAXr.  Berzelius's  name  for  the  group  Cy-S',  regarded  as  the  radicle  of 
pei'sulphocyanic  or  xanthydric  acid. 

XAETTHARIW,  or  XAM-THII..  An  oily  fetid  compound,  C'lI'^O',  supposed  by 
Couorbe  (Ann.  Ch.  Phys.  [2],  Ixi.  225)  to  be  produced  by  the  dry  distillation  of  xan- 
thic  ether. 

XANTHAZARIM'.  A  yellow  colouring-matter,  produced,  according  to  E.  Kopp 
(Jahi-csb.  1864,  p.  815),  by  the  action  of  nitric  acid  on  the  black  residue  obtained  in 
preparing  pure  alizarin  from  liis  green  alizarin  (see  Maddek,  iii.  749).  It  is  slightly 
soluble  in  water,  easily  in  alcohol,  ether,  and  caustic  alkalis.  By  heating  with  reduc- 
ing agents,  it  is  converted  into  a  crimson  substance. 

XAIfTHEIXT.  The  name  applied  by  Freniy  and  Cloez  to  that  portion  of  the 
yellow  colouring-matter  of  flowers  which  is  soluble  in  water.  (See  Flowkes,  Colouiis 
OF,  ii.  608.) 

XASITHEIiEHTE.  Zeise  gave  this  name  to  an  oil  (identical,  according  to  Debus, 
with  ethyl-disulphocarbonic  sulphide,  i.  499),  produced,  together  with  cuprous  xan- 
thate,  by  precipitating  potassic  ethylsulphocaxbonato  with  a  cupric  salt.  (Haudw.  d. 
Chem.  2'"  Aufl.  i.  250.) 

XASTTHEirE.  Volckel,  by  heating  persulphocyanic  acid  to  about  150°,  obtained 
a  peculiar  body,  C'H'N'S',  which  ho  regarded  as  a  sidphide  of  xanthcne,  C'H^N^ ;  it 
was  probably  only  a  mixture. 

XAITTHIC  ACID.  Syn.^with  ethyl-disulphocarbonic  acid.  (See  Sulphocahbonic 
EriLfc'.us,  p.  498.) 
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XASTTHIC  ETHERS.    Ethylic  xanthate  or  disulphocarbonate  (p.  600). 
XAHTHXC  OXXDE.    Syn.  with  Xanthine. 
XA.ITTHXBES.    Syn.  with  Pehsulphocyanates  (iv.  379). 
XAN'THIIi.    Syn.  with  Xanthaein. 

XATTTBIsr.  This  name  has  been  applied  to  more  than  one  substance : — 1.  By 
Fr^my  and  Cloez,  to  that  portion  of  the  yellow  colouring-matter  of  flowers,  which  is 
insoluble  in  water  (ii.  668); — 2.  By  Schunck  and  Higgin,  to  the  yellow  colouring- 
matter  obtained  by  Kuhlmann  from  madder  (iii.  743); — 3.  By  Couerbe,  to  a 
gaseous  product  of  the  decomposition  of  xanthates,  to  which  he  assigned  the  formula 

XAia-TBIITE.  C^H^N^O^  Xanthic  Oxide.  (Marcet,  Essay  on  the  Chemical 
History  and  Chemical  Treatment  of  Calculous  Disorders,  London,  1819. — Liebig  and 
Wohler,  Ann.  Ch.  Pharm. xxvi.  340.— Gobel,  Jahresb.  1851,  p.  604  ;  1852,  p.  712. 
— Scherer,  Ann.  Ch.  Pharm.  cvii.  314;  cxii.  257,  275,  279;  Jahresb.  1858,  p.  546; 
1859,  p.  605. — Strecker,  Ann.  Ch.  Pharm.  cviii.  141  ;  cxviii.  151  ;  Jahresb.  1858, 
p.  545;  1861,p.  526.— Stiideler,  Ann.  Ch.  Pharm.  cxi.  28;  cxv.  102;  Jahresb.  1859, 
p.  603;  1860,  p.  579. — Benee-Jones,  Chem.  Soc.  Qu.  J.  xv.  78.— Almen,  Jahresb. 
1862,  p.  534. — Strecker  and  Kheineek,  Ann.  Ch.  Pharm.  cxxxi.  121.) — This  body 
was  discovered  by  Marcet  in  a  urinary  calculus  weighing  only  8  grains.  Liebig  and 
Wohler  afterwards  found  it  in  a  larger  calculus  weighing  between  18  and  20  grammes; 
these  are  the  only  known  examples  of  xanthine  calculi.  Bence-Jones  found  in  it  a  de- 
posit from  the  urine  of  a  boy.  According  to  Scherer,  xanthine  is  a  normal  constituent 
of  the  human  body ;  he  has  found  it  in  the  urine  of  man,  in  the  pancreas,  spleen,  and 
liver  of  oxen,  in  the  thymous  gland  of  the  calf,  the  muscular  flesh  of  the  ox,  horse,  and 
of  fishes  ;  also  in  the  spleen,  in  a  case  of  tumour  of  that  organ;  and  in  the  human  liver, 
in  acute  yellow  atrophy.  In  the  muscular  flesh  of  the  horse  it  exists  to  the  amount  of 
0'0026  per  cent.,  together  with  hypoxanthine  or  sarcine  ;  in  the  pancreas  to  the  amount 
of  0'0166  per  cent.,  together  with  guanine ;  in  the  spleen,  liver,  and  brain,  together 
with  uric  acid.  Alm?n  found  0'02  per  cent,  xanthine  in  ox-liver.  According  to 
E.  Diirr  (Jahresb.  1865,  p.  676),  the  presence  of  xanthine  in  human  urine  is  pro- 
moted by  the  use  of  sulphur-baths.  According  to  Unger  and  Phi ps on  (Chem. 
News  [1862],  vi.  16),  xanthine  is  found  in  certain  kinds  of  guano  from  the  island  of 
Jarvis. 

Artificial  Formation. — Xanthine  is  produced : — 1.  From  uric  acid,  from  which  it 
differs  by  1  at.  O,  by  the  action  of  sodium-amalgam  (Rheineck). — 2.  From  guanine, 
from  which  it  differs  by  NH,  by  the  action  of  nitrous  acid  (Strecker)  : 

2C=H5N»0  +  0'    =    2C5H«N'0'  +  H'O  +  W. 
Preparation. — 1.  From  Urinary  Calculi,  and  from  Jarvis  Guano. — By  dissolving  the 
substance  in  aqueous  potash  or  ammonia,  and  precipitating  with  carbonic  or  acetic 
acid. 

2.  From  Muscular  Flesh  and  other  Animal  Substances. — The  substance,  comminuted 
by  trituration  with  pounded  glass,  is  digested  with  warm  alcohol  and  pressed ;  the  re- 
sidue is  digested  for  some  hours  with  water  at  50°  ;  the  expressed  liquid  is  mixed  with 
the  alcoholic  solution,  evaporated,  and  filtered  to  separate  albumin  ;  and  the  filtrate  is 
successively  precipitated  with  neutral  lead-acetate,  basic  lead-acetate,  and  mercuric 
acetate.  The  two  latter  precipitates  are  then  suspended  in  water,  and  decomposed  by 
sulphydric  acid ;  and  the  filtered  liquid  is  evaporated,  whereby  a  mixture  of  xanthine 
and  sarcine  is  obtained,  which  may  be  separated  by  solution  in  hydrochloric  acid — hy- 
drochlorate  of  xanthine  then  separating  out,  while  the  greater  part  of  the  sarcine  remains 
in  solution.  (Stadeler.) 

3.  From  Guanine. — The  solution  of  guanine  in  strong  nitric  acid  is  mixed,  at  the 
boiling  heat,  with  nitrite  of  potassium,  till  a  copious  evolution  of  red  fumes  takes  place. 
A  large  quantity  of  water  is  then  added  ;  the  yellow  body  thereby  precipitated  (a  mix- 
ture of  xanthine  and  nitroxanthlne)  is  washed  with  water  and  dissolved  in  boiling 
carbonate  of  ammonia;  and  the  solution  is  mixed  with  ferrous  sulphate  (to  reduce  the 
nitroxanthlne  to  xanthine),  tiU  the  red-brown  precipitate  of  ferric  hydrate  at  first  pro- 
duced is  replaced  by  black  ferro so-ferric  oxide.  The  solution,  which  should  still  contain 
a  large  quantity  of  free  ammonia,  is  then  filtered,  and  evaporated  to  dryness  over  the 
water-bath ;  the  residue  is  treated  with  cold  water  to  extract  sulphate  of  ammonium,  then 
redissolved  in  boiling  carbonate  of  ammonium  ;  and  the  filtrate  is  evaporated,  where- 
upon xanthine  remains. 

4.  From  Urine. — The  urine  is  precipitated  with  bary ta- water ;  the  filtrate  is 
evaporated ;  the  highly  concentrated  mother-liquor  boiled,  after  addition  of  water, 
with  cupric  acetate;  the  precipitate,  after  washing  with  hot  water,  is  dissolved  in  warm 
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nitric  .acid,  and  precipitated  with  nitrate  of  silver ;  the  washed  precipitate  is  crystal- 
lised from  hot  dilute  nitric  acid;  the  resulting  crystals  are  treated  with  ammoniacal 
silver-Solution,  to  free  them  from  nitric  acid  ;  and  the  washed  precipitate  is  suspended 
in  water,  and  decomposed  by  sulphydric  acid.  The  filtrate,  when  evaporated,  yields 
xanthine. 

Properties. — Xanthine  separates  on  cooling,  from  a  hot  saturated  solution,  in  white 
flocks ;  by  spontaneous  evaporation  in  small  scales.  It  is  nearly  insoluble  in  cold 
water  (requiring  14,000  pts.),  and  but  sparingly  soluble  in  boiling  water.  It  is 
insoluble  in  alcohol  and  in  ether.    The  aqueous  solution  quickly  putrefies. 

Xanthine  does  not  lose  weight  at  l.'jO"  ;  at  a  stronger  heat,  a  small  portion  of  it 
sublimes  undecomposed,  while  the  greater  part  decomposes,  yielding  carbonate  and 
cyanide  of  ammonium,  and  a  yellow  oil,  but  no  urea.  When  heated  in  contact  with 
the  air,  it  burns  with  the  smell  of  burnt  hair. — By  the  action  of  sodium-amalgam 
containing  a  very  small  proportion  of  sodium,  xanthine  is  reduced  to  sarcine, 
C-'II'N'O,  this  base  being  in  fact  produced,  together  with  xanthine,  by  the  action  of 
sodium-amalgam  on  uric  acid  (p.  1050). 

Cvmbinatkms. — Xanthine  unites  both  with  acids  and  with  bases,  forming  for  the 
most  part  crystallisable  compounds,  which  are  more  soluble  than  xanthine  itself. — The 
hydrocMorate,  C*II'N^0-.HC1,  forms  nodular  groups  of  small  silky  crystals.  Its  aqueous 
solution  mixed  with  platinic  chloride  deposits  yellow  needles  of  a  double  salt.— The 
nitrate  separates  from  a  solution  of  xanthine  in  warm  moderately  strong  nitric  acid, 
in  yellow  warty  masses.  The  solution  of  xanthine  in  nitric  acid  forms,  with  jihuifpho- 
moli/bdic  acid,  a  yellow  precipitate,  which  dissolves  in  hot  moderately  strong  nitric 
acid,  and  separates,  on  cooling,  in  yellow  microscopic  cubes  (Scherer). — The  sulp/iatc, 
C^H'N^O^.H-SO*  +  H'^O,  forms  thin,  transparent,  crystalline  scales,  which  are  decom- 
posed by  water. 

A  solution  of  xanthine  in  amino7iia,  saturated  at  the  boiling  heat,  deposits,  on  cooling, 
crystals  of  xanthine-ammonia.  On  boiling  xanthine  -n-itli  baryta-water,  a  sparingly 
soluble  compound,  C^n'N^O'^.Ba"H-'0'',  is  produced.  (Strecker.) 

A  cold  saturated  aqueous  solution  of  xanthine  gives  white  precipitates  with  mer- 
curic chloride  and  silver  nitrate,  yellowish-green  flocks  with  cupric  acetate.  The 
ammoniacal  solution  of  xanthine  gives  white  procipit.ates  with  the  chlorides  of 
mercury,  zinc,  and  c.idmium  ;  with  nitrate  of  silver,  it  forms  yellowish-white  flocks  of  the 
compound  C-'H'N  'O^Ag'O,  which  turn  black  on  boiling. — From  a  solution  of  xanthine 
in  nitric  acid,  silver-nitrate  throws  down  flocks,  protiably  consisting  of  a  compound  of 
xanthine  with  silver-nitrate,  which,  if  left  in  the  hot  liquid,  gradually  become  crystal- 
line; water  abstracts  nitric  acid  from  them. 

The  silver-compound  of  xanthine,  heated  with  methylie  iodide,  yields  dimetliyl- 
xanthine,  C^II'-(CH^yN^O',  isomeric  but  not  identical  with  theobromine.  Strecker 
represents  the  relation  between  these  three  bases  and  caffeine  by  the  following  rational 
formulse : 

(CN)2  (CN)'  (CN)2  (CN)^ 

(CO)"  )  (CO)"  1  (CO)"  1  (CO)" 

... 


(C=H^O)"  N'';       (C-H^0)"lN2;     (C3H^O)"[N2;  (C3H^0)"^N^ 
H-     I  (CH^)''  j  H.CH'  J  (CH')*  ) 

Xanthine.  Dimethyl-  Theobromine.  Caffeine, 

xanthine. 

XANTHINXM-E.  C^H'N'O^.  (C.  Finck,  Ann.  Ch.  Pharm.  cxxxii.  298; 
Jahresb.  1864,  p.  642.) — A  base  produced,  together  with  sulphate  of  ammonium,  by 
heating  thionuratc  of  ammonium  to  200°: 

C'HXNH')'N'SO«  =  (NH^)-SO^  -y  C'WWO-. 
On  boiling  the  resulting  mass  with  water,  the  xanthinine  remains  as  a  yellow  pow- 
der, which  may  be  purified  by  solution  in  alkalis,  precipitation  with  acids,  and  treat- 
ment with  strong  nitric  acid.  It  dissolves  in  about  4,000  pts.  of  boiling  and  40,000 
pts.  of  cold  water,  to  a  light-blue  fluorescent  solution,  which  is  precipitated  white  by 
mercuric  chloride,  j'ellow  by  silver-nitrate.  It  dissolves  in  strong  nitric  and  hydi-o- 
chloric  acids,  somewhat  more  freely  than  in  water,  and  separates  therefrom  in 
crystalline  laminae.  The  solution  in  concentrated  sulphuric  acid,  decolorised  with  a 
little  nitric  acid,  deposits  sulphate  of  xanthinine  in  laminar  crystals,  which  are  decom- 
posed by  water,  with  separation  of  white  pulverulent  xanthinine.  On  dropping  an 
ammoniacal  solution  of  xanthinine  into  an  excess  of  silver-nitrate,  a  bulky  yellow 
silver-compound,  C'H^N'O^Ag"0,  is  formed,  insoluble  in  water  and  in  ammonia. 

XANTHIN'OCARPIIf.  A  yellow  colouring-matter,  contained,  according  to 
Cuzent(.Tahresb.  1859,  p.  564),  in  the  juice  which  exudes  from  incisions  in  the  bark 
or  fruit  of  Inocarpus  cdulis. 
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3£ASrTHnr-SPAR.    Syn.  with  Wui-fenitb  (p.  1049). 

XAVrTHXTAarE.  A  mineral  from  Green  Kiver,  in  Henderson  County,  North 
Carolina,  probably  a  pseudomorph  after  titanite.  It  is  earthy,  yellowish- white,  with 
faint  lusti-e ;  brittle;  hardness  =  3'5  ;  specific  gravity  =  2"7  to  3-0.  Gives  off  water 
when  heated  in  a  tube,  and  exhibits  with  fluxes  the  reactions  of  titanium.  (Shcpard, 
J.  pr.  Chem.  Bd.  Ixix.) 

XAITTHXTE.  A  variety  of  vesuvian  ocouring  at  Amity,  in  the  State  of  New  York, 
in  indistinct,  four-sided,  prismatic  crystals  and  crystalline  granules,  imbedded  in 
limestone.    (Dana,  ii.  199.) 

XASTTHOBETXC  ACXH.  An  acid  contained,  according  to  L.  Meier,  in  the 
root  of  Beta  vulgaris.  It  is  obtained  by  precipitating  the  cold  aqueous  extract  with 
neutral  acetate  of  lead,  boiling  the  precipitate  repeatedly  with  water,  then  drenching 
it  with  alcohol  of  80  per  cent.,  and  evaporating  the  extract  to  dryness  after  addition  of 
dihile  sulphuric  acid.  On  exhausting  the  brown  residue  with  cold  alcohol,  and 
evaporating,  xantliobetic  acid  remains  as  a  reddish-yellow  mass,  having  a  sovu-  taste, 
very  hygroscopic,  slightly  soluble  in  ether,  easily  in  alcohol  and  in  water.  Allcalis 
and  alkaline  earths  colour  it  red,  and  form  soluble  crystalline  salts,  from  which  the 
xantliobetic  acid  is  separated  by  stronger  acids  in  its  original  state.  The  xantho- 
betates  of  the  heavy  metals  are  insoluble,  and  are  obtained  by  precipitation.  (Handw. 
d.  Chem.  ix.  828.) 

X  ASTTHOCHYSISJS.  The  juice  of  Xanthochyinus  piciorius  (formerly  supposed 
to  contain  gamboge)  is  greyish-green,  and  contains  65-5  per  cent,  resin,  17'6  gum,  and 
6'9  woody  fibre;  no  volatile  oil.    (Christison,  Ann.  Ch.  Pharm.  Ixxvi.  347.) 

XAlTTHOCOBAZiTIC  SiVXaTS.  See  Cobalt-bases,  Ammoniacal  (i.  1054) ; 
for  the  view  of  their  composition  proposed  by  C.  J).  Braun,  see  Jahresb.  1862, 
p.  210;  1864,  p.  270. 

XANTHOCON'X:.  Ag'AsS*.2Ag''AsS'. — A  silver-ore  from  the  Himmelfiirst 
mine,  near  Freiberg  in  S.axony,  crystallising,  according  to  A.  Br  ei  th  aupt  (Pogg.  Ann. 
Ixiv.  272),  in  rhombohedral  plates,  having  a  brown  to  orange-yellow  colour  and  ada- 
mantine lustre;  transparent  to  translucent,  somewhat  brittle ;  hardness  =  2'3;  specific 
gravity  =  5'0  to  5'2. 

XAia-THOCTSTXir.    See  Tyeosine  (p.  931). 

XATTTHOGEW.  A  name  applied  by  Hope  (J.  pr.  Chem.  x.  269)  to  a  substance 
(called  "resin  of  flowers"  by  Clamor-Mar  quart),  which  he  supposed  to  be  very  widely 
diffused  in  the  vegetable  kingdom,  and  to  be  turned  yellow  by  alkalis.  (See  Flowebs, 
CoLouHS  OF,  ii.  608.) 

XAItrTKOCEXJ-OXIi.  Zeise's  name  for  an  oily  product  formed  by  the  dry  dis- 
tillation of  potassic  xanthate  (p.  498). 

XANTHOCIiOBVXiXH'.  This  name  was  given  by  S cherer  (Ann.  Ch.  Pharm. 
cxii.  2o7)  to  a  substance  which  he  obtained  in  yellow  globules,  together  with  sarcine, 
from  the  liver,  spleen,  and  other  organs  of  the  animal  body ;  subsequently,  however,  he 
found  that  it  was  a  mixture  of  xanthine  and  sarcine. 

XANTTHOXiCXN'.  A  yellow  colouring-matter  from  the  seed-capsules  of  Sorghum 
saccharatum. 

XANTHOXiEXn'.  A  yellow  colouring-matter  obtained  from  the  bark  of  Sorghum 
saccharatiim.    (Secard,  Itier,  and  Joulie,  Compt.  rend.  xliv.  19,  141.) 

XAXTTHOnSETBY^LXC  ACXD.    See  StnLFHOCABBONic  Eteebs  (p.  501). 

XASTTHOPBWIC  ACXB.  A  product  of  the  decomposition  of  opiammono  by 
aqueous  alkalis  (iv.  207). 

XAXTTKOPHEHXC  ACXB,  A  yellow  colouring-matter,  of  unknown  composi- 
tion, produced,  according  to  Fol  (E^p.  Chim.  App.  1862,  p.  179;  Jahresb.  1862, 
p.  697 ),  by  heating  phenol  or  cresol  with  arsenic  acid.  It  dissolves  in  water  with  golden- 
yellow  colour,  in  aqueous  alkalis  with  red  colour,  and  forms  reddish  salts.  The  free 
acid  dyes  silk  and  wool  yellow,  without  the  aid  of  mordants,  and  the  dyed  stuffs  may  be 
treated  with  soap.  The  xanthophenates  dye  silk  and  wool  red,  of  various  shades,  from 
the  darkest  red  to  the  lightest  rose-colour. 

XAXiTTHOPHVIi^L.  The  yellow  colouring-matter  of  withered  loaves.  Nothing 
certain  is  known  respecting  its  composition,  or  of  the  manner  in  which  it  is  formed 
from  chlorophyll.    (See  Handw.  d.  Chem.  2""  Aufl.  ii.  [2],  10,  art.  Blattgellb.) 
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XwAN'THOPHVI.I.ITE.    8ro  Ci.intonttk  (i.  102G). 

XAKTTHOPXCRIN'.  XAWTHOPICRITB.  These  names  wcro  given,  by 
Chcvallier  :md  I'ellotan  (Ann.  Ch.  Phys.  [2],  xxxiv.  200),  to  a  yellow  colouring- 
matter  from  the  bark  oi  Xanthni^ylon  carihceum,  since  shown  by  Perrins  (Pharm.  J. 
Trans.  [2],  iv.  405),  to  bo  identical  with  borberine  (i.  579). 

XASTTHOPItOTEIC  A.CXD.  An  acid  formed  by  tho  action  of  nitric  acid  on 
albumin,  fibrin,  casein,  and  horny  matters.  It  is  purified  by  boiling  water  and 
alcohol  (Miilder,  J.  pr.  Chem.  xvi.  397  ;  xx.  352).  It  is  an  orange-yellow,  amor- 
plious,  inodorous,  and  tasteless  substance,  which  reddens  vegetable  colours.  It  is 
charred  by  heat  without  melting,  diffusing  an  odour  of  burnt  horn  ;  forms  deep  red 
solutions  with  alkalis,  and  is  precipitated  therefrom  by  acids.  Dissolves  in  concen- 
trated acids,  and  is  precipitated  by  water  from  the  acid  solutions  in  combination  with 
the  acid  employed.    These  precipitates  are  decomposed  by  washing  : — 

Mulder.  Van  der  Pant. 

(Average  of  11  .analyses.) 

Carbon      .       .       .    5078  50-0 

Hydrogen  .       .       .      6  60  6-3 

Nitrogen    .       .       .    14-00  147 

Sulphur     ,       .       .       „  I'S 

Oxygen     •       .       .       „  ,, 

Miilder  considers  xanthoproteic  acid  to  be  dibasic,  and  ascribes  to  it  the  formula 
C'''*1F°N'0'  '.  Xanthoproteic  acid  is  decomposed  by  boiling  concentrated  potash,  yield 
ing  ammonia.  When  chlorine  is  passed  through  an  ammoniacal  solution  of  the  acid,  tho 
liquid  is  decolorised,  and  a  yellow  precipitate,  containing  chlorine,  is  formed. 

The  yotei'-smw- and  sodium-salts  do  not  crystallise  ;  they  have  a  fine  red  colour. — 
The  ammoinum-salt  is  red,  and  parts  with  all  its  ammonia  at  140°. — The  harium-  and 
calcium-salts  are  red,  very  soluble  in  water,  and  insolul)le  in  alcohol  and  in  ether. — 
The  harium-salt  contains  12'9  per  cent.  BaO  (Van  dor  Pant). — The  iron-  and  copper- 
salts  are  orange,  and  become  red  on  drying. — Tho  lead-salt  forms  a  yellow  precipitate 
becoming  red  by  desiccation,  and  contains  14  per  cent.  PbO. — Tho  siZvcr-sa^i  resombh  s 
the  preceding. 

Neither  the  acid  nor  its  salts  explode  by  heat. 

XANTHOPYKITE.    Syn.  with  InoN  Pyrites  (iii.  403). 

XAUTHORHAIV^NTM'.  A  yellow  colonriug-matter  obtained  from  Persian  or 
Turkey  beiTies,  tlio  seeds  of  Ehamm'S  amygdalinus,  E.  oledidcs,  R.  saxa/ili^,  and  from 
Avignon  grains,  the  seeds  of  B.  vifectorius  (p.  100).  According  to  Kane  (Phil.  Mag. 
[3],  xxiii.  3),  it  has  tho  composition  C^^H'-'O'*,  and  occiirs  only  in  the  ripe  Sfeds,  being 
formed  by  decomposition  of  tho  ehrysorhamnin  contained  in  the  unripe  seeds  (i.  900). 
It  is  also  produced  by  boiling  chrys(a-hamnin  with  water,  in  contact  with  the  air  ;  and 
when  unripo  Persian  berries  are  boiled  with  water  for  some  time,  and  dried,  they  are 
afterwards  found  to  contain,  not  ehrysorhamnin,  but  xanthorhamnin.  Xanthorhamnin 
dried  in  a  vacuum  over  oil  of  vitriol,  is  deliquescent,  melts  below  100°,  and  continues 
to  give  off  water  till  heated  to  200°,  and  then  solidifies  to  a  brittle  mass.  It  decom- 
poses above  200°,  dissolves  easily  in  water  aud  in  alcohol,  but  is  quite  insoluble  in 
ether.  The  aqueous  solution  is  precipitated  by  neutral  and  basic  acetate  of  load. 
(Kane.) 

According  to  Gellatly  (N.  Edinb.  Phil.  J.  vii.  252),  xanthorhamnin  has  the  com- 
position C'-'^II-'O''',  and  exists  ready-formed  in  the  unripe  berries.  To  obtain  it,  the 
coarsely-ground  berries  are  boiled  with  alcohol ;  the  tincture,  not  too  concentrated,  is 
freed  by  standing  und  repeated  decantafion  from  a  dark-brown  resin,  and  then  left  for 
some  days  to  crystallise;  and  the  product  is  purified  by  crystallisation  from  alcohol. 
Xanthorhamnin  thus  obtained  forms  compact  tufts  of  pale-yellow  .shining  crystals 
containing  5  at.  water,  which  they  give  off  without  melting  at  10(1°.  In  aqueous  solution 
it  is  rosinised  by  bromine  and  chlorine.  Nitric  acid  oxidises  it,  forming  a  red  solu- 
tion which  contains  oxalic  acid.  It  dissolves  in  strong  sulphuric  acid,  aud  is  thrown 
downi  as  a  yellow  precipitate  by  water.  By  boiling  with  dilute  acids,  it  is  resolved  into 
rhamnotin  and  glucose : 

C^H-'O'^  +  3IP0    =    C'H'oOs  +  2C''H'=0«. 

Xanthorhamnin.  Rliamnetin.  Glucose. 

Xanthorliamnin  dissolves  easily  in  water,  either  hot  or  cold,  but  cannot  be  separated 
from  the  solution  in  the  crystalline  form.  It  dissolves  in  cold  alcohol,  easily  in  boiling 
alcohol,  but  is  insoluble  in  ether.  Willi  aqueous  alkalis  it  forms  brown  solutions, 
which  become  paler  when  mixed  with  acids.  It  forms  precipitates  with  salts  of  the 
alkaline  earth-metals,  aluminium-salts,  aud  stannic  salts.  Neutral  lead-acetate,  mixed 
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■with  an  excess  of  alcoholic  xanthorhamnin,  gives  a  yellow  precipitate,  consisting,  in  the 
air-dried  state,  of  C^^H-^O'^PbO.  Xanthorhamnin  forms  a  black  precipitate  with 
iron-salts.  It  dyes  fabrics  mordanted  with  alumina,  a  fine  yellow;  those  mordanted 
with  iron,  black.  (Gellatly.) 

Hlasiwetz  (Ann.  Ch.  Pharra.  cxi.  108)  regards  xanthorhamnin  as  identical  with 
quercitrin  (p.  6)  and  rhamnetin  resulting  from  its  decomposition  as  identical  with 
quercetin  (p.  4).  This  is  doubted  by  Bolley  {ibid.  cxv.  55),  who,  however,  obtained 
quercetin  from  Persian  berries  (Chem.  Soc.  Qu.  J.  xiii.  328);  also  by  Gellatly 
(Chem.  News,  iii.  196  ;  Jahresb.  1860,  p.  497). 

3CAXrTHOKRH<EA.  RESZir.    Syn.  with  AcABoro  Kesin  (i.  2). 

XAXTTHORTHITZi.  A  yellow  mineral  from  the  KuUberg,  near  Stockholm, 
allied  to  orthite  orallanite,  and  containing,  according  to  Bahr  (Berz.  Jahresb.  xxvi. 
369\  32-93  per  cent.  SiO^  15-54  Al^'O',  4-21  FeO,  20-01  CeO  (with  LaO  and  DiO), 
6-76  CaO,  0-59  YO,  2-15  MgO,  0-39  MnO,  17-55  water,  and  a  small  quantity  of  car- 
bonic acid. 

XANTBOSIDERITE.  A  hydrated  ferric  oxide,  'E&^0^.2W0,  occurring  in 
acicular  or  fibrous  crystalline  groups,  near  Ilmenau  in  the  Thuringian  Forest.  (E. 
Schmid,  Pogg.  Ann.  Ixxxiv.  495.) 

XANTHOTAITSrxC  ACXS.  The  name  given  by  Ferrein  (Jahresb.  1868,  p. 
463)  to  the  yellow  colouring-matter  of  elm-leaves,  which  he  regards  as  a  tannic  acid. 
The  alcoholic  extract  of  yellow  elm-leaves  gave,  when  treated  with  water,  a  yellow- 
brown  liquid,  from  which  acetate  of  lead  threw  down  xanthotannate  of  lead, 
3Pb0.2C"H'»0^ 

XAH'THOXYX.EN-JE:.    C'°H'«.    (Stenhouse,  Pharm.  J.  Trans,  xvii.  19.)— The 

volatile  oil  of  Xanthoxylon  piperitmn,  Dec.  {Fagara  piperita,  L.),  the  so-called  Japan- 
pepper.  It  is  colourless,  strongly  refractive,  has  an  aromatic  odour  not  altered  by 
treatment  with  sodium ;  boils  at  162° ;  forms  a  liquid  compound  with  hydrochloric 
acid. 

Xil.iarTHOXYX.XIir.    (Stenhouse,  Pharm.  J.  Trans,  xiii.  423;  xvii.  19.) — A 

crystalline  non-nitrogenous  camphor  or  stearoptene,  which  separates,  on  cooling,  from 
the  oil  obtained  by  distilling  the  bruised  seeds  of  XantJwxylon  piperitum  with  water. 
It  may  also  be  prepared  by  evaporating  the  alcoholic  extract  of  the  fruit ;  the  crystals 
thus  obtained  are  contaminated  with  resin,  but  may  be  purified  by  washing  with  cold 
aqueous  ammonia,  and  recrystallising  from  alcohol  or  ether-alcohol. 

Xanthoxylin  forms  monoclinic  crystals,  having  a  silky  lustre,  a  faint  odour,  and  a 
slight  aromatic  taste.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and 
ether,  melts  at  80°,  solidifies  at  78°,  and  may  be  distilled  without  decomposition. 
Nitric  acid  oxidises  it  to  oxalic  acid.  The  alcoholic  solution  is  not  precipitated  by 
nitrate  of  silver,  or  acetate  of  lead,  even  on  addition  of  ammonia. 

XA.XTTKOX'S'l^OII'.  The  bark  of  X.  caribcBum,  Lum.,  or  X.  Clam  Herculis,  L., 
used  in  the  Antilles  as  a  febrifuge,  contains,  according  to  Staples  (Pharm.  J.  Trans. 
[2],  iv.  399),  avolatile  oil,  a  green  fixed  oil,  gum,  and  a  crystallisable  bitter  principle, 
designated  by  him  as  xanthoxylin,  and  regarded  by  B en tley  (iiirf.),  as  probably 
identical  with  the  xanthopicrite  of  Chevallier  and  Pelletan  (p.  1053)  ;  accordingto 
Perrins,  however,  the  two  bodies  are  distinct,  xanthopicrite  being  in  fact  identical 
with  berberine. 

The  fruit  of  X.  piperitum  contains  a  volatile  oil,  xan  thoxy  len  e,  and  a  crystalline 
camphor,  xanthoxylin  (vid.  sup.) 

XAUTHirKXir.  The  name  given  by  Couerbe  to  a  liquid  compound,  C^H^SO^ 
which  he  supposed  to  be  produced  by  the  dry  distillation  of  potassic  or  plumbic 
xanthate. 

XANTHYBBXC  ACXD,    Syn.  with  Peestophocyanic  Acid  (iv.  378). 

XEITOZiXTE.  An  aluminic  silicate,  occurring  at  Peterhof  in  Finland,  in  fibrous 
layers  liaving  a  vitreous  lustre,  hardness  =  7-0,  and  specific  gravity  =  3-5.  Con- 
tains 47-44  per  cent,  silica,  and  52-64  alumina.    (Komonen,  Pogg.  Ann.  Ivi.  643.) 

XEXTOTinZE.    Native  phosphate  of  yttrium.    (See  Phosphates,  iv.  686.) 

XENVXiAnxiia-E.    C'2H:"N  =     jjzfN.  ilfartytemwe.  (Hofmann,  Proc  Eoy. 

Soc.  xii.  389.) — A  monamine  isomeric  with  diphenylamine,  occurring  in  the  basic  oil, 
boiling  above  130°,  which  is  obtained  as  a  bye-product  in  the  manufacture  of  aniline. 
This  mixture  of  oily  bases,  neutralised  with  sulphuric  acid,  deposits  impure  sulphate 
of  xenylamine,  which  may  be  purified  by  treating  it  with  boiling  alcohol,  crystallising 
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the  remaining  salt  from  a  large  quantity  of  boiling  water,  and  again  treating  it  with 
boiling  alcohol.  Ou  suspending  the  pure  sulphate  thus  obtained  in  weak  alcohol, 
decomposing  it  with  caustic  soda,  and  adding  water,  xenylamine  separates  in  tlie 
crystalline  form,  and  may  be  purified  by  solution  in  alcohol,  and  precipitation  with, 
water. 

Pure  xenylamine  forms  white  shining  scales  or  needles,  having  a  slight  grey  tint 
when  dry.  It  is  but  slightly  soluble  in  boiling  water,  easily  in  alcohol  and  in  ether  ; 
melts  at  45°,  boils  at  320°,  and  distils  without  decomposition.  It  unites  with  acids, 
forming  crystallisable  salts. — The  hydrochloratc,  C'-H"N.HC1,  forms  white  needles, 
somewhat  more  soluble  than  the  sulphate. — The  cMoro-p! fit inate,  2(C'-H"N.HCl).PtCl'. 
ffO,  is  a  pale-ycllow  precipitate,  composed  of  microscopic  needles ;  does  not  give  off 
its  water  of  crystallisation  at  160°. — The  7iitrate,  C'-H"N.HNO^  forms  large  white 
needles,  moderately  soluble  in  water. — The  s!fi[pArt<e,(C'-H"N)^.H-SO',is  distinguished 
by  its  sparing  solubility  in  cold  and  even  in  boiling  water  ;  it  is  but  little  more 
soluble  in  boiling  alcohol.  From  the  boiling  aqueous  solution  it  separates  in  small 
needles. 

Derivatives  of  Xenylamine. 

Xenylamine  shows  less  tendency  than  most  other  monamines  to  the  formation  of 
substitution-derivatives. — With  bromine,  chlorine,  and  most  oxidising  agents,  it  yields 
black  compounds,  which  crystallise  with  difficulty,  or  not  at  all. — Wlien  nitrous  avid 
gas  is  passed  into  an  alcoholic  solution  of  xenylamine,  the  liquid  soon  solidifies  to  a 

red  crystalline  mass,  consisting  of  an  azodixenylamine,  C-^H"N'  =  C^'(II"N)N',  or  a 
double  molecule  of  xenylamine,  in  which  3  at.  H  are  replaced  by  1  at.  N: 

4C'2H"N  +  N^O'    =    2C2''H"'N'  +  3H''0. 

This  body  is  insoluble  in  water,  slightly  soluble  in  alcohol,  freely  in  ether.  When 
treated  with  acids,  it  yields  xenylamine,  and  an  aromatic  substance  not  yet  examined. 

Diethyl-xenylamine,  C'll"!^  =  (Q2J£^)^|^'  obtained  in  aqueous  solution  by 
treating  xenylamine  with  ethylic  iodide  and  silver-oxide  alternately.  On  evaporating 
the  solution,  it  crystallises  in  long  white  needles,  insoluble  in  water,  moderately  solu- 
ble in  alcohol,  easily  in  ether;  it  has  no  alkaline  reaction,  melts  below  100°,  and 
volatilises  without  decomposition  at  a  higher  temperature.  It  forms  crystallisable 
salts  with  hydrochloric,  hydrobromic,  and  hydriodic  acids. 

Uiethyl-xonylamino  is  not  further  acted  upon  by  iodide  of  ethyl.  — With  iodide 
of  methyl,  however,  it  yields  an  ammonium-base,  which  has  an  alkaline  reaction 
in  the  free  state,  and  forms  a  crystaUine  chloroplatinate,  2C"H-'^NCl.PtCl'  = 
2(C''''H')(C-H=';-(CH^)NCl.PtCP. 

XEinri^EIl'E-DXAniXXrE.  This  name  is  given  by  Hofmann  to  benzidine 
/ni2Tja\"» 

H*   1  '  ^^^^^      ^  ^^'^^i  related  to  xenylamine  in  the  same  man- 

ner as  ethylene-diamine  (ii.  585)  is  related  to  ethylamine. 

XENTXiEirXC  A.I.COHOI..    C'^H'^O-  =   ^^'-^'^  1 0".  Biphevyl-alcohol.  Bi- 

fhcnylic  Acid.  (Griess,  Chem.  Soe.  J.  xx.  96.) — A  diatomic  alcohol,  produced  by  the 
action  of  water  on  nitrate  of  diazobenzidine  (iv.  412) : 

C'2H«N'.2HNO^  +  2II-0    =    C'^H'oO^  +  2HN0'  -h  2N^ 

It  crystallises  in  small  white  or  slightly  coloured  plates  or  needles,  slightly  soluble  in 
water,  freely  in  alcohol  or  ether.  It  melts  when  heated,  and  may  be  sublimed  by 
cautiously  heating  small  quantities  of  it  in  a  test-tube.  It  dissolves  easily  in  potash, 
and  is  precipitated  therefrom  by  acids.  Strong  aqueous  ammonia  also  dissolves  it,  and 
the  solution  gives  a  white  bulky  precipitate  with  acetate  of  lead.  Strong  nitric  acid 
converts  it  into  a  nitro-acid,  which  crystallises  in  yellow  roundish  crystals,  and  forms 
an  ammonium-salt  crystallising  in  long  needles. 

XEHASITE.    A  decomposing  lava-mass  containing  hornblende,  from  Vesuvius. 
XIXiITE.    Syn.  with  Xtlite. 
XIIiOPOXi.    Syn.  with  Xylopol. 

XUTHEME.  The  sulphide  of  this  radicle,  C^H'H'S',  was  supposed  by  Volckel 
to  be  produced,  together  with  several  other  doubtful  compounds,  by  the  decomposition 
of  persulphooyanic  acid  (iv.  379). 

XYXiENE,  or  XYX.OI.,  CH'"  =  Bimcthylbenzcne,  CH^CH')' ;  isomeric  with 
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Eihi/lhemene,'C^Jl\C-'K^). — This  hydrocarbon,  homologous  with  benzene  and  toluene, 
was  first  obtained  in  the  pure  state  from  coal-naphtha  by  Hugo  Miiller  (Zeitsehr. 
Ch.  Pliarm.  186i,  p.  161),  its  trinitro-compound  having  been  previously  prepared 
from  Burmese  naphtha  by  Warren  De  la  Rue,  andHugo  Miiller  in  1856  (Proe. 
Roy.  Soc.  viii.  225).  It  was  afterwards  prepared  in  larger  quantity  from  coal- 
naphtha,  and  further  examined  byBeilstein,  Wahlforss,  and  R6ssler(Ann. 
Ch.  Pharm.  cxxxiii.  32;  Jaliresb.  1864,  p.  629).— Fi  ttig,  in  1864  (Ann.  Ch.  Pharm. 
cxxxiii.  47),  showed  that  it  may  be  formed  synthetically,  as  dimethylbenzene  (methyl- 
benzyl). 

Xylene  had  been  obtained,  mixed  with  toluene  and  other  liydrocarbocs,  several 
years  before  it  was  completely  isolated.  The  hydrocarbon  (boiling  at  128° — 130°), 
obtained  by  Caliours  (Compt.  rend.  xxx.  319),  and  by  Volckel  (Ann.  Ch.  Phann. 
Ixxxvi.  335),  was  evidently  a  mixture  of  xylene  and  toluene;  so  likewise  was  the  so- 
called  xylene  (boiling  at  126-2°),  prepared  by  Chiirch  (Chem.  Soc.  J.  xiv.  52)  from 
coal-naphtha.  Nearly  pure  xylene  had  previously  been  obtained  from  coal-naphtha  by 
Mansfield,  Ritthausen,  and  Hilkenkamp  ;  but  they  regarded  itas  cnmone.  The 
hydrocarbon,  boiling  at  145° — 148°,  and  likewise  described  as  cumene,  separated  by 
Cahours  (Ann.  Ch.  Pharm.  Ixxvi.  286)  from  crude  wood-spirit,  and  the  so-called 
retinyl,  boiling  at  150°,  obtained  by  Pelletier  and  Walter  {ibid,  xxiii.  150; 
xxviii.  297),  from  the  distillation-products  of  the  resin  of  Pinus  maritima,  also  con- 
sisted mainly  of  xylene.  Lastly,  the  hydrocarbon  called  petrol  (iv.  383),  found  by 
BusseniusandEisenstiickin  the  petroleum  of  Sehnde  near  Hanover,  is  evidently 
identical  with  xylene. 

Preparation. — 1.  From  Coal  -  naphtha. — Light  coal-naphtha,  or  (better)  theleast 
volatile  portion  of  that  which  has  been  distilled  off  in  benzene  manufactories  (boiling 
at  130°— 160°),  is  subjected  to  repeated  fractional  distillation,  to  separate  the  portion 
which  boils  at  about  141°  ;  this  portion  is  shaken  up  with  oil  of  vitriol  containing  a 
little  fuming  sulphuric  acid,  which  dissolves  the  xylene  as  xylene-sulphurie  acid, 
leaving  undissolved  a  small  quantity  of  a  hydrocarbon  of  the  marsh-gas  series  (proba- 
bly C'°H'-'',  boiling  at  151°),  and  of  another  having  the  composition  of  turpentine; 
the  xylene-sulphuric  acid  is  decomposed  by  dry  distillation  ;  and  the  xylene  which 
passes  over  is  purified  by  washing,  drying,  and  distillation.  (Beilstein.) 

2.  By  syn  thesis. — By  the  action  of  methylic  iodide  and  sodium  on  monobromo- 
toluene  (Fittig) : 

C^H'Br.CH^  +  CH^I  +  Na^    =    NaBr  +  Nal  -i-  Cm^iQWY. 

Bromotoliiene.  Xylene. 
Properties  and  Reactions. — Xylene  is  a  colourless  liquid,  having  a  very  faint  odour, 
diiierent  from  that  of  benzene.  Specific  gravity  =  0-86  at  19°.  Boils  constantly  at 
139°.  According  to  Warren  (Jahresb.  1865,  p.  514),  its  specific  gravity  is  0-8780  at  0°, 
0-866  at  15°;  boiling-point  (corrected)  139-8°.  By  oxidation  -with  potassie  bichro- 
mate and  sulphuric  acid,  it  yields  terephthalic  acid,  CH'^O^ ;  dilute  nitric  acid  con- 
verts it  into  the  intermediate  product,  toluic  acid,  CH^O^ : 

C«H'»  -(-  0»  =  C^'H'O'  +  WO. 
C»H'°  +  0"    =    CH'^O'  +  2W0. 

Probalily,  in  the  former  case,  toluic  acid  is  first  formed,  and  then  further  oxidated  to 
terephthalic  acid  ;  in  fact,  toluic  acid  is  actually  transformed  into  terephthalic  acid  by 
oxidation  with  chromic  acid.  (Beilstein  and  De  Scheffer,  Zeitsehr.  f.  Chcm. 
18G5,  p.  212.) 

Xylene,  passed  in  the  state  of  vapour  through  a  red-hot  tube,  is  resolved  into  a  mix- 
ture of  several  hydrocarbons — viz.,  benzene  ;  toluene  ;  a  hydrocarbon,  CH*,  probably 
styrolene ;  naphthalene ;  liquid  hydrocarbons  boiling  between  250°  and  320° ; anthracene, 
C"H'".  and  probably  its  higher  homologues;  and,  lastly,  orange-coloured  hydrocarbons 
of  resinous  and  bituminous  consistence,  analogous  to  chrysene,  benzerythrene,  &c. 
The  formation  of  these  products  may  be  represented  by  the  following  equations  : 
C"H'»  -  H^    =  C«H3 

Xylene.  Styrolene. 

3C«H'»    =    2C'Hs  +  C'"H«  + 

Xylene.  Toluene.  Naphtha- 

lene. 

The  anthracene,  C'^H'",  is  produced  by  the  dehydi-ation  of  toluene.  (Berthelot, 
Bull.  Soc.  Chim.  1867,  i.  227.) 

Ethylbenzene,  C'H^.C'^H''. — This  hyda-ocarbon,  isomeric  with  xylene,  is  pro- 
duced by  the  action  of  sodium  on  a  mixture  of  monobromobenzene  and  ethylic  bromide. 
It  is  a  colourless  mobile  liquid,  very  much  like  toluene,  and  boiling  constantly  at  133°. 
By  oxidation  with  potassie  bichromate  and  sulphuric  acid,  it  yields  benzoic  acid. 
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Derivatives  of  Xyhnc. 

Tho  chlorine-  and  bromine-derivatives  of  xylene  have  not  been  mueh  inrcsfigatpd. 
Theoretically,  they  should  exhibit  isomeric  modifieatious,  similar  to  those  of  tho  to- 
luene-derivatives (p.  852),  but  in  greater  number,  inasmuch  as  xylene  contains  two 
atoms  of  methyl,  whereas  toluene  contains  only  one.  Thus  there  should  bo  two  xylylic 
chlorides  corresponding  to  lienzylchloride,  the  one  being  isomeric  with  monochloro- 
xyleno,  the  other  with  dichloroxylene  ;  thus — 

Monochloroxylene,  CH'Cl  j  qjjj,  isomeric  with  ^'H' j  jjjQp  first  chloride. 

Dichloroxylene,  CTI'CP  I  „         „    CH^  |  ^^!^|,  second  chloride. 

From  experiments  by  Korner,  it  appears  that  both  these  chlorides  are  produced  when 
xylene  is  treated  with  chlorine  at  the  boiling  heat. 

Bromo-xylenes.  (Richeand  Bcrard,  Ann.  Ch.  Pharm.  cxxxiii.  53. — Beilstein 
and  Wahlforss,  ibid.  46.— Fittig  and  Ernst,  Zoitschr.  Ch.  Pharm.  1865,  p.  572.) 
— When  bromine  is  made  to  flow  slowly  into  xylene,  a  large  quantity  of  hydro- 
bromie  acid  escapes,  and  the  colour  of  the  bromine  disappears  almost  immediately. 
On  siiaking  up  the  product  with  potash-Icy,  distilling  over  caustic  potash  (best  with 
addition  of  a  little  alcohol,  to  prevent  percussive  ebullition),  and  purifying  by  fractional 
distillation,  mo nobro m oxyle ne,  C"H'Br,  is  obtained  as  a  colourless  liquid,  of 
.specific  gravity  1-335  at  20",  boiling  at  212°  (Wahlforss),  at  203°— 204°  (Fittig 
and  Ernst),  at  203"  (Kekule).    Its  vapour  does  not  excite  tears. 

The  more  highly  brominated  derivatives  of  xylene  are  produced  in  small  quantity  by 
the  process  just  described  (Kekul^).  Riche  and  Berard,  by  treating  xylene  with 
bromine  for  several  days,  obtained  an  oily  product,  which  was  converted  by  nitric  acid 
into  a  crystallisable  nitro-compound,  C'H''Br'(NO'^) ;  the  bromine-compound  was  there- 
fore tribromoxylene,  C'H'Br'. 

Ethylbenzene  is  slowly  attacked  by  bromine,  forming  mouobromo-ethylbenzene, 
which  is  a  liquid  boiling  at  about  200°.  When  heated  with  bromine  to  100'',  it  yields 
more  highly  brominated  compounds,  which  are  also  liquid.  (Fittig,  Ann.  Ch.  Pharm. 
cxxxiii.  226.) 

Cbloro-xylenes.  (Hollemann,  2^itsehr.  f.  Chem.  1865,  p.  554  ;  Jahresb.  1865, 
p.  554.— Vollrath,  Zeitschr.  f.  Chem.  1866,  p.  488 ;  Jahresb.  1866,  p.  605.— Lauth 
and  Grimaux,  Bull.  Soc.  Chim.  1867,  i.  233  ;  Ann.  Ch.  Pharm.  cxlv.  115.) 

Monochloro-xylcne,  C'H^Cl(CH^)-,  has  not  yet  been  obtained  ;  but  the  isomeric 

compound,  toluylic  chloride,  or  chloride  of  toluyl,  C^H'jgjjo^p  is  produced 

by  the  action  of  chlorine  on  xylene  at  the  boiling  heat  (Vollrath,  p.  870),  or  by 
passing  chlorine-gas  into  vapour  of  xylene,  and  subjecting  the  proluct  to  repeated  frac- 
tional distillation  (Lauth  and  Grimaux).  It  is  a  clear  colourless  liquid,  which 
excites  a  copious  flowoftears;  boils  between  190°  and  195°  (Lauth  and  Grimaux) ; 
at  193°  (Vollrath).  It  precipitates  a  solution  of  silvcr-nitratc  even  in  the  cold,  ,and 
when  boiled  with  acetate  of  silver,  yields  chloride  of  silver  and  acetate  of  toluyl 
(p.  869).  Heated  for  an  hour  with  i  mol.  nitrate  of  lead  and  6  or  7  times  its  weight 
of  water,  it  is  converted  into  toluic  aldehyde,  CH"©  (Lauth  and  Grimaux).  It  is 
decomposed  by  sodium,  yielding  toluyl,  (C"H°)',  and  when  treated  with  cyanide  of 
potassium,  in  presence  of  alcohol,  it  yields  alphaxylylic  acid,  C''H"'0^  (Vollrath.) 

Bichloro-xylene,  CIPCF  =  C*H'C1- j ^ j^a,  is  produced  by  passing  chlorine, 

nearly  in  the  quantity  required  by  theory,  into  xylene  containing  a  small  quantity  of 
iodine,  and  purifying  the  product  by  fractional  distillation.  It  crystallises  in  white 
laminae,  melts  at  the  heat  of  the  hand,  and  boils  at  222° ;  dissolves  easily  in  alcohol  and 
in  benzene.  It  does  not  exhibit  double  decomposition  with  acetate  or  cyanide  of  po- 
tassium, even  at  12o°. — Sodium  attacks  it  readily,  producing  a  solid  hydrocarbon,  not 
yet  examined.  (Hollemann.) 

The  same  or  an  isomeric  compound  is  produced,  together  with  tlie  monochlorinated 
compound,  in  the  process  just  described,  and  is  deposited  in  the  .'•olid  form  \vhen  the 
portions  of  the  crude  product  which  distil  over  between  230°  and  240°,  and  between 
240°  and  250°,  are  cooled  by  a  freezing  mixture.  It  may  be  piu'ilicd  by  piressure,  and 
cryst-allises  by  slow  evaporation  from  a  large  quantity  of  ether,  or  a  mixture  of  ether 
and  alcohol,  in  rather  large,  transparent,  shining  crystals.  It  melts  at  100°,  and  solidi- 
fies to  a  radiate  mass  on  cooling;  distils  between  240°  and  245°,  being  for  the  most 
part  decomposed  at  the  same  time.    (Lauth  and  Grimaux.) 

Triehloro-xylene,  C'H'Cl',  is  easily  produced  by  passing  chlorine  into  xylene 
Vol.  V.  3  Y 
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mixed  with  iodine,  till  the  mass  becomes  solid.  It  boils  at  254° — 256°,  and  forms  white 
silky  needles,  easily  soluble  in  warm  alcohol  and  benzene,  sparingly  in  the  same  liquid 
when  cooled.  (Hollemann.) 

Etbyl-sylene,  C'»H'<  =  C'H'CC^H^)  =  C«H'(CH3)2(C2H5),  is  produced  (like 
ethyltoluene,  p.  857)  by  the  action  of  sodium  on  a  mixture  of  monobromoxylene  and 
ethylic  bromide.  It  is  a  liquid  having  a  specific  gravity  of  0-8783  at  30°,  and  boiling 
at  183° — 184°.  When  warmed  with  nitrosulphuric  acid,  it  is  converted  into  a  trini- 
tro-compound,  crystallising  from  alcohol  in  needles,  and  melting  at  119°.  By  oxida- 
tion with  chromic  acid,  it  yields  an  acid  resembling  terephtlialic  acid,  but  more  easily 
soluble  in  alcohol.    (Fittig  and  Ernst,  Ann.  Ch.  Pharm.  cxxxix.  184.) 

nXetbyl-xylene,  C'H'^  =  C»H''(CH5)  =  C«H'(CH^)^  prepared  in  like  manner, 
boils  at  165° — 166°,  and  unites  with  a  small  quantity  of  bromine  (with  evolution  of 
hydrobromic  acid),  forming  a  solid  bromide,  which  crystallises  from  alcohol  in  laminae, 
melts  at  73°,  and  is  identical  with  bromide  of  cumene.  The  barium-salt  of  the  sid- 
pho-acid  of  methyl-xylene  reacts  also  exactly  like cumene-sulphate  of  barium.  (Fittig 
and  Ernst.) 

ITitro-xylenes.  (Muller,  Zeitschr.  Ch.  Pharm.  1864,  p.  161. — Beilstein,  Ann. 
Ch.  Pharm.  cxxxiii.  45. — Fittig,  ibid,  cxxxiii.  48. — G-linzer  and  Fittig,  ibid. 
cxxxvi.  307. — Deumelandt,  Zeitschr.  f.  Chem.  1866,  p.  21.) — Wlien  xylene  (either 
from  coal-naphtha,  or  prepared  synthetically)  is  dissolved  in  cold  fuming  nitric  acid, 
and  water  is  added  to  the  solution,  a  heavy  oil  separates  out,  consisting  chiefly  of 
mononitroxylene,  but  often  depositing  crystals  of  dinitroxylene  after  long  standing. — 
Mononitroxylenc,  C'H"(NO^),  is  a  liquid,  and  when  pure  distils  without  decompo- 
sition ;  on  distilling  the  crude  product,  however,  explosive  decomposition  takes  place 
towards  the  end,  arising  from  admixed  dinitroxylene.  Mononitroxylene  boils  at  240°. 
(Deumelandt.) 

Binitro-xylene,  CTI'(NO^)',  is  solid,  and  crystallises  from  dilute  alcohol  inhighly 
lustrous  crystals,  which  melt  at  93°.  From  synthetically-prepared  xylene,  Fittig  and 
Glinzer  obtained,  together  with  the  dinitroxylene  just  described,  an  isomeric  modifica- 
tion, melting  at  123-5°. 

Trinitro-xylene,  C'H'(NO-)',  is  easily  produced  by  the  action  of  a  mixture  of 
nitric  and  sulphuric  acids  upon  xylene,  by  prolonged  contact  at  ordinary  temperatures, 
more  quickly  when  heated.  It  is  solid,  and  slightly  soluble  in  cold  alcohol ;  from 
boiling  alcohol  it  crystallises  in  needles  which  melt  at  177°  (Beilstein).  By  the 
action  of  reducing  agents  it  is  converted  into  dinitroxylidine  or  nitroxylene-diamine 
(p.  1059). 

The  compound  C*II'(NO'^)',  described  (iv.  382)  as  trinitropetrol,  melts  at  162°. 

By  the  action  of  nitrosulphuric  acid  on  synthetically-prepared  xylene,  and  on  the  two 
modifications  of  dinitroxylene,  Glinzer  and  Fittig  obtained  crystallisable  trinitroxylene 
melting  at  137°. 

Ethylbenzene,  C''H*(C^II^),  dissolves  easily  and  with  violent  action  in  cooled 
fuming  nitric  acid,  and  water  added  to  the  solution  throws  down  mon  onitro-ethyl- 
benzene,  C'H°(NO^),  which  distils  without  decomposition  at  233°.  At  ordinary  tem- 
peratures the  nitration  does  not  proceed  any  further ;  but  on  warming  the  liquid,  or 
on  dropping  ethylbenzene  into  a  warmed  mixture  of  2  vols,  sulphuric  and  1  vol.  nit:ic 
acid,  and  adding  water,  dini  tro-ethylbe  nzene,  CTI*(NO-)^,  separates  as  a  non-dis  ■ 
tillable  oil.  Tiiis  compound,  boiled  for  an  hour  with  nitrosulphuric  acid,  is  converted 
into  trinitro -et hy Iben zone,  C'H'(NO^)',  which  is  also  a  non-distillable  oil. 

Azo-xylene,  CH'N,  or  CH"*]^^. — Produced  by  the  action  of  sodium-amalgam  on 
nitroxylene.  Crystallises  in  brick-red  needles,  which  melt  at  120°,  and  vohitilise 
without  decomposition.  If  the  treatment  with  sodium-amalgam  be  further  continued, 
colourless  crystals  are  obtained,  which  dissolve  very  easily  in  alcohol  and  ether,  and 
sublime  even  when  the  ethereal  solution  is  evaporated:  they  probably  consist  of  hy- 
dro-azoxylene,  C'^H^N^  (Werigo,  Zeitschr.  f.  Chem.  1864,  p.723  ;  1865,  p.  312.) 

XYI.EHXl-DXA.niXM'S.    Syn.  with  Xyltlene-diaminb  (p.  1061). 

XTi.£iivr&-sui.PHOCHl.OBXDE.  CsH'SClO^  =  C«H'(CH'')^SO^C].  (Yssel 
de  Scheffer,  Zeitschr.  f.  Chem.  1865,  p.  360.) — This  compound  is  obtained,  as  a  yel- 
low non-distillable  oil,  by  triturating  xylene-sulphate  of  sodium  with  pentachloride  of 
phosphorus,  warming  the  mixture,  and  pouring  the  product  into  water.  By  the  action 
of  zinc  and  sulphuric  acid,  it  is  reduced  to  xylene-sulphydrate ;  when  treated  in  ethereal 
solution  with  sodium-amalgam,  it  is  converted  into  xylene-sulphurous  acid. 

xiri.EN-E-sui.PEW3eic  ACID.  C^H'^SO^  =  C^H'.SO'H  =  C«h;'(CH')». 
SO'H.  Xylolsulphuric  Acid.  Sulphoxylolic  Acid.  Xylylsulphurous  Acid.  (Church, 
Jahresb.  1855,  p.  634. — Beilstein  and  AVahlforss,  Ann.  Ch.  Pharm.  cxxxiii.  38. — 
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Fittig  and  Glinzor,  ibid,  cxxxvi.  305.) — This  compound  (partly  described  as  xyljl- 
sulphurous  acid,  p.  50.5)  is  produced  by  the  actiou  of  strong  sulphuric  acid  on  xylene  ; 
if  the  mixture  be  warmed  in  the  water-bath,  and  frequently  shaken  with  fuming  sul- 
phuric acid,  the  action  is  quicker. 

Xylene-sulphuric  acid  is  crystallisablc,  and  extremely  soluble  in  water:  by  dry  dis- 
tillation it  yields  xylene. — Its  potassium-salt  is  easily  soluble  in  water  and  in  alcohol, 
and  crystalli.ses  from  alcohol  in  silky  laminae. — The  barium-soli,  C'H'.I?a"(SO'')'.H-'0, 
forms  spherical  groups  of  shining  scales,  very  soluble  in  water,  and  giving  off  their 
water  of  crystallisation  over  oil  of  vitriol. — The  calcium-,  lead-,  and  ci)pper-salts  are 
very  soluble  in  water  and  in  alcoliol. 

Amidoxylcnc-sidphuric  Acid.,  CTI"(NH'').SO'H  =  C''•H•-(NH')(CH')^SO»H.— X^jrf- 
ine-sulphuric  Acid. — Obtained  by  heating  sulphate  of  xylidine  with  sulphuric  acid. 
Crystallises  from  dilute  aqueous  solution  in  needles,  and  is  so  sparingly  soluble  in 
water  that  it  may  bo  precipitated  from  its  salts. — The  barium-salt  farms  nodules 
easily  solubh'  in  water.    (Deumelandt,  Zeitschr.  f.  Chem.  1866,  p.  22.) 

XTX.ENE-STTI.PHUKOUS  ACXS.  C»H'"SO'  =  CW.SO-'H  =  CWiGWy. 
SO^H. — A  viscid  uncrystalli  sable  oil,  produced  by  the  action  of  sodium-amalgam  on  an 
ethereal  solution  of  xylcno-sulphochloride.    (Otto,  Zeitschr.  f.  Chem.  1<S66,  p.  583.) 

XTX.EXrE-SVX.PHYDK.O.TE.  C-II'^S  =  CH'.SH  =  C«HXCH')2.,SH.  Xy- 
Msulplii/dratc.  Xyli/lsulphi/drate.  Xi/lylic  Mcrcapta7i.  (Ysscl  de  Scheffer, 
Zeitschr.  f.  Chem.  1865,  p.  3G0.) — Produced  by  the  action  of  zinc  and  sulphuric  acid 
on  xylene-sulphochloride.  It  is  a  colourless,  strongly  refracting  oil,  insoluble  in  water, 
soluble  in  alcohol  and  in  ether.  Boils  at  213^. — Its  mcrcury-cumpoimd  crystallises 
from  alcohol  in  white  scales  having  a  silky  lustre. — The  lead-salt  in  precipitated  from 
alcoholic  solutions  as  a  powder  of  a  fine  yellow  colour.— The  copper-  and  siloir-s(dts  are 
pale-yellow  unstable  precipitates. 

Xyloue-sulphydrate  is  strongly  attacked  by  bromine  and  by  pentachloride  of  phos- 
ph,orus,  probably  forming  disulphide  of  xylene. 

XTIiEIffYIi.    Syn.  with  Xylyl  (p.  1061). 

XYIiIDAnXXM-X:.  ) 

XTXtZDINB.  C»II"N  =  CTP(NH2).  Amidoxi/lcne.  Amido.rylol.  (Church,  Phil. 
Mag.  [4],I.x.  256.— Deumelandt,  Zeitschr.  f.  Chem.  1866,  p.  21.)— This  base,  homo- 
logous with  aniline,  toluidine,  and  cumidine,  and  isomeric  witli  ethyliiniline,  dimethyl- 
aniline,  and  coUidiue,  is  produced  by  the  action  of  sulphide  of  ammonium,  ferrous 
acetate,  or  stannous  chloride  on  nitroxyleue.  When  this  nitro-compound  is  treated 
with  tin  and  hydrochloric  acid,  the  whole  solidifies  on  cooling  to  a  cryst;illine  mass, 
consisting  of  a  compound  of  hydroehlorate  of  xylidine  with  stannous  chloride,  which, 
by  recrystallisation  from  strong  hydrochloric  acid,  may  be  obtained  in  large  scaly 
crystals.  By  decomposing  this  compound  with  sulphuretted  h>'drogen,  and  evapo- 
rating the  filtrate,  crystallised  hydroehlorate  of  xylidine  is  obtained,  which  forms  an 
easily  decomposible  double  salt  with  pLitinic  chloride. 

Free  xylidine  may  be  obtained  by  distilling  the  hydroehlorate  with  dry  soda — or 
(bettor)  by  reducing  nitroxylene  with  iron  and  acetic  acid,  and  distilling  the  product 
with  excess  of  soda-ley.  The  base  thus  obtained  may  be  combined  with  hydrochloric 
acid,  and  precipitated  by  potash  from  this  salt,  after  it  has  been  purified  by  recrystal- 
lisation. 

Xylidine  is  a  colourless  liquid,  heavier  than  water,  and  boiling  at  214°  to  216^. — 
Nitrate  of  xylidine  crystallises  in  white  silky  laminae  ;  the  sulphate  and  oxalate  are  also 
crystallisable. 

Dinitroxylidine,  C"H'(NO-)-.NH',  is  produced,  together  with  nitroxj-lylene-dia- 
mine  (p.  106l),  by  the  actionof  ammonium-sulphide  on  triuitroxylene  (Beilstein,  Ann. 
Ch.  Pharm.  cxxxiii.  45).  It  is  identical  with  the  yellow  base  obtained  by  Bussenius  and 
Eisenstiiek  as  a  bye-product  in  the  reduction  of  triuitroxylene  (trinitropetrol)  from 
the  petroleum  of  Sehnde  (iv.  382,  footnote).  On  dissolving  out  the  nitroxylyleno- 
diamine  with  dilute  hydrochloric  acid,  the  dinitroxylidine  remains  behind,  and  must  be 
freed  from  sulphur  by  recrystallisation  from  alcohol.  It  is  yellow,  insoluble  in  water, 
alkalis,  and  dilute  acids,  soluble  in  hot  concentrated  acids ;  but  is  separated,  in  the 
pulverulent  form,  from  these  solutions  on  addition  of  water.  From  alcoholic  solution  it 
separates,  V^y  very  slow  cooling,  in  needle-shaped  crystals,  which  melt  at  191° — 192°. 

XYXiIDXKTE-SUXiPHUBXC  ilCXD.  Syn.  with  AMiDOXYLENE-suLPHunic  Acid. 

XYXiXTE.  This  name  is  given  by  Hermann  (Bull.  Soc.  d.  Sc.  nat.de  Moscou, 
i.  247)  to  a  niineriil  containing  44  per  cent.  SiO",  38-22  Fe'O',  6-1  CuO,  4-8  MgO, 
0-68  CuO,  and  4  44  water,  forming  finely  fibrous  masses  resembling  mountain-wood,  of 
specific  gravity  2-935. 

3  Y  2 
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XTIiXTB  of  Woidmann  and  Schweizer.    Syn.  with  Lignone  (iii.  694). 

XT^OBAZiSAIUVm.  The  commercial  name  of  the  odoriferous  wood  of  Amyris 
gileadensis,  which  yields  Mecca  balsam  (i.  495). 

XVXiOCHXiOERXC  ACID.  A  term  applied  byFordos  (Compt.  rend.  Ivii. 
60)  to  the  green  colouring-matter  of  decayed  wood,  which  may  be  extracted  by  chloro- 
orm. 

XTXiOCHKOBE.  A  mineral  found  in  a  fossil  tree-stem  from  the  volanic  tufa 
near  Husavik  in  Iceland,  forming  olive-green  quadratic  pyramids,  and  containing 
62  07  SiO-,  1-54  A1=0^  20-67  CaO,  0-33  MgO,  3-4  FeO,  0-55  Na-0,  3  77  K-0,  and 
17'14  water  (Sartorius  v.  Waltershausen,  Vulcan.  Gest.  Islands,  p.  297). 
Kenngott  (J.  pr.  Chem.  Ixxxix.  465)  has  shown  that  it  is  an  altered  form  of  apo- 
phyUite. 

X'VIiOCRTPTXTE.    A  mineral  apparently  related  to  Scheererite,  occurring  in 
yellow  waxy  crystalline  particles  on  lignite.  (Becquerel.) 
XYIiOXD.    Lowig's  name  for  the  radicle  xylyl,  C*H'. 
XVIiOIDXC  ACID.    See  the  next  article. 

XTIiOIBIir.  C^II^NO'  =  C''H»(NO')0^  Pyroxam.  Nitramidin.  Explosive 
Starch.  (Braconnot,  Ann.  Ch.  Phys.  [2],  lii.  290. — Liebig,  Ann.  Ch.  Pharm.  vii. 
249. — Pay  en,  N.  Ann.  Sc.  nat.  Bot.  x.  161. — Pelouze,  Compt.  rend.  vii.  713;  xxiii. 
890.— Gladstone,  Mem.  Chem.  Soc.  iii.  412. — Bouijs-Ballot,  Ann.  Ch.  Pharm. 
xlv.  47._B6  champ,  Ann.  Ch.  Phys.  [3],  xlvi.  338';  Ixiv.  311.— Gm.  xv.  106.)— 
This  compound,  discovered  by  Braconnot  in  1833,  is  produced  by  the  action  of  strong 
nitric  acid  upon  starch.  To  prepare  it,  starch  is  triturated  in  a  thick  porcelain  mortar 
(to  prevent  rise  of  temperature)  with  6  to  8  pts.  of  fuming  nitric  acid,  till  it  is  reduced 
to  a  transparent  semifluid  mass,  without  evolution  of  gas  ;  and  20  to  30  pts.  of  water 
are  then  added,  whereupon  the  xyloi'din  is  precipitated  as  a  white  granular  mass, 
wliilo  a  small  quantity  of  starch  remains  in  solution.  If  the  action  of  the  acid  be  too 
much  prolonged,  tlio  liquid  becomes  coloured,  nitric  oxide  is  given  oiF,  and  no  precipi- 
tate is  obtained  on  subsequent  addition  of  water:  but  the  liquid  then  contains  a  deli- 
quescent uncrystallisable  acid  (called  xylo'idie  acid,  but  probably  identical  with  saccharic 
acid).    (Pelouze,  B^champ.) 

To  purify  the  xyloi'din,  it  is  dissolved,  after  washing  and  drying,  in  a  mixture  of 
10  pts.  glacial  acetic  acid,  (C'H'O*),  and  1  pt.  of  the  dihydrated  acid,  (C-H'02.2H20), 
and  the  solution  is  filtered  and  evaporated.  100  pts,  starch  thus  treated  yield  from 
128  to  130  pts.  of  xyloi'din.  (Bechamp.) 

Xylo'i'din  is  a  white,  inodorous,  and  tasteless  powder,  which  does  not  redden  litmus. 
It  is  insoluble  in  water,  alcohol,  ether,  chloroform,  ethylic  acetate,  acetone,  and  ben- 
zene ;  dissolves  in  glacial  acetic  acid  to  a  thick  mucilage,  more  easily,  according  to 
Bechamp,  on  addition  of  i  of  the  dihydrated  acid  ;  the  solution  coagxilates  on  addi- 
tion of  water.    In  boiling  water,  xylo'i'din  cakes  together  without  dissolving. 

Xyloi'din  when  struck  decomposes  with  detonation,  but  not  so  violently  as  gun- 
cotton.  It  melts  when  heated,  and  takes  fire  at  180°,  burning  brightly,  and  leaving 
a  carbonaceous  residue.  Gladstone  found  that  a  sample  which  had  been  kept  for  six 
years,  decomposed  suddenly,  with  evolution  of  gas  containing  a  large  proportion  of  hy- 
drocyanic acid,  and  after  some  weeks  a  somewhat  tenacious  residue  remained  behind. 

Bromine  does  not  act  upon  xylo'idin. — Iodine  colours  it  yellow. — Strong  nitric  acid 
dissolves  it,  with  decomposition,  after  some  time.— Strong  sulphuric  acid  dissolves  it  with 
blackening,  and  on  adding  water  the  xylo'i'din  separates  out ;  dilute  sulphuric  acid  docs 
not  dissolve  it.- — In  strong  hydrochloric  acid  it  dissolves  without  decomposition,  and 
is  precipitated  by  water  in  its  original  state. — It  is  partially  dissolved  by  potash. — 
Ferrous  salts  decompose  it,  with  evolution  of  nitric  oxide  and  production  of  soluble 
starch : 

2C"H'(N0^)0^  +  6FeCP  +  WO    =    Fe'O'  +  iF&'CV  +  2N0  +  2C«H'«0^ 

Xyloidin.  Starch. 

The  starch  may  be  precipitated  from  the  resulting  solution  by  alcohol,  and  thus 
obtained  in  a  dtate  of  purity. 

Soluble  Xyloidin,  Isoxyldidin,  or  Isonitramidin. — This  modification  of  xylo'i'din  is 
obtained  by  treating  starch  with  excess  of  strong  nitric  acid  (10  to  12  pts.),  precipi- 
tating the  yellow  gummy  solution  with  water,  dissolving  the  dried  precipitate  in  ether- 
alcohol,  and  evaporating  the  filtrate.  The  product  thus  obtained  resembles  xylo'idin 
in  composition,  and  in  man^y  of  its  properties,  but  is  distinguished  therefrom  by  being 
perfectly  soluble  in  pure  alcohol,  wood-spirit,  acetone,  ether,  a  mixture  of  ether  and 
alcohol,  and  in  ethylic  acetate  ;  in  alcohol  of  95  per  cent,  it  is  insoluble.  (Bechamp, 
Ann.  Ch.  Phys.  [3],  Ixiv.  320.) 

Hitroxyl/idin,  OTt  Diniiramidin,  C'H'(NO^)'0^  is  produced,  also  in  a  more 
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soluble  and  less  soluble  modification,  by  the  action  of  strong  sulphuric  acid  on  xyloidin 
or  isoxyloidin.  To  preparu  it,  1  pt.  of  dry  starch  is  dissolved  in  12  pts.  fuming  nitric 
acid,  and  the  solution  (filtered,  if  necessary,  through  pounded  glass)  is  placed  in  a  freez- 
ing mixture,  and  quickly  mixed  with  8  pts.  oil  of  vitriol  ;  the  soft  white  mass  thereby 
separated  is  quickly  mixed  with  a  largo  quantify  of  cold  water;  and  the  product, which 
is  a  white  powder  resembling  xyloidin,  is  well  washed,  and  dried  in  a  hot-air  chamber. 
This  product  is  chiefly  a  mixture  of  nitroxyloidin  and  isonitroxyloidin,  which  may  be 
separated  from  one  another  by  digestion  with  alcohol  of  96  per  cent.,  first  in  the  cold, 
tlien  at  40°,  whereby  the  isonitroxyloidin  is  dissolved,  and  the  nitroxyloidin  remains 
behind. 

Nitroxyloidin  is  a  white  easily  pulverised  mass,  which  decomposes  much  more  readily 
tlian  xyloidin,  and  is  reduced  by  ferrous  salts  in  the  same  manner  as  the  latter,  yield- 
ing soluble  starch.  It  is  insoluble  in  water  and  in  alcohol,  but  soluble  in  pure  ether, 
and  in  alcoholised  ether;  soluble  in  glacial  acetic  acid,  but  insoluble  in  a  mixture  of 
the  glacial  and  dihydrated  acid,  exhibiting,  in  this  respect,  exactly  the  opposite  relation 
to  xyloidin. 

IscDiitroxi/hiidin  is  insoluble  in  water,  soluble  in  alcohol  of  96  per  cent.,  dissolves 
with  difficulty  in  ether,  but  easily  in  a  mixture  of  ether  and  alcohol.  It  is  even  more 
prone  to  spontaneous  decomposition  than  the  less  soluble  modification. 

XTIiOIi.    Syn.  with  Xylene. 

SYIiOIiITE.    Syn.  with  monntain-wood,  or  ligniform  asbestos  (i.  415). 

X'S'X.OI.SUX.PHirRXC  ACID.    Syn.  with  Xylene-sulphukic  Acid  (p.  1058). 

XTXiOIiSUXiPHlTDItiLTX:.    Syn.  with  Xylene-sut-phydrate  (p.  1059). 

XYXiOirES,  CHXiORIxrATSS.  This  term  was  applied  by  Gorup-Besanez 
(Anil.  Ch.riuirni.  Ixxxvi.  237),  to  various  chlorinated  products,  formed  by  treating  the 
creosote  of  becchwood  tar  with  potassic  chlorate  and  hydrochloric  acid  :  they  are  not, 
however,  related  in  any  way  to  xylene. 

X'S'XiOIlETXII'.  C'lI'^O. — A  crystalline  resin,  isomeric  or  polymeric  with  cam- 
ph-or,  occurring  in  fossil  pine-trunks.  It  is  insoluble  in  water,  easily  soluble  in  alco- 
hol and  ether,  and  crystallises  fi-om  the  ethereal  solution  in  white  masses  ;  melts  at 
165°;  cannot  be  volatilised  without  decomposition.  It  unites  with  bases,  without 
separation  of  water.  Heated  with  'potassium,  it  gives  oiF  hydrogen,  and  forms  a 
potassium-compound,  which  dissolves  in  alcohol  and  crystallises  therefrom. 

XTX.OSTEIIO'.    See  the  next  article. 

XTIiOSTETTM,  The  berries  of  the  fly  honeysuckle  {Lonicera  Xijlostemn)  were 
formerly  used  medicinally  as  BacctB  aylostei :  they  are  said  to  be  narcotic.  They  con- 
tain 86'4  per  cent,  water,  2'3  substances  soluble  in  ether,  6"2  soluble  in  alcohol,  and 
2  9  soluble  in  water.  The  fresh  berries  yield  1  per  cent,  ash,  containing  (in 
100  pts.)  22-8  K*0,  9-5  Na-0,  23-5  CaO,  8  2  MgO,  0  8  Al'O^  and  Fe-0',  4  8  S0^ 
16-2  P-OS  2-9  SiO^  1-3  CI,  and  10-0  CO-  (Enz,  Chem.  Centralbl.  1856,  p.  393).— 
According  to  Hiibsehmann  (Arch.  Pharm.  Ixxxv.  250),  the  berries  contain 
a  pecuHar,  non-volatile,  bitter  principle,  xylostein,  soluble  in  alcohol  and  ether, 
insoluble  in  water.  According  to  Enz,  this  body  is  a  glucoside,  yielding  sugar  when 
decomposed  by  acids. 

XTIiOTIXi.    Syn.  with  Mountmn-wood  (i.  415). 

XVXiYXi.  C"H°. — A  monatomic  radicle,  homologous  with  phenyl  and  tolyl,  which 
may  be  supposed  to  exist  in  xylene  (CH'.H)  and  its  derivatives. 

XYX.TXiAnxxiO'E.    This  name  belongs  to  a  base,  CTI'.H=.N  =  CH'  |  cH^(NHO 

(not  yet  obtained),  related  to  benzylamine,  C'H'.H^.N  (p.  807),  in  the  same  manner 

as  xylidine,  C'IP(NH-)  =  Cff  (NH")  |  ^^3,  to  toluidine,  C'^H'(NH=).Cff  (p.  852). 

XYXiTX.A.TES.    See  Xylylic  Acid  (p.  1062). 

XVIiTXiENE.  C^H".— A  diatomic  radicle  related  to  xylyl,  C*H',  in  the  same 
manner  as  ethylene  to  ethyl. 

XTX.TX.EITE-BIAIVIXM'E,  CH'^N'  =(^^'')  W,ov Diamido-xylmie,Q'll\'^lWy, 

is  formed  by  reducing  dinitroxylene  with  tin  and  hydrochloric  acid;  its  hj'drochlorate, 
treated  with  bromine,  yields  the  hydrochlorate  of  bromoxylylene-diamine,  CH'Br. 

Niiroxyli/lcne-diaminc,  or  Nitro -diamidoxi/lenc,  C"H"(NO^)(NH')^,  is 
the  compound  already  described  as  nitropotrol-diamine,  which  Busseuius  and 
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Eisenstiick  obtained  by  reducing  the  so-called  trinitropetrol  with  sulphide  of  ammo- 
nium (iv.  382). 

X-8-I.TX.XC  ACXD.  C«H'»0'  =  C»H'(CH»)''.CO^H.  (KekuU,  Bull.  Soe.  Chim. 
1866,  ii.  47. — Hirzel  and  Be i ] stein,  ifti'c^.  1867,  i.  345.) — This  acid,  homologous 
with  benzoic  and  toluic  acids,  is  produced: — 1.  By  the  action  of  sodium  and  carbonic 
anhydride  on  bromoxylene  (Kekul^): 

C^H'Br  +  Na2  +  CO''    =    NaBr  +  C»H».CO^a. 

Bromo-  Xylylateof 
xylene.  sodium. 

The  process  is  conducted  as  for  the  preparation  of  toluie  acid  from  toluene  (p.  862), 
tlie  bromoxylene  being  diffused  through  a  hydrocarbon  boiling  at  about  120°. — 2.  By 
oxidising  cumene  (C''H'-)with  potassic  bichromate  and  sulphuric  acid,  or  (better)  with 
dilute  nitric  acid.  (Beilstein  and  Kogler,  Ann.  Ch.  Pharm.  cxxsvii.  317  ;  Jahresb. 
1866,  p.  559.)  

Cumene  oxidised  with  dilute  nitric  acid  yields  first  xylylic  acid,  and  afterwards 
insolinic  acid,  [CHSQ^  =  C'H^(CH^)(C0-H)2].  To  prepare  xylylic  acid,  cumene  is 
treated  with  nitric  acid  diluted  with  twice  its  volume  of  water ;  and  the  acid  product 
is  treated  with  tin  and  hydrochloric  acid,  to  decompose  the  nitro-acids  formed  at  the 
same  time.  On  distilling  the  product  with  water,  xylylic  acid  passes  over,  while 
insolinic  acid  remains  behind.  If  the  cumene  employed  is  not  pure,  an  oily  product 
distils  over  at  the  same  time ;  in  that  case  the  receiver  must  be  changed  as  soon  as 
crystalline  xylylicacid  begins  to  pass  over.   (Hirzel  and  Beilstein.) 

Xylylic  acid  is  insoluble  in  cold  water  (Kekule) ;  very  slightly  soluble  (Hirzel 
and  Beilstein).  It  dissolves  sparingly  in  boiling  water,  and  separates  on  cooling  in 
white  needles ;  dissolves  very  easily  in  alcohol  and  ether  (Kek  ul  6).  According  to 
Hirzel  and  Beilstein,  it  melts  in  boiling  water ;  in  the  dry  state  it  melts  at  103°,  and 
boils  at  273°.  It  sublimes  easily  in  needles  (Kekul6).  Xylylic  acid  is  quickly 
oxidised  by  chromic  acid,  and  converted  into  insolinic  acid,  C^H^O*.  (Hirzel  and 
Beilstein.) 

Xylylate  of  Barium,  (C'H''0^)^Ba".4H^0,  crystallises  in  shining  colourless  laminse. 
— The  cflteM?n-sff^<,  (C'H'0^)^Ca".3H^0,  forms  stellate  groups  of  shining  needles. — 
The  ethylk  ether,  C»H'(C'^H*)02,  is  an  aromatic  oil,  boihng  at  233°.  (Hirzel  and 
Beilstein.) 

Alpbazylylic  Acid,  C'H'«0»  =  |  Ch' CO^H"  C^ollrath,  Zeitschr.  f. 

Chem.  1866,  p.  488;  Jahresb.  1866,  p.  606.) — This  acid,  homologous  with  alphatoluic 
acid  (p.  863),  is  formed  by  boiling  toluylic  chloride,  C^H^Cl  (p.  870),  in  alcoholic 
solution  with  cyanide  of  potassium,  and  then  with  potash  : 

<^'^icH'ci  +  +  2^'^    =  +  +  ^'^icH'.CO^H.* 

Toluylic  cliloride.  Alphaxylylic 

acid. 

It  may  be  precipitated  from  the  resulting  solution  by  an  acid,  and,  when  purified  by 
boiling  with  milk  of  lime,  crystallises  in  broad  needles,  having  a  satiny  lustre,  melting 
at  42°,  and  dissolving  very  readily  in  water. 

XTIiTXiXC  ACETATE,  CHLORIDE,  &c.  Syn.  with  Toltttlic  Acetate, 
CHiOEIBE,  &c.  (pp.  870,  871). 

XTXTXiIC  AXiCOHOXS.  C*H'"0. — This  formula  may  include  several  isomeric 
compounds,  but  only  three  have  hitherto  been  investigated  with  any  approach  to  accu- 
racy : — 

1.  The  compound  described  (p.  869)  as  toluylic  alcohol,  C»ff.OH  or  C''H'(CH3)^ 
OH,  which  would  be  better  called  xylylic  alcohol,  inasmuch  as  it  is  obtained 
directly  from  the  chloride,  C'H'.Cl  (chloride  of  xylyl),  produced  by  the  action  of 
chlorine  on  xylene  at  high  temperatures.  This  alcohol  is  the  homologue  of  benzylic 
or  tolylic  alcohol,  C'H'.HO  (i.  678). 

2.  The  compound  called  ph  1  orol,  phlor  etol,  or  phlorylic  alcohol,  which 
Hlasiwetz  obtained  by  distilling  barium-phloretate  with  lime  (iv.  493).  This  com- 
pound is  a  true  homologue  of  phenol,  probably  ethyl-phenol,  C''H''(C^H*).OH. 

3.  The  "xylylic  phenol,"  mentioned  by  H.  Mull er  (Zeitschr.  f.  Chem.  1865,  p. 
271)  as  occurring  in  coal-tar.  This  is  probably  dimethyl-phenol,  C"H^(CH')^.OH, 
inasmuch  as  products  obtained  by  dry  distillation  have  hitherto  been  found  to  contain 
only  methyl-derivatives  of  benzene.  The  portion  of  aloisol  (the  product  obtained  by 
distilling  aloes  with  lime,  i.  148),  which  is  soluble  in  potash,  has  also,  according  to 

*  This  is  the  formula  of  insolinic  acid  originally  given  by  Hofmann  (p.  725).  According  to 
Hirzel  and  Beilstein,  insolinic  acid  is  very  much  like  terephthalic  acid,  but  dissolves  very  easily  in 
bailing  water.   It  does  not  yield  any  higher  oxidation-products  when  treated  with  chromic  acid. 
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RomLold  (Ann.  Ch.  Pharm.  cxxxviii.  186),  the  composition  of  a  xylylic  alcoliol,  and 
is,  porliaps,  identical  witli  tho  last  mentioned. 

XYI.Y1.IC  MERCAPTAXr.    8yn.  with  Xyxene-sulphydrate  (p.  1059). 

XYX.-]ri.SVI.PHAniIC  ACXS,  C''H"NS0',  is  produced  by  heating  sulphate  of 
xylidine  with  sulphuric  acid,  and  crystallises  in  needles  very  slightly  soluble  in  cold 
water. — Its  hariiim-salt,  (C"H'"NSO')*Ba",  is  very  soluble,  and  crystallises  in  nodular 
groups.    (Dounielandt,  Bull.  Soc.  Chim.  1866,  ii.  211.) 

XVX.VX.SUZ.PHUROUS  ACIB.    Syn.  with  Xtlenb-stjlphuric  Acid  (p.  1058). 

XYX.YIiSVXiPHYSRA.TE.    Syn.  with  Xylkne-sulphydeate  (p.  1059). 


Y 

YABXCOJA.  An  ore  occurring,  with  atacamito  and  quartz,  in  the  district  of  Ta- 
rapaca  in  Peru.    (Leonh.  Jahrb.  p.  243.) 

YAM.    See  Dioscorea  (ii.  335). 

YANOXiITE,  or  YAWTHOI.XTB.    Syn.  with  Axikite  (i.  477). 
YEAST.    Seo  I'^ermentation  (ii.  629). 

YEI.I.OW  COPPER-ORE.    Syn.  with  Copper  Pyrites  (ii.  77). 
YE'X.X.OW  COPPERAS.    Syn.  with  Botryogen  (i.  651). 
YEX.X.OW  DYES.    Sco  Dyeing  (ii.  356). 

YEXiliOW  IiEAD-ORB.  Native  molybdate  of  lead,  or  wulfenite.  (See  Molyb- 
DENTM,  iii.  I(i3t).) 

YEXiXiOW  METAXi.  An  alloy  of  60  pts.  copper  and  40  pts.  zinc ;  also  called 
Muntz's  metal.    (Sec  Copper,  Alloys  of,  ii.  49.) 

YEX.X.OW  OCHRE.    See  the  next  article. 

YEIiXiOW  PXCmEXITS.  The  yellow  pigments  mostly  employed  as  artists'  colours 
are  sulphide  of  carhniHui  (i.  706),  gambiu/c  (ii.  770),  Indian  yellow,  which  consists 
mainly  of  euxanthate  of  magnesium  (ii.  609),  and  yellow  ochre,  which  consists  of  clay 
or  marl  coloured  with  ferric  oxide. — Chrome-yellow,  or  neutral  chromate  of  lead,  is  used 
chiefly  for  carriage-painting ;  also  for  colouring  wall-papers,  and  as  an  ingredient  in 
yellow  varnishes  ;  it  is  never  used  alone,  but  always  mixed  with  chromate  of  calcium 
or  barium,  or  sulphate  of  lead.  A  mixture  of  chromate  of  lead  with  the  sulphates  of 
lead  and  calcium  constitutes  Cologne  yellow.  Other  yellow  lead-salts  are  also  used  as 
pigments,  chiefly  for  house-decoration  and  paper-staining — viz.,  certain  oxyehlorides  of 
lead  (iii.  556),  known  as  Turner's  yellow,  Cassel  yellow,  &c.  ;  a  basic  sulphate,  PbSO^ 
PbO,  known  in  Prance  as  y(^^t^^c  ^)ai7/«  TOwera?,  and  prepared  by  fusing  a  mixture  of 
neutral  sulphate  and  oxide  of  lead  ;  Naples  yellow,  a  basic  antimoniate  of  lead  (i.  326), 
used  as  an  artists'  colour,  in  oil-painting;  and  less  frequently,  iodide  of  lead,  which  has 
a  fine  colour,  but  is  somewhat  fugitive  ;  and  arsenate  of  lead,  which  is  objectionable  on 
account  of  its  poisonous  character.  All  these  lead-yellows  cover  well,  but  have  the 
inconvenience  of  turning  brown  or  black  on  exposure  to  sulphuretted  hydrogen. — 
Chromate  of  zinc,  prepared  by  precipitation,  has  a  fine  colour,  much  like  that  of  chro- 
mate of  lead,  and  is  not  affected  by  sulphuretted  hydrogen. — The  chrnmafes  of  hariian 
and  calcium  are  used  for  colouring  paper-hangings,  also  for  mixing  with  chromate  of 
lead.    (Lefort,  Chimie  des  Couhurs,  1855.) 

YEXiXiOW  F03>S,  The  pods  of  Gardenia  grandiflora,  which  yield  crocin  (ii.  108). 

YEX.X.OW  TEX.I.URXUnS.    Syn.  with  Sylvanite  (p.  647). 

YENXTE,    Syn.  with  Lietoite  (iii.  589). 

YERBA  MATE.    Syn.  with  Paraguay  Tea  (iv.  349). 

YPASV-PXiAIO'T.    Syn.  with  Coca  (i.  1059). 

YTTBRBXTB,  YT'f  BRITB.    Syn.  with  G-ADOLINITE  (ii.  757). 

YTTBIA.    Oxide  of  yttrium  (p.  1064). 

YTXRXTE.    Syn.  with  Gadolinite. 

YTTRIUM.  Symbol,  Y  ;  Atomic  weight,  617  (Bahr  and  Buns  en) ;  71-4  (De- 
lafontaine). — An  element  belonging  to  the  class  of  earth-metals,  but  existing  only 
in  a  few  very  rare  minerals.    Gadolin,  in  1794,  obtained  from  the  ytterbite  or  gado- 
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linite  of  Ytterby  in  Sweden,  a  peculiar  oxide  resembling  lime  and  alumina.  Ekeberg, 
in  1797,  confirmed  these  results,  and  named  the  earth  y  ttria.  In  a  subsequent  exa- 
mination of  this  earth,  which  in  the  meantime  had  been  investigated  also  by  Klap- 
roth  and  Vauquclin,  Ekeberg  found  that  his  yttria  contained  glucina.  Berzelius,  in 
1819,  fomid  that  it  also  contained  oxide  of  cerium  (associated,  according  to  subsequent 
investigations,  with  the  oxides  of  lanthanum  and  didymium).  Scbeerer,  in  1842,  pointed 
out  that  yttria,  even  when  freed  from  the  oxides  of  the  cerium-metals,  probably  still 
contained  another  oxide;  and  Mosander,  in  1843,  by  a  careful  examination  of  crude 
yttria,  concluded  that  it  was  a  mixture  of  three  earths — which  he  named  yttria,  ter- 
bia,  and  erbia — separable  by  their  different  degrees  of  basicity.  Subsequent  expe- 
riments by  dilFeront  chemists  have,  however,  thrown  considerable  doubt  on  the  sepa- 
rate existence  of  the  second  of  these  earths  ;  and  the  recent  very  careful  experiments 
of  Bahr  and  Bunsen,  already  referred  to  under  Teebium  (p.  721),  seem  to  have  shown 
conclusively  that  crude  yttria,  when  completely  freed  from  the  oxides  of  cerium,  lan- 
thanum, and  didymium,  may  be  separated  into  two  earths,  yttria  and  erbia,  without 
any  trace  of  a  third,  the  so-called  terbia.  The  method  of  effecting  this  separation,  and 
obtaining  pure  salts  of  erbium  and  yttrium,  has  been  already  described  (p.  721). 

Metallic  yttrium  is  obtained  by  igniting  chloride  of  yttrium  with  potassium.  It  is 
described  by  Berzelius  as  a  blackish-grey  powder,  consisting  of  small  metallically  lus- 
trous scales,  becoming  brittle,  and  acquiring  the  colour  and  lustre  of  iron  under  the  bur- 
nisher. The  metal  thus  characterised  was,  however,  a  mixture  of  yttrium  and  erbium; 
pure  yttrium  has  not  yet  been  prepared. 

Yttrium  is  a  diatomic  metal,  and  forms  but  one  series  of  compounds,  YCP,  YO,  &c. 
It  unites  directly  at  high  temperatures  with  chlorine,  oxygen,  and  sulphur,  and  probably 
with  other  metalloids. 

Bro  mide  of  Yt  trium  is  obtained,  by  evaporating  a  solution  of  yttria  in  hydrobro- 
niic  acid,  as  a  very  deliquescent  saline  mass. 

Chloride  of  Yttriumiss,  non-volatile  compound,  obtained  by  heating  yttrium  in 
chlorine-gas. 

The  hydrated  chloride,  obtained  by  leaving  a  solution  of  yttrium  in  hydrochloric  acid 
to  evaporate,  is  a  saline  mass  which  slowly  deliquesces. 

Fluoride  of  Yttrium  occurs,  together  with  the  fluorides  of  cerium  and  calcium, 
in  varying  proportions,  as  yttrocerite,  a  mineral  found  at  Finnbo  and  Broddbo  in 
Sweden  ;  at  Amity,  New  York,  and  in  Massachusetts,  forming  violet-blue,  crystallo- 
granular,  and  earthy  masses,  imbedded  in  quartz  ;  in  smaller  quantity  also  asfluocerite 
(ii.  609).  By  mixing  a  solution  of  yttrium-chloride  with  potassium-fluoride,  hydrated 
yttrium-fluoride  is  obtained  as  a  white  amorphous  precipitate,  having  an  astringent 
taste ;  it  reddens  litmus,  is  insoluble  in  water  and  in  aqueous  hydrofluoric  acid ;  when 
heated  in  a  close  vessel,  it  leaves  the  anhydrous  fluoride. 

Boroflxioride  of  Yttrium,  obtained  by  double  decomposition,  is  insoluble  in  water, 
but  soluble  in  acids,  even  in  excess  of  fluoboric  acid,  and  crystallises  on  evaporating 
the  solution. — The  sdicofluoride  exhibits  similar  properties. 

Iodide  of  Yttrium  is  prepared  like  the  bromide,  and  is  likewise  very  deli- 
quescent. 

Oxide  of  Yttrium, — Yttria, — obtained  by  igniting  the  oxalate,  is  a  soft 
nearly  white  powder,  which,  when  ignited,  glows  with  a  pure  white  light,  and  yields  a 
spectrum  not  containing  any  bright  bands,  like  that  of  erbia  (p.  722).  It  does  not 
unite  directly  with  water,  but  is  precipitated  as  a  hydrate  by  alkalis  from  solutions  of 
yttrium-salts.  It  dissolves  slowly  but  completely  in  hydrochloric,  nitric,  and  sul- 
phuric acids,  forming  colourless  solutions  which  do  not  exhibit  an  absorption-spectrum. 

Oxygen-salts. — Basic  Nitrate  of  Yttrium,  Y"(N0^)'^.Y"0.3H-0,  prepared  like 
the  corresponding  erbium-salt  (p.  722),  crystallises  in  colourless  deliquescent  needles. 
— The  oxalate,  C-Y"0'.H''0,  is  a  soft  white  powder,  which  does  not  give  off  its  water 
till  heated  nearly  to  the  temperature  at  which  it  decomposes. — The  sidphate,  3Y"S0^ 
SH^O,  forms  colourless  well-defined  crystals,  isomorphous  with  the  corresponding 
erbium-  and  didymium-salts,  and  exhibiting  the  same  characters  as  the  erbium-salt 
when  heated,  and  when  dissolved  in  water.    (Bahr  and  Bunsen.) 

Selenide  of  Yttrium  is  obtained,  according  to  Wohler,  by  fusing  yttria  with 
selenium,  as  a  black  substance  which  is  insoluble  in  water,  and  gives  off  selenhydric 
acid  when  treated  with  dilute  acids  (Wohler).  Selenide  of  ammonium  precipitates 
yttrium-salts.  (Berzelius.) 

Sulphide  of  Yttrium  is  produced,  with  ignition,  when  yttrium  is  heated  in  sul- 
pliur-vapour  ;  also  when  yttria  is  heated  in  vapour  of  carbonic  disulphide.  It  is  a 
gruy  pulverulent  body,  which  is  not  decomposed  by  water,  but  gives  off  sulphydric 
acid  when  treated  with  dilute  acids.  (Wohler.) 
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Detection  and  Estimation  of  Yttrium. 

Yttrium-salts  are  colourless,  and  resemble  those  of  thurinum  (p.  785"),  in  their 
behaviour  before  the  blowpipe,  and  in  most  of  their  reactions  in  solution.  Yttrium  is 
distinguished  from  thorinum  by  the  solubility  of  its  ignited  oxide  in  hydrochloric 
acid,  by  the  non-volatility  of  its  anhydrous  chloride,  and  by  the  solubility  of  yttrio- 
potassie  sulphate  (precipitated  from  yttrium-solutions  by  potassic  sulphate),  in  excess 
of  potassic  sulphate.  The  solubility  of  ignited  yttria  in  hydrochloric  acid  serves  also 
to  distinguish  yttria  from  alumina  and  zireonia;  it  is  further  distinguished  from 
alumina  and  from  glucina  by  its  insolubility  in  potash.  The  precipitation  of  yttria  by 
alkalis  is  not  prevented  by  the  presence  of  tartaric  acid  (distinction  from  alumina, 
glucina,  thorina,  and  zireonia),  the  yttrivim  being  slowly  but  completely  precipitated 
as  tartrate.  Acidulated  solutions  of  yttrium-salts  do  not  alter  the  colour  of  tui-meric- 
tincture  (distinction  from  zirconium). 

For  quantitative  estimation,  yttrium  is  precipitated  as  hydrate  hy  ammonia  or 
jwtash,  a.s  o-s.a\isXei\>y  oxalic  acid;  the  prccipit;ite  in  either  case  leaves  anhydrous 
yttria  when  ignited.  If  potassium-salts  are  present  in  the  solution,  the  precipitate 
formed  by  oxalic  acid  consists  of  yttrio-potassic  oxalate,  which,  when  ignited,  leaves  a. 
mixture  of  yttria  and  potassic  carbonate.  This  may  be  dissolved  in  hydrochloric  acid, 
and  the  yttria  precipitated  by  ammonia. 

Yttrium  may  be  separated  from  iron,  existing  in  solution  as  ferric  salt,  by  pre- 
cipitating the  iron  as  ferric  oxide  with  succinate  of  ammonium,  or  (better)  with  car- 
bonate of  barium. — From  the  cerium-metals,  yttrium  is  separated  by  immersing  in 
the  solution  an  excess  of  solid  sulphate  of  potassium ;  the  yttrio-potassio  sulphate  then 
dissolves,  while  the  double  sulphates  of  potassium  and  the  cerium-metals  remain 
undissolved. — From  aluminium  and  glucinum,  yttrium  may  be  separated  by  pre- 
cipitation with  oxalic  acid,  or  by  adding  tartaric  acid  in  excess,  and  precipitating  the 
yttrium  with  ammonia. — To  separate  yttrium  from  magnesium,  the  solution  is  mixed 
with  excess  of  ammonium-salt,  and  the  yttria  precipitated  by  ammonia. 

In  all  these  modes  of  precipitation,  yttrium  is  thrown  down,  together  with  erbium. 
The  only  satisfactory  method  yet  given  for  separating  these  metals  one  from  the  other 
is  that  of  Bahr  and  Eunsen,  already  described  ;  and  even  this  is  very  far  from  atfording 
the  means  of  determining  the  relative  quantities  of  the  two  when  mixed  together. 

The  atom i  c  weight  of  yttrium  is  determined  by  the  analysis  of  its  sulphate.  From 
the  anhydrous  salt,  Y"SOS  or  YO.SO^,  Bahr  and  Eunsen  obtained,  in  two  determina- 
tions, 49-30  and  49-2-t  per  cent.  YO,  60-69  and  50-76  per  cent.  SO^:  whence  Y  = 
61-7.  Delafontaino  obtained,  as  a  mean  of  three  determinations,  48-23  per  cent.  OY, 
giving  Y  =  74-5. 

YTTROCERXTE.  A  mineral  consisting  of  fluoride  of  yttrium  mixed  with  the 
fluorides  of  cerium  and  calcium  (p.  1064). 

TTTROCOIiUTCBXTE.    Syn.  with  Yttrotantaxite. 

'TTTROIXiBIEIM'XTE.  Uranoniobate  of  yttrium  and  iron:  syn.  with  Samarskite 
(iv.  ,V1). 

YTTROTAN-TiLIiITE.  Tantalatc  of  yttrium,  found  at  Ytterby  in  Sweden 
(p.  668). 

YTTROTXTAXriTE.  Kcilkauite. — A  silicotitanato  containg  lime,  yttria,  ferric 
oxide,  and  alumina,  with  small  quantities  of  other  bases.  It  occurs  at  Buo,  near 
Arendal  in  Norway,  in  nionoclinic  crystals,  isomorphous  with  sphene  (p.  398),  more 
or  less  translucent,  having  a  brownish-red  to  dark-brown  colour,  with  yellowish  streak ; 
waxy  lustre  on  the  neutral  faces,  vitreous  on  the  cleavage-faces.  Hardness  =  6  to  7; 
specific  gravity  =  3-5  to  3-7.  Before  the  blowpipe  it  behaves,  for  the  most  part,  like 
sphene. 

Analyses:  a,h,hy  A.  Erdmann  (Berz.  Jahresb.  xxv.  328). — c,  by  D.  Forbes 
(Ed.  N.  Phil.  J.  [new  series],  i.  62). — d,  e,  by  Eammelsberg(Pogg.  Ann.  civ.  296): 

Si02.  Ti02.  Fc203.  A1203.  TO.  CcO.  CaO.  MnO.  i^,'iti'(fn. 

a.  .       .      30nn  29-01  6-3.5  G-09  9-62  0-32  18-'i2  0-67      .       .  .    .  =  1(10-98. 

b.  .      .     2i»  45  2H-14  6-48  .V90  9-74  0  63  18-68  0'8G      .       .  .    .  =  99  X8. 

c.  .      .     31-33  28  84  7-63  8-13  4-78  0  -28  19-56  .    .  0-52  GO  .   .  =  100-97. 

d.  (cryst.)   29-48     26-67     6-7a     5-45     8-16      .   .     20-29     .   ■  [ o-6(J  K-h? ]  "'^^  = 

c.  (massive)  28  50     27  04     5-90     6-24    12  08     .    .     17'15     3  b9      .      .         .    .  =  100-50. 

If  the  ferric  oxide  and  alumina  be  regarded  as  acid  constituents,  the  mineral  may 
be  represented  by  the  formula  3M"0(Al-0^Fe-0')  +  15M-0.2(SiO-';TiO'),  analogous 
to  that  of  sphene.  (Rammolsborg.) 
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irtr.  The  name  of  a  mineral  highly  prized  in  China,  and,  according  tci  Abel- 
Eemusat  (Berz.  Jahresb.  v.  223),  identical  with  jade  ncphretique  (?  nephrite).  It 
has  a  specific  gravity  of  2'9  to  3"4,  scratches  glass,  and  is  scratched  by  quartz. 


z 

ZACOTXXJCA.    A  specular  iron-ore  from  Porpez,  in  Brazil. 
ZAFFBE.    An  impure  oxide  of  cobalt,  produced  by  imperfectly  roasting  cobalt- 
ore  mixed  with  2  or  3  pts.  of  siliceous  sand. 
ZA£A.    Syn.  with  Boeax. 

ZAIVKBOXri'S  PXIiE.  A  name  sometimes  applied  to  the  dry  pile.  (See  Elec- 
THiciTY,  ii.  423.) 

ZADiITITE.    A  hydrated  carbonate  of  nickel  from  Spain,  probably  identical  with 
texasite  or  emerald-nickel  (i.  789). 
ZAXTTBOPXCRXir.    Syn  with  Xanthopiceitb  (p.  1053). 

ZEAGOWITE.  A  calcio-aluminic  siLieate  allied  to  abrazite  (i.  1 ),  but  crystallising 
in  trimetric  forms,  whereas  abrazite  is  dimetric.  It  occurs  in  the  lava  of  Capo  di  Bove, 
near  Home,  in  small  crystals,  which  are  combinations  of  the  prisms  oof  oo  and  ooPco  , 
with  a  pyramid,  or  in  irregular  and  spherical  groups.  It  is  transparent  to  semitrans- 
lucent,  with  a  vitreous  lustre,  white  to  bluish-white  colour,  and  white  streak.  Hard- 
ness =  5"0.  Specific  gravity  =  2'213.  Before  the  blowpipe  it  becomes  opaque,  then, 
splits,  and  melts  to  a  transparent  or  whitish  tumefied  glass.  Hydrochloric  acid  dissolves 
it,  with  separation  of  gelatinous  silica. 

Analyses:  a,  by  v.  Kobell  (J.  pr.  Chem.  xviii.  205) ; — b,  by  Marignac  (Ann.  Ch. 
Phys.  [3],  xiv.  41): 

Si02,  A120'.  CaO.  K'O.  H^O. 

a.  42-72  26-77  7-60  6-28  17-66    =  100-03 

b.  43-64  24-39  6-92  10  35  15-05    =  100-35 

These  analyses  do  not  agree  very  closely,  but  the  formula  of  the  mineral  is  probably 
that  deduced  from  the  second,  viz.  (CaO;K^O)Si02  +  (APO^2SiO'0 4aq. 

ZEASITE.  A  dark-coloured  opal  from  Mexico,  exhibiting  a  green  and  red  play 
of  colours. 

ZEDOABinr.    See  the  next  article. 

ZEDOART.  Radix  sedoarice. — The  root  of  Curcuma  zedoaria,  a  scitaminaceous 
plant,  growing  in  Bengal,  Java,  and  Madagascar.  It  has  a  camphoric  odour,  and  an 
aromatic  somewhat  bitter  taste.  Contains,  according  to  Bucholz  (Kepert.  Pharm. 
XX.  376),  volatile  oil,  a  bitter  soft  resin,  a  bitter  extractive  matter,  gum,  starch,  &c, 
Tlie  oil  is  turbid,  whitish-yellow,  and  viscid,  has  a  camphoric  taste  and  smell,  and 
consists  of  two  oils,  one  lighter,  the  other  heavier,  than  water.  TrommsdoriF  obtained 
from  the  root  a  substance  which  he  called  zedoarin,  but  did  not  further  describe. 

ZEXXiANXTE.    Syn.  with  Pleonast  or  Ferruginous  Spinel  (p.  400). 

ZEXODEXiXTS.  This  name  is  applied  to  a  mixtaire  obtained  by  stirring  24  pta. 
of  finely-pounded  glass  into  20  pts.  of  sulphur.  It  is  recommended  as  a  cement  for 
stone  and  metal,  for  the  taking  of  casts  instead  of  gypsum  or  sulphur ;  as  a  material 
for  bookbinding  letters,  stereotype  plates,  statues,  and  whetstones  ;  and  even  as  a  sub- 
stitute for  lead  in  the  construction  of  vitriol  chambers.  It  may  be  tinted  at  pleasure, 
by  addition  of  colouring-matter.    (A.  Vogel,  Buch.  N.  Eepert.  xii.  294.) 

ZEA  MAXS.  Maize  or  Indian-corn.  On  the  composition  of  the  grain  of  this 
plant,  see  Cereals  (i.  225,  227). 

ZEIH'.  A  nitrogenous  substance  obtained  from  maize-flour  (Gorham,  Berz. 
Jahresb.  ii.  124.— Step f,  J.  pr.  Chem.  Ixxvi.  88;  Jahresb.  1859,  p.  693).— Maize- 
flour,  when  washed  with  water,  does  not  yield  a  mass  resembling  tlie  gluten  of  wheat. 

ZEOltXTES.  A  generic  name  of  hydrated  double  silicates  in  which  the  principal 
bases  are  alumina  and  lime,  the  latter  being  often  more  or  less  displaced  by  ferrous 
oxide,  magnesia,  and  alkalis.  They  boil  up  when  heated  on  charcoal  before  the  blowpipe, 
and  are  dissolved  by  acids,  leaving  gelatinous  silica.  Many  of  them  form  very  fine 
crystals.  Natrolite  is  sometimes  called /ea^Acr  ^-eoKfe ;  5\SS\'>\t6,  foliated  ::eolite\  scole- 
cite,  needle  zeolite  ;  apophyllite,  pyramidal  zeolite  ;  laumontite,  efflorescing  zeolite. 

ZEOTXIT-SAZiT.    Syn.  with  Nitrate  of  Sodium  (iv.  105). 

ZERUItSBET-SOOT    This  name  appears  to  be  applied  to  two  different  roots— 
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namely,  that  of  Zingiber  Cassumanar,  a  seitaminaceous  plant  indigenous  in  Coroman 
del  and  in  Java ;  and  that  of  Zitigiber  Zerumbet,  imported  from  Caknitta  and  Java. 
Both  have  an  aromatic  odour  and  a  bitter  taste.  According  to  Luca  (Berl.  Jahrb, 
1798,  iv.  214),  zerumbet-root  (the  particular  kind  is  not  stated)  contains  an  essential 
oil  having  a  camphoric  odour,  a  bitter  and  soapy  extractive  matter,  bitter  resin, 
gum,  &c. 

ZXnrc.  Synonyms :  Spelter.  Spiaufer.  Zincum.  Atomic  weight,  65 ;  Symbol, 
Zn. — The  ore  of  zinc,  called  calamine  or  cadmia, — but  not  the  pure  metal  — was  known 
to  the  ancient  Greeks,  and  used  in  the  manufacture  of  brass.  Metallic  zinc  was  first 
mentioned  by  Paracelsus  ;  it  was  for  a  long  time  imported  from  the  East,  but  since  the 
middle  of  the  eighteenth  century,  it  has  been  prepared  in  Europe. 

Zinc  occurs  in  considerable  abundance  as  carbonate,  forming  the  ore  called  cala- 
mine ;  as  silicate,  or  siliceous  calamine  ;  as  sxilphide  or  blende,  and  as  oxide  or  red  zinc- 
ore  ;  in  smaller  quantities  also  as  aluminate,  arsenate,  phosphate,  and  sulphate. 
Quite  recently,  native  metallic  zinc  has  been  found  at  Victoria,  in  Australia.  Zinc  is 
likewise  found  in  the  ash  of  a  species  of  violet,  Viola  calaminaria,  which  grows  on  the 
dead  heaps  at  the  calamine  mines  in  Ehenish  Prussia. 

Metallurgy/  of  Zinc. — The  ores  from  which  the  metallic  zinc  of  commerce  is  ex- 
tracted are  four  in  number — viz.,  blende,  red  oxide,  calamine,  and  siliceous  calamine. 
All  these  are  subjected  to  a  preliminary  calcination  before  being  smelted. 

In  the  case  of  blende,  this  calcination  is  necessary  for  the  purpose  of  expelling  the 
sulphur,  and  converting  the  sulphide  into  a  more  or  less  pure  oxide  of  zinc.  The  cala- 
mine, on  calcination,  loses  its  carbonic  acid,  together  with  some  moisture ;  and  the  red 
oxide  and  siliceous  calamine,  besides  losing  water,  become  more  porous  and  disinte- 
grated, whereby  their  subsequent  reduction  is  facilitated. 

Calamine  was  formerly  roasted  in  kilns,  but  is  now  generally  calcined  in  reverbera- 
ting furnaces.  Zincl)lende  is  occasionally  submitted  to  a  pireliminary  roasting  in 
kilns,  so  as  to  utilise  the  sidphurous  acid  which  is  evolved ;  but  in  all  cases  it  requires 
to  be  ground,  and  the  calcination  completed  in  reverboratory  calciners,  similar  to  those 
used  in  copper-smelting. 

Reduction. — The  roasted  ore  is  mixed  with  half  its  weight  of  powdered  charcoal, 
coke,  or  anthracite,  and  introduced  into  crucibles  or  retorts  of  peculiar  construction.  In 
Silesia,  whence  the  greater  part  of  the  zinc  used  in  the  arts  is  obtained,  the  mixture  of 
zinc-oxide  and  charcoal  or  coke  is  heated  in  muffles  3  feet  long  and  1|  foot  high,  six 
of  which  (three  side  by  side)  are  laid  in  one  furnace.  The  evolved  mixture  of  carbonic 
oxide  gas  and  zinc-vapour  passes  from  the  upper  and  fore  part  of  the  muffles,  through 
a  knee-shaped  channel,  horizontal  in  the  nearer  and  directed  downwards  in  the  farther 
part,  and  the  zinc  condenses  therein,  and  drops  down  from  its  lower  aperture.  Part 
of  the  zinc-vapour,  and  likewise  some  cadmium-vapour,  escapes  uncondensed,  together 
with  the  carbonic  oxide  gas,  and  biirns  in  the  air,  producing  the  substance  called  Si- 
hsion  Zinc-Jlowers.  In  Liige,  the  reduction  is  performed  in  earthernware  tubes,  laid 
side  by  side.  The  zinc,  as  it  condenses  in  the  fore  part  of  these  tubes,  is  scraped  out 
from  time  to  time  in  the  liquid  state.  In  England,  a  number  of  cast-iron  pots  are 
arranged  in  a  circle  in  one  common  furnace.  Through  the  bottom  of  each  of  these 
pots  there  passes  a  tube,  open  at  both  ends.  The  vessels  are  filled  with  the  mixture  to 
Buch  a  height  as  not  to  stop  up  the  upper  end  of  the  tube,  then  closed  with  a  well- 
fitting  cover,  and  heated.  The  zinc  drops  down  from  the  part  of  the  tube  which  des- 
cends from  the  bottom  of  the  crucible.  This  process  is  called  Dc  still  at  io  per  desccnsum. 
— At  Goslar,  in  the  Harz,  zinc  is  obtained  as  a  secondary  product  in  the  smelting 
of  lead-ores.  The  zinc-vapours  condense  in  the  upper  half  of  the  furnace,  and  run 
down  from  the  shaft  upon  a  slanting  stone  called  zinc -stool.  The  zinc  thus  obtained 
is  melted  in  iron  pots,  and  poured  out  on  tables.* 

Purification. — Commercial  zinc  contains  small  quantities  of  lead  and  iron,  together 
with  minute  quantities  of  tin  and  cadmium,  and  occasionally  traces  of  arsenic  and 
copper.  Carbon  i.s  also  mentioned  amongst  its  impurities  ;  but  Eliot  and  Storer  did 
not  find  it  in  either  of  the  thirteen  specimens  which  they  examined,  though  traces  of 
sulphur  were  always  present.  The  best  mode  of  obtaining  pure  zinc  is  to  pass  sulphu- 
retted hydrogen  through  a  strong  and  somewhat  acid  solution  of  zinc-sulphate,  filtering 
from  any  precipitate  that  may  be  formed,  and,  after  boiling  the  solution  to  expel  the 
sulphuretted  hydrogen,  precipitating  the  zinc  as  carbonate  by  addition  of  sodium-car- 
bonate. The  carbonate,  after  being  washed,  is  redissolved  in  pure  sulphuric  acid,  an<l 
the  zinc  is  reduced  by  electrolysis ;  or  the  dried  carbonate  may  be  converted  into  oxide 
by  ignition,  and  the  oxide  distilled  in  a  porcelain  retort,  with  charcoal  prepared  from 
loaf-sugar. 

•  For  det,iils  and  figures,  see  Ure's  Diclionary  oj  Arts,  ^c.  iii.  1072,  and  Miller's  £tcmcnl3  oj 
Chemittry,  3rd  cd.,  part  ii.  p.  540. 
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ZINC  :  ALLOYS. 


Propcrtics.—-7im(:  is  a  white  metal,  with  a  shade  of  blue,  capable  of  being  jiolished, 
and  then  assuming  a  bright  metallic  lustre.  It  is  usually  brittle,  and  its  fracture  ex- 
hibits a  crystalline  structure.  But  zinc,  if  pure,  may  be  hammered  into  thin  leaves, 
at  the  usual  temperature  ;  and  commercial  zinc,  which  is  impure  and  brittle  at  a  low 
temperature,  acquires  the  same  malleability  between  100°  and  150°  :  it  may  then  be 
laminated  ;  and  the  metal  is  now  consumed,  in  tlie  form  of  sheet-zinc,  for  a  variety  of 
useful  purposes.  At  210°  it  again  becomes  brittle,  and  may  be  reduced  to  powder  in 
a  mortar  of  that  temperature.  The  density  of  cast  zinc  is  6-862,  but  it  may  be  increased 
by  forging  to  7-21.  It  melts  at  il2°  (Daniell),  and  boils  at  10-10°  (Deville  and 
Troost).  At  a  red  heat,  zinc  rises  in  vapour,  and  takes  fire  in  the  air,  burning  with 
a  white  flame  like  that  of  phosphorus  ;  the  white  oxide  produced  is  carried  up  me- 
chanically in  the  air,  although  itself  a  fixed  substance.  Laminated  zinc  is  a  valuable 
substance,  from  its  slight  disposition  to  undergo  oxidation.  When  exposed  to  air,  or 
placed  in  water,  its  surface  becomes  covered  with  a  grey  film  of  suboxide,  which 
does  not  increase  ;  this  film  is  better  calculated  to  resist  both  the  mechanical  and  che- 
mical effects  of  other  bodies  than  the  metal  itself,  and  preserves  it.  Ordinary  zinc 
dissolves  with  facility  in  dilute  hydrochloric,  sulphuric  and  other  hydratcd  acids,  hy 
substitution  for  hydrogen.  Pure  zinc  dissolves  very  slowly  in  the  same  acids,  unless 
it  is  in  contact  with  platinum,  copper,  or  any  other  less  positive  metal,  with  which  it 
can  form  a  galvanic  circiut.  Ordinary  zinc  dissolves  more  quickly  than  the  pure  metal, 
because  the  lead  contained  in  it  is  precipitated  in  the  metallic  state,  and  acts  as  an 
electronegative  element  to  the  zinc  (see  Electeicity,  ii.  420).  In  consequence  of  this 
electrolytic  action,  zinc,  in  contact  with  iron  or  copper  in  a  saline  solution,  protects  the 
other  metal  from  oxidation.  —  Galvmiscd,  iron  consists  of  iron  having  its  surface  coated 
with  zinc,  which,  in  like  manner,  protects  it  from  oxidation  in  air  and  water.  Zinc  pre- 
cipitates silver,  copper,  mercury,  and  most  of  the  basylous  metals,  less  oxidable  than 
itself,  from  their  acid  solutions. 

Zinc  dissolves  also  in  aqueous  alkalis,  with  evolution  of  hydrogen,  forming  a  zincate 
of  the  alkali-metal:  e.g.,Zn  +  2KH0  =  K^Zn'W  +  W.  In  this  case,  also,  the 
solution  of  the  zinc  is  accelerated  by  contact  with  less  oxidable  metals,  as  platinum, 
iron,  &c. 

Zinc  reduces  many  metallic  oxides  (cliromic  oxide,  for  example)  when  melted  with 
them.  Nearly  all  chlorides  aad  fluorides  are  reduced  when  heated  with  zinc-vapour  in 
an  atmosphere  of  hydrogen  (Poumarfede,  J.  pr.  Chem.  Ixxiii.  496).  At  a  very  high 
temperature,  zinc  reduces  carbonic  anhydride,  foraang  oxide  of  zinc ;  at  a  somewhat 
lower  temperature,  on  the  contrary,  charcoal  reduces  oxide  of  zinc  (p.  1067). 

Zinc  is  a  diatomic  metal,  and  forms,  for  the  most  part,  but  one  class  of  compounds  : 
ZnCl',  ZnO,  Zn(NO')^  ZnSO',  &e.  A  lower  and  a  higher  oxide  are  known,  but 
they  are  not  of  very  definite  character. 

ZXWC,  AXiIiOTS  or.  Zinc  unites  with  nearly  all  other  metals,  forming  alloys 
which  are  mostly  hard,  and  in  some  cases  brittle.  They  may  be  prepared  by  directly 
fusing  the  two  metals  together ;  if,  however,  the  heat  be  allowed  to  rise  too  high,  the 
zinc  will  be  volatilised.  Most  of  the  zinc-alloys  have  been  already  described  in  con- 
nection with  other  metals. 

Zinc  does  not  form  an  alloy  with  bismuth ;  on  mixing  the  two  metals  in  the  melted 
state,  the  mass  separates  into  two  layers — one  consisting  of  zinc  containing  2-4  per  cent, 
bismuth,  the  other  of  bismuth  containing  from  8  6  tol4-3  per  cent.  zinc.  (Matthie  s- 
sen  and  v.  Bose.) 

Tin  unites  readily  with  zinc  by  fusion,  forming  alloys  which  are  harder  than  tin,  but 
softer  than  zinc  ;  they  are  also  less  malleable  than  tin.  An  alloy  of  1 1  pts.  tin  to  1  pt. 
zinc  beaten  out  into  leaf,  forms  spurious  silver-leaf.  According  to  Kudberg,  the  alloy 
ZnSn"  (Ipt.tin  to  1  Of  pts.  zinc)  solidifies  completely  at  204°;  but  all  the  other  alloys 
separate  on  cooling  from  a  state  of  fusion  into  two  portions,  the  one  consisting  of 
ZnSn'',  not  solidifying  till  cooled  to  204°,  while  the  remainder,  consisting  of  an  alloy 
containing  a  larger  proportion  of  one  or  the  other  metal,  solidifies  at  a  higher  tem- 
perature: thus — 

Sii'^Zn.  Sn^Zn.  Sn-iZn.  Sn'Zn.  Sn'Zn.  SnZn. 
Variable  point  .  .  210°  .  .  230°  260°  280°  320°. 
Fixed  point    .       .       .    204°       204°       204°       204°       204°  204°. 

Respecting  the  alloys  of  zinc,  tin,  and  lead,  see  Lead  (iii.  538). 

Alloys  of  zinc,  tin,  and  copper  constitute  many  varieties  of  bronze,  tombac,  &c. 
Alloys  containing  smaller  proportions  of  zinc  are  used,  on  account  of  their  hardness, 
to  form  the  journals  and  other  parts  of  machines.    (See  Copper,  Alloys  of,  ii.  461.) 

According  to  Calvert  and  Johnson,  the  alloys  ZnCu"'Sn  and  ZnCu'^Sn  are  definite 
chemical  compounds,  inasmuch  as  they  are  scarcely  attacked  by  nitric  aeid  of  specific 
gravity  ri,  or  by  concentrated  hydrochloric  acid,  and  not  at  all  by  sulphuric  aeid. 
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20-6     42-6     76-0     91-4     111-2    150-3    213-0   318  3 


of  specific  gravity  1-6.  Both  these  alloys,  on  account  of  their  hardness,  are  will 
adapted  to  form  parts  of  machinery. 

Some  bronzes  contain  lead  as  well  as  copper,  tin,  and  zinc :  thus,  British  hcll-mctal 
consists  of  6-6  pts.  zinc,  10-1  tin,  80-0  copper,  and  4-3  lead  ;  and  Xh^  biddery-ware  of 
India,  of  3  pts.  of  an  alloy  of  copper,  tin,  and  lead  (16  pts.  copper  to  4  pts.  lead  and 
2  pts.  tin),  to  16  pts.  zinc.  (Williams.) 

An  amalgam  of  zinc  and  tin  is  used  for  coating  the  riibbers  of  electrical  machines. 

ZIN-C,  BROIttlDXS  OP.  ZnBr-. — This  compound  is  formed  directly  by  ignitinp; 
zinc  in  bromine-vapour.  A  solution  of  zinc  or  zinc-oxido  in  aqueous  hydrobromic  acid 
solidities,  at  a  certain  degree  of  concentration,  to  an  indistinctly  crystalline,  very  deli- 
quescent mass  of  the  hydrated  bromide  mixed  with  a  certain  quantity  of  oxide,  which, 
when  heated,  yields  a  sublimate  of  zinc-bromide  in  white  needles  of  specific  gravity 
3-643,  and  a  residue  of  zinc-oxide.  According  to  Kremers  (Pogg.  Ann.  ciii.  57  ; 
civ.  133;  cviii.  115),  solutions  of  zinc-bromide  of  different  strengths  exhibit,  at  19-5°, 
the  specific  gravities  shown  in  the  following  table  : — 
Quantity  of  ZnBr' 

in  100  pts.  water 

Specific  gravity  at  19-6°  .  1-1715  13770  1-5276  1-6101  1-7082  1  8797  2-1027  2  3914 
A  solution  of  zinc-bromide  in  ammonia  yields,  by  evaporation,  colourless  octa- 
hedrons of  zinc-ammonium-bromide,  (N  -H''Zn")Br',  which  are  decomposed  by  heat  and 
by  water.    (Kamm  elsborg.) 

By  the  simultaneous  action  of  zinc  and  bromine  on  anhydi-ous  ether,  there  is  formed, 
together  with  bromide  of  carbon,  an  unstable  compound  of  ether  and  zinc-bromide, 
which  fumos  in  the  air  and  dissolves  in  water.    (Nickl^s,  Compt.  rend.  lii.  870.) 

/inc-bromide  unites  with  the  bromides  of  alkali-metals,  forming  double  salts,  exactly 
like  the  corresponding  chlorine-compounds.  The  ammonium-salt  has  a  specific 
gravity  of  2  028.  (Btidecker.) 

ZXnrC,  CHX.ORXSX:  or.  ZnCl-.  Butter  of  Zinc.  Biityrum  Zinci.— Very 
thin  zinc-foil  takes  fire  at  ordinary  temperatures  in  chlorine-gas.  Zinc-chloride  is 
formed  in  the  wet  way  by  dissolving  zinc  or  zinc-oxide  in  hydrochloric  acid,  or  by  do- 
composing  certain  metallic  chlorides  in  solution  with  zinc  or  a  zinc-salt :  thus,  when  a  so- 
lution containing  equivalent  quantities  of  zinc-sulphate  and  sodium-chloride  is  cooled, 
zinco-sodic  sulphate  crystallises  out  at  +  10°;  but  at  0°,  pure  sodic  sulphate  separates, 
while  zinc-chloride  remains  in  solution. — Anhydrous  zmc-chloride  may  be  prepared  by 
distilling  1  pt.  of  zinc-filings  with  2  pts.  of  mercuric  chloride,  or  1  pt.  zinc-oxide  with 
2  pts.  sal-ammoniac,  or  by  distilling  the  residue  left  on  evaporating  the  aqueous  solu- 
tion ;  also  by  distilling  a  mixture  of  dry  zinc-sulphate  and  calcium-chloride. 

Zinc-chloride  is  a  whitish-grey  translucent  substance,  soft  like  wax,  and  of  speeifie 
gravity  2-753 ;  it  has  a  burning  taste  and  emetic  action  ;  melts  easily,  and  distils  or 
sublimes  in  white  needles  at  a  red  heat ;  deliquesces  quickly  on  exposure  to  the  air, 
and  dissolves  easily  in  water  and  in  alcohol. 

The  aqueous  solution  evaporated  to  a  syrup,  with  addition  of  a  little  hydrochloric 
acid,  deposits  a  hydrated  salt,  ZnCl^.H-0,  in  small  deliquescent  octahedrons.  Tho 
specific  gr.avities  of  solutions  of  various  strengths  are,  according  to  Kremers,  as  follows  : 

Qiiantity  of  ZnCP  in  100  pts.  water    .    16-7  38  8  56-3  92  4 

Specific  gravity  at  19-5°     .       .       .    1-331        1-2714       1-3677  1-5336 

A  saturated  alcoholic  solution  of  zinc-chloride  deposits  an  alcohola  te,  ZnCl-.C*H''0, 
iu  small  crystals.  (Graham.) 

Anhydrous  zinc-chloride  is  a  powerful  dehydrating  agent,  acting  upon  organic  bodies 
like  oilof  viti-iol ;  thus  it  chars  wood,  converts  alcohol  into  ether,  and  has  been  recom- 
mended by  Kraft  and  Mottay  (Compt.  rend,  xlviii.  410),  instead  of  sulphuric  acid, 
for  the  preparation  of  fatty  acids  from  glycerides.  Even  the  concentrated  aqueous 
solution  destroys  vegetable  fibre,  and  cannot  therefore  be  filtered  through  paper  ; 
.according  to  Persoz,  it  dissolves  silk. 

A  dilute  aqueous  solution  of  zinc-chloride  is  much  used,  xmder  the  name  of  Burneifs 
Bisiiifcctiiii/  Fluid,  as  an  antiseptic,  and  for  preserving  wood  and  vegetable  fibre  against 
decay.  The  concentrated  solution  is  used  in  the  laboratory  as  a  bath  for  heating 
substances  to  a  constant  temperature.  The  dry  chloride,  obtained  by  evaporation,  is 
used  in  surgery  as  a  caustic. 

Zinc-chloride  combines  easily  with  am?)ionia,  with  chlorides  of  alkali-mctcd ,  and 
with  cinc-oxide,  forming  several  oxychlorides. 

a.  With  Ammonia. — When  a  hot  concentrated  solution  of  zinc-chloride  is  treated 
with  gaseous  or  aqueous  ammonia,  till  the  resulting  precipitate  redissolves,  the  solu- 
tion, on  cooling,  deposits  tho  compound  4NPP.ZnCl-'.H'0,  in  shining  scales  or  laminse, 
which,  when  heated  to  160°,  give  off  water  and  aramoni.a,  and  leave  zinc  ammonium- 
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chloride,  2NH'.ZnCP  =  (N^H^Zn'OCP.  in  the  form  of  a  white  powder ;  this  last  com- 
pound sepanites  also,  in  shining  rhombic  crystals,  from  a  concentrated  ammoniacal 
solution  of  zinc-chloride — sometimes  immediately,  sometimes  from  the  mother-liquor 
of  the  diammoniacal  compound.  Both  the  preceding  compounds,  when  suiRciently 
heated,  give  oflF  ammonia,  and  leave  a  clear  liquid,  which,  on  cooling,  solidifies  to  an 
imperfectly  crystalline  mass  of  the  compound  ZnCP.NH^,  which  distils  undecomposed 
at  a  red  heat,  and  is  resolved  by  water  into  zinc  ammonium-chloride,  N^H'^ZnCP,  and 
an  oxychloride,  ZnCReZnO.SH^O.  (Kane.) 

0.  With  Alkaline  Chlorides. — Zinc-chloride  unites  in  several  proportions  with 
ammonium-chloride. — The  salt  2NII^Cl.ZnCP  is  produced  by  dissolving  zinc-hydrate, 
at  a  gentle  heat,  in  aqueous  sal-ammoniac,  or  1  pt.  zinc-oxide  and  1  pt.  sal-ammoniac 
in  strong  hydrochloric  acid ;  it  crystallises  on  evaporation  in  rectangular  prisms,  or 
in  large  laminae  containing  1  at.  water  of  crystallisation,  soluble  in  0'66  pt.  cold,  and 
9-28  pts.  boiling  water.  The  dry  salt  is  resolved  by  heat  into  sal-ammoniac  and  zinc- 
chloride.  Eammelsberg  (Pogg.  Ann.  xciv.  507)  obtained  the  same  double  salt,  in 
anhydrous  rhombic  crystals,  by  evaporating  a  mixed  solution  of  zinc-chloride  and 
ammonium-chloride. — Marignac  (Ann.  Min.  [5],  xii.  1),  by  slowly  evaporating  a 
solution  containing  about  2  at.  sal-ammoniac  to  1  at.  zinc-chloride,  obtained  the  salt 
SNH^Cl.ZnCP,  the  mother-liquor  of  which  deposited  rhombic  laminae  of  the  anhydrous 
salt,  2NH^Cl.ZnCP.— The  salt  NH'Cl.ZnCP  crystallises,  from  a  solution  of  1  pt.  sal- 
ammoniac  and  2  pts.  zinc-chloride,  in  easily  soluble  rhombic  crystals  containing  2  at. 
water  (Hautz,  Ann.  Ch.  Pharm.  Ixvi.  287).  A  concentrated  solution  of  the  double 
chloride  of  zinc  and  ammonium  is  used  to  remove  the  film  of  oxide  from  the  surface  of 
metals,  such  as  zinc,  iron,  or  copper,  which  are  to  be  united  by  soldering. 

Zineo-potassic  chloride,  2KCl.ZnCP,  forms  rhombic  crystals,  of  specific  gravity 
2'297,  isomorphous  with  the  similarly  constituted  ammonium-salt  (Rammelsberg) ; 
more  deliquescent  than  the  latter  (Marignac). — Zinco-sodic  chloride,  2NaCl.ZnCP. 
3H'''0,  crystallises  in  small  very  deliquescent  needles,  belonging  to  the  hexagonal 
system.  (Marignac.) 

y.  With  Zinc-oxid e. — When  aqueous  zinc-chloride  is  evaporated  to  dryness,  part  of 
the  chlorine  escapes  as  hydrochloric  acid,  and  the  residue  contains  an  oxychloride,  or 
basic  ch  loride  of  zinc,  only  partly  soluble  in  water. — The  compound  Zn'CP0'.4H^0, 
or  ZnCl-.3Zn0.4H'0,  is  obtained  by  boiling  a  strong  solution  of  zinc-chloride  with 
zinc-oxide,  or  by  precipitating  the  solution  with  an  insufficient  quantity  of  ammonia, 
and  digesting  the  precipitate  with  the  liquid :  it  forms  small  nacreous  octahedrons,  or 
a  soft. white  powder,  and  gives  off  half  its  water  at  100°.— Zn'Cl-O'^.lOH'O  =  ZnCP. 
eZnO.lOIPO,  is  formed  by  the  action  of  water  on  the  compound  2NH*.ZnCP,  or 
NH'.ZnCr^  (vid.  sup.),  or  hy  precipitating  zinc-chloride  with  a  quantity  of  ammonia 
sufficient  to  redissolve  part  of  the  precipitate.  It  is  a  white  powder,  insoluble  in  water, 
and  giving  off  half  its  combined  water  at  100°.— Zn'oCPO'.SH-O  =  ZnCP.9Zn0.3H'^0, 
remains  as  a  white  insoluble  powder,  when  a  solution  of  zinc-chloride  is  evaporated 
to  a  syrup,  and  then  treated  with  water.  The  same  oxychloride  is  precipitated  in 
combination  with  14H*0,  on  mixing  a  solution  of  zinc-chloride  with  a  quantity  of 
potash  just  sufficient  to  produce  an  alkaline  reaction. 

Persoz  (Compt.  rend.  Iv.  310)  uses  a  basic  solution  of  zinc-chloride  (prepared  by 
boiling  a  solution  of  the  neutral  chloride  of  about  1'70  per  cent,  specific  gravity  with 
excess  of  zinc-oxide),  for  dissolving  silk,  and  separating  it  from  wool  and  vegetable 
fibres. 

When  zinc-oxide  is  boiled  with  a  strong  solution  of  zinc-chloride  in  certain  propor- 
tions, a  plastic  mass  is  obtained,  which,  after  a  while,  becomes  very  hard,  and  may  be 
used  for  taking  casts.  A  cement,  prepared  by  adding  3  pts.  zinc-oxide  and  1  pt. 
glass-powder  to  50  pts.  of  a  solution  of  zinc-chloride  of  specific  gravity  r5 — I'O,  with 
1  pt.  of  borax  dissolved  in  the  smallest  possible  quantity  of  water,  is  much  used  in 
Paris  for  stopping  teeth,  and  for  making  artificial  teeth  (Feichtinger,  Dingl.  pol.  J. 
cl.  78).  An  oxychloride  of  zinc,  prepared  by  a  similar  process,  may  also  be  used  as  a 
paint  for  wood,  paper,  stone,  or  metal.  It  dries  quickly,  and  is  quite  free  from  odour. 
(Sorel.) 

ZIM'C,  CTANXDE  OP.    See  Cyanides  (ii.  274). 

ZINC,  DETECTIOIV  AKD  ESTIMCATIOIT  OI".  1.  Blowpipe  Reac- 
tions.— All  zinc-compounds,  when  heated  with  sodium-carbonate  in  the  inner  flame, 
give  an  incrustation  of  zinc-oxide,  which  is  yellow  while  hot,  but  becomes  white  on  cool- 
ing ;  it  is  not  volatile  in  the  outer  flame.  With  borax,  or  microcosmic  salt,  they  give  in 
either  flame  a  bead,  which  is  yellowish  while  hot,  white  on  cooling,  and  opaque  if  much 
zinc-salt  is  present.  If  the  colourless  bead  or  the  white  incrustation  be  moistened 
with  a  dilute  solution  of  eoba'i-nifrate,  a.nd  strongly  heated  in  the  outer  flame,  a  fine 
green  colour  is  produced. 
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2.  Reactions  in  Solution. — Zinc-salts  are  colourless,  and  form  colourless  solu- 
tions.— Su/phydric  acid  gives,  with  neutral  solutions  of  zinc-salts,  a  white  precipitate 
of  zinc-sulphide,  which  docs  not  contain  all  the  zinc  ;  in  solutions  containing  a  sufficient 
quantity  of  free  hydrochloric  or  sulphuric  acid,  no  precipitate  is  formed;  but  from 
acetate  of  zinc,  or  any  zinc-salt  mixed  with  acetate  of  sodium,  zinc  is  completely  pre- 
cipitated by  sulphydric  acid,  even  if  a  large  quantity  of  free  acetic  acid  is  present. 
Sulphide  of  zinc  is  insoluble  in  caustic  alkalis. — Si'lphide  of  ammonium  precipitates 
zinc-salts  completely. — Cyanide  of 'potassium  throws  down  white  cyanide  of  zinc,  soluble 
in  excess,  and  reprecipitated  by  sulphide  of  ammonium. — Fcrrocijanide  of  potassium 
forms  a  white  precipitate,  insoluble  in  hydrochloric  acid. —  Oxalic  acid  a.\\<}L  phosphate  of 
sodium  precipitate  white  oxalate  and  phosphate  of  zine,  soluble  in  acids  and  alkalis  ; 
the  phosphate  is  not  precipitated  in  presence  of  sal-ammoniac  and  ammonia. — Fixed 
alkaline  carbonates  precipitate  a  white  basic  carbonate,  insoluble  in  excess,  soluble  in 
alkalis  ;  chloride  of  ammonium  hinders  this  precipitation  in  the  cold. — Potash,  a»i- 
monia,  and  car/miate  of  ammonium  form  white  precipitates  soluble  in  excess,  repre- 
cipitated on  diluting  with  water  and  on  boiling;  soluble  also  in  chloride  of  ammonium. 
Sulphydric  acid  precipitates  zinc-sulphide  from  these  solutions. 

Zinc  in  solution  is  distinguished  from  all  other  metals  by  the  precipitation  of  it.s 
white  sulphide  by  sulphide  of  ammonium,  in  a  solution  containing  excess  of  caustic 
alkali. 

3.  Estimation  and  Separation. — Zinc  is  precipitated  from  its  solutions  hy  car- 
bona/c  of  sodium,  which,  when  added  in  excess,  and  boiled  with  the  solution,  throws  down 
carbonate  of  zinc.  It  is  best,  however,  to  pour  the  zinc-solution  into  the  hot  solution 
of  the  alkaline  carbonate,  because,  in  that  case,  we  may  be  sure  of  not  forming  a  basic 
salt.  If  the  zinc-solution  contains  ammoniacal  salts,  it  must  be  boiled  with  a  quantity 
of  carbonate  of  sodium  sufficient  to  decompose  those  salts,  then  evaporated  to  dryness, 
the  residue  treated  with  a  large  quantity  of  water  to  dissolve  out  the  soluble  salts,  and 
the  carbonate  of  zinc  collected  on  a  filter,  and  well  washed  with  hot  water.  The  evapo- 
ration should  bo  conducted  as  quickly  as  possible.  The  carbonate  of  zinc,  when  dried 
and  ignited,  yields  oxide  of  zinc  containing  80  26  per  cent,  of  the  metal. 

In  separating  zinc  from  other  metals,  it  is  often  necessary  to  precipitate  by  sulphide 
of  ammonium..  If  the  solution  is  acid,  it  must  be  previously  neutralised  by  ammonia. 
The  precipitate  must  not  be  thrown  on  the  filter  immediately,  but  left  to  settle  down 
completely,  after  which  the  clear  liquid  must  first  be  passed  through  the  filter,  and 
then  the  precipitate  thrown  on  it.  If  this  precaution  be  neglected,  the  sulphide  of 
zinc  will  stop  up  the  pores  of  the  filter.  The  precipitate  is  washed  with  water  con- 
taining a  little  sulphide  of  ammonium  ;  then  dissolved  in  hydrochloric  acid  ;  the  solu- 
tion boiled  to  drive  off  the  sulphydric  acid;  and  the  zinc  precipitated  by  carbonate  of 
sodium  as  above. 

Zinc  is  separated  from  all  the  non-metallic  elements,  and  from  the  metals 
of  alkalis  and  alkaline-earths  (barium,  strontium,  and  calcium),  by  .sulphide 
of  aitimonium.  In  the  case  of  the  alkaline  earths,  however,  gi-eat  care  must  bo  taken 
to  prevent  the  ammoniacal  liquid  from  alisorbing  carbonic  acid  from  the  air,  as  that 
would  occasion  a  prec'pitation  of  the  earth-metal  in  the  form  of  carbonate.  For  this 
purpose,  the  filtration  must  bo  effected  as  quickly  as  possible,  and  the  liquid  well  pro- 
tected from  the  air.  The  separation  of  zinc  from  b.irium  may  also  be  effected  by 
sulphuric  acid,  and  from  calcium  by  oxalate  of  ammonium. 

i"rom  magnesium,  zinc  may  be  separated  by  sulphide  of  ammonium,  a  sufficient 
quantity  of  chloride  of  ammonium  being  previously  added,  to  prevent  the  precipitation 
of  the  magnesia ;  or  the  separation  may  be  eflfected  by  converting  the  zinc  and  magnesium 
into  acetates,  and  precipitating  the  zinc  as  sulphide  by  sulphi/dric  acid. 

The  separation  of  zinc  from  aluminium,  glucinum,  and  chromium  (in  the  form 
of  chromic  oxide)  may  also  be  effected  liy  converting  the  bases  into  acetates,  and  pre- 
cipitating tlie  zinc  with  sidpln/drii-  acid.,  or  by  dissolving  in  potash,  and  precipitating 
the  zinc  with  sulphydric  acid;  but  the  first  method  is  to  be  preferred.  Chromium,  in  the 
form  of  chromic  acid,  is  separated  from  zrinc,  as  from  other  metals,  by  fusion  with  an 
alkaline  carbonate  (i.  145). 

The  conversion  into  acetates,  and  precipitation  by  sulphydric  acid,  likewise  serves 
to  separate  zinc  from  zirconium,  yttrium,  thorinum,  and  manginese.  The 
separation  from  manganese  may  also  be  effected  by  converting  the  twiv  metals  into 
chlorides,  passing  chlorine-gas  througli  the  solution  to  convert  the  manganese  into  di- 
oxide, and  completing  the  precipitation  of  the  latter  with  carbonate  of  barium. 

From  iron,  zinc  may  be  separated  by  ammonia,  or  (hetteT)hy  succinate  of  ammonium 
(iii.  386).  The  iron  (in  the  state  of  ferric  oxide)  may  also  be  precipitated  by  car- 
bonate of  calcium  or  barium. 

Uranium,  as  uranic  oxide,  may  be  separated  from  zinc  by  this  latter  mode  of 
precipitation. 
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For  the  methods  of  separating  zinc  from  cobalt  and  nickel,  see  those  metals 
(i.  1047;  iv.  39). 

From  molybdenum,  tungsten,  and  vanadium,  zinc  is  easily  separated  by  the 
insolubility  of  its  sulphide  in  sulphide  of  ammonium.  For  the  method  of  separating 
it  from  titanium,  see  p.  839. — From  thall ium,  zinc  is  separated  by  precipitating 
the  thallium  with  iodide  of  potassium  (p.  749). 

From  arsenic,  antimony,  copper,  and  all  other  metals  whose  sulphides  are  in- 
soluble in  acids,  zinc  is  separated  by  precipitating  those  metals  with  sulphydric  acid, 
in  solutions  containing  excess  of  mineral  acid. 

4.  Atomic  Weight  of  Zinc. — Gay-Lussa'c  (M^m.  d'Arceuil,  ii.  174),  by  oxi- 
dising zinc  with  nitric  acid,  and  by  measuring  the  quantity  of  hydrogen  evolved  when 
zinc  dissolves  in  dilute  acids,  concluded  that  100  pts.  zinc-oxide,  ZnO,  contain  19  62 
pts. oxygen:  whence  Zn  =  64-66. — Berzelius  (Gilb.  Ann.  xxxvii.460)  obtained,  by  the 
first  method,  nearly  the  same  number. — Jacquelain  (Ann.  Ch.  Phys.  [3],  vii.  189), 
by  the  decomposition  of  the  nitrate  and  sulphate  of  zinc,  obtained  results  correspond- 
ing with  the  number  66"24;  and  Favre's  experiments  (ibid.  [3],  x.  163)  on  the 
composition  of  zinc-oxalate,  and  on  the  quantity  of  hydrogen  evolved  when  zinc  dis- 
solves in  hydrochloric  acid,  give  the  number  66'0  for  the  atomic  weight  of  zinc.  Sub- 
sequently (in  1844),  A.  Erdmann  (Ann.  Ch.  Pharm.  1.  435)  prepared  a  pure  oxide 
of  zinc,  mixed  it  with  pure  charcoal  obtained  from  sugar,  and  reduced  it  in  a  current 
of  hydrogen  ;  he  then  oxidised  the  metal  with  nitric  acid,  and  converted  it  into  oxide 
by  ignition.  The  atomic  weight  of  zinc,  calculated  from  a  mean  of  four  experiments, 
thus  conducted,  is  65'04.  The  same  number  was  obtained  by  Pelouze  from  the  analysis 
of  zinc-lactate. 

ZZNC,  FIiTTORZDE  OP.  ZnF'. — Zinc  dissolves  in  aqueous  hydrofluoric  acid, 
and  the  solution,  when  evaporated,  deposits  the  hydrated  salt,  ZnF'^.4H^0,  in  small, 
shining,  rhombic  octahedrons,  exhibiting  the  combination  P.P.  00^2  (Marignac). 
Zinc-fluoride  dissolves  slowly  but  completely  in  water,  more  easily  on  addition  of  hydro- 
fluoric, hydrochloric,  or  nitric  acid,  or  of  ammonia.  When  heated  in  an  open  vessel, 
it  dissolves  oxide  of  zinc. 

Zinc-fluoride  forms  double  salts  with  the  fluorides  of  aluminium  and  potassium. 
■ — The  aluminium-salt,  ZnF^.APF*,  forms  long  colourless  needles ;  the  potassium-salt, 
2KF.ZnF^,  colourless  crystalline  grains. 

XIJTC,  HYBBATE  OP.    See  Zmc,  Oxide  of  (p.  1073). 

ZINC,  XOSISE  OP.  ZnP. — Finely-divided  zinc  unites  readily  with  iodine, 
forming  an  easily  fusible  compound,  which  sublimes  in  needles  ;  specific  gravity  = 
4-696.  The  same  compound  separates  in  regular  octahedrons  or  eubo-octahedrons,  on 
evaporating  a  solution  obtained  by  digesting  iodine  with  excess  of  zinc  and  water,  till 
the  colour  of  the  iodine  disappears. 

Zinc-iodide  is  very  deliquescent,  and  dissolves  easily  in  water.  The  specific  gravity 
of  the  solution  varies  with  its  strength,  in  the  manner  shown  in  the  following  table 
(Kremers) : — 

Quantity  of   ZnPJ    _    21-5     30-0     46-4       74-4     85-0     139-0    232-0  316-G 
in  100  pts.  water) 

Specific  gravityat  19-5"  1-1715  1-2340   1-3486  1-5121  1-5780  1-7871  2-1683  2  3276 

Zinc-iodide  is  decomposed  when  heated  in  contact  with  the  air,  iodine  being  evolved, 
and  zinc-oxide  produced. 

The  aqueous  solution  dissolves  zinc  in  contact  with  the  air,  and  the  hot-filtered  liquid 
deposits  an  oxyiodide  on  cooling  (Miiller,  J.  pr.  Chem.  xxvi.  441).  The  same 
solution,  digested  with  iodine,  forms  a  brown  liquid  containing  4  at.  iodine  to  1  at. 
zinc. 

Dry  zinc-iodide  absorbs  27  per  cent,  (nearly  6  at.)  dry  ammonia-gas,  forming  a 
loose  white  powder,  soluble  in  acids  but  decomposed  by  water. — A  solution  of  zinc- 
iodide  in  aqueous  ammonia  deposits,  by  spontaneous  evaporation,  shining  rectangular 
prisms  of  the  compound  4NH^.ZnI^,  which  is  also  decomposed  by  water. 

Zinc-iodide  unites  with  iodides  of  alkali-metals,  forming  soluble,  deliquescent 
double  salts,  which  may  be  crystallised  by  evaporation  over  oil  of  vitriol.  The  salts, 
2NH^I.ZnP,  Kl.ZnP,  Nal.Znl^fH^O,  and  BaP.2ZnP,  have  been  obtained. 

ZINC,  NITRIDE  OP.  This  corapouncl  is  formed,  according  to  Grove,  in  the 
electrolysis  of  water  containing  sal-ammoniac,  when  the  positive  pole  is  formed  of 
zinc  and  the  negative  pole  of  platinum. 

ZIITC,  OXIDES  OP.  Only  one  oxide  of  zinc  is  known  with  certainty,  viz.  the 
protoxide.  The  grey  film,  which  forms  on  the  surface  of  zinc  when  exposed  to  the  air, 
is  regarded  by  Berzelius  as  a  suboxide ;  but  it  is  probably  only  a  mixture  of  the  prot- 
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oxide  with  metallic  ziiie.  Thenard  also  shites  that  a  gelatinous  peroxide  is  produced 
by  the  aetion  of  liydric  peroxide  on  hyirated  zinc-oxide. 

Zinc-oxide,  ZnO. — This  oxide  occurs  native,  contaminated  with  manganese-oxides, 
as  zineite  or  red  zinc-ore,  and  combined  with  the  sesquioxides  of  manganese  and 
iron,  as  franklinite,  both  of  which  minerals  are  found  at  Sterling  Hill,  Sussex 
County,  New  Jersey — the  former  in  hexagonal,  the  latter  in  monomatric  forms.  It  is 
formed  by  the  combustion  of  zinc  in  the  air,  and  by  ignition  of  zinc-salts  containing 
volatile  acids  ;  frequently  also  in  the  smelting  of  metallic  ores  containing  zinc,  and  is 
occasionally  deposited  in  furnace-flues  in  six-sided  prisms.  Crystallised  zinc-oxide  is 
also  produced  by  heating  zinc-chloride  in  a  current  of  aqueous  vapour. 

The  ordinary  amorphous  oxide  is  obtained,  as  a  fine  flocculent  powder,  by  burning 
zinc  in  contact  with  the  air.  When  zinc  is  thrown,  by  small  quantities  at  a  time,  intc 
a  capacious  earthen  crucible  previously  heated  to  whiteness,  it  bm-ns  with  a  bright 
bluish-white  flame,  and  deposits  large  flakes  of  the  oxide  mixed  with  small  particles 
of  the  metal  mechanically  carried  over :  from  these  the  oxide  may  be  freed  by  loviga- 
tion  with  water,  the  heavier  metallic  particles  then  subsiding,  and  leaving  the  pure 
oxide  in  suspension.  This  oxide  is  much  used  as  a  pigment,  called  zinc-white,  and 
is  manufactured  for  this  purpose  by  distilling  zinc  from  clay-retorts  into  chambers 
through  which  a  current  of  air  is  kept  up.  The  volatilised  metal  burns  at  the  high 
temperature  to  which  it  is  exposed  under  these  circumstances,  and  the  oxide  is  depo- 
sited in  a  series  of  condensing-charabers.  The  white  pigment  thus  obtained  is  per- 
manent, not  being  blackened,  like  white  lead,  by  exposure  to  sulphuretted  hydrogen  ;  it 
is  also  much  loss  poisonous  than  white  load.  An  impure  oxide,  sold  under  the  name 
of  tutty,  is  obtained  from  the  flues  of  furnaces  in  which  brass  is  melted. — For  phar- 
maceutical purposes,  zinc-oxido  is  prepared  by  igniting  the  precipitated  hydrate  or 
carbonate. 

Zinc-oxide,  when  crystallised,  forms  transparent,  yellowish,  six-sided  prisms  of  about 
6'0  specific  gravity.  The  ordinary  oxide  is  a  white  amorphous  powder,  of  about  5  6 
specific  gravity.  It  is  insoluble  in  water.  When  heated  it  assumes  a  lemon-yellow 
colour,  but  becomes  white  again  on  cooling.  It  is  very  refractory  in  the  fire,  but  is 
said  to  volatilise  at  the  strongest  white  heat.  It  is  easily  reduced  by  charcoal,  loss 
easily  by  hydrogen  or  carbonic  oxide.  When  heated  with  sulphur,  it  forms  zinc-sul- 
phide and  sulphurous  anhydride  ;  with  chlorine,  at  a  red  heat,  it  yields  zinc-chloride, 
which  distils  over,  and  free  oxygen. 

Zinc-oxide  is  a  strong  base,  dissolving  completely  in  acids,  and  forming  the  zinc- 
salts.  It  also  acts  as  a  base  towards  oxides  of  the  form  M'O^ ;  thus  with  alumina 
it  forms  gahnite,  ZnO.APO^. — A  solution  of  zinc-oxide  in  potash  deposits,  on 
addition  of  chromic  hydrate,  a  green  compound  containing  ZnO.Gr'O'  (Chancel). — 
Ebelmen(Ann.  Ch.  Phys.  [3],  xxxiii.  34)  obtained  such  compounds  (spinels)  crys- 
tallised, by  heating  the  component  oxides  with  boric  oxide  for  a  long  time  in  a  pottery- 
furnace,  till  the  boric  oxide  was  volatilised. — The  compound  ZnO.Cr'O^  formed  small 
blackish-green  octahedrons,  of  specific  gravity  5'309;  ZnO. Fe'-'O^, microscopic,  shining, 
lilack  octahedrons,  of  specific  gravity  5-132  ;  ZnO.APO^  (gahnite),  colourless  octahe- 
drons, harder  than  quartz,  and  having  a  specific  gravity  of  4-58. 

Hydraicd  Zinc-oxide,  or  Zinc-hydrate. — Anhydrous  zinc-oxide  does  not 
unite  directly  with  water.  Zinc-salts  treated  with  ammonia  yield  a  white  gelatinous 
zinc-hydrate,  soluble  in  excess  of  potash  or  ammonia.  A  crystallised  monohydrate, 
ZnO.H'O  =  Zn"II''0-,  is  obtained  by  immersing  zinc  in  aqueous  ammonia  in  contact  with 
iron(Kunge;  Schindler),  or  with  lead  or  copper  (Nickles).  Hydrogen  is  then 
evolved,  and  after  some  time  zinc-hydrate  is  deposited  on  the  zinc  in  rhombic  prisms, 
of  specific  gravity  2-677  (see  also  Cornu,  Bull.  Soc.  Chim.  1863,  p.  64). — A  di  hydrate, 
Zn0.2H-0  =  Zn'H'O^,  is  deposited  from  a  saturated  solution  of  zinc-oxide  in  soda- 
ley,  left  to  itself  for  a  long  time  in  a  closed  vessel.  It  forms  colourless  regular  octa- 
hedrons, having  a  strong  adamantine  lustre,  retaining  their  lustre  and  transparency 
after  washing  with  water  and  drj'ing  over  chloride  of  calcium,  but  becoming  white 
when  hot  water  is  poured  upon  them.  Zinc-hydrate  dissolves  readily  in  dilute  acids, 
caustic  alkalis,  and  carbonate  of  ammonium.  It  easily  gives  off  its  water  when 
heated. 

zniC,  OX7CHI.ORZSE  OP.    See  Zinc,  Chloride  of  (p.  1070). 
ZZirc,  OXYSTTIiPHXDX:  or.    See  Zinc,  SuLPmnEs  of  (p.  1074). 
ZXMC,  PEROXIDS  OF.    (See  p.  1070.) 

ZZXrc,  PHOSPHIBES  OP.  (Hoos,  Ann.  Cb.  Pharra.  e.  101 .)— The  compound 
Zn^P-  was  obtained  by  strongly  igniting  2  at.  zinc-oxide  with  1  at.  phosphoric  anhy- 
dride and  7  at.  charcoal,  and  collected  in  the  neck  of  the  retort  as  a  brittle  sublimate, 
which  had  a  dark  steel-grey  colour,  and  dissolved  in  hydrochloric  acid,  with  evolution  of 
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non-spontancously  inflammable  phosplioretted  hydrogen. — Zinc-oxide,  ignited  in 
phospliorus-viipour,  forms  a  black  crystalline  mass,  together  with  a  red  phosphide  of 
zinc.  The  black  mass  boiled  with  hydrochloric  acid,  left  a  grey  crystalline  powder, 
probably  consisting  of  ZnP-. 

ZXITC,  SBIiEIfXSX:  OP.  Formed  by  passing  selenium-vapour  over  red-hot 
zinc.  It  is  a  lemon-yellow  pulverulent  body,  from  which  nitric  acid  dissolves  the 
zinc,  and  at  first  separates  the  selenium,  but  on  prolonged  action  dissolves  it  as  sele- 
nious  acid.  (Berzelius.) 

ZX37C,  SEXEXTXOCYAN'ATE  OP.    See  Semniocyanates  (p.  220). 

ZXnrC,  Sl£iXCOFXiVOBX3>S  OP.    See  SILICOFLUOBIDES  (p.  273). 

ZIM'C,  SUBOXIDE  OP.    (See  p.  1072.) 

ZXNC,  SUXiPBXDSS  OP.    Of  these  compounds,  the  best  known  is  that  which 
corresponds  to  the  oxide.    According  to  Schiff,  there  is  also  a  pentasulphide,  ZnS*. 
The  proiosulphidc,  ZnS,  occurs  native  as  blende,  in  monometric  forms,  viz. 

ooO  {fa.  178,  Cbtstaxlogeaphy,  ii.  124) ;   +  5  (jig.  189);  the  same  with  the  two 

^  0 
tetrahedrons  equally  developed,  forming  a  regular  octahedron  {fg.  172) ;  and  ^  .  ooO 

(fff.  203);  also  twins  like fcf.  319  (ii.  160),  and  others;  cleavage  perfect  parallel  to 
ccO.  The  mineral  likewise  occurs  in  botryoidal  and  other  imitative  shapes,  and 
massive,  compact.  Hardness  =  3'6  to  4.  Specific  gravity  =  3'9  to  4'2.  Trans- 
parent to  translucent.  Lustre  resinous  to  adamantine.  Colour  brown,  yellow,  black, 
red,  green,  white,  or  yellow  when  pure.  Streak  white  to  reddish-brown.  Fracture 
conchoidal.  Brittle. 

Analyses. — a.  Franklin,  New  Jersey:  colourless,  transparent  (Henry).* — b.  Claus- 
thal:  crystallised,  black  (Kuhlemann). — c.  Raibl,  Carinthia:  scaly  (Kersten). — • 
d.  Przibram,  Bohemia:  radiate  (Lowe). — e.  Eaton,  New  Hampshire  (Jackson). — 
/.  Shelburne,  New  Hampshire  (Jackson). — ff.  Christiania  :  black-brown,  radiate 
(Scheerer).— A.  Marmato,  nearPopayan,  South  America:  marrnatiie:  black  (Boiis- 
singault). — i.  Bottino,  near  Serravezza,  Tuscany  :  massive  (Bechi)  : 

Sulphur 
Zinc  . 
Cadmium 
Iron 
Copper 
Antimony 


a. 

b. 

c. 

d. 

e. 

/■ 

/?• 

h. 

1. 

32-22 

33-04 

32-10 

33-75 

32-22 

32-6 

33-73 

33-73 

33-65 

67-46 

C5-39 

64-22 

62-62 

63  62 

52-0 

63-17 

51-95 

48-11 

0-79 

trace 

1-78 

0-60 

3-2 

1  18 

1-32 

2-20 

3-10 

11-3 

12-53 

14-32 

16-23 

0-13 

0-72 

100-35 

99-54 

99-1 

99-43 

100-00 

97-99 

0fi3 

0-80  t 

99^ 

101-16 

99- 16 

Blende  occurs  in  both  crystalline  and  sedimentary  rocks,  and  is  usually  associated 
with  galena ;  also  %rith  heavy  spar,  copper-pyrites,  spathic  iron,  p.nd  frequently  in 
silver-mines.  Derbyshire,  Cumberland,  and  Cornwall  aflford  the  black  varieties  called 
black  jack;  also  Transylvania,  Hungary,  and  the  Harz.  Sala  in  Sweden,  Eatie- 
borzitz  in  Bohemia,  and  many  Saxon  localities,  afford  splendid  black  and  brown 
crystals. 

Zinc-sulphide  cannot  be  formed  by  fusing  sulphur  and  zinc  together,  because  the 
sulphur  volatilises  before  combination  can  take  place ;  but  it  is  produced,  with  detona- 
tion, when  zinc-filings  are  heated  -with  cinnabar  or  potassium-sulphide.  It  is  likewise 
obtained  by  heating  zinc-oxide  with  sulpluir  alone,  or  with  sulphur  and  charcoal  ;  by 
heating  zinc-oxide  oi-  the  hydrated  sulphide  in  a  stream  of  sulphydric  acid  gas;  and, 
finally,  by  reducing  zinc-sulphate  -svith  sulphur  or  charcoal.  When  prepared  by 
either  of  these  methods,  it  is  a  white  or  yellowish  powder,  of  specific  gravity  3-92  :  it 
melts  at  a  very  high  temperature,  and  volatilises  only  at  a  white  heat. 

Crystallised  zinc-sulphide  is  easily  oxidised  by  fusion  with  nitre ;  slowly,  but  com- 
pletely, when  heated  in  contact  with  the  air :  acids  decompose  it  slowly,  with  evolu- 
tion of  siilphydrie  acid.  The  amorphous  sulphide  is  decomposed  by  atmospheric 
oxidation,  or  by  acids,  more  quickly  than  the  crystallised  sulphide. 

The  hi/dratcd  sulphide,  ZnS.H-0,  obtained  by  precipitation  (p.  1071),  and  dried  at 
100°,  is  a  white  powder,  which,  when  more  strongly  heated,  gives  off  its  water  and 
turns  yellowish.  It  oxidises  quickly  on  exposure  to  the  air,  and  dissolves  easily  in 
dilute  mineral  acids,  slightly  in  a  large  excess  of  acetic  acid.  (Wackenroder.) 

Oxysulphides. — Zinc-sulphide,  when  dried  in  the  air,  generally  contains  a  small 
quantity  of  oxide.  Oxysulphides  of  zinc  are  found  in  furnace-flues.  Kersten 
(Schw.  J.  Ivii.  186)  found  one  in  a  furnace  at  Freiberg,  having  the  composition 
Zn0.4ZnS ;  the  zinc-oxide  was  not  dissolved  out  of  it  by  acetic  acid.    The  same  com- 


*  For  references,  see  Rammelsberg's  Mineralchemie,  p.  48. 
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pound  occurs,  as  voltzite  or  voltzine,  in  implanted  spherical  globules  with  galena, 
blende,  &c.,  at  Kosi^res  in  Puy-de-D6mo,  and  in  the  Elias  niino,  near  Joachimsthal  in 
Bohemia. 

The  compound  Zn-OS,  or  ZnO.ZnS,  is  formed,  according  to  Arf  vedson  (Pogg.  Ann. 
1.  59),  when  dry  zinc-sulphate  is  heated  to  redness  in  a  stream  of  hydrogen. 

Ventasidpliidt  of  Zinc,  ZnS^,  is  formed,  according  to  Schiff  (Ann.  Ch.  Pharm. 
exv.  74),  "when  a  neutral  zinc-salt  is  precipitated  by  pentasulphide  of  potassium.  The 
precipitate  is  white,  but  acquires  a  straw-yellow  colour  when  pressed  and  dried. 
When  heated  in  a  close  vessel,  it  is  resolved  into  the  protosulphide  and  free  sulphur. 
It  dissolves  in  acids,  with  evolution  of  sulphydric  acid  gas,  and  separation  of  sulphur. 

ZIMC,  TSXiXdUBISS  or.  Zinc  and  tellurium  unite  when  fused  together,  with 
great  evolution  of  heat.  The  product  is  grey,  crystalline,  difficult  to  fuse,  insoluble  in 
dilute  sulphuric  or  concentrated  hydrochloric  acid.  (Berzelius.) 

ZXITCilCSTA.I»;XBB,  C^H''Zn"N-0-,  is  a  white  powder  formed  by  the  action  of 
acetamide  on  zincethyl. 

'LaSG&.'MXH'Z,  N^H''Zn",  is  produced  by  the  action  of  ammonia  on  zincethyl 
(p.  107G). 

Zzn-CAravx.,  or  ZHarCAlvsirXtlSE.    See  Zinc-badicles,  Oeganic. 

ZIIffC-ASH.  The  impure  grey  oxide,  or  suboxide  of  zinc,  formed  when  zinc  is 
heated  in  contact  with  the  air. 

ZIBrCAZTTB.XXE.  This  name  is  given  by  Brcithaupt  (Berg-  u.  Hiittenm.-Zeit. 
vi.  101),  to  a  blue  mineral  occurring  in  the  veins  of  Baranco  Jaroso,  in  the  Sierra 
Almagrera  in  Spain,  and  containing,  according  to  Plattner  and  Richter,  cupric 
oxide,  zinc-oxide,  sulphuric  acid,  and  a  little  water. 

ZINCBXiEirSE.    Native  sulphide  of  zinc  (p.  1074). 

ZXirc-BXiOOia,  or  ZIsrconrxSE.  A  native  hydrocarbonate  of  zinc.  (See 
Carbonates,  i.  798). 

ZIWC-BtJTTEB.    Buti/mm  Zinci. — Syn.  with  Zino-chloeide  (p.  1069). 
ZINC-3JISTITKOETHYS.ATB.     (See  p.  1077.) 

ZIXrCBTHYI.,  or  ZlIffCETHIDE.    See  Zinc-eadicles,  Oeganic  (p.  1076). 
ZlWC-ETKYI.AJWtYIiATB.    (See  p.  1077.) 

ZlHC-FAHXiOZlE,  or  copper-blende  from  near  Freiberg,  is  a  tennantite  (p.  720), 
having  the  iron  partly  replaced  by  zinc. 

ZXlffC-FXiOWERS.  Blores  Zinci. — Zinc-oxide  produced  by  combustion  of  the 
metal  (p.  1073). 

ZIUC-G-IiASS.  > 

.....^^  .r..^  n»«i>.»m'r.«.B.  >  SyD.  wlUi  SiLicEous  Calamine  (i.  713). 
ZXTTC-GRAmSZATXTE.  (  \    •  J 

ZZN'CXTE,  ov  Red  Zinc  Ore.  Native  oxide  of  zinc  containing  manganese  (p.  1074). 

ZmCKEWXTB.    Syn.  with  Zinkenite  (p.  1079). 

ZIXrC-nZBTHirXi,  or  ZISTC-MSTHISE.  See  ZiNC-EADlCLES,  Obganic  (p.  1078). 
ZITfCOXariSB.    Syn.  with  Zinc-bloom. 

ZIsrc-PHBir^'S'XiAiaxSE.    A  product  of  the  action  of  zincethyl  on  aniline. 
ZXNCPHirSiXiITB.    Syn.  with  HoPElTE  (iii.  106). 

ZXirc-KAIiXCXiES,  ORGANZC.  Zinc  unites  with  alcohol-radicles  (methyl, 
ethyl,  and  amyl),  forming  compounds  analogous  in  composition  to  zinc-chloride,  or 
zinc-oxide,  and  represented  by  the  general  formula  Zn"E,^.  They  are  saturated  com- 
pounds, not  capable  of  uniting  directly  with  oxygon,  chlorine,  or  other  elements,  and 
are  therefore  not  radicles  in  the  proper  sense  of  tlie  word,  like  cacodyl,  stibtrimothyl, 
stannethyl,  &c.  They  are  produced  by  heating  zinc  with  the  iodides  of  the  alcohol- 
radicles  in  sealed  tubes,  and  by  the  action  of  zinc  on  the  mercury-compounds  of  the 
same  radicles.  The  first  method  is  best  adapted  for  the  preparation  of  zincethyl,  the 
second  for  obtaining  the  methyl-  and  amyl-compouuds.  (See  Oegano-metallic  Bodies, 
iv.  219). 

Zincamyl,  or  Zinoamylide,  Zn(C^H")^. — Prepared  by  heating  zinc  with  mer- 
curic amylide 

Hg(C5H")-  +  Zn^    =    Zn(C*H")2  -I-  ZnHg. 
It  is  a  colourless,  transparent,  mobile  liquid,  of  specific  gravity  1-022  at  0°,  boiling  at 
220°.   Vapour-density,  obs.  =  6'95  ;  calc.  (2  vols.)  =  6-87.   It  decomposes  gradually 
at  240°,  yielding  amyliaie  and  amylic  hydride.    In  contact  with  the  air  it  fumes,  but 
does  not  take  fire.    When  dropped  into  oxygen-gas,  it  burns  with  a  dazzling  white 
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flame  and  slight  explosion.  Its  reactions  -with  oxygen,  chlor  ne,  and  iodine  are  pre- 
cisely  analogous  to  those  of  zincethyl  (iv.  225). 

Zincetbyl,  or  Zincethide,  Zn(C-'H*)-'. — This  body,  discovered  by  Frankland  in 
1849,  is  prepared  by  heating  zinc,  in  a  closed  vessel,  with  ethylic  iodide  mixed  with 
ether  (iv.  2)9).  For  preparation  on  the  small  scale,  the  mixture  is  enclosed  in  sealed 
glass  tubes,  and  heated  in  an  oil-  or  air-bath ;  for  larger  quantities  the  apparatus  con- 
trived by  Frankland,  and  described  in  the  article  Bath  (i.  521),  is  employed. — Pebal 
(Ann.  Ch.  Pharm.  cxviii.  22;  exxi.  105),  dehydrates  equal  volumes  of  ether  and  ethylic 
iodide  with  phosphoric  anhydride,  and  heats  the  mixture, — in  a  tubulated  retort  filled 
with  carbonic  anhydride  at  a  pressure  aboxit  one-fourth  greater  than  that  of  the  external 
air, — with  granulated  zinc  previously  strongly  etched  with  sulphuric  acid,  and  then 
thoroughly  dried. — Kieth  and  Beilstein  (?6/ri!.  cxxiii.  245;  exxvi.  248)  heat  an 
alloy  of  4  pts.  zinc  and  1  pt.  sodium  with  ethylic  iodide  in  a  flask  filled  with  car- 
bonic anhydride.  Chapman  adopts  a  very  similar  process,  using  alittle  zincethyl  to 
start  the  reaction  (iaiorafory,  i.  195).  Alexeyeff  and  Beilstein  (Compt.  rend. 
Ixiii.  171)  heat  100  grms.  ethylic  iodide,  in  a  similar  manner,  with  7  or  8  grm.s. 
zinc-sodium,  and  70  to  80  grms.  zinc-cuttings. — Zincethyl  may  also  be  prepared  by 
heating  granulated  zinc  with  about  half  its  volume  of  mercuric  ethide  in  a  sealed 
retort  in  the  water-bath  for  36  hours  (Frankland  and  Duppa,  Chem.  Soc.  J.  xvii. 
3). — Zincethyl  is  also  produced  by  the  action  of  zinc  and  mercury  on  sodium-ethyl 
(Wanklyn)  : 

Zn  +  Hg  +  2NaC2H=  -  Zn{Cm^y  +  HgNa". 
Zincethyl  is  a  transparent,  colourless,  strongly  refracting,  mobile  liquid,  having  an 
odour  rather  agreeable  than  otherwise.  Specific  gravity  =  1-189  at  18°.  It  does  not 
solidify  at  —22°,  boils  at  118°,  and  distils  without  decomposition.  Vapour-density, 
obs.  =  4-259  ;  calc.  (2  vols.)  =  4-262.  In  contact  with  the  air  it  fumes,  and  quickly 
takes  fire,  burning  with  a  bright-green-edged  flame,  and  giving  off  thick  white  fumes  of 
zinc-oxide.  It  is  also  rapidly  decomposed  by  water,  with  formation  of  ethylic  hydride 
and  zinc-hydrate : 

Zn{cm'y  +  2W0  ==  2(C2H^h)  +  Zuh^o^ 

The  reactions  of  zincethyl  with  oxygen,  the  halogens,  nitric  oxide,  sulphurous 
oxide,  phosphorous  chloride,  oxalic  ether,  ammonia,  &c.  have  been  already  described 
under  Oegano-metallic  Bodies  (iv.  225,  226).  We  here  give  some  reactions  dis- 
covered since  that  article  was  written : — 

With  cMoridc  of  acetyl  and  its  homologues,  zincethyl  forms  ketones,  or  tertiary 
alcohols,  according  to  the  manner  in  which  the  reaction  takes  place.  When  2  at. 
chloride  of  acetyl  is  udded  by  drops  to  1  at.  zincethyl  contained  in  a  flask  cooled 
to  0^  and  filled  with  carbonic  anhydride,  a  strong  action  takes  place ;  and  if  the  product 
be  immediately  treated  with  water,  a  ketone  boiling  at  80°  is  obtained,  having  the 
composition  of  acetyl-ethyl,  CTI^O  =  C-H'O.C^H*.  In  this  case  the  reaction 
seems  to  take  place  between  2  at.  chloride  of  acetyl  and  1  at.  zincethyl : 
2C-H»0C1  +  Zn(C=H=)^  =  ZnCP  -t-  2(C2H'O.C^H'>). 
But  if  the  liquid  be  left  to  itself  for  some  days,  it  becomes  viscid,  and  if  it  be  then 
warmed  and  treated  with  water,  a  large  quantity  of  combustible  gas  is  evolved  ;  and 
the  liquid,  acidulated  with  hydrochloric  acid  and  distilled,  yields  a  tertiary  alcohol, 
homologous  with  pseudobiitylic  alcohol — viz.,  methyl-diethyl-carbinol,  CH'^O. 
[C(CH')(C^H'')']  I  Q     ^ggg  ^jjQ  corresponding  reaction  with  zinc-methyl,  p.  1076.) 

Chloride  of  butyryl,  C^H^OCl,  yields  with  zincethyl,  in  like  manner,  either 
butyryl-ethyl,  C^H'O.C^H',  or  propyl-diethyl-carbinol,  CH'^O  = 
[C(C'H^(C'H'')'^]  |q  (Freund,  Ann.  Ch.  Pharm. cxviii.  1 ;  Jahresb.  1860,  p.  311.— 

Buttlerow,  Bull.  Soc.  Chim.  1866,  i.  17;  Jahresb.  1865,  p.  460).— With  chloride  of 
iew^oyZ,  zincethyl  yields  benzoyl- ethyl,  C'H^O.C^H*  (Freund,  Zoc.  cit. — Kalle, 
Ann.  Oh.  Pharm.  cxix.  1 65). — With  phenylsulphurous  chloride  (p.  564),  it  forms  ethylic 
chloride  and  phenylsulphurous  hydride.  (Kalle.) 

2.  When  zincethyl  is  heated  in  sealed  tubes  with  allylic  iodide,  a  complicated  reac- 
tion takes  place,  resulting  in  the  formation  of  ethylene,  propylene,  ethyl,  ethylic 
iodide,  allyl,  CH'",  amylene,  C^H'",  amylie  hydride,  C*H'^  and  diamylene,  CH'" 
(Wurtz,  Ann.  Ch.  Pharm.  cxxiii.  202). — Zincethyl,  heated  with  bromide  of  amylene 
to  120°,  yields  a  liquid  which  has  an  alliaceous  odour,  floats  on  water,  and  boils  at 
80°,    (Olevinsky,  Jahresb.  1861,  p.  664.) 

3.  Tetrachloride  of  carbon  acts  strongly  on  zincethyl,  forming  ethylic  chloride,  ethy- 
lene, and  propylene  (Rieth  and  Beilstein,  Ann.  Ch.  Pharm.  cxxiv.  242): 

2CC1'  +  3Zn(C^H')''    =    2C^H=C1  H-  2C^H<  -t-  2C'H''  +  3ZnCl». 
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4.  Chloroform  acts  less  strongly,  producing  amylene,  and  probably  ethylic  hydride, 
together  with  small  quantities  of  ethylene  and  propylene  (Reith  and  Beilstein). — 
With  bromoform  a  strong  action  takes  place,  resulting  in  the  formation  of  propylene 
and  ethylic  bromide  (Alexeyeff  and  Beilstein,  Compt.  rend.  Iviii.  172): 

CHBe  +  Zn(C'=H*)'    =    C'H"  +  C-H^'Br  +  ZnBr^ 

Iodoform  likewise  acts  sti'ongly  on  zinccthyl,  apparently  combining  directly  with  it. 

5.  Chloriodoform,  added  by  drops  to  zincethyl,  forms  chloride  and  iodide  of  zinc, 
together  with  ethylene,  ethyl  (tetrylic  hydride),  and  free  hydrogen  (Borodine,  Ann. 
Ch.  Pharm.  cxxvi.  239): 

2CHm  +  3Zn(C'Hn^    =    ICm'  +  +  2ZnCl-  +  ZnR 

2CHCr-I  +  3Zn(C-H*)^    =    3Cm'  +  2C^H"'  +  2ZnCl-  +  ZnP. 

6.  Dichloride  of  carbon  does  not  act  on  zincethyl  under  the  ordinary  atmospheric 
pi-t'ssure. — Trichloride  of  carbon  is  reduced  to  dichloride,  with  formation  of  ethylic 
chloride  and  zinc-chloride. 

7.  Zincethyl  is  not  attacked  by  chloride  of  triethylsiibinc,  Sb(C^H*)'CP,  even  at  the 
boiling  heat ;  but  with  the  iodide  it  appears  to  form  antimonic  pentethide,  Sb(C'H')', 
which  is  then  decomposed  according  to  the  equation  : 

Sb(C-H')5    =    Sb(C^ff)'  +  CTI^  +  C^H". 

(Buckton,  Chom.Soc.  Qu.  J.  siii.  125.) 

8.  Pure  zincethyl  attacks  amylic  nitrite  with  great  violence,  bursting  out  into  flame 
when  placed  in  contact  with  it.  But  if  the  zincethyl  bo  considerably  diluted  with  ether, 
and  added  to  an  excess  of  amylic  nitrite,  nitric  oxide  is  evolved,  and  a  honey-like  mass 
is  f(u-med,  which,  on  treatment  with  water,  yields  amylic  alcohol,  ethylic  alcohol, 
ethylic  hydride,  and  probably  ethyl-amylic  ether,  thus  : 

2N0(C^H>')0  +  Zn(C=H^)^    =    ^"(JjJ^^jo  .  ^^^u\o  +  2N0. 

Ilonpy-like  mass. 

Zn(CnP)(C^H>'0)  +  211^0  =  Zn(HO)^  +  C-H«  +  C'W-O. 

Zincethyl-amylate.  Zinc-hj-         Ethyl-  Amyl- 

drato.  hydride.  alcohol. 

The  ethylic  alcohol  is  probably  formed  by  the  action  of  water  on  the  ethyl-amyl-ether, 
(C-H*)(C'H")0,  contained  in  the  honey-like  substance. — Wlicn  amylic  nitrite  is  dropped 
into  excess  of  zincethyl  diluted  with  five  or  six  times  its  weight  of  ether  no  gas  is 
evolved  ;  but,  nevertheless,  the  action  appears  to  be  the  same  as  that  just  described,  ex- 
cepting that  the  nitric  oxide  produced  is  immediately  absorbed  by  the  excess  of  zinc- 
ethyl, forming  the  compound  of  zine-dinitroethylate  with  zincethyl  described  under 
DiNiTROETHYLic  AciD  (iv.  61). — When  only  a  small  quantity  of  ether  is  mixed  with 
the  zincethyl,  triethylamino  is  formed,  as  shown  by  the  equation  : 

N'iocmn  +  3  ^^C'lP)    =  +  N(C^H^)3. 

2 

(Chapman  and  Smith,  Chem.  Soc.  J.  vol.  xxi.  1868.) 

9.  When  amylic  nitrate  is  mixed  with  undiluted  zincethyl  in  an  atmosphere  of  car- 
bonic anhydride,  no  change  takes  place  at  first  ;  but  if  the  mixture  be  exposed  for  an 
instant  to  the  air,  it  explodes  with  a  vivid  flash  of  light  and  sharp  report,  and  with 
extreme  violence  if  heated  to  about  40°.  Dilution  with  ether  renders  the  reaction 
manageable,  and  if  the  mixture  be  then  heated  to  110°,  complete  decomposition  takes 
place.    (Chapman  and  Smith.) 

Respecting  the  action  of  zincethyl  on  other  compound  ethers,  see  Oegano-metallic 
BoDiKS  (iv.  226),  and  Oxalic  Ethers  (iv.  272). 

10.  With  nionochloriiintid  ethi/lic  o-ridc,  zincethyl  yields  a  liquid  having  the  com- 
position C"H"C10,  apparently  C''H*'C1(C-H^)0,  or  monochlorethylic  oxide  having 
one  ;itom  of  the  hydrogen  replaced  by  ethyl.  (Lieben  and  Bauer,  Ann.  Ch.  Pharm. 
cxxiii.  130.) 

11.  Zincethyl,  gently  heated  for  some  hours  with  aldehyde,  forms  a  compound  hav- 
ing nearly  the  composition  of  acetal. — On  valcral  and  ananthol  it  appears  to  exert  a 
dehycb'ating  action  (Rieth  and  Beilstein). — Bitter-almond  oil  is  strongly  attacked 
by  zincethyl. — Acetone  acts  strongly  on  zincethyl,  especially  when  heated,  forming 
an  oil  having,  in  general,  the  properties  and  nearly  the  composition  of  phorone, 
C"H"0. 

12.  An  ethereal  solution  of  zincethyl,  added  in  excess  to  amylene  disidfhocJdoride 
(i.  209),  separates  into  two  layers  ;  and  on  adding  water,  and  drying  and  distilling  the 
oil  which  floats  on  the  surface,  the  compound  C"'H"°S^CP  passes  over  between  240° 
and  250°.    (Guthrie,  Ann.  Ch.  Pharm.  cxxi.  108.) 
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13.  Carhonio  disulphide  unites  with  zincethyl,  forming  the  compound  C'H'"'S.ZnS, 
as  a  brown  shining  mass,  which  gives  off  sulphide  of  amylene,  C^H'°S,  when  heated. 
(Grabowski,  Ann.  Ch.  Pharm.  exxxviii.  165;  Jahresb.  1866,  p.  503.) 

Zlnc-metbyl,  or  Zinc-metbide,  Zu(CH')^. — This  compound,  also  discovered  by 

Frankhmd  in  1849,  is  formed  by  heating  methylic  iodide  with  zinc  in  sealed  tubes  to 
150°  ;  but  the  method  is  not  advantageous,  since  a  large  quantity  of  methyl-gas  is 
formed,  and  escapes  forcibly  on  opening  the  tube,  carrying  the  zinc-methyl  with  it. 
The  preparation  is  greatly  facilitated  by  mixing  the  methylic  iodide  with  two-thirds  of 
its  bulk  of  ether,  and  heating  to  100°  in  the  copper  apparatus  used  for  the  preparation 
of  zincethyl  (p.  1076).  On  rectifying  the  product,  a  liquid  boiling  at  51°  is  obtained, 
consisting  of  zinc-methyl,  mixed  or  combined  with  ether  in  the  proportion  of  2  at. 
Zn(CH')-  to  1  at.  (C''^H*)^0. — When  methylic  ether,  condensed  by  pressure,  is  used  in- 
stead of  ethylic  ether  to  dilute  the  methylic  iodide,  a  liquid,  boiling  at  43°  to  48°,  is 
obtained,  consisting  nearly  of  2  at.  Zn(CH')''  to  1  at.  (CH^)^O.  Neither  the  ethylic 
nor  the  methylic  ether  can  be  separated  from  the  zinc-methyl  (Frankland,  Ann.  Ch. 
Pharm.  cxi.  62).  Pure  zinc-methyl  may,  however,  be  obtained  from  the  mixture  of 
zinc-methyl  and  ethylic  ether  just  mentioned,  by  enclosing  it  in  a  sealed  tube  with  zinc 
and  methylic  iodide,  heating  the  mixture  to  100°,  and  distilling  the  prodxict.  The  dis- 
tillate contains  a  larger  proportion  of  zinc-methyl  than  the  original  liquid,  and  by 
repeating  the  process  a  certain  number  of  times,  nearly  pure  zinc-methyl  is  obtained 
(Wanklyn,  Chem.  Soe.  Qu.  J.  xiii.  124).  According  to  Frankland  and  Duppa, 
however  (Chem.  Soc.  J.  xvii.  30),  the  best  mode  of  preparing  pure  zinc-methyl  is  to 
heat  finely-granulated  zinc  with  half  its  volume  of  mercuric  methide  in  a  sealed  tube 
to  120°  for  24  hours,  and  distil  off  the  product. 

Zinc-methyl  is  a  colourless  liquid,  of  specific  gravity  1'38G  at  10'5°,  and  boiling  con- 
stantly at  46°  (Frankland  and  Duppa).  Vaponr-density,  obs.  =  3'291;  cale.  (2 vols.)  = 
3'296.  The  vapour  bears  a  temperature  of  200°  without  decomposition;  but  at  270° 
it  decomposes,  with  separation  of  zinc  and  gaseous  hydrocarbons.  (Wanklyn.) 

Zinc-methyl  takes  fire  immediately  in  contact  with  the  air,  and  burns  with  a  bright 
greenish-blue  fiame  ;  in  oxygen-gas  it  burns  with  explosion.  Small  quantities  of  its 
vapour  mixed  with  combustible  gases  render  them  spontaneously  inflammable. 

In  its  chemical  reactions,  zinc-methyl  exhibits  for  the  most  part  a  close  analogy  to 
zincethyl ;  in  some  cases,  however,  differences  are  observed,  as  with  sulphurous  anhy- 
dride (iii.  1003  ;  iv.  225). —  Water  decomposes  zinc-methyl,  with  evolution  of  marsh- 
gas  (methylic  hydride),  and  separation  of  zinc-hydrate. 

With  chloride  of  lead,  zinc-methyl  forms  plumbic  dimethide,  Pb(CH')',  and  zinc- 
chloride,  with  separation  of  lead.    (B  uttlerow,  Bull.  Soc.  Chim.  1863,  p.  596.) 

An  ethereal  solution  of  zinc-methyl  added  to  iodide  of  stanncthyl,  or  stannic  iod- 
etUde,  Sn"(C2H^)^P,  forms  iodide  of  zinc  and  stannic  etliylomethide,  Sn''(C^H^)XCH=)^ 

'Withmercuric  chloretfiide,  zinc-methyl  appears  to  form,  in  the  first  instance,  mercuric 
ethylomethide,  Hg(C-H^)(CH^),  which  however  is  resolved  by  repeated  distillation  into 
mercuric  ethide  and  mercuric  methide. 

Antimonic  di-iodotritnethide,  Sb(CH')'I^  acts  strongly  on  the  ethereal  solution  of 
zinc-methyl,  forming  antimonious  methide  (stibmethyl),  Sb(CH^)',  and  antimonic  pen- 
tamethide,  Sb(CH^)^,  which  cannot  be  completely  separated  one  from  the  other. 
(Buckton,  Chem.  Soc.  Qu.  J.  xiii.  115.) 

With  chloride  of  acetyl  and  its  homologues,  zinc-methyl  acts  like  zinc-ethyl,  yield- 
ing acetones  or  tertiary  alcohols,  according  as  the  product  of  the  reaction  is  treated 
with  water  immediately,  or  after  some  time  only.  In  the  case  of  chloride  of  acetyl, 
the  product  formed  in  the  first  case  is  ordinary  acetone,  or  aectyl-methyl,  CH'O.CH^ ; 
but  when  the  liquid  formed  by  gradually  adding  1  at.  chloride  of  acetyl  to  2  at.  zinc- 
methyl,  is  left  to  itself  for  a  few  hours,  it  solidifies  to  large  rhombic  prisms  of  the  com- 
pound C^H^^Zn^OCl  =  C^H^OCl  +  2Zn(CH^)2.  The  reaction,  however,  appears  to 
take  place  in  the  manner  represented  by  the  equation  CO.CH^.Cl  +  2Zn(CH')^  = 

^(^H^n)'  j*^  ^  (Cll'Zn)'Cl,  inasmuch  as  the  crystals,  when  treated  with  water,  are 
resolved  into  marsh-gas,  zinc-hydrate,  zinc-chloride,  and  tertiary  butylic  alcohol  (tri- 
methyl-carbinol) : 

cipz21°  *  CH'ZnCl  -I-  4H^0    =    *^(^')'|o      203^  +  2ZnH^0=  +  HCl. 

With  chloride  of  hiityryl,  in  like  manner,  zinc-methyl  yields  either  butyryl-me- 
thyl,  C^H'O.CH'',  or  tertiary  octylic  alcohol  (propyl-diethyl-carbinol),  CH'^O  = 
C(C'I^)(C-H-')2|  Q    (Buttlerow,  Zeitschr.  Ch.  Pharm.  1864,  pp.  365,  702  ;  Jahresb. 

1864.  p.  496  ;  Bull.  Soc.  Chim.  1866,  i.  17  ;  Jahresb.  1865,  p.  460.) 
With  chloride  of  carhonyl  (phosgene),  zinc-methyl  forms  also  a  crystalline  compound 
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which,  when  treated  with  water,  yields  a  distillate,  apparently  consisting  of  the  com- 
pouuds  C'H'»0  andC^H^O. 

Etkylic  chlorocarhonate  (i.  916)  is  strongly  attacked  by  zinc-methyl  at  a  gentle  heat, 
yielding  zinc-chloride,  carbonic  anhydride,  ethylene,  and  marsh-gas. — With  mcthjlic 
chlorocarhonate,  the  action  is  similar,  but  less  energetic  ;  the  substances  must  bo  heated 
lugothur  in  a  scaled  tube,  and  even  then  tho  decomposition  is  not  complete.  (But- 
t  lerow,  Bull.  Soc.  Chim.  1863,  p.  588.) 

ZIJTC-SFii.R.    Syn.  with  Calamine  (i.  713). 

ZlWC-SjPISTEl.    Syn.  with  Gahnitb  (ii.  757). 

ZIxrCITM.    Syn.  with  Zmc  (p.  1067). 

ZIWC-VITHIOI..    Syn.  with  Zinc-st;lphate.    (See  Sulphates,  p.  617) 
Zliarc-VITRITB.    Syn.  with  SiLiOEors  Calamine  (i.  71'1). 
ZIJTC-WHITB.    Zinc-oxide  used  as  a  pigment  (p.  1073). 
ZIMGIESR.    See  Ginger  (ii.  838). 

ZIIffKETJZTB.  Pb"Sb^S'  =  Pb"S.Sb'S^  Zinckcnitc.  Ehomhohcdral  Dystome- 
(jlancc. — A  sulphantimonite  of  lead,  occurring  in  tho  antimony-mine  at  Wolfsberg  in 
ihe  Harz,  iu  trinietric  crystals,  usually  in  twins,  as  hexagonal  pirisms  terminated  by 
low  hexagonal  pyramids  ;  lateral  faces  longitudinally  striated  ;  sometimes  cohminar, 
fibrous,  or  massive.  Cleavage  not  distinct.  Hardness  =  3  to  3'5.  Specific  gravit}' 
=  5'30  to  5'35.  Lustre  metallic.  Colour  and  streak  steel-grey.  Opaque.  Frac- 
ture slightly  uneven.  (H.  Eose,  Pogg.  Ann.  viii.  99. — Brun  Kerl,  Berg.xi.  hiittenm. 
Zeit.  1853,  No.  2.— Dana,  ii.  74.) 

ZIPPEITE.    A  basic  uranic  sulphate  found  at  Joachimsthal  in  Bohemia. 

ZIRCCM".  ZIRCOrriTE.  ZrSiO'  =  ZrO^.SiO^  t7arg'0?2.  Hyacinth. — A  mineral 
Ofcuri-ing  iu  quadratic  crystals,  the  predominant  faces  of  which  are  P,  ooP,  ooPco  . 
Length  of  principal  axis  =  0-6405.  Angle  P  :  P  (terminal)  =  123°  19';  P  :  P 
(lateral)  =  84°  20'.  Cleavage  imperfect  parallel  to  ooP.  Occiu-s  also  in  irregular 
fiii-ms  and  in  grains.  Hardness  =  7'5.  Specific  gravity  =  4'0 — 4'75.  Lustre  more 
or  less  adamantine.  Colour  red,  brown,  yellow,  grey,  or  white.  Streak  uncoloured. 
Transparent  to  .subtranslucent.  Fracture  conchoi'dal  and  brilliant.  Before  the  blow- 
pipe it  loses  colour,  but  is  infusible  alone,  also  with  sodium-carbonate  and  microcosmic 
salt.  With  borax  it  melts  with  difficulty  to  a  diaphanous  glass,  which,  with  more  of 
the  flux,  is  opaque. 

Pure  zircon  contains  33-2  per  cent,  silica  and  66-8  zirconia  ;  some  specimens  con- 
tain small  quantities  of  lime  and  ferric  oxide. 

The  name  liyacinth  includes  the  bright-coloured  varieties  of  zircon,  which  are  some- 
times largo  enough  to  be  valuable  as  gems;  the  greyish  or  brownish  kinds  are  called 
zirconitc.  A  variety  from  Ceylon,  which  is  colourless  or  iias  only  a  smoky  tinge,  and 
is  therefore  sold  for  infei-ior  diamonds,  is  sometimes  called  jargon. 

Hyacinth  occurs  in  the  sand  and  alluvial  deposits  of  certain  rivers  in  Ceylon  ;  at 
Expailly,  near  La  Puy,  in  France ;  at  Ohlapian  in  Transylvania,  Pfltsch  in  the  Tyrol, 
Bilin  in  Bohemia,  Lebnitz  in  Saxony,  occasionally  in  volcanic  tufa  in  Auvergne;  also 
in  Greenland;  in  the  zircon-syenite  of  Frederichsviirn  in  Norway  ;  near  Brevig,  some- 
times called  Erd mannitc ;  at  Miask,  iu  tho  Urals;  in  the  iron-mines  of  Arendal ;  also 
in  Scotland,  at  Scalpay  in  Harris,  and  in  tho  granite  of  Criiiel  in  Kirkcudbrightshire  ; 
on  Vesuvius,  with  ryaeolite,  in  white  and  blue  octahedrons  ;  at  Santa  Kosa,  in  New 
Granada,  iu  small  colom-less  crystals  ;  and  at  several  localities  in  North  Carolina, 
New  York,  New  Jersey,  Pennsylvania,  California,  and  Canada  (Dana,  ii.  196).— 
Breithaupt's  Osiranitc,  supposed  to  be  from  Frederiohsvarn,  is  a  greyish-brown 
zircon. 

Zircon  is  one  of  the  most  unalterable  of  minerals,  but  is  sometimes  found  in  a 
hydi-ated  state,  and  is  pirobably  acted  upon  by  alkaline  waters,  which  take  up  part  of 
the  silica:  calypoUte  (i.  723),  malaconc  (iii.  784),  arstcdtitc  (iv.  179),  and  tachyapkal- 
titc  (v.  654),  appear  to  be  zircons  thus  altered. 

ZIRCOOTATES.    See  ZiECONUTjr,  Oxide  of  (p.  1084). 

ZISLCOKTSA.    Oxide  of  Zirconium  (p.  1083). 

ZiacouSC  ii.CI33.    Zirconia  in  combination  with  bases  (p.  1084). 
ZIRCOKITE.    See  Zircon. 

ZIRCOWSU'SI.  Symbol,  Zr  ;  Atomic  Weight,  89-6. — An  element  belonging  to  the 
group  of  oarth-mctals,  and  apparently  forming  a  link  between  aluminium  and  silicium. 
Its  oxide,  zirconia,  was  first  obtained  from  zircon,  and  recognised  as  a  peculiar  substance 
by  Klaproth,  in  1789;  it  has  since  been  found  in  eudialyto,  polymignite,  oerstedtite, 
fergusonite,  and  catapleiite.    Aschynite,  formerly  supposed  to  contain  zirconium,  has 


1080  ZIRCONIUM:  DETECTION  AND  ESTIMATION  OF. 


been  shown,  by  recent  experiments  of  Hermann  (Bull.  Soc.  Chim.  1866,  ii.  386)  to 
be  free  from  it. 

Metallic  zirconium  is  capable,  like silicium,  of  existing  in  three  states — amor- 
phous, crystalline,  and  graphitoidal. — Amorphous  zirconium  was  obtained  by  Berzelius 
(in  1824),  in  the  same  manner  as  amorphous  silicium  and  boron — namely,  by  heating 
a  mixture  of  potassio-zirconic  fluoride  with  potassium,  digesting  the  fused  mass  with 
water  containing  a  little  hydrochloric  acid,  and  washing  the  metal  which  remains 
undissolved  witii  sal-ammoniac  solution,  and  then  with  alcohol.  It  maj'  also  be  pre- 
pared by  passing  chloride  of  zirconium  in  vapour  over  sodium  contained  in  a  red-hot 
porcelain  tube,  or  by  heating  sodio-zirconic  chloiide  in  a  crucible  with  sodium  or  mag- 
nesium (Troost,  Compt.  rend.lxi.  109;  Bull.  Soc.  Chim.  1866,  i.  213).  Zirconium 
thus  obtained  is  an  amorphous  powder,  compressible  under  the  biu-nisher  into  thin, 
faintly  lustrous,  graphitic  lamins.  In  the  unignited  state  it  diffuses  itself  through 
water  in  extremely  fine  particles,  which  pass  through  a  filter  ;  but  it  settles  down  slowly 
on  standing,  more  quickly  on  addition  of  acids  or  salts.  It  does  not  conduct  electricity, 
is  not  altered  by  ignition  in  hydrogen  ;  but  if  it  be  then  brought  in  contact  with  the 
air,  after  cooling,  the  metal  becomes  heated  to  redness,  in  consequence  of  the  heat 
evolved  by  the  absorption  of  the  air.  When  heated  in  the  air,  it  takes  fire  at  a  heat 
considerably  below  redness,  and  burns  with  a  bright  light,  forming  zirconia.  It  is 
but  little  attacked  by  the  ordinary  acids,  or  by  nitromuriatic  acid  ;  but  hydrofluoric 
acid  dissolves  it  readily,  with  evolution  of  hydrogen,  and  a  mixture  of  hydrofluoric 
and  nitric  acids  attacks  it  very  energetically. 

Crystalline  zircojiium  is  prepared  by  heating  1  pt.  of  potassio-zirconic  fluoride  with 
1 1  pt.  aluminium  in  a  plumbago  crucible,  to  the  melting-point  of  iron.  When  the 
crucible  has  cooled,  the  surface  of  the  aluminium  is  found  to  be  covered  with  foliated  crys- 
talline laminae,  consisting  of  nearly  pure  zirconium,  which  may  be  separated  by  dissolving 
out  the  aluminium  with  hydrochloric  acid.  Crystalline  zirconium  thus  obtained  is 
very  hard,  and  resembles  antimony  in  colour,  lustre,  and  brittleness.  It  crystallises 
in  broad  laminae,  apparently  derived  from  a  monoclinic  pr^sm.  Specific  gravity  = 
4' 15.  It  is  less  fusible  than  silicium,  and  burns  only  at  the  temperature  of  the  oxy- 
hydrogen-blowpipe.  It  takes  fire  at  a  red  heat  in  chlorine-gas,  and  decomposes 
hydrochloric  acid  gas  at  the  same  temperature.  It  is  but  slowly  attacked  by  sul- 
pihuric,  nitric,  or  hydrochloric  acid,  even  when  heated  ;  hot  nitromuriatic  acid  attacks 
it  rapidly  ;  hydrofluoric  acid  also  dissolves  it  readily,  even  in  the  cold.  (Troost.) 

Grwphito'idal  zirconium  appears  to  be  formed  only  under  peculiar  circumstances. 
Troost,  in  attempting  to  decompose  zirconate  of  sodium  with  iron,  obtained  zirconium 
in  small  very  light  scales,  of  a  steel-grey  colour. 

Zirconium  is  a  tetratomic  element,  like  silicium,  its  oxide  being  ZrO-,  the  chloride 
ZrCl',  &c.  It  forms  but  one  class  of  compounds  with  chlorous  elements.  The  oxide 
is  capable  of  acting  both  as  a  base  and  as  an  acid. 

ZXBGOITXVIIX,  BROnXISB  OF.  A  solution  of  zirconium-hydrate  in  hydro- 
bromic  acid  leaves,  on  evaporation,  a  hydrated  bromide  in  crystalline  grains,  which 
are  resolved  by  heat  into  zirconia  and  hydrobromic  acid.  (Berzelius.) 

ZXRCOIO'XVnX,  CHXiORIDE  OF.  ZrCl^ — This  compound  is  formed,  with  in- 
candescence, when  zirconium  is  heated  in  chlorine-gas  ;  also  by  heating  a  mixture  of 
zircon  or  zirconia  with  charcoal,  in  a  stream  of  dry  chlorine,  in  which  case  it  collects  in 
the  cooler  part  of  the  apparatus  as  a  white  sublimate.  Its  vapour-density,  as  determined 
by  Deville  and  Troost  (Ann.  Ch.  Pharm.  cv.  213),  is  8'15  ;  by  calculation  from  the 
formula,  ZrClS  for  a  two-volume  condensation,  it  is  8'0.  The  chloride  dissolves  easily, 
and  with  rise  of  temperature,  in  water. 

A  hydrated  chloride  is  obtained,  by  evaporating  a  solution  of  zirconic  hydrate  in 
hydrochloric  acid,  in  colourless  silky  needles,  having  an  astringent  taste,  easily  soluble 
in  water  and  in  alcohol,  sparingly  soluble  in  concentrated  hydrochloric  acid.  (Berze- 
lius.) 

These  crystals  become  opaque  at  50°,  giving  off  part  of  their  water  and  half  their 
hydrochloric  acid,  and  leaving  a  basic  chloride  or  oxychloride  containing  ZrCl^ZrO'^. 
18H^0,  or  ZrOCP.9H-'0.  The  same  compound  is  obtained,  in  stellate  groups  of  white 
silky  prisms,  on  evaporating  the  aqueous  solution  of  zirconium-chloride.  These  crystals, 
when  heated,  become  white  and  turbid,  and  are  converted  into  the,  anhydrous  dioxy- 
chloride  ZrCl'.2ZrO^  (Hermann.) 

ZmCOn'XUIVI,  SEXXSCTIOIT  AWB  ESTISXATIOXJ  of.  The  reactions 
of  zirconium-salts  with  alkalis,  alkaline  carbonates,  and  ammoniimi-sulphide  are  very 
similar  to  those  of  thorinum,  yttrium,  and  the  metals  of  the  cerium-group.  The  precipitate 
formed  by  caustic  alkalis  and  cnnmonia  contains  alkali,  and  is  insoluble  in  excess  of 
the  reagent  (distinction  from  aluminium  and  glucinum),  also  in  sal-ammoniac.  The 
precipitate  formed  by  alkaline  carbonates  and  hicarhonatcs  redissolvcs  in  excess  of  the 
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reagent. — A  characteristic  reaction  is  aiforded  by  a  hot  concentrated  solution  of 
potassic  sulphate,  which,  when  added  to  a  hot  solution  of  a  zirconium-salt,  throws 
down  the  zirconium  as  basic  potassio-zirconic  sulphate,  insoluble  in  water,  and  nearly 
insoluble  even  in  a  large  quantity  of  hydrochloric  acid. — Zirconium  is  precipitated 
from  its  solution  by  boiling  with  hyposulphite  of  soditim,  a  character  by  which  it  may 
be  distinguished  from  yttrium  and  the  cerium-metals.  From  cerium  and  from  didy- 
mium  it  is  further  distinguished  by  not  giving  any  coloured  reactions  before  the 
blowpipe.  The  methods  of  distinguishing  it  from  thorinum  have  already  been  given 
(p.  786). 

For  the  quantitative  estimation  of  zirconium  in  solutions  containing  only  volatile 
acids,  it  is  sufficient  to  evaporate  to  dryness,  and  ignite  the  residue,  whereby  zirconia 
is  obtained,  containing  73'68  per  cent,  of  the  metal.  Zirconium  may  also  be  precipi- 
tated from  such  solutions  by  ammonia  as  a  basic  salt,  which  also  leaves  pure  zireoniii 
when  ignited. 

From  yttrium,  the  cerium-metals,  and  iron,  zirconium  may  be  scp.arated  by 
boiling  the  solution  with  hyposulphite  of  sodium,  which  precipitates  the  zirconium 
alone  as  hyposulphite.  This  precipitate  when  ignited  leaves  pm-e  zirconia.  To  effect 
complete  separation  from  the  cerium-ractals  by  this  method,  the  solution  must  be  dilute. 
For  separating  zirconi  uni  from  iron  (as  ferric  salt)  by  the  same  method,  Ch  an  eel  (Ann. 
Ch.  Pharni.  cviii.  237)  and  Stromeyer  {ibid,  cxiii.  127)  recommend  that  the  dilute 
solution,  after  being  nearly  saturated  with  sodic  carbonate,  be  mixed  cold  with  sodic 
hyposulphite  till  it  is  completely  decolorised ;  if  the  liquid  be  then  boiled  as  long 
as  sulphurous  anhydride  continues  to  be  evolved,  the  zirconium  is  completely  pre- 
cipitated as  oxide,  while  the  whole  of  the  iron  remains  dissolved  as  ferrous  salt. 
Tlie  separation  of  zirconium  from  these  metals  may  also  be  effected  by  treating  the 
boiling  solution  with  sulphate  of  potassium,  and  adding  a  drop  or  two  of  ammonia, 
whereby  the  zirconium  is  precipitated,  and  the  other  metals  remain  dissolved. 
(H.  Rose.) 

Precipitation  with  hyposulphite  of  sodium  serves  also  to  separate  zirconium  from 
phosphoric  and  boric  acids. 

From  thorinum,  zirconium  is  separated  by  oxalate  of  am^nonium,  which,  when 
added  in  excess,  precipitates  the  thorinum  as  oxalate,  and  holds  the  zirconium  in 
solution. 

From  titanium,  tantalum,  andniobium,  zirconium  maybe  separated  by  preci- 
pitation with  sulphate  of  potassium. 

Atomic  Weight  of  Zirconium. — Berzelius  (Pogg.  Ann.  iv.  124;  viii.  186) 
found  that  sulphate  of  zirconium  contains  75'583  pts.  zirconia  to  100  pts.  sulphuric 
anhydride  (mean  of  eight  experiments).  Hence  the  atomic  weight  of  zirconium  is  44'7, 
67'0,  or  89--1,  according  as  zirconia  is  regarded  as  ZrO,  Zr*0',  or  ZrO'^.  Hermann 
(.J.  pr.  Chem.  xxxi.  77),  by  the  analysis  of  chloride  of  zirconium,  obtained  very  nearly 
the  same  numerical  results.  Now  the  vapour-density  of  the  chloride  calculated  from 
the  formula  ZrCl^  with  Zr  =  89'4,  for  a  two-volume  condensation,  agrees  very 
nearly  with  the  experimental  number  obtained  by  Devil  le  and  Troost  (p.  1080);  and 
Marignac  has  shown  that  double-salts  of  zirconium-fluoride  are  isomorphous  with 
those  of  silicium-fluoride.  Hence  zirconium  is  regarded  as  a  tetratomic  element, 
having  the  atomic  weight  89'4. 

ZXRCOXriTrnX,  FIiUOBISX:  of.  ZrF^. — Strongly  ignited  zirconia  dissolves 
with  difficulty  in  hydrofluoric  acid  :  the  hydrate  dissolves  abundantly.  Anhydrous 
eirconium-Jhioridc  is  formed  by  heating  zirconia  with  twice  its  weight  of  ammouium- 
hydrogeu-fluorido  (ii.  670),  till  the  fluoride  of  ammonium  is  completely  driven  off.  It 
dissolves  readily  in  water  acidulated  with  hydrofluoric  acid  ;  and  when  its  solution 
containing  excess  of  hydrofluoric  acid  is  evaporated,  hydrated  zirconiuni-jluoridc, 
ZrF'.3H-0,  separates  out  in  small,  shining,  triclinic  ciystals,  mostly  of  the  tabular 
form.  They  give  off  hydrofluoric  acid  as  well  as  water  when  heated,  and  if  the  heat 
be  continued  for  some  time  (even  below  redness),  pure  zirconia  remains  behind. 
Fluoride  of  zirconium  dissolves  without  decomposition  in  dilute  hydrofluoric  acid,  but 
when  it  is  dissolved  in  pure  water,  a  basic  fluoride  or  oxyfluoride  separates  out. 
(Marignac.) 

Fluozirconates. — Zirconium-fluoride  unites  with  many  other  metallic  fluorides, 
forming  double  salts  isomorphous  with  the  corresponding  fluosilicates  (silicofluorides, 
p.  271),  fluostannates  (p.  813),  and  fhiotit.anates  (p.  840).  The  ratio  of  the  fluorine 
of  the  zirconium-fluoride  to  that  of  the  basic  metallic  fluoride  in  these  salts  is  as 
1  :  1  ;  1  :  1 J ;  1  :  2  ;  and  1:4;  the  sodium-salt  alone  exhibiting  the  ratio  5  :  8. 
The  general  formulae  of  the  fluozirconates  are,  therefore,  4MF.Zi-F',  SMF.ZrF^ 
2MF.ZrF',  and  MF.ZrF',  the  sodium-salt  alone  having  the  formula  6NaF.2ZrF^  The 
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fluozirconates  have  been  examined  chiefly  by  Marignac.  (Ann.  Ch.  Phys.  [3],  Ix. 
257;  Ann.  Ch.  Pharm,  cxv.  359  ;  Jahresb.  1860,  p.  136,  et  seq.) 

The  fluozirconates  are  mostly  soluble  in  water,  and  crystallise  well.  They  are  pre- 
pared by  mixing  the  component  fluorides,  or  by  dissolving  a  metallic  oxide  or  carbonate 
in  a  mixture  of  zirconium-fluoride  and  hydrofluoric  acid. 

The  fluozirconates  of  barium,  strontium,  and  calcium  are  insoluble  in  water ;  conse- 
quently the  solutions  of  fluozirconates  are  precipitated  by  salts  of  these  metals.  When 
a  solution  of  zirconium-fluoride  containing  free  hydrofluoric  acid  is  mixed  with  carbo- 
nate of  bariiim,  carbonic  anhydride  is  expelled,  and  a  precipitate  is  formed,  consisting 
of  a  mixture  of  insoluble  barium-zirconium-fluoride  with  insoluble  barium-fluoride  ; 
similarly  with  the  carbonates  of  strontium  and  calcium. 

Many  fluozirconates  dissolve  without  decomposition  in  water,  either  hot  or  cold. 
Many  are  decomposed  when  their  aqueous  solutions  are  boiled,  part  of  the  basic  metal- 
lic fluoride  being  deposited,  and  a  fluozirconate  containing  2MF.ZrP''  remaining  in 
solution.  Most  fluozirconates,  when  heated  in  contact  with  moist  air,  give  off  all  their 
fluorine  as  hydrofluoric  acid,  leaving  a  mixture  of  zirconia  and  the  oxide  of  the  other 
metal ;  when  heated  with  a  sufficient  quantity  of  sulphuric  acid,  they  yield  a  mixture 
of  zirconium-sulphate  with  the  sulphate  of  the  other  metal. 

Fluozirconates  of  Ammonium. — The  diammonic  salt,  2(NH')F.ZrF'',  forms 
rliombic  crystals,  isomorplious  with  the  potassium-salt :  they  do  not  lose  weight  at 
100°. — The  trianimonic  salt,  3(NH^)F.ZrF^,  crystallises  from  a  solution  containing  a 
large  excess  of  ammonium-fluoride,  in  regidar  cubo-octahedrons. 

Barium-salt.  -A  solution  of  the  potassium-salt,  mixed  with  chloride  of  barium, 
yields  a  white  precipitate,  consisting  of  3Ba"F-.2ZrF'.2H-0,  or  perhaps  a  mixture  of 
this  salt  with  barium-fluoride. 

Cadmium-salts. — ThQ  dicadmic  salt,  2CdF^.ZrF^6H'0,  forms  monoclinio  crystals 
isomorphous  with  the  manganese-salt,  and  having  the  angle  ooP  :  ooP  =  79"  31'; 
-hP  :  +P  =  100'"  30';  +2P  :  +2P  =  75°  24';  oP  :  ooP  =  108°  29';  oP  : 
ccPqo  =  119°  43';  the  same  crystals  are  obtained  by  recrystaUisation  from  water. 
A  solution  containing  excess  of  zirconium-fluoride  deposits  the  salt  CdF*.2ZrF''.6H^O, 
in  fan-shaped  groups  of  laminar  crystals. 

Copper-salts. — The  tricupric  salt,  3CuF^.2ZrF'.16H^O,  forms  monoclinic  crystals, 
and  crystallises  unaltered  fi'om  solution  in  water ;  but  a  solution  containing  excess  of 
zirconium-fluoride  deposits,  besides  the  larger  crystals  of  this  salt,  light-blue  cmsts  of 
zirconium-fluoride  contaminated  with  adhering  copper-salt. 

Lead-salt. — Wlien  a  solution  of  zirconium-fluoride  in  hydrofluoric  acid  is  satu- 
rated with  carbonate  of  lead,  fluozirconate  of  lead  partly  remains  undissolved  and 
partly  dissolves,  the  solution  yielding  on  evaporation  a  granulo-crystalline  salt,  which 
is  quickly  decomposed  by  water,  especially  in  presence  of  hydrofluoric  acid,  with  sepa- 
ration of  lead-fluoride. 

Magnesium-fluozirconate,  MgF^ZrF^  forms  small  shining  crystals  with  curved 
faces,  isomorphous  with  the  manganese-salt.  It  is  only  sparingly  soluble  in  water, 
but  crystallises  by  slow  evaporation,  often  in  twins.  By  prolonged  heating  in  contact 
with  the  air,  it  is  converted  into  magnesia  and  fluoride  of  zirconium. 

Manganese-salts. — The  monomanganous  salt,  MnF'.ZnF''.6H^0,  forms  mono- 
clinic  crystals,  isomorphous  with  the  magnesium-salt,  but  the  faces  are  flat  and  more 
numerous:  the  crystals  cleave  imperfectly  parallel  to  oP.  By  prolonged  heating  in 
the  air  it  turns  black,  and  is  converted  into  manganic  peroxide  and  zirconium-fluoride. 
— A  solution  containing  excess  of  zirconium-fluoride  yields  rose-coloured  monoclinic 
crystals  of  the  dimanganous  salt,  2MnF^.ZrF'.6H'-0,  which  dissolves  in  water  without 
alteration,  and  is  not  decomposed  even  on  heating  the  solution ;  but  when  hot  water 
is  poured  upon  the  crystals,  fluoride  of  manganese  separates,  and  the  solution  yields  by 
evaporation  crystals  of  the  preceding  salt. 

Nickel-salts. — The  normal  salt,  NiF^.ZrF''.6II^0,  forms  hexagonal  prisms,  ter- 
minated by  faces  of  a  rhombohedron  of  127°  10',  and  cleaving  parallel  to  the  prismatic 
faces. — The  salt  2NiF'.ZrF''.12H-'0,  produced  in  presence  of  an  excess  of  nickel-fluo- 
ride, forms  monoclinic  crystals  of  a  fine  emerald-green  colour,  but  mostly  indistinct : 
they  dissolve  without  decomposition  in  water,  but  the  solution,  when  boiled  for  some 
time,  becomes  turbid  from  separation  of  nickel-fluoride. 

Fluozirconate  of  Nickel  and  Potassium,  NiF^.2KF.2ZrF*.8H-0,  separates  in  small 
but  regular  monoclinic  crystals,  on  mixing  the  solutions  of  the  component  fluozirco- 
nates. It  is  slightly  soluble  in  water,  does  not  lose  water  at  100°,  but  at  a  higher 
temperature  gives  off  water,  together  with  hydrofluoric  acid. 

Potassium-salts. — The  dipotassic  salt,  2KF.ZrF',  maybe  prepared  by  igniting 
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zircon  with  2  or  3  pts.  by  weight  of  acid  potassium-fluoride,  boiling  tho  resulting  mix- 
ture of  fluosilicate  and  fluozirconate  of  potassium  with  water  containing  a  little  hydro- 
fluoric acid,  and  filtering.  The  potassium-fluozirconate  tlicn  separates  on  cooling,  in 
anhydrous  rhombic  crystals  terminated  by  six-sided  pyramids.  It  dissolves  in  128  pts. 
of  water  at  2°,  in  71  pts.  at  15°,  in  69  pts.  at  19°,  and  in  4  pts.  at  100°.  The  crys- 
tals when  heated  to  redness  form  a  doughy  mass,  which,  on  exposure  to  moist  air, 
gradually  gives  off  all  its  fluorine  as  hydrofluoric  acid.  From  dilute  solutions  the  salt 
is  obtained  in  larger  crystals. — The  7iio?iopoiassie  salt,  KF.ZrF^.H'^O,  separates  from  a 
solution  containing  a  large  excess  of  zirconium-fluoride,  in  ill-defined  monoclmic  crys- 
tals, which  give  off  their  water  at  100'-',  and  hydrofluoric  acid  at  a  higher  temperature. 
When  recrystallised  from  water  they  yield  the  preceding  salt. — The  tripotassic  salt, 
SKF.ZrF',  crystallises  from  a  solution  containing  an  excess  of  potassium-fluoride,  in 
very  small  but  well-defined  regular  octahedrons,  or  cubo-octahedrons,  which  decrepitate 
when  heated,  but  do  not  contain  any  water  of  crystallisation.  They  dissolve  in  water, 
and  the  hot  saturated  solution  deposits  the  dipotassic  salt  on  cooling. 

Sodium-salt,  6NaF.2ZrF*. — This  salt  is  always  formed,  in  whatever  proportion 
the  component  fluozirconates  may  be  mixed.  It  forms  small,  mostly  indistinct,  mono- 
clinic  crystals,  soluble  in  258  pts.  water  at  18°,  and  in  about  60  pts.  of  boiling  water. 
On  account  of  this  slight  solubility,  tlie  salt  may  be  obtained  by  precipitating  the  more 
soluble  fluozirconates  with  chloride  of  sodium.  The  dry  crystals  do  not  decompose  at 
a  red  heat. 

Zinc-salt,  ZnF'.ZrF''.6H^0. — This  salt,  isomorphous  with  fluosilicate  and  fluo- 
stannate  of  zinc,  crystallises  in  rather  large,  regular,  hexagonal  prisms,  terminated  by 
rhombohedrons,  and  cleavable  parallel  to  the  faces  of  the  hexagonal  prism  ;  they  are 
veiy  soluble  in  water.  A  solution  containing  excess  of  zinc-fluoride,  deposits  the  salt 
2ZnF'-.ZrF'.12H-0,  in  monoclinic  crystals,  isomorphous  with  the  corresponding  nickel- 
sidt ;  they  dissolve  completely  in  cold  water,  but  the  solution  when  boiled  deposits 
il  uorido  of  zinc. 

ZXRCOSriUKS,  WSTH.IIJE  OF.  Zirconium  strongly  ignited  in  a  rapid  stream 
of  ammonia-gas,  yields  a  brown  or  black  body  containing  nitrogen.  Mallet  (Sill.  Am. 
J.  xxviii.  346),  by  fusing  amorphous  zirconium  with  aluminium,  in  a  cracked  lime- 
crucible,  obtained  a  dark-grey  porous  mass,  which,  when  treated  with  hydrochloric  acid, 
yielded  microscopic  cubes,  having  a  golden  lustre,  not  altered  by  nitromuriatic  acid  or 
aqueous  alkalis,  but  giving  off  ammonia  when  fused  with  potassic  hydrate. 

ZIRCON'ZtJra,  02£IBE  OP.  Zirconia.  ZrO". — This  compound,  the  only  known 
oxide  of  zirconium,  is  formed  when  the  metal  is  heated  to  redness  in  contact  with  the 
air,  or  fused  with  the  hydrates,  carbonates,  or  hydrated  borates  of  the  alkali-metals. 
Zirconium  is  likewise  oxidised,  though  slowly,  by  boiling  with  nitromuriatic  or  con- 
centrated sulphuric  acid. 

Zirconia  is  prepared  from  zircon.  Tho  mineral  is  heated  to  redness  and  quenched 
in  water,  and  the  lumps  (best  those  which  are  colourless,  because  free  from  iron)  are 
finely  pulverised  and  levigated.  The  levigated  powder  is  mixed  with  four  times  its 
weight  of  sodium-carbonate,  and  very  strongly  heated  in  a  platinum  cnicible.  Hen- 
neberg  and  Wackenroder  add  a  small  quantity  of  nitre.  Berzelius  ignites  the  pul- 
verised zircon  with  3  pts.  of  sodium-carbonate,  and  lays  small  pieces  of  sodium-hydrate 
on  the  ignited  mass  from  time  to  time,  in  such  a  manner  that  they  may  not  touch  the 
crucible.  The  pulverised  zircon  may  also  be  decomposed  by  fusion  with  3  or  4  pts.  of 
sodium-hydrate  in  a  silver  crucible. 

The  disintegrated  mass  is  supersaturated  with  hydrochloric  acid;  the  liquid  evapo- 
rated nearly  to  dryness  to  separate  the  silica;  the  residual  mass  digested  with  water; 
and  the  filtered  solution  treated  with  excess  of  ammonia,  whereby  zirconium  is  precipi- 
tated, generally  mixed  with  ferric  oxide. 

The  best  method  of  separating  the  iron  and  obtaining  pure  zirconia,  is  to  redissolvo 
the  jirccipitate  in  hydrochloric  acid,  and  boil  the  solution  with  hyposulphite  of  sodium, 
whereby  hyposulphite  of  zirconium  is  precipitated,  while  the  whole  of  the  iron  remains 
in  solution  as  ferrous  salt.  The  washed  precipitate  is  then  boiled  with  hydrochloric 
acid  as  long  as  sulphurous  acid  continues  to  be  evolved,  and  the  solution  of  zirconium- 
chloride  thus  obtai:ied  is  mixed  with  ammonia,  whereby  the  zii'conium  is  precipitated 
as  a  hydrate,  which,  when  ignited,  leaves  anhydrous  zirconia  (Hermann).  If  the 
tr  ■atmont  with  hyposulphite  of  sodium  be  conducted  in  the  manner  recommended  by 
Chancel  and  Stromeyer  (p.  1081),  a  precipitate  of  anhydrous  zirconia  is  at  once 
obtained. 

The  iron  may  also  be  precipitated  by  mixing  the  solution  of  zirconium-chloride 
containing  iron  with  tartaric  acid,  then  supersaturating  with  ammonia,  and  adding 
sidphide  of  ammonium.  The  iron  is  thereby  precipitated  as  sulphide,  and  the  filtered 
liquiJ,  evaporated  and  ignited  in  contact  with  tlie  air,  leaves  pure  zirconia.  [For 
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other  methods  of  separation,  see  Handw.  d.  Chem.  ix.  1059;  Grmelin's  Handbook, 
iii.  340.] 

Marignac  decomposes  zircon  by  ignition  with  hydrogen-ammcnium-fluoride  in  the 
manner  already  described  (p.  1081),  heats  the  fluozirconate  of  potassium  thereby 
obtained  with  strong  sulphuric  acid,  and  washes  the  strongly  ignited  residue  with 
boiling  water  ;  pure  zirconia  then  remains  behind. 

Zirconia,  according  to  the  mode  in  which  it  has  been  prepared,  forms  a  white,  taste- 
less, inodorous  powder,  or  hard  lumps  of  specific  gravity  4'36  to  4-9,  which  scratch 
glass  and  give  sparks  with  steel.  Deville  and  Caron  (Ann.  Ch.  Pharm.  cviii.  55), 
by  igniting  fluoride  of  zirconium  with  borax  in  a  closed  crucible  lined  with  charcoal, 
obtained  zirconia  in  dendritic  groups  of  small  crystals  resembling  sal-ammoniac. 
When  zirconia  is  fused  with  borax  in  a  pottery-furnace,  and  the  residue  exhausted 
with  liydrochloric  acid,  the  zirconia  remains  in  transparent,  colourless,  microscopic, 
quadratic  prisms,  isomorphous  with  tinstone  and  rutile,  having  a  speciiic  gravity  of 
6'71to5'7!^,  and  capable  of  polarising  light.  (Nordenskjold,  Pogg.  Ann.  cxiv.  612.) 

When  zirconia,  prepared  at  the  lowest  possible  temperature,  is  heated  to  commencing 
redness,  it  glows  brightly,  becomes  dense,  and  is  afterwards  insoluble  in  ordinary 
acids,  dissolves  with  difficulty  even  in  hydrofluoric  acid,  and  can  be  dissolved  only  by 
strong  sulphuric  acid,  the  finely  pulverised  earth  being  heated  with  a  mixture  of  2  pts. 
oil  of  vitriol  and  1  pt.  water.  By  ignition  with  charcoal  in  a  stream  of  chlorine,  zir- 
conia is  converted  into  chloride  of  zirconium. 

Hydrate  of  Zirconia,  or  Hydrate  q/'2irco»H<«!,  is  precipitatedfrom  zirconium-salts  by 
ammonia.  When  recently  precipitated,  it  is  a  white  bulky  jelly,  but  shrinks  in  drying 
into  a  yellowish,  translucent,  gummy  mass,  having  a  conchoidal  fracture.  The  dry 
hydrate  has,  according  to  Berzelius,  the  composition,  Zr'''H'0'  =  ZrO''.H'''0 ;  accord- 
ing to  Hermann,  the  hydrate  dried  at  17°,  is  Zr^'H^O^  =  ZrO-.2H^O.  (That  obtained 
by  Berzelius  was  probably  dried  at  a  higher  temperatiu-e.)  When  ignited,  it  leaves 
pure  zirconia.  It  dissolves  in  5,000  pts.  of  water ;  the  solution  reddens  turmeric- 
paper.  (Brush.) 

Zirconia  acts  both  as  a  base  and  as  an  acid:  hence  called  zirconic  acid.  The 
hydrate,  when  precipitated  in  the  cold  and  washed  with  cold  water,  dissolves  easily  in 
acids  :  if  precipitated  from  hot  solution,  or  washed  with  hot  water,  it  dissolves  only 
in  concentrated  acids.  The  saturated  solutions  have  an  astringent  sour  taste,  and 
redden  litmus.    [For  their  behaviour  with  reagents,  see  p.  1 080.] 

Zirconates. — Compounds  of  zirconia  with  the  stronger  bases  are  obtained  by 
precipitating  a  zirconium-salt  with  potash  or  soda;  also  by  igniting  zirconia  with  an 
alkaline  hydrato.  Zirconate  of  potassium  thus  obtained,  dissolves  completely  in  water. 

Sodium-salts. — a.  Bisodic  Zirconate,  Na^ZrO'  =  Na'O.ZrO^,  is  easily  obtained,  by 
igniting  zirconia  with  carbonate  of  sodium,  as  a  crystalline  mass  which  is  gradually 
decomposed  by  water,  with  separation  of  amorphous  zirconia. — j8.  When  zirconia  is 
heated  to  whiteness  for  a  considerable  time  with  excess  of  sodium-carbonate,  2  at.  car- 
bonic anhydride  are  evolved  to  1  at.  zirconia,  and  the  salt  Na'ZrO*  =  2Na^O.ZrO^ 
is  produced.  The  fused  mass  treated  with  water,  leaves  small  hexagonal  laminae  of 
the  following  salt. — y.  An  acid  salt,  Na^0.8ZrO''.12H^O,  is  obtained  as  just  described, 
or  by  fusing  pulverised  zircon  with  excess  of  sodic  carbonate,  and  treating  the  mass 
with  water  containing  hydrochloric  acid.  It  forms  hexagonal  tables,  sometimes  aggi-e- 
gated  in  groups  like  those  of  clinochlore.  (Hiortdahl,  Ann.  Ch.  Pharm.  cxxxvii. 
24,  236  ;  Jahresb.  1866,  p.  185.) 

Calcium-salt. — Zirconate  of  calcium  is  obtained  by  heating  a  mixture  of  silica  and 
zirconia  (in  the  proportions  to  form  zircon)  with  excess  of  calcium-chloride  to  bright 
redness  for  five  or  six  hours,  and  treating  the  product  with  hydrochloric  acid.  The 
zirconate  then  separates  as  a  shining  crystalline  powder,  together  with  flocculent  silica 
and  amorphous  zirconia.  (Hiortdahl.) 

Zirconate  of  Magnesium  is  obtained  by  placing  a  mixture  of  silica  and  zirconia, 
together  with  excess  of  magnesium-chloride,  in  a  platinum  crucible,  the  bottom  of 
which  is  covered  with  sal-ammoniac,  heating  the  mixture  quickly  to  whiteness,  and 
continuing  the  heat  for  an  hour.  On  treating  the  cooled  mass  with  water  containing 
hydrochloric  acid,  a  crystalline  powder  is  deposited,  consisting  of  distinct  octahedrons 
of  periclase  and  prismatic  crystals  of  magnesium-zirconate.  (Hiortdahl.) 

ZXRCOiriUTC,  OXYCHXOKXOES  OF.  See  Zirconium,  Chlokide  of  (p.  1080). 

ZIRCOITIUItC,  SUI.PH£I>S  OI*.  Formed  by  heating  zirconium  with  sulphur 
in  a  vacuum  or  in  hydrogen-gas,  the  combination  in  the  latter  case  being  attended  with 
slight  incandescence.  Dark  cinnamon-brown  powder,  acquiring  metallic  lustre  under 
the  burnisher ;  not  altered  by  water,  dilute  acids  (even  nitric  acid),  or  aqueous  alka- 
lis ;  slowly  dissolved  by  nitromuriatic  acid ;  easily  decomposed  by  hydrofluoric  acid. 
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with  ovolution  of  sulpliydric  acid.  When  fused  with  potash,  it  j-iclds  zirconia  and  sul- 
phidn  of  potassium. 

Frciriy,  by  igniting  zirconia  contained  in  a  charcoal  boat  in  a  stream  of  carbonic 
disulphide  vapour,  obtained  a  compound  (perhaps  an  oxysulphide)  in  steel-grey 
graphitoi'dal  scales,  which  yielded  a  yellow  powder,  were  insoluble  in  water  and  in 
dilute  acids,  but  were  easily  decomposed  by  nitric  acid,  with  separation  of  sulphur. 

ZXRCOir-SYETTITE.    The  zirconifol'ous  syenite  of  South  Norway. 

ZOIOBIM'.  A  name  applied  by  Bonjoan  to  a  violet-coloured  substance  deposited, 
according  to  his  observations,  from  the  water  which  drips  from  barcgin  (i.  .500),  taken 
out  of  sulphurous  springs. 

ZOXSITE.  This  name  is  sometimes  applied  to  all  lime-epidotes  containing  little 
or  no  iron  (ii.  490);  sometimes  restricted  to  a  mineral  closely  allied  to  epidote  in 
composition  and  crystalline  form,  but  differing  someM'hat  in  the  cleavage.  It  occurs, 
.according  to  Brooke  and  Miller,  on  the  Sau  Alp  and  at  Sterzing  in  the  Tyrol, 
.at  Fusch  in  Salzburg,  at  Baireuth  and  Conradsreuth  near  Hof  in  Bavaria,  and  in  tlie 
Ural  (Dana,  ii.  211).    Klaproth's  analyses  of  two  specimens  from  the  Sau  Alp  gave  : 

Si02.  A1203.  Fe203.  CaO.  MnO. 

45  29  3  21  .    .     =  98 

44  32  2-5  20  trace    =  98-5 

ZOIMCIDZII'  (from  C"iJ-6s,  broth ;  diminutive  C'^jj.lStoy). — A  name  applied  by 
Berzelius  to  the  portion  of  the  aqueous  extract  of  meat  which  is  insoluble  in  alcohol, 
tlie  .soluble  portion  (about  i  of  the  whole),  being  called  osmazome. 

ZOOCHEIVTZCAI.  AIU'AZ.VSIS.    See  Analysis,  Organic  (i.  250). 

ZOOMEI.AM'IIi]'.  A  uaiiie  applied  by  Bogdanow  (Compt.  rend.  xlvi.  780),  to 
the  bhick  pigment  of  birds'  tVat  hers,  probaljly  identical  with  the  melanin  of  the  choroVd 
coating  of  the  eye.  The  substance  is  slightly  soluble  in  water,  more  soluble  in  potash 
and  :immoni,a. 

ZOOKIC  ACIS.  Borthollct's  name  for  the  impure  acetic  acid  obtained  by  the 
dry  (li^f  illation  of  animal  substance. 

ZOOSTEARIC  ACID.  Landerer's  name  for  a  fatty  acid  obtained  from  tho 
bones  of  fossil  mammalia,  and  crystallising  from  alcohol  in  laminie.  (Buchn.  Report. 
Ixi.  90.) 

ZOOTXC  ACID.    Syn.  with  Hydrocyanic  Acid  (ii.  214). 
ZOOTINE-SAI.T.    Nitrate  of  sodium  (iv.  105). 

ZOOXAHTHIM'.  The  colouring-matter  of  the  rod  feathers  of  Cahirus  miriceps. 
It  may  be  completely  extracted  by  repeated  treatment  with  hot  alcohol ;  and,  on  eva- 
porating the  solution  at  60° — 70°,  there  remains  a  dark-red  powder,  which,  when 
thoroughly  washed  with  water,  leaves  tho  zooxanthin,  easily  alterable  by  light.  A 
similar  pigment  is  said  to  be  contained  in  the  light-i-ed  fibres  of  Calinga  ccerulea. 
(Bogdanow,  Compt.  rend.  xlv.  G88.) 

ZORCITE.  Native  solenide  of  lead  (clausthalite),  containing  copper  or  cobalt. 
(Sec  Lead,  Selenidks  of,  iii.  557.) 

ZOSTERA  lUAStlSrA.  This  seaweed,  which  grows  abundantly  on  nearly  all 
seacoasts.  leaves  23'3  per  cent,  ash,  containing  in  100  pts. :  3-9  pts.  K'SO',  4'4  iKCl, 
0-86  KI,  21-2  NaCl,  21-2  CaO,  5-6  CaCO',  2-1  CaSO*,9-8  Ca^P'O',  1-6  MgO,  251  SiO-, 
(1-7  Al-'O',  1-9  Fe-'O^,  with  traces  of  metallic  bromide.  (Baudrimont,  J.  Pharm.  [31 
xlii.  388.) 

ZVMXC,  or  ZTMXC  ACXD.  Names  formerly  applied  to  the  acid  (Braconnot's 
nanceic  ncid).  produced  in  the  tVrment.ation  of  amylaceous  substances :  since  known  to 
consist  of  impure  lactic  aciil. 

ZXJRX.ERXTE,  or  ZirRX.ITE.    Syn.  with  Meixilite  (iii.  8G9). 

ZWXESEZiXTE.  Ffrroso-maiiganous  phosphato-fluoride,  found  in  crystalline 
masses  at  Zwiesel,  near  Bodenmais  in  Bavaria.    (See  Phosphates,  iv.  571.) 

ZVCADXTE.  A  silicate  of  aluminium  .and  lithium,  occurring  in  the  Katharina 
Neufang  mine,  at  Andreasbcrg  in  tho  Ilarz.  It  forms  twin-crystals,  h.aving  the  ap- 
pearance of  stilbite,  slightly  translucent,  with  reddish  to  yellowish-white  colour,  and 
vitreous  lustre,  inclining  to  nacreous  on  the  cleavage-faces.  Hardness  =  6'3.  Specific 
gr.ivity  =  2  511— 2-512.    (Breithaupt,  Pogg.  Ann.  Ixix.  441.) 

ZTIWIC  ACXS.    Syn.  with  ZuMic  Acid. 
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ZTItXIC  IITFU'SOBZA..  Zymiques,  or  Anaerohics. — Names  applied  by  Pasteur 
to  the  infusoria  -which  act  as  ferments  only  when  the  air  is  excluded, — those  which 
require  the  presence  of  air  to  induce  their  action  being  distinguished  as  Azymiques  or 
Aerobies. 

SYIVIOKIE  (from  C"^/u»),  yeast,  or  ferment). — An  old  name  for  the  portion  of 
gluten  which  is  insoluble  in  alcohol. 

ZY9SOSCOPE.  An  instrument  contrived  by  Zenneck  (Buchn.  Eepert.  lix.  204), 
for  testing  the  fermenting  power  of  yeast,  by  bringing  it  in  contact  with  sugar-water, 
and  observing  the  quantity  of  carbonic  anhydride  evolved. 

ZirnxVRG'Y.  A  name  applied  to  that  department  of  technological  chemistry 
which  treats  of  the  scientific  principles  of  wine-making,  brewing,  distilling,  and  the 
preparation  of  yeast  and  vinegar, — processes  in  which  fermentation  plays  the  principal 
part. 


ADDITIONS  AND  COEKECTIONS. 


ACETAWXX.XDX:.  Phemjlacctamide,  C'H'NO  =  NH(C'=H^)(C=H'0),  is  easily 
produced  by  cohobatiiig  aniline  ■with  strong  acetic  acid,  or  by  boiliug  the  two  together, 
and  finally  distilling  till  the  product  solidifies  in  tho  neck  of  the  retort  (C.  Gr.  Wil- 
liams, Chem.  Soc.  J.  xvii.  106).  According  to  Perkin's  observation,  crude  aniline, 
prepared  by  Bechamp's  process  with  an  excess  of  strong  acetic  acid,  sometimes  con- 
tains acetanilide.  According  to  Lauth  (Bull.  Soc.  Chim.  18G6,  i.  164),  acotanilide 
is  produced,  together  with  phenol,  by  boiling  equal  parts  of  aniline  and  phenylic 
acetate  in  a  flask  with  vertical  condcnsing-tube,  or  by  heating  them  in  a  closed  vessel 
to  260°  : 

C^H'O.Cff.O  +  NH-XCH^)    =    C^ff.H.O  +  NH(C'*ff  )(CTI^O). 
The  phenol  and  acetanilide  are  easily  separated  by  distillation,  or  by  treatment  with 
an  alkali. 

Acetanilide  has  a  specific  gravity  of  1-099  at  105°,  melts  at  101°,  and  distils  at  295° 
under  a  pressure  of  755  mm.  Vapour-density,  obs.  =  4'8-17  ;  calc.  =  4'671.  Acetani- 
lide dissolves  easily  in  alcohol,  ether,  benzene,  and  volatile  oils,  and  crystallises  from 
the  latter  in  large  needles.  The  alcoholic  solution  is  not  precipitated  by  water.  It 
dissolves  easily  in  warm  sulphuric  and  hydrochloric  acids,  and  is  converted,  by  cold 
nitric  acid,  into  j8-nitraniline.  When  heated  with  sodiiun,  it  is  resolved  into  aniline, 
and  a  small  quantity  of  basic  oil  having  a  high  boiling-point.  (Williams.) 

AGE,  or  A3CXir.  A  fat  obtained  in  Mexico  by  boiling  a  species  of  coccus  {Coccus 
Axin)  with  water.  It  smells  like  arnica-flowers,  has  a  dark-brown  colour,  and  buttery 
consistence  ;  hardens  on  exposure  to  the  air,  and  di-ies  up  on  the  skin  to  an  adhesive 
elastic  membrane,  like  collodion  :  hence  it  is  used  by  tho  Mexicans  as  an  external 
application,  and  frequently  as  a  varnish.  It  is  insoluble  in  water,  dissolves  with 
difficulty  in  cold,  more  readily  in  liot  alcohol,  easily  in  ether,  provided  it  has  not  been 
hardened  and  oxidised  by  exposure  to  the  air.  Melts  at  31°;  gives  off  acrolein  by 
dry  distillation.  The  saponified  fat  yields  a  crystallisable  acid,  molting  at  42°,  and 
having  the  composition  of  lam-ic  acid,  C'-H-^O^;  together  wdth  a  brown  oily  acid,  called 
axinic  acid,  which  solidifies  somewhat  above  0°,  dries  up  very  easily,  and  probaVjly 
contains  C"*H-*0-.  This  acid  is  converted,  by  oxidation,  partly  into  hypogseie  acid, 
Q16JJMQ2  (soluble  in  alcohol  and  ether,  and  melting  at  36°);  partly  into  agin  in,  an 
amorphous,  light-yellow,  brittle  substance,  insoluble  in  water,  alcoliol,  and  ether,  and 
containing  58-3  to  60-3  per  cent,  carbon,  and  6-7  to  7"5  per  cent,  hydrogen  ;  it  turns 
brown  at  80°,  giving  off  water  and  colourless  gases  absorbable  by  potash.  (Hoppe, 
J.  pr.  Choni.  XXX.  102  ;  Gni.  xvii.  46.) 

ACININ'.    See  the  previous  article. 

AIiCO£«-E2i.|  CoLLoiDAL  Acius  (p.  1088). 

AXiCOSOIi.  > 

AIiOITiT.  This  substance,  the  purgative  principle  of  aloes,  was  discovered  by 
T.  and  II.  Smith  (Chem.  Gaz.  1851,  p.  107  ;  Gm.  x\'i.  461). 

AHZBIITE.  C^^ff^N^.  (Rieth  and  Wohler,  Ann.  Ch.  Phann.  cxx.  247; 
Jahresb.  1861,  p.  532;  Gm.  xvii.  661.) — A  base  extracted  from  the  bark  of  Arariha 
rubra,  a  Brazilian  tree,  by  exliaustion  with  water  containing  sulphuric  acid.  It  may  be 
freed  from  colouring-matter  and  other  impurities,  by  treatment  with  acetate  of  lead  and 
solution  in  ether,  and  separates  from  the  ethereal  solution  partly  in  anhj^drous  rhombic 
pyramids,  partly  in  hydrated  fom'-sided  prisms  with  oblique  end-fiices ;  the  latter 
contain  C-''II-°]SI'.8H'-'0,  and  give  off  their  water  at  100°.  Aribine  dissolves  in  7,762 
pts.  of  water  at  23°,  more  freely  in  hot  water,  easily  in  alcohol,  less  easily  in  other. 
Its  salts  are  mostly  crystallisable.  and  contain  2  or  4  atoms  of  acid  to  1  atom  of  base. 
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ADDITIONS  AND  CORRECTIONS. 


—  The  h^drocMoraie,  C-'H-<'N''.2HC1,  crystallises  in  slender  needleis,  soluble  in  amylic 
alcohol,  insoluble  in  ether ;  from  its  dilute  aqueous  solution,  caustic  soda,  sodium-car- 
bonate, ammonia,  and  lime-water  throw  down  crystalline  aribine. — The  cMoroplati- 
nate,  C'-'Il^''N'.2HCl.PtCl'',  is  precipitated  in  pale-yellow  needles. — The  neutral  sul- 
phate, CH^"N*.H^SO',  is  obtained  by  decomposing  the  hydrochlorate  with  sulphate  cf 
silver. — The  acid  sulphate,  C^^H-''N''.2ffS0',  is  formed  by  treating  aribine  with  excess 
of  sulphuric  acid. 

Aribine,  heated  with  iodide  of  ethyl,  forms  yellow  crystals,  probably  consisting  of 
iodide  of  diethyl-aribine,  C^'H"'(C-'H*)-N^I-,  which,  when  decomposed  with  moist 
silver-oxide,  yields  the  corresponding  hydrate  as  an  amorphous  coloured  varnish. 

ATOMICITY.    See  Classification  (i.  1008—1017). 

AXIW.    Syn.  with  Age  (p.  1087). 

AXEM-IC  ACID.    See  Age  (p.  1087). 

SEN-ZB-Z-SROI..  C'^H'^O  =  C''H".H:.0.— A  monatomic  alcohol,  produ  'd  by 
the  action  of  nascent  hydrogen  on  benzophenone  or  phenyl-benzoyl,  C'^H"0,  and  de- 
scribed in  connection  with  the  latter  (iv.  478), 

BSRBERIsa'E.  C^"H"NO'.— This  formula  has  been  established  by  Perrins 
(Chem.  Soc.  Qu.  J.  xv.  339),  by  the  analysis  of  the  alkaloid  and  several  of  its  salts. 
Berberine  is  very  widely  diffused  in  the  vegetable  kingdom.  Besides  the  sources  of  it 
mentioned  in  vol.  i.  (p.  579),  it  has  been  found  by  Perrins  in  Hydrastis  canadensis 
and  Xanthorrhiza  apiifolia,  two  North  American  rannnculaceous  plants  ;  in  a  yellow 
dye-wood  from  Upper  Assam,  called  woodunpar,  probably  belonging  to  the  menisper- 
niaceous  order;  in  a  woody  root,  called  Raiz  de  Sao  Joao,  or  St.  John's-root,  from  Rio 
Grande  ;  in  the  yellow  bark  of  the  Pachnelo  tree,  from  Bogota ;  and  in  the  root  of 
Cuptis  Tecta  or  Mahmira,  a  ranunculaceous  plant  of  Hindostan  and  China,  highly 
prized  for  its  tonic  properties,  and  known  in  the  bazaars  of  India  as  Mishmee-hi,  ter. 
Lastly,  the  substance  called  xanthopicrite,  discovered  in  1826  by  Chevallier  and  Pel- 
fetan  in  the  bark  of  Xanthoxylon  Clam  Herculis,  has  been  shown  by  Perrins  to  be 
identical  with  berberine. 

When  a  dilute  solution  of  iodine  in  iodide  of  potassium  is  added  to  the  solution  of 
any  berberine-salt  in  hot  spirit,  carefully  avoiding  an  excess  of  iodine,  a  crystalline 
iodine-compound  is  deposited,  in  green  spangles  resembling  sulphate  of  iodoquinine 
(v.  25),  and,  like  that  substance,  possessing  the  power  of  polarising  light.  (Perrins.) 

BSAZIXi-WOOD.  (i.  656.) — Preisser's  statements  respecting  the  red  colouring- 
matter  of  this  wood  are  not  to  be  depended  upon. 

CAMPHRETIC  ACIB.  C'^H'^O'  =  (C'°H'^J)  |  q'.— A  tribasic  acid  pro- 
duced by  the  action  of  nitric  acid  upon  camphor; — described  under  Pybocampheetic 
Acid  (iv.  757). 

CESPITIZTB.  C*H"N.— This  name  is  given  by  Church  and  Owen  (Phil.  Mag. 
[4],  XX.  110  ;  Jahresb.  1860,  p.  358)  to  an  oi-ganic  base,  found  in  small  quantity,  to- 
gether with  pyridine,  picoline,  collidine,  and  lutidine,  in  the  liquid  obt-ained  by  distil- 
ling Irish  peat  at  the  lowest  possible  temperature.  When  purified  by  fractional  distil- 
lation, treatment  with  potash,  &c.,  it  forms  a  colourless  oil,  miseible  in  all  proportions 
with  water,  and  agreeing  in  composition  and  Iwiling- point  (95°)  with  amylamine. 

CHISXOPH'X'IjIiinr.  A  yellow  crystalline  body  obtained  from  Pyrola  (or  Che- 
mophila)  tnnbcllata  (iv.  760). 

CHRVSmiC  ACID.  A  yellow  colouring-matter  contained  in  the  buds  of  Populus 
nigra  and  P.  pyramidalis  (iv.  688). 

COIiIiOXBAIi  ACIDS.  (Graham,  Chem.  Soc.  J.  xvii.  218.)— Colloidal  sub- 
stances can  exist  in  two  states — the  liquid  state,  in  which  they  are  soluble  in  water  in 
all  proportions  ;  and  the  gelatinous  or  pectous  state,  in  which  they  are  but  sparingly 
soluble.  The  soluble  hydrate  of  a  colloi'd  substance  is  called  a  hydrosol,  the  gelati- 
nous hydrate  a  hydrogel.  The  solubility  of  a  hydrogel  diminishes  with  the  quan- 
tity of  water  contained  in  it.  Gelatinous  silicic  acid  containing  1  per  cent  of 
.anhydrous  silica,  dissolves  in  5,000  pts.  of  water;  a  jelly  containing  5  percent,  silica, 
dissolves  in  10,000  pts  .of  water  ;  and  anhydrous  silica  itself  is  nearly  insoluble.  The 
passage  from  the  liquid  to  the  gelatinous  state  is  indicated  by  a  gradual  thickening  of 
the  solution,  which  assumes  an  oily  consistence  just  before  gelatinising.  In  a  solution 
of  silicic  acid  obtained  by  dialysis  (p.  141),  the  tendency  to  pass  into  the  gelatinous 
state  increases  with  the  temperature  and  the  concentration  of  the  liquid.  A  solution 
containing  from  10  to  12  per  cent,  silica  gelatinises  in  a  few  hours  ;  a  solution  con- 
taining only  5  per  cent,  may  be  kept  unaltered  for  several  days ;  one  containing  2  per 
cent,  for  many  months;  another  containing  1  percent,  silica  remains  unaltered  for 
ymrs;  and  solutions  containing  only  O'l  per  cent,  are  doubtless  quite  permanent. 
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The  coagulation  of  the  hj'drosol  of  silicic  acid  is  promoted  by  small  quantities  oi 
salts,  and,  on  the  other  hand,  the  hydrogcl  is  reconverted  into  the  hydrosol  by  very 
small  quantities  of  alkali.  One  part  of  sodium-hydrate  dissolved  in  10,000  pts.  of 
water,  gradually  liquefies,  at  100°,  a  quantity  of  gelatinous  silicic  acid  corresponding 
to  200  pts.  of  dry  silica,  and  may  be  separated  from  the  resulting  silicious  solution  by 
prolonged  dialysis  in  a  vacuum. 

Silica  may  be  separated  both  from  the  hydrosol  and  the  hydrogel  by  a  nuniber  ol 
substances,  both  colloid  and  crystalloid  (sulphui'ic,  hydrochloric,  nitric,  and  acetic 
acids,  alcohol,  glj'cerin,  sugar-syrup,  and  other  bodies  which  do  not  induce  gelatinisa- 
tion),  these  substances  then  taking  the  place  of  the  silica. 

The  liquid  compound  of  silicic  acid  with  alcohol  is  called  the  alcosol,  and  the 
gelatinous  compound  the  alcogel  of  silicic  acid.  The  former  produces  a  nearly 
colourless  solution,  which  is  not  gelatinised  by  salts  or  by  insoluble  substances,  or 
even  by  heating  to  the  boiling-point,  but  easily  gelatinises  when  concentrated  by  slow 
evaporation.  Although  the  alcohol  in  this  compound  is  less  strongly  combined  than 
the  water  in  the  hydrosol,  part  of  it  nevertheless  remains  behind  on  distillation,  and  is 
ultimately  carbonised 

The  alcogel  of  silicic  acid  is  easily  prepared  by  placing  masses  of  gelatinons  silica 
(containing  8  to  10  per  cent.  SiO')  in  absolute  alcohol,  and  changing  the  latter  re- 
peatedly till  the  water  of  the  hydrogel  is  completely  replaced  by  alcohol.  An  alcogel 
thus  prepared  from  a  hydrogel  containing  9'35  per  cent.,  yielded  by  analysis  88'13 
per  cent,  alcohol,  0'23  water,  and  11-64  SiO-.  When  immersed  in  water,  the  alcogel  is 
gradually  reconverted  into  the  hydrogel.  By  treating  the  alcogel  with  ether,  benzene, 
carbonic  disulphide,  and  generally  with  liquids  which  mix  with  alcohol,  compounds  of 
silicic  acid  with  these  several  substances  may  be  obtained;  from  the  ether-compcund, 
in  like  manner,  compounds  with  fixed  oils  may  be  produced. 

A  glycerogel  of  silicic  acid  is  obtained  by  heating  the  hydrogel  with  glycerin.  It 
is  a  perfectly  colourless  jelly,  and  so  transparent  that  it  cannot  be  perceived  iu  the 
liquid.  Part  of  the  silica  is,  at  the  same  time,  converted  into  a  liquid  compound,  the 
glycerosol  of  silicic  acid.  The  glycerogel  (prepared  from  a  hydrate  containing 
9-35  per  cent,  silica)  was  found  to  contain  87'44  per  cent,  glycerin,  3-78  water,  and 
8-9.3  SiO^ 

When  the  hydrogel  of  silicic  acid  is  immersed,  first  in  moderately  dilute  sulphuric 
acid,  then  successively  in  stronger  acids,  and  finally  in  the  most  concentrated  acid 
(hydric  sulphate,  H-SO'),  a  gelatinous  sulphuric  acid  compound  is  obtained,  the  sul- 
ph  agel  of  silicic  acid.  It  is  colourless,  transparent,  of  somewhat  smaller  bulk  than  the 
hydrogel,  from  which  it  has  been  prepared  ;  is  not  altered  by  heating  to  the  boiling- 
point  of  sulphuric  acid,  but  gives  up  part  of  its  sulphuric  acid  at  a  higher  tempera- 
ture. By  dialysation  with  water,  it  is  reconverted  into  hydrogel ;  by  alcohol  into 
alcogel.    Similar  compounds  may  be  formed  with  hydric  nitrate,  acetate,  and  formate. 

Liquid  stannic  acid  is  obtained  by  dialysing  stannic  chloride  mixed  with 
caustic  alkali,  or  sodic  stannate  mixed  with  hydrochloric  acid.  In  both  cases  a  jelly 
is  first  formed,  which,  as  the  salts  are  gradually  removed,  is  reconverted  into  the 
soluble  modification  by  the  small  quantity  of  free  alkali  present  :  the  latter  is  re- 
moved by  prolonged  diffusion,  most  readily  after  addition  of  a  few  drops  of  iodine- 
solution.  Liquid  stannic  acid  is  converted  by  heat  into  liquid  metastannie  acid. 
Both  solutions  ai-e  easily  gelatinised  by  small  quantities  of  hydrochloric  acid  or  of 
salts  ;  and,  on  the  other  hand,  gelatinous  stannic  acid  is  reconverted  into  the  liquid 
acid  by  free  alkali,  even  at  ordinary  temperatures. 

A  solution  of  gelatinous  titanic  acid  in  hydrochloric  acid,  prepared  in  the  cold,  and 
containing  only  1  per  cent.  SiO",  yields,  in  like  manner,  liquid  titanic  acid.  By 
heating  liquid  stannic  and  titanic  acids  with  alcohol  and  other  liquids,  compounds 
are  formed  analogous  to  those  obtained  in  like  manner  with  silicic  acid. 

Liquid  tungs tic  (or  rather  metatun gs  tic)  acid  has  been  already  described 
(p.  911).  A  mixture  of  liquid  tungstic  and  silicic  acids  does  not  gelatinise,  probably 
in  consequence  of  the  formation  of  silico-tuugstic  acids  (p.  915). 

Liquid  molybdic  acid  is  obtained,  by  dialysing  a  solution  of  crystallised  sodic 
molj-bdate  supersaturated  with  hydrochloric  acid,  for  several  days,  as  a  yellow  liquid 
having  an  astringent  taste  and  acid  reaction.  It  is  very  permanent,  and  when  left  to 
evaporate,  yields  soluble  molybdic  acid  as  a  deliquescent  gummy  mass,  which,  when 
heated,  behaves  like  soluble  tungstic  acid.  Soluble  tungstic  and  molybdic  acids  yield 
crystallisable  salts  by  digestion  with  soda. 

COIfARXTE.  A  green  crystalline  mineral,  resembling  vivianite  in  structure, 
found  at  Rottis,  near  Jacketa,  in  the  Saxon  Voigtland.  Specific  gravity  =  2-46.  It 
appears  to  be  a  hydrated  nickel-phosphate.    (Breithaupt,  Jahresb.  1859,  p.  806.) 

Vol.  V.  4  A 
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CORIAMirssTIW.  C3»H'"'0'»,  (Ei bail,  Bull.  Soe.  Cliim.  1864,  i.  87;  1867,  i. 
79  Laboratory,  i.  324.) — The  active  principle  of  Coriaria  myrtifolia,  a  purgative  and 
very  poisonous  plant  growing  in  the  South  of  France,  in  Spain,  and  in  Italy — formerly 
used  for  the  production  of  a  black  dye,  and  for  adidterating  senna.  Coriamyrtin  may 
be  extracted  from  the  berries  or  the  leaves,  but  the  young  shoots  gathered  in  March 
yield  the  largest  product.  They  are  crushed  in  a  mill,  and  pressed ;  the  juice  is 
treated  with  basic  acetate  of  lead;  and  the  filtered  liquid  is  freed  from  excess  of  lead 
by  sulphydric  acid,  then  evaporated  to  a  syrup,  and  repeatedly  shaken  up  with  ether, 
which  dissolves  the  coriamyrtin,  and  leaves  it  on  evaporation  in  slightly  brown  crystals, 
which  may  be  rendered  perfectly  white  and  pure  by  one  or  two  crystallisations  from 
boiling  alcohol. 

Coriamyrtin  is  a  white,  bitter,  very  poisonous  substance,  crystallising  in  oblique 
rhomboidal  prisms  of  98°  40',  having  the  basal  edges  truncated.  It  is  anhydrous, 
and  melts  at  220°  to  a  colourless  liquid,  which  solidifies  to  a  crystalline  mass  on  cool- 
ing. It  is  slightly  soluble  in  water,  easily  soluble  in  boiUng  alcohol  and  ether.  The 
alcoholic  solution  turns  the  plane  of  polarisation  to  the  right :  [o]  =  24-.5  at  20°. 

Coriamyrtin  is  decomposed  by  fuming  hydriodic  acid,  slowly  in  tlie  cold,  rapidly  at 
100°,  a  large  quantity  of  iodine  being  separated,  and  a  black  soft  substance  deposited; 
and  if  the  supernatant  liquid  be  decanted,  the  black  substance  waslied  with  cold  water 
and  dissolved  in  absolute  alcohol,  and  the  resulting  solution  mixed  with  a  few  drops 
of  strong  caustic  soda,  a  fine  piu'ple-red  colour  is  produced,  resembling  that  of  an  alco- 
holic solution  of  fuohsine.    This  reaction  is  extremely  delicate. 

Bromocoriamyrtin,  C^°H"Br-0'",  is  formed  by  adding  bromine,  drop  by  drop,  to 
coriamyrtin  suspended  in  cold  alcohol.  It  crystallises  from  boiling  alcohol,  in  fine 
anhydrous  needles,  slightly  soluble  in  cold  water,  very  soluble  in  boiling  alcohol,  and 
having  an  extremely  bitter  taste. 

Chlorine  passed  through  a  mixture  of  coriamyrtin  and  water,  forms  a  crystalline  sub- 
stance, composed  of  several  amorphous  chlorinated  compounds,  which  cannot  be  sepa- 
rated by  successive  crystallisation. 

Action  of  Bases  on  Coriamyrtin. — Most  bases  attack  coriamyrtin  in  presence  of 
water.  With  potash  and  soda  only  brown  compounds  are  obtained ;  but  with  less 
active  bases,  such  as  bar3rta  and  lime,  coriamyrtin  assumes  the  elements  of  five  mole- 
cules of  water,  producing  a  dibasic  acid,  which  unites  with  the  base.  Thus,  when 
boiled  with  excess  of  baryta,  it  forms  the  compound,  C^  H^'Ba"0"'  =  C™H^''0"'. 
BaO.SH-'O  ;  and  with  lime-water,  in  like  manner,  the  salt  C™H^"Ca"0"'.  These  salts 
do  not  possess  the  bitter  taste  of  curiamyriin. 

The  acid,  separated  from  them  by  sulpliuric  or  oxalic  acid,  remains  on  evaporation 
as  an  amorphous  mass.  Its  aqueous  solution  decomposes  the  carbonates  of  barium 
and  calcium,  with  effervescence,  reproducing  the  salts  just  described. 

Action  of  Acids. — Coriamyrtin  is  dissolved  and  blackened  by  strong  sulphuric  acid. 
— With  fuming  nitric  acid,  it  f  >rms  an  amorphous  nitro-compound,  which  detonates 
when  heated.  It  is  not  attacked  by  <hy  hydrochloric  acid  gas,  even  at  100°,  but  de- 
composes when  heated  to  200°  with  the  aqueous  acid  containing  2  or  3  per  cent,  of 
that  gas. 

Acetic  anhydride  and  coriamyrtin,  heated  together  to  140°  in  a  sealed  tube  for 
about  an  hour,  unite  directly  without  elimination  of  water.  The  soft  mass  thus  pro- 
duced, if  thrown  into  water  to  free  it  from  acetic  acid,  ultimately  falls  to  a  powder, 
which  may  be  washed  with  cold  water,  then  dissolved  in  alcohol,  separated  by  evapo- 
ration, and  dried  at  100°  in  a  vacuum.  It  is  transparent,  nearly  colourless,  brittle, 
very  bitter,  melts  below  100°,  is  insoluble  in  water,  but  soluble  in  alcohol.  It  has  the 
composition  C^H^'O",  which  is  that  of  hexacetic  coriamyrtin  combined  with 
3  at.  water.    Its  formation  is  represented  by  the  equation  ; 

C3oh:.6oio  ^  3(C-H'0)20    =    C"'H^''(C2H^0)'^0"  -)-  SH^O. 

Glacial  acetic  acid  forms  a  similar  compound  with  coriamyrtin. 

SSCVr.,  BUTYI.,  CAPBirs..  C'^H-''.— The  tenth  of  the  series  of  alcohol-radi- 
cles, C''H-"+'.    It  has  not  been  isolated. 

Hydride  of  Decyl,  C"'H-''^  (isomeric  with  free  amyl),  is  contained  in  considerable 
quantity  in  the  portion  of  Amrriean  petroleum  boihng  between  158°  and  163^  (Pe- 
louze  and  Cahours,  Ann.  Cli.  Phys.  [4],  i.  6  ;  Jahresb.  1863,  pp.  626,  529).— It  is 
produced  also  by  carefully  mixi ng  diamylene,  C^"!!'"',  with  bromine,  keeping  the  mixture 
cool,  washing  the  product  with  dilute  potash,  and  drying  it,  then  heating  it  under 
diminished  pressure,  and  submitting  it  to  fractional  distillation  (AVurtz,  Bull.  Soc. 
Chim.  1863,  p.  300;  Jahresb.  1863,  p.  610).  This  hydrocarbon  resembles  amyl  in 
many  of  its  properties  (Wurtz).  It  has  an  odour  of  lemons.  Specific  gravity  = 
0-757  at  16°  (Pelouze  and  Cahours);  0-753  at  0°  (AVurtz).  Boiling-point 
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158°— 102°  (Pelouze  and  Caliours);  155°— 157°  (Wurtz).  Vapour-deusity,  obs. 
=  5-040  (Pelouze  and  Cahours)  ;  6-05  (Wurtz)  ;  calc.  -  4-91. 

Chloridcof  Dccyl,  C"'H''''C1,  obtained  from  the  hydride  by  the  action  of  chlorine, 
is  a  liquid  of  a  light  amber  colour,  boiling  at  200° — 204°  (Pelouze  and  Cahour.s)  ; 
190° — 200°  (Wurtz).  With  alcoholic  potash,  it  yields,  amongst  other  products,  a 
hydrocarbon,  which  boils  between  158° and  160°,  and  forms  a  heavy  oil  with  bromine. 
(Pelouze  and  Cahours.) 

EWUCAUIC  C--H''0^. — An  acid  isomeric  with  erucic  acid  (ii.  601),  and 

bearing  the  same  relation  to  it  that  elaVdic  acid  bears  to  oleic  acid.  It  is  produced 
by  tlie  action  of  nitrous  acid  gas  on  orucio  acid,  and  when  recrystallised  from  alcohol, 
ft)rms  a  white,  inodorous,  and  tasteless  mass,  melting  at  69°  to  60°,  and  solidifying  at 
68°  to  59°  to  a  shining  mass  of  fine  needles.  It  becomes  coloured  and  odoi'ous  at 
120°.  Its  sodium-salt,  prepared  like  that  of  erucic  acid,  becomes  coloured  at  110°. 
(Web  sky,  J.  pr.  Chem.  Iviii.  469.) 

Syn.  with  Physostigmine  (iv.  636). 

EUGETIC  ACID.    See  Addenda  to  vol.  ii.  p.  968. 

\    See  CoLLOiDAx  Acids  (p.  1089). 
GXiVCEROSOI..  ' 

G':-rRJiJi'/-nALSABl.    Syn.  with  WooD-otL  (v.  1046). 

GtTSlJ'tTSfSC  ACID.  The  resin  left  on  distilling  oiF  the  volatile  oil  of  gurjun- 
balsani. 

HYBKOGEl,.  ^         Colloidal  Acids  (p.  1088). 
HVBROSOIi.  ) 

HYGI^onXETBY.  (iii.  232). — The  fomula  for  calculating  the  weight  of  a  cubic 
foot  of  air,  saturated  with  aqueous  vapour,  should  be  : 

(Weight  of  cubic  foot  of  dry  air)  .  P~^^  +  Weight  of  cubic  foot  of  vapour. 

p 

When  the  air  is  not  saturated,  if  be  the  elastic  force  of  the  vapdur  at  the  dew- 
point,  and  ^J<ithe  elastic  force  of  the  vapour  at  the  temperature  of  the  air,  then  : 

(Weight  of  cub.  ft.  of  dry  air  at  t°)  .  Pjl^  +  (Weight  of  eub.  ft.  of  vapour  at  i^)  . 

=  Weight  of  cubic  feet  of  moist  air  not  saturated. 

This  latter  formula  may  be  deduced  from  the  formula  given  on  p.  232,  vol.  iii.,  for 
the  weight  of  a  cubic  foot  of  non-saturated  air,  by  substituting  therein  the  value  of 
the  weight  of  air  saturated  with  aqueous  vapour,  determined  according  to  tlie  corrected 
formula  above  given.* 

XSODUX.C1TS.  CH'  'O"*  =  C^H'^OMI'O.— This  saccharine  substance,  produced 
by  tlie  decomposition  of  quercitrin  (p.  7)  under  the  influence  of  acids,  is  isomeric  with 
mannite  and  dulcite.  It  crystallises  very  easily,  in  large,  transparent,  regularly-deve- 
loped crystals,  resembling  those  of  cane-sugar:  tliey  are  hard,  grate  between  the  teeth, 
taste  sweeter  than  grape-sugar,  dissolve  in  2-09  pts.  water  at  18°,  and  easily  in  abso- 
lute alcohol.  The  solution  is  dextrorotatory.  Isodulcite  is  not  fermentable.  It  melts, 
with  loss  of  water,  between  106°  and  110°,  is  coloured  yellow  to  brown  by  strong  sul- 
phuric acid,  and  by  alkalis,  and  reduces  cupric  oxide.  1,000  e.e.  of  a  copper-solution, 
equivalent  to  5  grms.  grape-sugar,  are  reduced  by  5'288  grms.  isodulcite. 

Isodulcite,  heated  with  hydriodic  acid  (or  with  iodine  and  pliosphorus),  is  converted 
into  a  black  mass,  and  yields  a  small  quantity  of  an  oily  volatile  iodine-compound. 
By  oxidation  with  nitrie  acid,  it  yields  an  acid  resembling  saccharic  acid,  with  traces  of 
oxalic  acid. 

Nitro-isodidcite,  C*H''(NO-)'0*,  separates  from  a  solution  of  isodulcite  in  a  mix- 
ture of  nitric  and  sulphuric  acids,  as  a  wliito  uncrystallisable  body,  insoluble  in  water, 
but  very  soluble  in  alcohol;  it  explodes  slightly  by  heat,  and  by  percussion.  (Hlasi- 
wetz  and  Pfaundles,  Ann.  Ch.  Pharm.  cxxvii.  362.) 

XiASE3£PXTIK'.  C-^H'^O'.  (Feldmann,  Ann.  Ch.  Pharm.  cxxxv.  336  ;  Bull. 
Si)C.  Chim.  1866,  i.  457.) — A  bitter  principle  contained  in  the  root  of  Laserpitium 
l(( I i. folium,  and  exhibiting  considerable  analogy  to  those  which  are  extracted  from 
Atliamnnia,  Pcuccdanum,  Impciriioria,  and  other  plants  of  the  composite  order.  It 
is  extracted  by  macerating  the  root  with  strong  alcohol,  and  when  pmified  from  an 


*  For  lliesc  corrections  I  am  indi'htccl  to  the  kindness  of  Wr.  P.  W.  Latham,  of  Cambridge  H.  W. 
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adhering  resin  by  means  of  acetate  of  lead,  crystallises  in  colourless  rhombohedi'al 
prisms.  It  is  tasteless  and  inodorous  when  pure  ;  insoluble  in  water  even  at  the  boiling 
heat ;  soluble  in  benzene,  oil  of  turpentine,  and  especially  in  chloroform  ;  soluble  also 
in  ether  and  in  carbonic  disulphide.  It  melts  at  114°,  and  solidifies  on  cooling  to  a 
resinous  mass,  which  gradually  becomes  crystalline.  When  heated  in  a  tube,  it  sub- 
limes in  oily  drops.    The  alcoholic  solution  is  precipitated  by  water. 

Laserpitin  is  insoluble  in  dilute  acids  and  alkalis.  Strong  nitric  and  sulphuric 
acids  dissolve  it,  but  the  solutions  are  precipitated  by  water.  The  alcoholic  solution 
is  not  precipitated  by  an  alcoholic  solution  of  mercuric  chloride,  lead-acetate,  silver- 
nitrate,  or  potassium-iodide.  Heated  in  sealed  tubes  to  150°  with  strong  hydrochloric 
acid,  or  to  200°  with  dilute  sulphuric  acid,  it  yields  a  black  pitchy  mass. 

By  the  action  of  concentrated  alcoholic  potash,  laserpitin  is  resolved  into  angelic 
acid  and  laserol,  C'^H^'O',  a  crystalline  resin  precipitable  by  sulphuric  acid  : 

C«H360'  +  H^O    =    C'*W^O*  +  2C=H80^ 

Laserpitin.  Laserol.  Angelic 

acid. 

the  decomposition  being  analogous  to  that  of  athamantin  (i.  430)  into  oreoselin  and 
valeric  acid : 

C21H30O'  +  H^o    =    C'E'^O*  +  2C^H'"02. 

Athamantin.  Oreoselin.  Valeric 

acid. 

The  root  of  Laserpitium  latifolium,  yields,  by  distillation  with  water,  a  small  quantity 
of  a  volatile  oil,  similar  in  taste  and  odour  to  oil  of  pelargonium.  This  oil  does  not 
yield  angelic  acid  by  oxidation. 

I.ITHOFX:X.I.XC  ACID.  C-»H'''0'.  (Gobel,  Ann.  Ch.  Pharm.  xxxix.  237-— 
Ettling,  ibid,  xxxix.  242. — Wohler,  ibid.  xli.  150. — Heumann,  ibid.  xli.  303. — 
Malaguti  and  Sarzeau,  Compt.  rend.  xv.  518. — G-m.  xvii.  375.)— A  crystalline 
acid,  which  forms  the  chief  constituent  of  some  kinds  of  oriental  bezoars  (i.  584).  To 
extract  it,  the  bezoars  are  dissolved  in  boiling  alcohol,  and  the  crystals,  which  form 
slowly  on  cooling  the  solution  and  concentrating  the  mother-liquor,  are  purified  by  re- 
crystallisation,  with  the  help  of  animal  charcoal.  Or,  the  bezoars,  after  being  ex- 
hausted with  water,  are  treated  for  24  hours  with  cold  dilute  ammonia ;  the  fil- 
trate is  decolorised  v/itli  animal  charcoal;  and  the  lithofellic  acid  is  precipitated  by 
dilute  sulphuric  acid  and  washed.  The  acid  precipitated  from  alkaline  solutions  re- 
quires still  to  be  purified  by  crystallisation  from  boiling  alcohol. 

Lithofellic  acid  crystallises  in  very  small,  clear,  rhombic  prisms,  with  oblique  end- 
faces;  hard  and  easily  pulverisable.  Melts  at  204°  (Gobel),  205°  (Wohler),  and 
solidifies,  when  not  he;ited  above  its  melting-point,  to  an  opaque  crystalline  mass. 
When  heated  a  few  degrees  above  its  melting-point,  it  solidifies  to  a  clear  amorphous 
glass,  which  becomes  electric  when  rubbed,  and  melts  at  105°  to  1 10°  to  a  viscid  mass. 
Alcohol  poured  upon  this  amorphous  acid  produces  a  large  number  of  fine  cracks, 
and  the  acid,  when  left  in  contact  with  a  little  alcohol,  again  becomes  crystalline 
(Wohler).  The  acid  slowly  excites  a  bitter  taste  in  the  mouth  (Win  ckler).  It 
dissolves  in  29  pts.  of  alcohol  at  20°,  and  in  6|  pts.  of  boiling  alcohol;  the  solution 
has  an  acid  reaction.  The  acid  dissolves  in  444  pts.  of  ether  at  20°,  and  in  47  pts.  of 
boiling  ether. 

Lithofellic  acid,  when  melted  in  contact  with  the  air,  volatilises  in  white  vapours, 
which  exhale  an  aromatic  odour.  By  dry  distillation  it  loses  1  at.  water,  and  is  con- 
verted into  an  acid  oil,  C™H-^''0',  called  pyrolithofellic  acid.  Lithofellic  acid 
dissolves  in  strong  sulphuric  acid,  forming  a  solution  which  becomes  milky  on  addi- 
tion of  water.  Hot  nitric  acid  converts  it  into  a  yellow  acid,  soluble  in  acetic  acid, 
crystallising  therefrom,  and  containing  C^°H^'(NO-)-0'.    (Malaguti  and  Sarzeau.) 

Lithofellic  acid,  heated  with  sugar  and  sulphuric  acid,  produces  a  violet  coloration 
similar  to  that  which  is  produced  in  like  manner  by  the  biliary  acids. 

The. lithofellates  are  but  little  known.  The  acid  dissolves  easily  in  caustic  al- 
kalis and  alkaline  carbonates. — The  ammonium-salt  is  known  only  in  solution. — The 
potassium-  and  ammonium-salts  are  amorphous  and  gummy. — The  barium-salt  forms 
crystals  very  soluble  in  alcohol. — Alead-salt,  of  variable  composition,  is  obtained  as  a 
white  precipitate,  slightly  soluble  in  water,  somewhat  more  soluble  in  alcohol,  on  mix- 
ing an  alcoholic  solution  of  the  acid  containing  a  little  ammonia,  with  neutral  acetate 
of  lead. — The  silver-salt,  obtained  in  like  manner  by  precipitation,  appears  to  contain 
C-°H"AgO'. 

nXACXiURXsr.    Syn.  with  Mobintannic  Acid  (iii.  1049). 
MSTAPURPVBATES.    See  Pubpurates  (iv.  748). 
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MUCOM-XC  ACID.  CHW.  (F.  Bode,  Ann.  Cli.  Pharm.  pxxxii.  95  ;  Jahresb. 
1864,  p.  iUO.) — A  dibasic  acid  produced  by  the  action  of  sodium-aroalgani  on  the 
chlorinated  acid,  C''H^CT-'0\  obtained  by  treating  nmcic  acid  with  pentachloride  of 
phosphorus  (iii.  1058).  On  treating  the  resulting  mass  with  hydrochloric  acid,  eva- 
porating to  dryness,  and  exhausting  with  ether,  a  solution  is  obtained,  which  yields 
muconic  acid  as  a  white  laminar  mass,  melting  at  195°,  solidifying  at  185°,  easily 
soluble  in  alcohol,  sparingly  in  ether,  soluble  in  110  pts.  of  water  at  16°,  and  crys- 
tallising from  hot  water  in  long  prisms,  often  grouped  in  stars. 

The  muconates  are  for  the  most  part  easily  soluble  and  amorphous  ;  the  ammonium- 
salt  (but  not  the  free  acid)  gives  a  reddish  precipitate  with  terric  chloride,  and,  if  not 
too  dilute,  a  white  precipitate  with  silver-nitrate. — The  neutral  zinc-salt,  C''H"Zn"0\ 
separates  from  hot  water  as  a  white  amorphous  mass.  The  ethylic  ether  is  a  colourless 
liquid  wliich  sinks  in  water. 

N'APHTHYI.-COnXPOXTM'DS.  Nitrate  of  Diazonaphthale7ie,  C'»H'N-. 
NliO^  is  formed  by  the  action  of  nitrous  acid  on  moistened  nitrate  of  naphthylamme, 
and  is  obtained,  l>y  spontaneous  evaporation  of  the  aqueous  solution  filtered  from  a 
brown-red  amorphous  product,  in  white,  easily  soluble,  explosive  needles. — Perbro- 
mide  of  Biazonaphthalenc,  C"'H'*N-.HBr^  prepared  like  the  corresponding  ben- 
zene-eompoimd  (iv.  431),  forms  orange-yellow  crystals. — The  platinum-salt,  •2(C"'H"N'. 
HCl).PtClS  forms  short,  yellowish,  nearly  insoluble  prisms. — Diaz onaphthol  iin- 
ide,  C'°H"N'.HN,  passes  over  as  a  yellowish  oil  when  the  substance  formed  by  the 
action  of  ammonia  on  the  perbromido  is  distilled  with  water.  It  smells  like  naphtha- 
lene, and  turns  brown  in  contact  with  the  air. 

Naphth//l-hi/drate,or  Napht hyl -alcohol,  C'lPO  C'°ir.H.O.— Produced, 
with  evolution  of  nitrogen,  when  the  aqueous  solution  of  nitrate  of  diazonaphthalene  is 
boiled  : 

C'oR^m  +  H=0  =  C'»H»0  -I-  W. 
When  purified  by  solution  in  potash,  precipitation  with  acetic  acid,  and  distillation,  it 
forms  shining  white  laminae,  which  melt  at  91°  to  a  colourless  oil.  It  volatilises 
without  decomposition,  burns  with  a  smoky  flame  ;  dissolves  sparingly  in  water,  easily 
in  alcohol,  ether,  and  benzene;  smells  like  creosote,  and  has  a  burning  taste.  It 
unites  with  strong  bases,  forming  easily  docomposible  compounds  ;  is  converted  by  nitric 
acid  into  nitro-compounds,  and  by  bromine  into  bromonaphthyl-alcohol.  (Griess, 
Chem.  Soc.  J.  six.  90;  Jahresb.  1866,  p.  459.) 

JSaphthytsulph ydratc,  C'H'.H.S. — Produced  by  the  action  of  nascent  hydro- 
gen (zincand  sulphuric  acid)  on  naphtbylsulphurous  chloride  (p.  561): 

C'H'CISO-  +  3H'  =  C^H'S  +  HCl  +  2H^0. 
It  passes  over  on  distillation  as  a  colourless,  strongly  refracting  oil,  having  an  unplea- 
sant odour,  a  specific  gravity  of  1-146  at  23°,  boiling  without  decomposition. at  286°, 
not  miscilile  with  water,  sparingly  soluble  in  alkalis,  easily  soluble  in  alcohol  and 
ether.  It  acts  strongly  on  finely  pulverised  mercuric  oxide,  forming  naphthi/l-niemirio 
tiittphide,  (C"'H')^Hg'S',  which  separates  from  hot  alcohol  as  a  pale-yellow  powder. 
— The  corresponding  lead-comp)ound,  (C"'H')-Pb"S-,  is  deposited  as  a  lemon-yellow 
fusible  precipitate,  on  mixing  the  alcoholic  solutions  of  lead-acetate  and  naphthylsul- 
phydrate. — The  copper-compaund  is  a  pale-yellow  precipitate. 

h' iiphi  hyl -d i sv  lp hide,  (C'°H')-S-,  separates,  by  spontaneous  evaporation  from 
;in  alcoholic  solution  of  naphthylsulphydrate  saturated  with  ammonia  or  potash,  in 
yellow  raonoclinic  crystals.  It  melts  at  85°,  is  insoluble  in  water,  slightly  soluble  in 
alcohol,  easily  in  ether.  In  contact  with  zinc  and  sulphuric  acid,  it  is  reconverted  into 
naplithylsulph3'dratc.    (Schertel,  Ann.  Ch.  Pharm.  cxxxii.  91.) 

NITROFOPTTIiIC  ACID.  Syn.  with  Dinitrosalicylic  acid.  (See  Salicylic  Acid, 
p.  139). 

OXiEANDRIxrE.  An  alkaloid  contained,  together  with  pscudocurarine,  in  the 
leaves  and  branches  of  the  oleander.    (See  Pseudocukarine,  iv.  743.) 

PTROX.XTHOFEI.I.IC  ACID.    See  Lituofellic  Acid  (p.  1092). 

RUTYl..    Syn.  with  Dectl  (p.  1090). 


Sirx,PHACEX^.    See  CoLLOiDAi,  Acids  (p.  1089). 
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Racemocarbonic  or  Desoxalic  acid 

Radiation  and  Conduction  of  Heat 
Kadiation  .... 
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Emission  of  Radiant  Heat 
Absorption  of  Radiant  Heat 
Transmission  of  Radiant  Heat 
Conduction  of  Heat 

Radicles  or  Radicals 
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Place  of  oxidation  . 

Qualities  of  expired  air 

Cutaneous  respiration 

Intestinal  respiration 
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Respiration  of  eggs 
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Retene-sulphuric  acid 
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Retinasphalt  . 
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Retinite  .... 
Retinole  and  Retinyl 
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Sorpho  . 
Spadaite 
SpiiiiUilda 
Spaniolite 
S])aniolitmin  . 
Spartaite 
Spart.alite 
Sparteine 
Spartium 

Spear  p^Tites  (s.  Marcasite,  iii.  40 
Specilic  gravity 

Specific  gravities  of  Solids 
of  Liquids 
of  Gases 
Bmisen's  method 
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352 
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Regnault'fl  method  . 
Specific  gravities  of  vapours  or 
vapour  densities  .... 

1.  Gay-Lussac's  method  . 

2.  Dumas'  method  . 

3.  The  process  of  DeviUe  ami 
Troost  .       .       .       .  . 

List  of  memoirs  on  Vapour  den- 
sities, &c  

Spectral  analysis  

Spectrum  reactions  (if  tlie  metals  of 
the  alkalies  and  alkaliue  earths  . 
Examination   of   the    spectra  of 
bodies  volatilised  in  the  electric 

spark   

Projection  of  the  metallic  spectra 

on  a  screen  

Examination  of  the  siiectra  of 
bodies  which  are  gaseous  at  the 
ordinary  temperatures,  or  which 
require  to  be  heated  in  vacuum 

tubes   

Solar  and  Stellar  chemistry 

The  reversal  of  the  spectra  of 

coloured  flames 
On  the  coincidence  of  the 
brii;ht  rays  of  certain  metals 
with  the  dark  lines  in  the 
s<dar  spectrum,  and  the  exis- 
tence of  certain  metals  in  the 
solar  atmosphere 
Stellar  spectra 

Spectra  of  Nebuhe,  Comets  and 
Meteors 

Specular  iron  

Specidiuii  metal  .... 
Spoiss  ...... 

Spelter  

Spermaceti  

Sporm-oil  

Spermatic  fluid  .... 
Spessartin  ..... 
Spha^ria  deusta  .... 
Sphrerococcus  lichenoides 

Sphagnum  

Sphalerite  

Sphene   

Splienoclase  

Sphenomite  ..... 
Spheroidal  state  (s.  Ilcat,  iii.  8S). 
Spherosiderite  .... 
Spherostilbite  (s.  Stilbite,  p.  433). 
Spherulito  ..... 
Spigelia  ...... 

Spike-oil  

Spilauthcs  

Spinach  ...... 

Spiudle-tree  

.Spindle-tree  oil      ...  . 

Spinel  

S|nnellane  

Spinthene  

Si)ir.Ta  ...... 

.S|iira'in  ...... 

Spirit  ...... 

Spirogyra  

Spirol  ...... 

S|iiroyl  ...... 

Spiroylic  .acid  .... 

Spiroylous  acid  .... 

Spiryl  

Spleen  

Splint-coal  

Spodumcnc  
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vSponge  .... 
iSpongin  .... 
Sprat  .... 
Sqiialus  .... 
Stalagmites  and  Stalactites 
Stalagmometer 
Stannates,  pp.  818,  820  &c.  (i 
Stapelia 

Staphisagric  acid  . 
Staphisagrine 
Staphieaine  . 
Star-anise 

Starch  .... 
Stassfurthite  . 
Statice  .... 
Staurolite 


Stauroscope  . 
Staurotide 
Stearamide 
Stearanilide  . 
Stearene  (s.  Stearone). 
Stearerin 
Stearic  acid  . 
Stearates 

Bromostearic  acid  , 

Dibromostearic  acid 

Chlorostearic  acid  ■ 
Stearic  anhydride  . 
Stearic  ethers 
Stearidic  acid 
Stearins  .... 
Stearochlorhydrin . 
RteariiglucoBe  . 
Stearoconote  . 
Stearolauretin        .  ■ 
Stearolaurin  . 
Stearone 

Stearophanic  acid  . 
Stearophanin  . 
Stearoptenes  . 
Stearoyl .... 
Stearyl  .... 
Steatin  .... 
Steatite  .... 
Steatoid  .... 
Steel  .... 
Steinheilite  (s.  Dichroi'te,  ii.  320). 
Steinraannite . 

Stellite  (s.  Pectolite,  iv.  362), 
Stephanite 
Sfercorite 

Stereometer  (s.  Volumenometer,  p. 
Stembergite  . 
Stethal  »r  Stethylic  Alcohol 
Stibethyl,  Stibmethyl  &c.  (s 

radicles.  Organic,  i.  337). 
Stibilite  . 
Stibine  . 
Stibiophyllite 
Stibiozincyls  . 
Stibite  . 
Stibium  . 
Stiblite  . 
Stibnite  . 
Stibonium 
Stick-lac  (s.  Lac,  iii. 
Sticta  pulmonacea 
Stigmaphyllou 
Stilbene  . 
Stilbesic  acid  . 
Stilbic  acid  (s.  Benzilic  acid,  i.  546). 
Stilbilic  or  Stilbilous  acid  (s.  Stilbous 

acid). 
Stilbin  (s.  Stilbene). 
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408 
404 
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412 


417 
419 


420 
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425 


426 


430 


431 


432 


Stilbite  .... 

Desmin  . 
Stilbous  acid  . 
Stilbyl  .... 
Stillingia       .       .  . 
Stillistearic  acid 
Stillolite 
Stilpnomelane 
StUpnosiderite 
Scinkstone 

Stirian  .... 
Stoichiometry 
Stolpenite  . 
Stolzite  .... 
Storax  (s.  Balsam,  i.  497). 
Strakonitzite  . 

Stramonium  (s.  Datura,  i.  307). 
Strass  .... 
Stratiotes 
Stratopeite 
Streak  of  minerals  . 
Stroganowite  . 
Stromeite 

Stromeyerite  .  . 
Stromnite 

Strontia  .... 
Strontianite'  . 
Strontianocalcite  . 
Strontium 
Strontium,  Bromide  of  . 
Strontium,  Chloride  of  . 
Strontium,  Detection  and  Estimation  of 
Strontium,  Fluoride  of  . 
Strontium,  Iodide  of 
Strontium,  Oxide  of 
Stronlium,  Oxysulphide  of 
Strontium,  Sulphides  of . 
Struthiin  (s.  Saponin,  p.  192) 
Struvite  .... 
Strychnic  acid  (s.  Igasuric  acid,  iii, 
Strychnine 

Methylstrycbnine  . 

Etbylstrychnine 

Amylstrychnine 

Compounds  produced  by  the  action 
of  ethyleuic    bromide  on 
strychnine 

Chlorostrychnine  . 

Classified  list  of  memoirs  on  strych- 
nine   

Stryclmochrome  .... 

Strychiuis  

Studerite  ..... 

Stiibelite  

Stvlobite  

Stylolitps  

Stylotype  

Styphnicacid  (s.  Oxypicric  acid,  iv.317) 

Stypterite  

Stypticite  

Styraciu  (b.  Cinnyic,  Cinnamate,  i.  986) 

Smc'one!  (s.Styrylic  alcohol,  ..447) 

Sty  rax  (s.  Storax). 

Styrol  (s.  Cinnamene,  i.  982). 

Distyrol  . 
Styrone  (s.  Styrylic  Alcohol) 
Styryl  (s.  Cinnyl,  j.  992). 
Styrylamine  ... 
Styrylic  alcohol 
Styrylic  ethers 
Styryline  ... 
Suberamic  acid 
Suberamide  . 
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Subcraiiilic  acid  448 

(Suberaiiilide  .... 

Suberic  acid  449 

Suberic  ethers  450 

Subcriu  

Suberone  .... 

Suberyl  

Sublimate  .... 
Subrubrin  .... 
Substitution : 

1.  Of  Chlorous  radicles  for  Hydro- 

gen   

2.  Of  Ilj'drogen  and  other  Basylous 

radicles  for  Chlorous  radicles  , 

3.  Of  Basylous  or  Chlorous  radicles, 

one  for  the  other 
Siicciuaniic  acid,  Succinamide,  Succi- 
nanil,  &c.  (s.  Succinic  Amides,  p.  460) 
Siiccinasphalt 
Succineupione 

Succinic  acid  .... 

Succinates,  Metallic 

Succinates  of  Organic  bases 

Bromosuccinic  acids 
Succinic  amides 
Succinic  anhydride 
Succinic  cbliiride    .       .  . 
Succinic  ethers 
Succinite  .... 
Succinone  .... 
Succino-sulphuric  acid  (s.  Sulphosuccinic 
acid). 

Succiuum  (s.  Amber). 

Succinyl  

Succinylic  acid  (s.  Succinic  acid). 

Succisterene  

Sucrose  (s.  Cane-sugar). 

Suet  

Sugars  

a.  Fermentable  Sugars  . 

b.  Non-fermentable  Sugars  or  Sac- 
charoids  

Chemical  reactions  of  Sugars  . 
Cane-sugar  or  Saccharose : 

Nitrosaccharose,  Saccharides,  Su- 
crates 
Parasaccharosc 

Paraglucose  .... 
Sugar,  inverted  .... 
Sugar  of  fruits  .... 
Sugar  of  lead  .... 

Sugar-candy  

Sugar-cane  

Su.i;ai--maple  

Sulpliacetamide  .... 
Sulphacetic  acid  .... 
Sulphacetylenic  acid 
Sulpbamethylanc  (p.  477). 
Sulphamic  acid  .... 
Sulpliamic  ethers  .... 

]\[ethylic  sidphamate,  or  Sulphame 
tbylane  .... 

riicnylsulphamic  or  Sulphanilic 
acid  

rbeuyldisulphamic  or  Disulphani 
lie  acid 

riicnyldisulphodiamic  acid 

licnzyldisulphamic  acid 

Cumcnyldisulpbamic  acid 
Sulphamide  .... 
Sulpbamidic  acid  (s.  Sulphazotised  acids, 

p.  482). 
Sulpliamidohcnzamine  . 
Sulphauiidochlorobcnzoic  acid 
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479 
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VAGE 

Sulphamidonic  acid       .       .       .  .481 
Sulphammon  (s.  Sulphatammon). 
Sulphammonic  acid  (s.  Sulphazotised 

acids,  p.  482). 
Sulphamylic  acid  (s.  Sulphuric  ethers). 

Sulphan  — 

Sidpbanethic  or  Sulphanetholic  acid     ,  — 
Sulphanilic  acid  (s.  Sulphamic  ethers, 
p.  477). 

Sulphanisolic  acid ;  Sulphanisolide       .  — 
Sulpliantimonates ;  Sulphantimonites 
(s.  Antimony,  Sulphides  of,  i.  334, 
335). 

Sulpharsenates ;  Sulpharsenites  (s.  Arse- 
nic, Suliibides  of,  i.  388,  391). 
Sulpharsin  (i.  409). 
Sulphatammon 

Sulphates  (s.  Sulphur,  Oxygen-acids  of). 
Sulphatoxygen  (s.  Sulphur). 
Sulpliazalic  acid,  &c.  (s.  Sulphazotised 

acids,  p.  482). 
Sulphazobenzoyl,  Hydride  of.       .       .  — 
Sulphazotised  acids      ....  482 
Suljiliesatyde,  &c.  (s.  Disulphesatyde,  iii. 
412). 

Sulphides  and  Sulplij'drates  .  .  .  — . 
Sulpliindigotic  acid. |  (s.  Indigo.sul])huric 


Siilphiudylic  acid     j     acids,  iii.  258). 
Sulphisat'anous  acid       ....  484 
Sulphisatin  (s.  Disulphisatyde,  iii.  412). 
Sulphites  (s.  Sulphur,  Oxygen-acida  of). 
Sulphobtnzamic  acid     ....  485 

Sulphobenzamide  486 

SulpliobenzanUide  — 

Sulphobenzide  — 

Sulphobenzidic  acid  (s.  Phenylsulphurous 
acid,  under  Sulphurous  ethers). 

Sulphdbenzoic  acid  487 

Nitro-sulphobenzoic  acid 
Amido-sulphobenzoic  acid      .       .  488 
Sulphobeuzoic  cliorhydratc 
Sul|)liobeuzoic  chloride  . 
Sulphobenzoic  ethers 

Sulphobenzol  489 

Sulpbolipnzolamide 
Suliiliolirnzi'lcnc  . 
Sulpliiibenziilenic  acid  . 
Sulphobenzolic  acid 

Disulphobenzolic  acid 
Sulphobenzoic  cliloride  . 
Sulphobenzoyl,  Hydride  of 
Suliihobeuzylenic  acid  . 
Sulpliobutyiic  acid. 

Sulphocacodvlic  acid  (s.  Arsenides  of  Me- 
thyl, i.  409). 
Sulphocamphic  acid  ....  — 
Sulidiocamphoric  acid  ....  — 
Sulphocaprylic  acid  ....  490 
Sulphocarbamic  acid  ....  — 
Sulphocarbamic  ethers : 

Etliylic  oxysulphocarbamate,  or 

Xanthamide  49 1 

Amylic  oxysuliiliocarbamate  or 

Xanthamj-lamide.       .       .       .  493 
Sulpbocarbamido  . 
Sul|iliocarbimide  . 
Sul|ilinrarlioiKi(cs,  Metallic 
Suli>hoiarboiiic  acid      ....  494 
Sulphocarbonic  ethers 

AUylic  trisulphocarbonate  .  .  496 
Amyl-disulphocarbonic  or  Xan- 

tliamylic!  acid 
Amyl-disulphocarbonic  sulphide 
.\jnylic  disulphocarlmnatc 
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Sulphocarbonic  ethers  (continued) — 

Methyl-  and  Ethyl-amylic  disul- 
phocarbonatea  ....  496 
Amy  lie  trisulphocarbonate  .  .  497 
Cetj'l-disulphocarbonic  acid  .  ,  — 
Ethyl-monosulphocarbonic  acid  .  — 
Ethyl-monosulpbocarbonic  sulphide  — 
Ethylic  monosulphooarbonate .  .  — 
Ethyl-disulphocarbonic  or  Xanthic 

acid  498 

Ethyl-disulphocarbonic  sulphide  .  499 
Ethylic  disulphocarbonate :  Xanthic 

ether  600 

Ethyl-trisulphocarbonic  acid  .  .  — 
Ethylic  trisulphocarbonate  .  .  — 
Methyl-disulphocarbonic  acid  .  501 
Methylic  disulphocarbonate  .  .  — 
Sulphocarbonic  ethers  containing  dia- 
tomic alcohol-radicles : 
Amylenic  trisulphocarbonate  .  ,  — 
Etliylenic  trisulphocarbonate  .  .  — 
Ettiylenic    disulphocarbonate,  or 

Xanthate  502 

Blethylenic,  Tritylenic,  and  Tetry- 
lenic  trisulphocarbonates    .       .  — 
Sulphocarboviuic  acid  (s.  Ethyl-disul- 
phocarbonic acid,  p.  498). 
Sulphocetic  acid  (s.  Cetylsulphuric  acid, 
p.  621). 

Sulphochlorobenzamide ....  — 
Sulphochlorobenzoic  acid      ...  — 
Disulphochlorobenzoic  acid    .      .  503 

Sulphocholeic  acid  — 

Sulphocinnamic  acid  ....  — 
Sulphocumenic  acid      ....  — 

Sulphocumide  — 

Sulphocyanacetic  acid  (s.  Thiocyanogly- 
collic  acid). 

Sulphocyanic  acid  504 

Metallic  sulphocy an ates .       .       .  506 
Sulphocyanic  anhydride       .       .       .  616 
lodocyanic  sulphide       .       .       .  516 
Sulphocyanic  ethers      ....  516 
AUylic  siilphocyanate,  or  volatile  oil 

of  mustard  — 

Amylic  sulphocyanate  .  .  .  619 
Ethylic  sulphocyanate  ...  — 
Ethylenic  sulphocyanate  .  .  520 
Hexylic  sulphocyanate  ...  — 
Blethylic  sulphocyanate  ...  — 
Naphthylic  sulphocyanate  .  .  521 
Phenylic  sulphocyanate  ...  — 
Sulphocymenic  acid  (s.  Cymylsulphur- 

ous  acid,  ii.  298). 
Sulphodraconio  acid      ....  — 
Sulphoflavic  acid  (s.  Indigosulphuric 
acids,  iii.  262). 

Sulphoform  — 

Sulphofulvic  acid  (s.  Indigosulphuric 

acids,  iii.  262). 
Sulphoglucic  acid  (s.  Glucososulphuric 

acid,  ii.  872) 
Sulphoglutinic  acid       ....  — 
Sulphoglyceric  acid  (s.  Glycerosulphuric 

acid,  ii.  892). 
SulphoglycoUic  acid  (s.  Ethylenic  acid, 

sulphate  of,  ii.  582). 
Sulphohippnric  acid     ....  — 
Sulpho-hydroquinonic  acids  (s.  Hydro- 

quinone,  iii.  217). 
Sulphomargaric  and  Sulpholeic  acids    .  622 

Sulyholignic  acid  — 

Sulphomaunitic  acid  ....  — 
Sulphomelanurenic  acid.  .      .  — 


PAGE 

Sulphomellouic  acid  ,  .  .  ,  522 
SulphomethyHc  acid  (s.  Methylsulphu- 

ric  acid,  p.  626). 
Sulphomolybdates  (s.  Molybdenum,  iii, 

1043). 

Sulphomorphide    .....  — 

Sulphonaphthalene  — 

SulphonaphthaUc  acid  (s.  Sulphurous 

ethers,  p.  560). 
Sulphonaphthalidamic  acid  (s.  Naph- 

thionic  acid,  iv.  17). 
Sulphonaphthanic  acid  (s.  Sulphonaph- 

thalic  acid). 

Sulphonarcotide  523 

Sulphophenic  acid  (s.  Sulphuric  ethers, 

p.  627). 

Sulphophenylamide  ....  — 
Sulphophenylic  chloride  (s.  Sulphurous 

ethers,  p.  564). 
Sulphophenylic  hydride  (p.  564). 
Snlphophenylsuccinamic  acid     .       .  524 
Sulphophloramic  acid    ....  — 
Sulphophloretio  acid      ....  — 
Sulphophosphates  and  Sulphophosphites  (s. 

Phosphorus,  sulphides  of,  iv.  603,  604). 
Sulphopianic acid  (s.  Opianic acid, iv. 206). 
Sulphopurpuric  acid  (s.  Indigosulphuric 

acids,  iii.  262). 
Sulphopyromucic  acid   ....  — 
Sulphoquinic  acid  (s.  Quinine-sulphuric 

acid,  iv.  26). 
Sulphoretinylic  acid      ....  — 
Sulphorufic  acid   (a.  Indigosulphuric 

acids,  iii.  262). 
Sulphosaccharic  or  Sulphoglucic  acid    .  — 
Sulphosalicylic  acid       ....  525 
Sulphosinapic  acid         ....  526 

Sulphosinapisin  — 

Sulphosuccinic  acid  ....  627 
Sulphosulphamylic   acid  (s.  Amylsul- 

phurous  acid,  p.  552). 
Sulphotellurates    and  Sulphotellurites 

(s.  Tellurium,  p.  718). 
Sulphothymic  acid  (s.  Cymylsulphurous 

acid,  ii.  298). 
Sulphotoluolamide    or  Sulphobenzyl- 

amide  — 

SulphotoluyUc  acid  (s.  Sulphurous  ethers, 

p.  553). 

Sulphotolylamic  acid  ....  — 
Sulphotriphosphamide  ....  528 
Sulphovanadates  and  Sulphovanadites 

(s.  Vanadium,  Sulphides  of). 
Sulphovinic    acid  (s.  Ethylsulphuric 

acid,  p.  622). 
Sulphoviridic  acid  (s.  Indigosulphuric 

acids,  iii.  262). 
Sulphoxalenide  and  Sulphoxamide  (s. 

Cyanogen,  Sulphydrates  of,  ii.  285).  . 
Salphoxybenzoic  acid    ....  — 
Sulphur  — 


Sulphur,  Bromides  of    .       .       .       .  533 

Sulphur,  Chlorides  of,  or  Sulphides  of 
chlorine      ......  — 

Disulphide  of  Chlorine    ...  — 
Protosulphide  of  Chlorine       .       .  635 
Tetrachloride  of  Sulphur       .       .  — 
Sulphur,  Cyanide  of  (s.  Sulphocyanic 
anhydride,  p.  515.)  .... 

Sulphiur,  Detection  and  Estimation  of: 

1.  Reactions  536 

2.  Quantitative  estimation  and  sepa- 
ration  537 

3.  Atomic  weight  of  sulphur  .      .  539 
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Sulphur,  Fluorido  of       ....  539 

Sulplnir,  Iodides  of  ....  — 
Sulphur,  Oxides  and  Oxygen-acids 

of   — 

Dioxide  of   Sulphur,  Sulphurous 

oxide  or  anhydride     .      .       .  5-10 
Sulphurous  acid      .      .       .  .641 

Sulphurous  chloride       .       .       .  542 

Sulphites,  metallic  ....  — 
Sulphites,    Alcoholic ;  Sulphurous 

ethers   551 

Amylsulphurous  acid       .  552 

Dianiylic  sulphite    ...  — 

Bcnzylsulphiirous  acid     ,       .  553 

CuiiK'uylNulphurnus  acid  .  — 
Etliylsulphurous  acid 

Ethylsulphurous  chloride  554 

Diethylic  sulphite    ...  — 

Ethylamylic  sulphite       .       .  555 

JI<'t"hy]Hul|iliurous  acid     .       .  — 

Mothylsulphurous  chloride      .  55G 

Dimethylic  sulpliite        .       .  — 

Mcthyl-ethylic  sulphite  .       .  — 
Chlorinated  methylsulpliurous 

acid   — 

Chloromethylsulphurous  chlo- 
rides   559 

Naphthylsulphurous  acid        .  6G0 

Naphthylsulphurous  chloride  .  5G1 

Ethyl-naplithylic  sulphite       .  — 

Naphthyl-thionamic  acid .  .  662 
Bromo-,  Chloro-,   and  Nitro- 

naphthylsulphurous  acids     .  — 

Phenylsulphurous  acid    .       .  564 

Plienylsulphuroua  chloride      .  — 
Tliyniylsulphurous     acid  (s. 
Cymvlsulphurous    acid,  ii. 
298)." 

Xylylsulphurous  acid      .      .  565 
■    Sulphurous  ethers  containing  Dia- 
tomic Alcohol-radicles: 

Ethylene-sulphiirous  acid      .       .  56G 

Mcthyleue-sulphurous  acid      .  667 

Naphthylcne-sulphurous  acid  .  568 

Phenylcue-sulphurous  acid      .  — 

Tritylene-sulphurous  acid        .  569 
Trioxide  of  Sulphur,  Sulphuric 

Oxide  or  Anhydride    ...  — 
SiUphuric  acid        .       .       .  .571 

Sulphuric  bromide  ....  575 

Sulphuric  chlorhydrate  ...  — 

Sulphuric  chloride  ....  576 

Nitrososulphuno  acid     .       .       .  577 

Sulphates  of  Nitrosyl  or  Azotj'l      .  — 

Sulphates,  Metallic        ...  — 

Sulphates  of  Aluminium  .      .       .  579 
Aluminic  double  sulphates  : 

Aluins   580 

Sulphates  of  Ammonium        .      .  — 

Antimony,  Barium      .       .       .  584 
Sulphates  of  Bismuth,  Cadmium, 

Ca;sium,  and  Calcium  .       .       .  585 

Sulphates  of  Cerium       .       .       .  5S6 

Sulphates  of  Cliromium  .       .       .  588 

Sulphates  of  Cobalt       .       .      .  590 

Sulphates  of  Copper  ...  — 
Sulphates  of  Didymium,  Erbium, 

Ohicinum   594 

Sulphates  of  Iridium      .       .      .  595 

Sulphates  of  Iron    ....  — 

Sulphate  of  Lanthanum  .       .      .  598 

Sulphate  of  Lead    ....  — 

Sulphate  of  Lithium       .       .       .  GOO 

Sulphate  of  Magnesium         .       .  — 
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Sulphates  of  Manganese  .       .       .  603 
Sulpliates  of  Mercury     .       .       .  604 
Sulphates  of  Molybdenum      .       .  605 
Sulphates  of  Nickel,  Osmium,  Palla- 
dium   606 

Sulphates  of  Platinum    .       .       .  007 

Sulphates  of  Potassium  ...  — 
Sulphates  of  Khodium,  Kubidiura, 

Ruthenium,  Silver      .       .       .  609 
Sulphates  of  Sodium       .      .  .610 

Sulphate  of  Strontium  .  .  .  613 
Sulphates  of  Tellurium,  Terbium. 

Thallium  614 

Sulphates  of  Thorinum,  Tin  .  .  615 
Sulphates  of  Titanium,  Tungsten, 

Uranium   616 

Sulphates  of  Vanadium,  Yttrium, 

Zinc   617 

Sulphate  of  Zirconium  .  .  .  619 
Sulphates,    Alcoholic  ;  Sulphuric 

Ethers   620 

Allylsulphuric  acid  ....  — 

Amylsulphuric  acid ....  — 
Butyl-,  Capryl-,  and  Cetyl-sulphunc 

acids   621 

Ethylsulphuric  acid  .  .  .  622 
Diethylic  sulphate  .       .       .  .624 

Sulphelhamic  acid  ....  625 

Metliylsulphuric  acid     .       .       .  626 

Dimethylic  sulphate       ...  — 

Octylsulphuric  acid ....  — 

Phenylsulphuric  acid       .       .  627 
Appendix  to  Phenyl suJphitric  acid 

Paraphcnylaulphurous  acid      .  628 

Dibromophenylsulphurous  acid  — 

Diazophenyls*ilphurons  acid  .  — 
Diazodibromophenylsulphurous 

acid   — 

Totrj'lsulphuric  acid       .       .       .  629 

Tritylsulphuric  acid  ...  — 
Hyposulphurous   or  Thiosulphuric 

acid     .       .              .       .       .  — 

Dithionic  or  Ilyposulphuric  acid     .  G36 

Trithionic  acid   639 

Tetrathionic  acid     ....  641 

Pentathiouic  acid    ....  642 

Sulphur-acids  or  Sulphanhydrides  .       .  643 

Sulphur-bases              ....  — 

Sulphuret  (s.  Sulphide,  p.  482). 

Sulphuric  acid  and  anhydride  (p.  569). 

Sulphuric  chloride  (p.  576). 

Sulphuric  ethers  (p.  G20). 

Sulphurous  acid  and  anhj'dride  (p.  540). 

Sulplmrous  cliloride  (p.  542). 

Sulphurous  ethers  (p.  651). 

Sulphur-salts  .      .        ....  — 

Sulphurj-l      .       .              ...  64-1 

Sumach  ...              ...  — 

Sumliulamic  acid   — 

Sumbul- balsam  (s.  Sumbul-root). 

Sumt)ulic  acid   — 

Surabuline   — 

Sumbul-oil   — 

Sumbul-root   — 

Sundvikite   645 

Sunstone   — 

Super   — 

Superphosphate   — 

Surinamine   — 

Surturbrand   — 

Susannite  or  Suzannite  ....   

Svanbergite   — 

Swaga   — 

Swamii-orc     ......  — 
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Swietcnia 

Sycocerj'lic  acid  . 
Sycocerylic  alcohol 
Sycocerylic  aldehyde 
Sycocerylic  ethers 
Sycoretin 
Sj'enite  . 
Syepoorite 
Syhedrite 

Sylvan  .       ,  , 
Sylvanite 
S3'Iyic  acid 

Oxysylvic  acid 
Syhdne  or  Sylvite  . 
Sylvinolic  acid 
Symbols,  Chemical  (s.  Formula,  ii, 

and  Notation,  iv.  136) 
Symmorphosis 
Sympatlietic  mk  . 
Symphytum  , 
Symplosite 

Synantherin  (s.  Sinistrin. 
Synaptase  (s.  Emulsin,  ii 
Syndesniides  . 
Synovia  . 

Synthesis,  Chemical 
Syntonin  . 
Syria 
Syringa  . 
Syringenin 
Springopicrin  . 
Syrup  . 
Szajbelyite  . 
Szesko  . 
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695 


646 
647 


648 
650 
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651 


652 


653 


T 

Tabasheer   653 

Tabergite   — 

Tabular  spar   — 

Tacamahac   654 

Tachyaphaltite   — 

Tachydrite   — 

Tachylyte   — 

Tainiin  ...       ....  — 

Tagilite   — 

Tagua-nut   — 

Ta-hong   — 

Taigu  wood   655 

Taiguic  acid   — 

Takourave  (s.  Nephrite,  iv.  81). 

Talc   — 

Talc,  Indurated   656 

Talc,  White   — 

Talc-alum   — 

Talcapatite   — 

Talc-chlorite  (s.  Clinochlore,  i.  1025) 

Talc-iron-ore  ,  — 

Talc-ironstone   — 

Talc-garnet    ......  — 

Talcite  or  Talkite  .      .      .      .      .  — 

Talcoid   — 

Talcose  slate   — 

Tallicoonah-oU  (s.  Carapa-oU,  i.  749). 

Tallingite   — 

Tallow    .   657 

Talmi  gold     ......  — 

Ta-lou   — 

Taltalite   — 

Tamarinds   — 

Taraarite   — 

Tiimarix   658 

Tamtams   — 

Tanacetic  acid   — 


PAGE 

Tanacetin   658 

Tanacetum   — 

Tanah-arapo   — 

Tanghinia   — 

Tangiwaite    ......  659 

Tankite   — 

Tannaspidic  acid   — 

Tannecortepinic  acid     ....  — 

Tauueuite   — 

Tannic  acid.   Tannin    ....  — 
Tannigenamic  acid  (s  Gallamic  acid,  iL 
759). 

Tanningenic  acid  (s.  Catechin,  i.  816). 

Tannomelanic  acid   661 

Tanuopic  acid   — 

Tannoxylic  acid   — 

Tansy   — 

Tantalite   — 

Tantalum   662 

Tantalum,  Bromide  of   .       .       .       .  — 

Tantalum,  Chloride  of  .  .  .  .  — 
Tantalum,  Detection  and  Estimation  of : 

1.  Blowpipe  reactions     .       .       .  663 

2.  Reactions  in  solution  ...  — 

3.  Estimation  and  separati<in  .       .  664 

4.  Atomic  weight  of  Tantalum  .  — 
Tantalum,  Fluoride  of  .  .  .  .  665 
Tantalum,  Nitride  of  .  .  ,  .  — 
Tantalum,  Oxides  of     .       .       .       .  — 

Dioxide  or  Tantalous  oxide    .       .  — 
Pentoxide,  Tantalic  oxide,  or  Anhy- 
dride   — 

Tantalic  acid      ....  666 

Tantalates   — 

Ferrous  Tantalate ;  Tantalite 

and  Tapiolite        ...  — 
Tantalate  of  Yttrium  ;  Yttrotan- 

talite   6G8 

Tantalum,  Sulphide  of  .      ,      .      .  669 

Tapanhoacanga   — 

Tapioca   — 

Tapiolite   — 

Tar   — 

Taraxaciu   670 

Taraxacimi   — 

Tarnowitzite   671 

Tartar   — 

Tartar-emetic   672 

Tartaric  acid   — 

Dextrotartaric  acid ....  673 

Lsevotartaric  acid   ....  674 

Tartrates   675 

Tartrates  of  Monatomic  metals    .  677 

Tartrates  of  Diatomic  metals  .  680 
Tartrates    containing  Triatomic 

metals  and  Metalloids     .       .  683 
Acids  isomeric  with  Tartaric  Acid: 
Eacemic  or  Paratartaric  acid  (p.  34). 
Inactive  Tartaric  or  Blesotartaric 

acid   687 

Metatartaric  acid    ....  688 

Glycotartaric  acid  ....  689 
Acids  derived  from  Tartaric  Acid  by 
the  substitution  of  Acid  Radicles 
for  the  Alcoholic  Hydrogen: 

Diacetotartaric  acid  and  anhydride.  — 
Benzotartaric  acid 

Dibromotartaric  acid       .       .       .  690 
Nitrotartaric  acid 
Tartaric  amides 
Tartaric  anhydrides 

Ditartaric  acid   691 

Tartrelic  acid  . 
Insoluble  tartaric  anhydride 
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Tartaric  Ethers 
a.  Neutral  Kthers  containittg  Monatomic 
Alcuhul  Radicles: 
Ethylic  tartrate,  or  Tartaric  etiier 
Acetotartaric  ether  . 
I>iacetotartaric  ether 
lienzotartaric  ether . 
Aoetobenzotartaric  ether. 
Succinotartaric  ether 
Methylic  tartrate  . 
P,  Ai  'ul  Ethers  cuntaining  Monatomic 
Alcohol  Radicles : 
Amyltartaric  acid  . 
Ethyltartaric  acid  . 
Ethylbenzotartaric  acid  . 
Meth_vltartaric  acid. 
Citrotartaric  acid  . 
■y.  Tartaric  Ethers   containing  Poly- 
atomic Alcohol  Radicles : 
Glucosotarlaric  acid ;  Glycero-tar- 
taric  acid  &c. 

Tartarin  

Tartarus  

Tartralic  acid  (s.  Ditartaric  acid,  p.  601) 
'I'artramethane 
Tarlraraic  acid 

Plienyltartramic  acid 
'i'artraniide  .... 

ipheny  Itartram  ide 
Tartramylic  acid  (s.  Amyltartaric  acid, 
1-.  G'.)4). 

'I'aitraiiil  (s.  Phcnyltartramide). 

'r;irli  aiiilic  acid  (s.  Pheiiyltartramic  acid, 

1,.  c,?;)). 

Tartraiiilide  (s.Pheiiyltartrainule,p.697). 

Tartrates  (p.  075). 

Tartrelic  acid  (p.  (i'.U). 

Tartri'thvlic  acid  (s.  J'^thvltartaric  acid, 

p.  r,9.i). 

Tartrimide  

Tartniglyceric  acid  (s.  Glyccrotartaric 
acid,  i'i. 

Tartrcimcthylic  acid  (s.  MetbylUartaric 

acid,  p.  CU5). 
Tarlrwiic  acid. 
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Tartrnviuic  acid  (s.  Etlivltartaric 
p.  694). 

'J'artryl  

Tartrylic  acid  (s.  Tartaric  acid). 
'I'asmanite  .... 
Taiiiuis-slate  .... 

'I'MlllillC  .... 

'1  aiiriscite  .... 
'I'aurot  lienocholic  acid  .  . 
'I'aurdclinlic  acid 
'I'aiirvlic  acid  .... 
'J'autcicline  .... 
Taululito  .... 
Taxii!  ..... 

Tavutin  

Tciia.Ian  .... 
Trhiiigiiel-sakescy .       .  . 
Tea       .       .    ■  , 
T.'ak  


'i'ears  (s.  Serous  fluids,  p.  236), 
'I'letizite  .... 
Teetona  (s.  Teak). 

'J'eeth  

'I'ekorctin  .... 
'I'elacsin  or  Telescin 
'J'elerythrin  .... 
'I'elofic  (e.  Corundum,  ii.  86). 
TrlUiramyl  (s.  Amyl,  TcUuxidc  of,  i. 
Tellui'atca  (p.  716). 
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Telhirethyl  (s.  Ethyl,  TcUuride  of,  ii. 
.050). 

TcUurhj'dric  acid  (s.  Hydrogen,  TeUu- 

ride  of,  iii.  204). 
Telluric  acid  (p.  716). 
Telluric  bismutli  (s.  Tellurides). 
Telluric  ochre 

Telluric  silver  (s.  Tellurides). 
Tellurides  and  Tellurhydratea 
TelUirites  (p.  714). 
Tellurium  .... 
Tellurium,  Alloys  of  (s.  Tellurides,  p. 
707). 

Tellurium,  Bromides  of .       .  , 

Tellurium,  Chlorides  of . 

Tellurium,  Detection  and  estimation  of 

1.  Blowpipe  reactions    .  , 

2.  Reactions  in  solution  .  , 

3.  Estimation  and  separation  . 

4.  Atomic  weight  of  Tellurium 
Tellurium,  Fluorides  of  .  . 
Tellurium,  Iodides  of     .       .  . 
Tellurium,  Oxides  and  Oxygen-acids  of 

Tellurous  oxide  or  anhydride 

Tellurous  acid .... 

Tellurites  .... 

Telluric  oxide  or  anhydride  . 

Telluric  acid  .... 

Tellurates  .... 
Tellurium,  Selenide  of  . 
Tellurium,  Sullihides  of . 
Telluromethvl  (s.  Methyl,  TcUuride  of 
iii.  992). 

Tellurous  salts  .... 
Temperature  (s.  Ilcat,  iii.  18). 

Tempering  

Templin-oil  

Tennantite  

Tenorite  

Tcphroite  ..... 

Tephrosia  

Teracrylic  acid  (s.  Pj'rotcrebic  acid,  iv, 
776). 

Tcratolite  .... 
Teralonatrite  .... 
Terbium  and  Erbium 
Terebamic  acid      .       .  . 
Terebamide  .... 
Tercbene  .... 
Tercbenic  acid  (s.  Tercbic  acid) 
Terebenthene . 
Terebentilic  acid  . 
Terebenzic  acid 
Tercbic  acid  .... 
Tcrebic  etliers 

Terebilic  acid  (s.  Tcrebic  acid). 
Terecamphenc 

Terechrysic  or  Terecrylic  acid 

Tertnitc  

Tereplithalamide  (p.  720). 
Terephthalic  acid  . 

Nilrotcreplithalic  acid 
Terephthalic  amides  , 
Terephthalic  chloride 
Terephthalic  ethers 
Terephthalyl-nitrile    (s.  Terephthalic 

amides,  p.  726). 
Tcropiammone  (s.  Opianic  acid.  Amides 

of,  iv.  206). 
Terpilene 
Terpin 
Terpinol 

Terra  Catechu  (s.  Catechu,  i.  816). 
Terra  di  tiieim  ... 
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Terra  fnliata  Tartari      ....  727 
Terra  japonica 
Terra  lemnia 
Terra  miraculosa  . 
Terra  muriatica 
Terra  nobilis  . 
Terra  ponderosa 
Terra  umbra  . 
Terra  vitrescibilis  . 
Tesselite  (s.  Apophyllite,  i.  351). 
Tesseral  pyrites 
Tetartine 

Tetartohedry  (b.  Crystallography,  ii.  121, 
144). 

Tetra  — 

Tetraclasite  (a.  Scanolite,  p.  203). 

Tetradecyl  or  Tetra'decalyl   .      .  .728 

Tetradymite  — 

Tetrahedrite  — 

Tetramercurammoninm  (s.  Mercury- 
bases,  Ammoniacal,  iii.  917). 

Tetramethylammonium 

Tetrametliylethylene 

Tetranitronapthtbalene 

Tetraphosphamic  acids 

TetrapliosphaLes 

Tetrasulphodiphenylenic  acid 

Tetrathionic  acid  (s.  Sulphur,  Oxygen- 
acids  of,  p.  641). 

Tetrazodiphenyl  (s.  Diazobenzidine,  iv. 
412). 

Tetrazodiphenylimide 
Tetraphyline  . 
Tetrene  . 

Tetrethylammonium 
Tetrvl  . 

Tetry),  Acetates  of  732 

Tetryl  Alcohols 

Tetryl,  Bromide  of  734 

Tetryl,  Carbonate  of  (s.  Carbonic  ethers, 
i.  801). 

Tetrvl,  Chloride  of  — 

Tetryl,  Cyanide  of  (s.  Cyanides,  ii.  272). 
Tetryl,  Formate  of  (s.  Formic  ethers,  ii. 
695). 

Tetryl,  Hydrate  of.  ...  735 

Tetryl,  Hydride  of. 
Tetryl,  Iodides  of  . 

Tetryl,  Nitrate  of  736 

Tetryl,  Oxide  of  . 

Tetrvl,  Sulphate  of  (s.  Sulphuric  ethers, 

p.  629). 
Tetryl,  Sulphydrate  of 

Tetrylamine  "  737 

Tetrylene 

Tetrj'lene-diamine  739 

Tetrylenic  acetate  . 
Tetrylenic  alcohol  . 
Tetrylenic  bromide . 
Tetrylenic  chloride 
Tetryl-glycel  (s.  Tetrylenic  alcohol). 

Tetrvliu-triamine  740 

Tetryl-oenanthyl  (s.  ButjTone,  i.  698). 
Tetrj-lsulphuric    acid    (s.  Sulphuric 

ethers,  p.  629). 
Tetrylsulphydric  acid  (p.  736). 

T'eucriura  — 

Teutlose  — 

Texalite  — 

Texasite  — 

Thakcetone  — 

Thalite  — 

Thalleiochin  — 

I'liallite  (s.  Epidote,  ii.  490). 


Thallium  . 
Thallium,  Alloys  of 
Thallium,  Bromides  of 
Thallium,  Chlorides  of 
Thallium,  Cyanide  of 
ThaUiuni,  Detection  and  Estimation  of : 

1.  Reactions  in  the  dry  way 

2.  Reactions  in  solution  . 

3.  Estimation  and  separation 

4.  Atomic  weight  of  ThalUum 
Thallium,  Fluorides  of 
Thallium,  Iodides  of 
Thallium,  Oxides  of 
Thallium,  Oxygen-salts  of 

a.  ThaUious  salts 

;3.  Thallic  salts 
Thallium,  Phosphide  of 
Thallium,  Selenido  of 
Thallium,  Sulphide  of 
Thallium-benzamide 
Thallium-ethers 
Thallium-glass 
Thallium-triamine . 
Thallochlore  . 

Tharandite  (s.  Bitter  spar,  iii.  6O0) 
Thebaine 

Thebolactic  acid  . 
Theine  . 

Theiothermin  (s.  Baregin,  i.  600_) 
Thenardite 
Th<5nard's  Blue 
Theobroma 
Theobromine  . 
Thermobarometer  . 
Thermometer . 
Thermometric  analysis 
ThermomultipUer  . 
Thermonatrite 
Thermoph3'llite 
Thermostat  . 
Therythrin 
Thiacetic  acid 
Thiacetic  anhydride 
Thialdine 

Ethyl-thialdino 

Methyl-thialdine 

Methyl-thialdammonium 
Thiamethaldine  (s.  Methyl-thialdine) 
Thianisoic  acid 
Thianisol 
Thierschite 
Thiethaldine  (s.  Ethyl-thialdine,  p.  773). 
Thiet-sie 
Thiobenzaldine 
Thiobenzoic  acid  . 
Thiobenzol     .       ,  , 
Thiobutyric  acid  . 
Thiocaprinaldine  . 
Thiochronic  acid  . 
Thiocinuol 

Thiocumol  or  Thiocuminol 
Thiocyanides  . 
Thiodiacetic  acid  . 
Thiodiacetimide 
Thiodiglycollamic  acid  . 
Thiodiglycollamide 
Thiodiglycollic  or  Thiodiacetic  acid 
Thiodiglycollic  chloride . 
Thiodiglycollic  ether 
ThiodiglycoUimide 
Thioformic  acid 
Thiofucusol  . 
Thiofurfol  or  Thiofurfm'ol 
Thiomelanic  acid  . 
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ThiomctliaWine  (s.  Methylthiakliuc,  p. 
Tliionnmic  acid      .       ,       .       .  . 
Tliioiiamidu  ...... 

Tliidiiaplithalic  acid  (8.  Naphthylsulphu- 

rous  acid,  p.  560). 
Thionaphthamic  or  Naplithylsulphamic 

acid  

TUioncssal     .      .      o      .      .  . 

'J'liioniiric  acid  

'J'liinnyl  

Thionvlamic  acid  (3.  Thionamic  acid, 

p.  778). 

Tliionylamide  (3.  Tliionamide,  p.  778). 
Tliiophospbamic  acid 
Tliiophosphodiamic  acid 
Tliiosalicul  . 
Thiosinamine  .       .  , 

Bromotliiosinamine . 

Amyltliiosinamine  . 

Etlij'lthiosinamine  . 

Mctliyltliiosiiiamino 

Naphtliyltliiosiii  amine 

Phenylthiosiuamine 
Thiosiuanilino  (s.  Pheuylthiosinamino). 
Tliiosinnaplitliylainine    (s.  Naplitliyl 

tliiosinamine). 
Tliiotoluic  acid 
Thiotoluolic  acid 
Thiovaleric  acid 
Tlijorsa  Lava  . 
Tlijoisanito 

TliiiDKiito       .       .  . 
TlLoiiisunite 
'I'linriiia  (s.  Thoriiuim,  Oxide  of,  p.  787) 
'J' ho r ilium  . 
Tlioriiium,  JSroniiilu  of  . 
'J'lKiriiuim,  Chloride  of  . 
Thoriimm,  Deteclioii  and  Estimation  of 
Thoiimim,  Fluoride  of  . 
Thoriiium,  lodiile  of 
Thorinum,  Oxide  of ;  Tliorina 
Tlioriiiura,  Oxychloride  of 
Tlioriuum,  Oxygen-salts  of 
Thorinum,  Oxyaulphide  of 
Thorinum,  l'hosi)hide  of 
Thorinum,  Sulphide  of  . 
Thorite  .... 
Thiirium  (s.  Thorinum). 
Tlu-anllte 
Thridncium 
Throrabolite  . 
Thsing-hoa-liao 
Thuja  .... 
Thujone  (s.  Thujone). 
Tliujetic  acid  . 
'J'iniielin 
Thujigcnin 

Thujiu  .... 
'riiujono  .... 
Thu'litc  (s.  Epidote,  ii.  400). 
'I'liuniitc  (s.  A.Kinite,  i.  477). 
Tluirmgito  ..... 
Thyme,  Oil  of  .... 
Thynieid  (s.  Thymoil,  p.  793). 

'i'hymene  

Thyniicicacid  ($.  Thj'uioticacid,  p.  795) 
Thymine  ..... 

Thymoi'l  

Tll}^nn^amide ;  Thymoilic  acid  ;  Thy- 

raoilol  (s.  Thymoii). 
Thymol  

roiilabromothjmol . 

Clilorothymols 

Nitrothymols  .... 
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781 
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783 


784 


785 

786 
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789 
790 
791 

791 
792 


793 
794 
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Tlnnnotic  acid   795 

Thymotide   796 

Thymus  (a.  Thyme,  OU  of,  p.  791) 
Thymus-gland      .      .  . 

Tb\Tiiyl   797 

Tbymyl.  Hydride  of  . 
Thymylsulphuric  acid  , 
Thjuiylsuljihurous  acid  (s.  Cymylsul- 

phurous  acid,  ii.  299). 
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Viridic  acid   — 

Viridin  (s.  Chlorophyll,  i.  922). 

Viridine   1003 

Virola  tallow   — 

Viscaut^chin   — 

Visccne  ,      .  — 

Viscic  acid   — 

Viscin   — 

Viscinol   — 

A'iscosimeter   — 

Viscum  .       .       .  '    .       ,       .       .  1001 

Vitellin   _ 

Vitex   _ 

Vitis  (.s.  Viiie  and  A'irginia  Creeper). 

A'itrinopal   — 

Vitnol   _ 

Vitriol-ochre  — 
Vitrile  (s.  Titrinopal). 

Vitrum  Antimouii   1005 

Vivi.anite   — 

Vblcknerite  (s.  Ilydrotalcite,  iii.  219). 

Voglite   — 

Voiglite   — 

Volborthite   — 

Volcanic  glass  (s.  Obsidian,  iv.  109). 

Volcanitc   — 
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Volgerite  1005 

Voltaic  battery  (s.  Electricity,  ii.  414). 

Voltagometer  — 

Voltaite  — 

Voltameter  — 

Voltzin  or  Voltzite  — 

Volume  — 

Volume,  Atomic  (s.  Atomic  Volume,  i. 
440). 

Volumenometer  or  Stercometer     .      .  — 
Volziu  and  Volzite  (s.  Voltzin  and  Volt- 
zite). 

Voraulite  (s.  Lazulite,  iii.  477). 

Vorhauserite  lOOG 

Vosgite  — 

Vulcanisation  1007 

Vulcanite  — 

Vulpic  acid  — 

Vulpinite  — 

Vulpulic  acid,  Vulpulin  (s.  Vulpic  acid). 


W 

Wacke  (s.  Grauwacke,  ii.  842). 

Wad  1008 

Wagite  — 

Wagnerite  — 

Waifa  — 

WaIcho\vite  — 

Waldheimite  .       .       ...       .  — 

Wall  lichen  — 

Walnut  — 

Warwickite_  1009 

Washingtonite  — 

Wasite,  Waaium  — 

Water  — 

Occurrence,  Properties    ...  — 

Reactions  1012 

Combinations  1013 

Natural  water  1014 

Rain-water  — 

Spring- water  1015 

River- water  1017 

Sea-water  1019 

Quality  of  water  used  for  economic 
and  technical  purposes        .       .  1022 

Water-analysis  1026 

Estimation  of  Fixed  Constituents  .  — 
Hardness  .  .  .  1027 
Organic  substances  .  1028 
Acid  constituents  .  1033 
Bases  .  .  .  1084 
Statement  of  the  Results  of  Water 

Analyses  1035 

Wavellite  — 

Wax: 

1.  Animal  wax :  Bees-wax     .      .  — 

2.  Vegetable  wax : 

Chinese  wax:  ....  1036 
Cowtree-wax       ....  — 

Cuba-wax  — 

Japan-wax  — 

Stop-wax  or  Propolis  .  .  .  1037 
Wax,  fossil  (s.  Ozocerite,  iv.  322). 

Websterite  — 

Wehrlite  — 

Weissigite  — 

Weissite  — 

Weld  — 

Welter's  Bitter  (s.  Picric  acid). 
Wernerite  (s.  Scapolile). 

Wheat  — 

WheweUite  — 

Whisky  — 


PAGE 

White  antimony  .  .  ,  i  .  1037 
White  arsenic       .....  — 

White  copperas  — 

White  iron  pyrites        ....  — 

White  lead  — 

White-lead  ore      .       .       .       .      .  — 

White  pigments  — 

White  tellurium  1038 

White  vitriol  — 

Whitneyite  — 

Wichtisite,  Wihtisite,  or  Wichtyn  .  — 
Willemite,  Wilhelmite,  or  Williamsite  .  — 

Willow  — 

Wiluite  — 

Wind-furnace  — 

Wine  — 

Analysis  of  Wine  ....  1042 
Wine,  Oil  of  (s.  Etherin,  ii.  607). 

Wiserite  1043 

Withamite  — 

Witherite  — 

Wittichenite  or  Wittichite    ...  — 

Wittiugite  — 

Woad  _ 

Wohlerite  — 

Worthite  — 

Wolchite  — 

Wolchonskoite  — 

Wolfram  1044 

Wolframine  or  Wolfram-ochre      .      .  — 

Wolfsbergite  — 

Wollastonite  — 

Wongshy  or  Wongsky  ....  — 

Wood  — 

Decay  of  woody  fibre  ...  — 
Destructive  distillation  of  wood     .  1045 

Wood-oil  — 

Wood-spirit  (s.  Methyl,  Hj'-drate  of,  iii. 
988). 

Wood-tar  (s.  Tar,  p.  670). 

Wool  1046 

Woorara  (s.  Curara,  ii.  185). 

Wi.otz    .      .      .      .      .      .      .  1047 

Wormseed     .       .       .       .       .       .  — 

Wormseed-oil  — 

Derivatives :  Cintebene,  Ciiiicbene- 
camphor,  Ciutephene,  Cina;phane, 
Cinicphone,  and  Cinacrol    .       .  1048 
Woulfe's  apparatus        ....  1049 

Wrightine  — 

Wulfenite  — 

Wurtzite  — 


Xanthamide  . 
Xanthamylamide  . 
Xanthamylic  acid  . 
Xanthamylic  ether 
Xanthan 

Xantharin  or  Xanthil 
Xanthazarin  . 
Xanthein       .  . 
Xanthcline 
Xanthene      .  . 
Xanthydric  acid 

Xanthic  acid   1050 

Xanthic  ether 
Xanthic  oxide 
Xanthides 

Xanthil  (s.  Xantharin). 
Xanthine       .       .       .       .  . 

Xantliinine  1051 

Xauthiuocarpin 
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Xanthin-spar  (s.  Wulfenite). 
Xanthitane  . 
Xanthite 

Xanthobctic  acid  . 
Xanthocliymus 
Xanthocobaltic  salts 
Xanthocoiie  . 

Xaiitbocystin  (s.  TjTosiuc,  p, 
Xantbogen 
Xantbogcn-oil  , 
Xantbriglobuliii 
Xanthiilciu 
Xaiitboloin 
Xantbonetbylic  acid 
Xanthopbciiic  acid 
Xantbopbyll  . 
Xaiitbophyllite  (s.  Clintonite,  i.  102G). 
Xanthopicrin  or  Xantbopicrite 
Xantboproteic  acid. 
Xantliopyritc  (s.  Iron-pyrites), 
Xautbiirhamiiin 

Xantliorrboca  resin  (s.  Acaroid  resin 
Xantbortbite  . 
Xaiitbosidcrite 
Xantbotannic  acid 
Xantboxylene 
Xautlioxylin  . 
Xantboxylon 
Xantburin 
Xenolite 
Xenotime 
Xenylaminc  . 

Azo-dixcnylaniinc  . 

Dietbyl-xcuylaraine 
Xenylene-diambie . 
Xenylcnic  alcobol  . 
Xerasite. 
Xilite  (s.  Xylite). 
Xilopal  (s.  Xylopal). 
Xutbene 

Xylene  or  Xylol  . 

Etbj'lbenzene  . 

Bromo-xyl  enes 

Chloro-xyleues 

Nitro-xylenes  . 

Azo-xylene 

Ethyl-  and  Methyl 
Xylene-diamine  (s.  Xylylene-dianaine) 
Xylene-sulpbocbloride 
Xylene-sulpburic  acid, 

sulphuric  acid 
Xylene-sulpburous  acid 
Xylene-sulpbydrate 
Xylenyl . 

Xylenylamine  (s.  Xylidine) 
Xylidamine  . 
Xylidine 

Dinitroxylidine 
Xylite  . 
Xylobalsamum 
Xylocblocric  acid  . 
Xylocblore 
Xvloervptite  . 
Xj'loid  . 
Xyloidic  acid . 
Xyloidin 

Nitroxyloidin  . 
Xylol  (3.  Xylene). 
Xylolite . 
Xylones .  , 
Xyloretin 
Xylostein 
Xylostcutn 
Xvlotil  . 


1051 
1052 


1053 


1054 


1055 


xylene 


Amido-xvlone 


1056 
1057 


1058 


1059 


1060 


1061 


rAOB 

Xylyl  1061 

Xylylamine  — 

Xylylene  — 

Xylylene-dianiine  — 

Nitroxylylenc-diamine  ...  — 
Xylylic  acetate,  cbloride,  &c.  (s.  Toluylic 
acetate,  &c.  p.  870), 

Xylylic  acid  1062 

Alpbaxylylic  acid  ....  — 

Xylylic  alcohols  — 

Xylylsulpbaniic  acid     ....  10G3 


Yabicoja  1063 

Yam  (s.  Dioscorea,  ii.  335). 
Yanolite,  or  Yautbolite  (s.  Axinite,  i.  477). 
Yeast  (s.  Fermentation,  ii.  029). 
Yellow  copper-ore  (s.  Copper-pyrites,  ii. 
77). 

Yellow  copperas  (s.  Botryogen,  i.  651). 

Yellow  dyes  (3.  Dyeing,  ii.  356). 

Yellow  lead-ore 

Yellow  metal  .... 

Yellow  ochre  .... 

Yellow  ))igments  , 

Yellow-poils  .... 

Yellow  tellurium  (s.  Sylvanite,  p.  647). 

Yenite  (s.  Lievrite,  iii.  689). 

Yorba  mate'  (s.  Paragua}'  tea,  iv.  319), 

Ypailu-plant  (s.  Coca,  i.  1059). 

Yttevbite,  Ytterite  (s.  Gadolinite,  ii.  757). 

Yttria  — 

Yttrite  (s.  Gadolinite,  ii.  757). 

Yttrium  — 

Yttrium-compounds  .  .  .  1064 
Detection  and  Estimation  of  Yttrium  10G5 

Yttrocerite  — 

Yttrocolumbite  (s.  Yttrotantalite). 

Yttnjilnienite  — 

Yttrotantalite  — 

Yttrotitanite  — 

Yu  1066 


Z 

Zacotinga  

Zatire  

Zala  (s.  Borax). 

Zamboni's  pile  ..... 

Zamtite  

Zantbopicrin  (s.  Xantbopicrite). 
Zeagonitc  ...... 

Z''asite  

Zcdoary  .  .   

Zeiodelite  

Zea  Mais  

Zein  

Zeolites  

Zeotin-salt  

Zerumbet-root  

Zinc  

Occurrence.  Metallurgy 

Properties       .       .       .       .  . 

Zinc,  Alloys  of  

Zinc,  Bromide  of  

Zinc,  Cbloride  of   .       .       .  . 

Compound  with  Ammonia 

with  Alkaline  Chlorides 
with  Zinc-oxide  . 
Zinc,  Cyanide  of  (s.  Cyanides,  ii.  274). 
Zinc,  Detection  and  Estimaticiu  of: 

1.  Blowpipe  reactions 

2.  Kcactions  in  solution  . 
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1068 
1069 


1070 


1071 
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Zinc,  Detection  &c.  {continued) — 

3.  Kstimation  and  Separation ,       .  1071 

4.  Atomic  weight  of  Zinc       .       .  — 

Zinc,  Fluoride  of   — 

Zinc,  Iodide  of   1072 


Zinc,  Nitride  of  — 

Zinc,  Oxides  of  — 

Zinc,  Oxycliloride  of  (p.  1070). 

Zinc,  Peroxide  of  (p.  1071). 

Zinc,  Phospliides  of      ...       .  1074 

Zinc,  Selenides  of  — 

Zinc,  Seleniocyanate  of  (p.  220). 

Zinc,  Suboxide  of  ....  — 

Zinc,  Sulphides  of :  — 

Pr(pti)sul|iliide  — 

Oxysulphides  ....  — 
Peiitasulphide        ....  1075 

Zinc,  Telluride  of  — 

Zincacetamide  — 

Zincaraide  — 

Zincamyl       ......  — 

Zinc-ash        ......  — 

Zincazurite  — 

Zinc-blende  — 

Zinc-bloom  or  Zinconise        ...  — 

Zinc-butter  — 

Zincethyl  (p.  1076) 

Zinc-falilore    ......  — 

Zinc-flowers  — 

Zinc-glass  )  s.  Siliceous  calamine, 

Zinc-grammatite/     i.  713). 

Zincite   .  — 

Zinckenite  (s.  Zinkenite,  p.  1079). 
Zinc-methyl  (p.  1078) 
Zinconise  (s.  Zincite). 

Zinc-phenylamide  — 

Zinc-phyllite  (s.  Hopeite,  iii.  106). 

Zinc-radicles,  organic    ....  — 

Zinc-amyl  — 

Zinc-ethyl  1076 

Zinc-methyl    .       .       .       .       .  1078 

Zinc-spar  (s.  Calamine,  i.  713). 

Zinc-spinel  (s.  Gahnite,  i.  757). 

Zinc-vitriol  (s.  Sulphates,  p.  017). 

Zinc-vitrite  (s.  Siliceous  calamine,  i.  714). 

Zinc-white     ....  .  1079 


PAGE 

Zingiber  (s.  Ginger,  ii.  838) , 

Zinkenite   1079 

Zippeite   — 

Zircon   — 

Zirconia   — 

Zirconic  acid   — 

Zirconite   — . 

Zirco  n  i  um   — 

Modifications :  Amorphous,  crystal- 
line, and  graphitoidal .       .       .  1080 
Zirconium,  Bromide  of  .       .       .       .  — 
Zirconium,  Chloride  of  .       .       .       .  — 
Zirconium,  Detection  and  Estimation 

of   — 

Zirconium,  Fluoride  of  .       .       .       .  — 

Fluozirconates        ....  — 

Zirconium,  Nitride  of    ...       .  1083 

Zirconium,  Oxide  of      .       .       .       .  — 

Hydrates   1084 

Zirconates       .....  — 
Zirconium,  Oxychlorides  of  (s.  Zirco- 
nium, Chloride  of,  p.  1080). 

Zirconium,  Sulphide  of  .       .       .       .  — 

Zircon-syenite   1085 

Zoiodin   — 

Zoisite   — 

Zomidin   — 

Zoochemical  Analyses  (s.  Analysis,  i. 
250). 

Zoomcdanin   — 

Zoonic  acid   — 

Zoostearic  acid   — 

Zootic  acid   — 

Zootine-salt   — 

Zooxanthin   — 

Zorgite   — 

Zostera   — 

Zumic  or  Zymic  acid     ....  — 

Z  urlerite  or  Zurlite        .       .       .       .  — 

Zwieselite   — 

Zygadite       ......  — 

Zymic  acid  (s.  Zumic  acid). 

Zymic  infusoria   1086 

Zymome  — 

Zymoscope    ......  — 

Zymurgy       .      .      .      .      .      .  — 
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By  Henry  Gray,  F.R.S.,  late  Lecturer  on  Anatomy  at  St.  George's 
Hospital.  With  nearly  400  large  Woodcuts  ;  those  in  the  First  Edition 
after  Original  Drawings  by  Dr.  Carter,  from  Dissections  made  by  the 
Author  and  Dr.  Carter  ;  the  additional  Drawings  in  the  Second  and 
subsequent  Editions  by  Dr.  Westmacott. 

Fifth  Edition,  by  T.  Holmes,  i\I.A.,  Surgeon  and  Lecturer  on  Surgeiy, 
St.  George's  Hospital  ;  with  an  Introduction  on  General  Anatomy  and 
Development  by  the  EDITOR.    Royal  Svo,  2S.f. 
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QENERAL  SURGERY. 

By  John  INIarshai.l,  F.R.S.,  Professor  of  Surgery  in  University  College, 
London,  and  Surgeon  to  the  University  College  Hospital.  8vo,  with 
numerous  Illustrations.  [/«  the  Press. 


"J^HE  WORKS  OF  THE  LATE  SIR  B.  C.  BRODIE, 

BART.,  &c.,  PRESIDENT  OF  THE  ROYAL  SOCIETY. 

With  an  Autobiography.  Collected  and  Arranged  by  Charles  Hawkins, 
Fellow  of  tlie  Royal  College  of  Surgeons  of  England.  3  vols.  8vo,  with 
Medallion  and  Facsimile,  48^. 


I^HE  STUDENT'S   MANUAL  OF  ZOOLOGY 

AND  COMPARATIVE  PHYSIOLOGY. 

By  J.  BURNEY  Yeo,  M.B.,  Resident  Medical  Tutor  and  Lecturer  on 
Animal  Physiology  in  King's  College,  London.  Crown  8vo.  \_Iu  the  Press. 


OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Surgery  in  University 
College,  London ;  Surgeon  to  the  University  College  Hospital.  With 
122  Woodcut  Illustrations.    2  vols,  crown  Svo,  32J. 


PHYSIOLOGICAL  ANATOMY  AND  PHYSIO- 
LOGY OF  MAN. 

By  Robert  B.  Todd,  M.D.,  and  William  Bowman,  F.R.S.,  of  King's 
College.    With  numerous  Illustrations.    Vol.  II.  Svo,  25^-. 

Vol.  I.  New  Edition  by  Dr.  Lionel  S.  Beale,  F.R.S.,  in  course  of 
publication.  PART  I.  8vo,  vi'ith  8  Plates  (4  coloured),  7^-.  6d. 

*,*  The  Second  Part,  completing  Dr.  Beale's  New  Edition  of  the  First 
Volume,  is  nearly  ready. 


(COMPARATIVE   ANATOMY   AND  PHYSIO- 
LOGY OF  THE  VERTEBRATE  ANIMALS. 

By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat.  Hist.  Depart- 
ments, British  Museum.     3  vols.  Svo,  with  1,472  Woodcuts,  73^.  6d. 

Vol.  I.  Fishes  and  Reptiles,  with  452  Woodcuts,  21^-. 
Vol.  II.  Waj-m-hlooded  Vertebrates,  with  406  Woodcuts,  21^. 
Vol.  III.  Alammalia,  including  Man,  with  copious  Ix\dexes  to  the 
whole  work,  and  614  Woodcuts,  3U.  6d. 


PUBLISHED  BY  MESSRS.  LONGMANS,  GREEN,       CO.  3 


JTSSAYS  ON  PHYSIOLOGICAL  SUBJECTS. 

By  Gilbert  W.  Child,  M.A.,  F.L.S.,  F.C.S.,  of  Exeter  College, 
Oxford  ;  Lecturer  on  Botany  at  St.  George's  I-Iospital.  Second  Edition, 
with  Additions.    Fcap.  8vo,  with  Woodcuts.  [A^07f  ready. 


fjlSTOLOGICAL  DEMONSTRATIONS  ; 

A  Guide  to  the  Microscopical  Examination  of  tire  Animal  Tissues  in  Health 
and  Disease  for  the  use  of  the  Medical  and  Veterinary  Professions.  Being 
the  substance  of  Lectures  delivered  by  G.  Harley,  M.D.,  F.R.S.,  edited  by 
G.  T.  Brown,  INLR.C.V.S.    Post  Svo,  with  224  Illustrations,  price  12s. 


COPLAND'S   DICTIONARY    OF  PRACTICAL 

MEDICINE  : 

Comprising  Special  Pathology,  the  Principles  of  Therapeutics,  the  Nature 
and  Treatment  of  Diseases,  Morbid  Structures,  and  the  Disorders  especi- 
ally Incidental  to  Climates,  to  Kaces,  to  Sex,  and  to  the  Epochs  of  Life  ; 
with  an  Appendix  of  Approved  Formula;.  Abridged  from  the  larger 
work  by  the  Author,  assisted  by  J.  C.  Copland,  M.R.C.S.,  and  brought 
down  to  the  present  state  of  Medical  Science.    Svo,  price  36.f. 

LECTURES     ON    THE    PRINCIPLES  AND 

PRACTICE  OF  PHYSIC. 

By  Sir  Thomas  Watson,  Bart,  M.D.,  D.C.L.,  F.R.S.,  &c.,  Physician- 
Extraordinary  to  the  Queen.    New  Edition,  preparing  for  publication, 

^HE   LIFE  AND  LETTERS  OF  FARADAY. 

By  Dr.  Bence  Jones,  Secretary  of  the  Royal  Institution.    2  vols.  Svo. 

\_Ncarly  I'cady. 

JTARADAY  AS  A  DISCOVERER. 

By  John  Tyndall,  LL.D,,  F.R.S.  With  Two  Portraits.  Crown  Svo,  6j. 


ANALYSIS     OF     THE     PHENOMENA  OF 

THE  HUMAN  MIND. 

By  James  1\Till.  A  New  Edition,  with  Notes  Illustrative  and  Critical,  by 
Alexander  Bain,  Andrew  Findlater,  and  George  Grote.  Edited, 
with  additional  Notes,  by  John  Stuart  Mill.    2  vols.  Svo,  2S.r. 
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ELEMENTS  OF  PSYCHOLOGY: 

Containing  the  Analysis  of  tlie  Intellectual  Powers.  By  J.  D.  MoRELL, 
LL.D.    Post  8vo,  ^s.  6d. 

INTRODUCTION  TO  MENTAL  PHILOSOPHY, 

On  the  Inductive  Method.    By  the  same  Author.    Svo,  \2s. 


^HE    HISTORY    OF    PHILOSOPHY  FROM 

THALES  TO  COMTE. 

By  George  Henry  Lewes.  Third  Edition,  partly  re-written  and  greatly 
enlarged.    2  vols.  Svo,  30j-. 


'pHE  EMOTIONS  AND  THE  WILL: 

Completing  a  Systematic  Exposition  of  the  Human  Mind.  By  ALEXANDER 
Bain,  LL.D.,  Professor  of  Logic  in  the  University  of  Aberdeen.  Second 
Edition,  revised.    Svo,  15^. 

'pHE  SENSES  AND  THE  INTELLECT. 

By  the  same  Author.  Third  Edition,  with  numerous  Emendations. 
Svo,  I5J-. 

QN  THE  STUDY  OF  CHARACTER: 

Including  an  Estimate  of  Phrenology.    By  the  same  Author.    Svo,  9J. 

]y[ENTAL  AND  MORAL  SCIENCE: 

A  Compendium  of  Psychology  and  Ethics.  Second  Edition.  By  the  same 
Author.    Crown  Svo,  los.  6d. 


^N  EXAMINATION  OF  SIR  W.  HAMILTON'S 

PHILOSOPHY, 

And  of  the  Principal  Philosophical  Questions  discussed  iri  his  Writings. 
By  John  Stuart  Mill.    Third  Edition.  Svo,  i6s. 

A    SYSTEM   OF   LOGIC,   RATIOCINATIVE  AND 

INDUCTIVE  ; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
Scientific  Investigation.  By  the  same  Author.  Seventh  Edition.  2  vols. 
Svo,  price  25^. 
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LECTURES  ON  SURGICAL  PATHOLOGY. 

Delivered  at  the  Royal  College  of  Surgeons  of  England.  By  J.  Paget, 
F.R.S.,  D.C.L.,  &c.,  Serjeant-Surgeon  to  the  Queen,  Surgeon  in  Ordi- 
nary to  the  Prince  of  Wales,  Surgeon  to  St.  Bartholomew's  and  Christ's 
Hospitals.    New  Edition,  preparing  for  publication. 


(2;linical  notes  on  diseases  of  the 

LARYNX, 

Investigated  and  treated  with  the  assistance  of  the  Laryngoscope.  By 
William  Marcet,  M.D.,  F.R.S.,  F.R.C.P.,  F.C.S.,  &c.  Assistant- 
Physician  to  the  Hospital  for  Consumption  and  Diseases  of  the  Chest, 
Brompton.    With  5  Drawings  hi  Lithography.    Post  8vo,  6s. 


TREATISE  ON  MEDICAL  ELECTRICITY, 

THEORETICAL  AND  PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases. 
By  Julius  Althaus,  M.D.,  Member  of  the  Royal  College  of  Physicians  ; 
Fellow  of  the  Royal  Medical  and  Chirurgical  Society ;  Senior  Physician  to 
the  Infirmary  for  Epilepsy  and  Paralysis.  Second  Edition,  revised  and 
partly  rc-written.  [jVi'i7r/_)'  ready. 


pULMONARY  CONSUMPTION  ; 

Its  Nature,  Treatment  and  Duration  exemplified  by  an  Analysis  of  One 
Thousand  Cases  .Selected  from  upwards  of  Twenty  Thousand.  ByC.  J.  B. 
Williams,  M.D.,  F.R.S.,  Consulting  Physician  to  the  Hospital  for  Con- 
sumption at  Brompton  ;  and  C.  T.  Williams,  INLA.,  M.D.,  Oxon., 
Assistant-Physician  to  the  Hospital  for  Consumption  at  Brompton. 

Dcccmha: 


"pHE     CLIMATE    OF     THE     SOUTH  OF 

FRANCE  y\S  SUITED  TO  INVALIDS  ; 

With  Notices  of  Mediterranean  and  other  Winter  Stations.  By  C.  T. 
Williams,  M.A.,  M.D.,  Oxon.  ;  Assistant-Physician  to  the  Hospital  for 
Consumption  at  Brompton.  Second  Edition,  revised  and  enlarged. 
Crown  8vo,  with  Map. 
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QN  CHRONIC  BRONCHITIS, 

Especially  as  connected  with  GOUT,  EMPHYSEMA,  and 
DISEASES  of  the  HEART. 

By  E.  Headlam  Greenhow,  M.D.,  F.R.C.P.,  &c.  Consulting-Physician 
to  the  Western  General  Dispensary,  Senior  Assistant-Physician  to  the 
Middlesex  Hospital.    8vo,  7^.  6d. 


^  TREATISE  ON  THE  CONTINUED  FEVERS 

OF  GREAT  BRITAIN. 

By  C.  MURCHISON,  M.D.,  Senior  Physician  to  the  London  Fever  Hos- 
pital.   New  Edition  preparing  for  publication. 

r^LINICAL  LECTURES   ON   DISEASES  OF  THE 

LIVER,  JAUNDICE,  AND  ABDOMINAL  DROPSY. 

By  the  same  Author.    Post  8vo,  with  25  Woodcuts,  price  \os.  61. 


(^LINICAL   RESEARCHES   ON   DISEASE  IN 

INDIA. 

By  Charles  Morehead,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 
Hospital.     Second  Edition,  thoroughly  revised.    8vo,  21s. 


QN  CANCER:  ITS  ALLIES  AND  COUNTER- 
FEITS. 

By  Weeden  Cooke,  Surgeon  to  the  Cancer  Plospital  and  to  the  Royal 
Free  Hospital.    With  12  Coloured  Plates.    8vo,  I2.f.  6d. 


J^ODENT  CANCER; 

With  Photographic  and  other  Illustrations  of  its  Nature  and  Treatment. 
By  Charles  H.  Moore,  F.R.C.S.,  Vice-President  of  the  Royal  Med. 
and  Chir.  Soc.  of  Lond.,  Surgeon  to  the  Middlesex  Hospital  and  to  St. 
Luke's  Hospital  for  Lunatics.    Post  8vo.  6^-. 


(^LINICAL    ILLUSTRATIONS    OF  VARIOUS 

FORMS  OF  CANCER, 

And  of  other  Diseases  likely  to  be  mistaken  for  them  ;  with  especial  refer- 
ence to  their  Surgical  Treatment.  By  Oliver  PEi\rBERTON,  Surgeon  to 
the  General  Hospital,  Birmingham.  Imp.  4to,  with  12  Plates,  l/.  lis,  6./. 
plain,  or  2/.  2S.  coloured. 
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J^YSTERIA  ; 

Remote  Causes  of  Disease  in  General ;  Treatment  of  Disease  l>y  Tonic 
Agency;  Local  or  Sin-gical  Forms  of  Hysteria,  &c.  Six  Lectures  delivered 
to  the  .Students  of  St.  Bartholomew's  Hospital.  By  F.  C.  Skey,  F.R.S. 
&c.  Consulting  Surgeon  to  St.  Bartholomew's  Hospital.  Second  Edition. 
Crown  8vo,  5^. 


QN  THE  PATHOLOGY  AND  TREATMENT 

OF  ALBUMINURIA. 

By  W.  II.  Dickinson,  M.D.  Cantab.,  Fellow  of  the  Collegeof  Physicians, 
Assistant  Physician  to  St.  George's  Hospital  and  to  the  Hospital  for  Sick 
Children,    With  10  Plates  (5  coloured)  and  13  Woodcuts,    8vo,  I4J-, 

JNJURIES  OF  THE  EYE,  ORBIT,  AND  EYE- 

LID.S  ; 

Their  Immediate  and  Remote  Effects.  By  George  Lawson,  F.R.C.S., 
Surgeon  to  the  Royal  London  Ophthalmic  Hospital,  Moorfields,  and 
Assistant-Surgeon  to  the  INIiddlesex  liospital.  8vo,  with  92  Woodcuts, 
I2s.  6d. 


QN    THE    USE   AND    PRESERVATION  OF 

THE  EYESIGHT. 

By  Robert  Brudenell  Carter,  F.R.C.S.,  (Exam.)  Fellow  of  the 
Royal  Medical  and  Chinirgical  .Society,  Consulting  Surgeon  to  the 
Gloucestershire  Eye  Institution.  \_In  ilic  Press. 


'PHE  THEORY  OF  OCULAR  DEFECTS  AND 

OF  SPECTACLES. 

Translated  from  the  German  of  Dr.  Hermann  Scheftler  by  Robert  B. 
Carter,  F.R.C.S.    Post  Svo,  with  86  Di.agrams,  'js.  (id. 


QN  SPINAL  WEAKNESS  AND  SPINAL  CUR- 

VATURES  ;  their  Early  Recognition  and  Treatment. 

^V.  J.  Little,  M.D.,  &c. ,  Founder  and  formerly  Senior  Medical 
Officer  of  the  Royal  Orthopcedic  Hospital.    Svo,  with  10  Woodcuts,  5.r. 


gT.  BARTHOLOMEW'S  HOSPITAL  REPORTS, 

With  Illustrations  in  Lithography  and  Woodcuts.  Vols.  L,  H.,  III., 
IV.,  .and  V.    Svo,  price  7.>'.  6</.  each  volume. 
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'§mvLU^  uf  Momen  antr  CIjHbmr,  anlr  poplar 
"pHE    DIAGNOSIS    AND    TREATMENT  OF 

DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

Ey  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
Women,  University  College,  and  Obstetric  Physician  to  the  Hospital, 
President  of  the  Obstetrical  Society  of  London.  Second  Edition,  revised, 
and  for  the  most  part  re-written;  with  Ii6  Illustrations  engraved  on 
Wood.    8vo,  24J'. 

^HE  DUBLIN  PRACTICE  OF  MIDWIFERY. 

By  Henry  Maunsell,  M.D.,  formerly  Professor  of  Midwifery  in  the 
Royal  College  of  Surgeons  in  Ireland.    New  Edition.    Fcp.  8vo,  ^s. 


fJINTS  TO  MOTHERS  FOR  THE  MANAGE- 
MENT OF  THEIR  HEALTH  DURING  PREGNANCY 
AND   IN   TPIE  LYING-IN   ROOM  : 

With  Hints  on  Nursing,  &c.  By  Thomas  ,  Bull,  M.D.  Nineteenth 
Edition,  revised  and  enlarged.    Fcap.  5^. 

XHE  MATERNAL  MANAGEMENT  OF  CHILDREN 

IN  HEALTH  AND  DISEASE. 

By  the  same  Author.    Tenth  Edition,  revised  and  enlarged.     Fcap.  5^. 


QN     THE     SURGICAL    TREATMENT  OF 

CHILDREN'S  DISEASES. 

By  T.  Holmes,  Surgeon  and  Lecturer  on  Surgeiy,  St.  George's  I-Iospital, 
and  Surgeon-in-Chief  to  the  Metropolitan  Police.  Second  Edition, 
thoroughly  revised ;  with  Additional  Chapters  on  Orthopaedic  Surgery 
and  Paracentesis  Thoracis.  With  9  Chromolithographic  Plates  and  112 
Woodcut  Illustrations  from  Original  Drawings.    8vo,  Zls. 

LECTURES  ON  THE  DISEASES  OF  INFANCY 

AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c..  Physician  to  the  Hospital  for  Sick 
Children.    Fifth  Edition,  revised  and  enlarged.    Svo,  16^. 
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f^OW  TO  NURSE  SICK  CHILDREN; 

Containing  Directions  wlTich  may  be  found  of  service  to  all  who  have 
the  Charge  of  the  Yoiiiig.  By  Charles  West,  M.D.,  kc,  Physician 
to  the  Hospital  for  Sick  Children.    Third  Edition.     Fcap.  Svo,  is.  dd. 


"pHE  PHILOSOPHY  OF  HEALTH; 

Or,  an  Exposition  of  tlie  Physiological  and  Sanitary  Conditions  conducive 
to  liuman  Longevity  and  Happiness.  By  Southwood  Smith,  M.D. 
Eleventh  Edition,  with  113  Figures  engraved  on  Wood.    Svo,  yj-.  6d. 


^  MANUAL  OF  THE  DOMESTIC  PRACTICE 

OF  MEDICINE. 

By  W.  B.  Kesteven,  Fellow  of  the  Royal  College  of  Surgeons  of 
England,  &c.    Third  Edition,  thoroughly  revised.    Fcap.  Svo,  5J-. 


J^OTES  ON  HOSPITALS. 

By  Florence  Nightingale.  Third  Edition,  enlarged,  and  for  the  most 
part  re-written.    Post  4to,  with  13  Plans,  iSj. 


THOMSON'S  CONSPECTUS  OF  THE  BRITISH 

PHARMACOPCEIA. 

Twenty-fifth  Edition,  corrected.  By  Edmund  Lloyd  Birkett,  M.D., 
<S;c.,  Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest. 
iSmo,  6.f. 


jyjANUAL    OF    MATERIA     MEDICA  AND 

THE1^-\PEUTICS  ; 

Being  an  Abridgment  of  the  late  Dr.  Pereira's  Elements  of  Materia 
Medica,  arranged  in  conformity  with  the  British  Pharmacopceia,  and 
adapted  to  the  use  of  Medical  Practitioners,  Chemists  and  Dinggists 
Medical  and  Pharmaceutical  Students,  &c.  By  F.  J.  Farre,  M.D.  &c.  ; 
assisted  by  R.  Bentley,  M.R.C.S.,  and  R.  Warington,  F.R.S. 
Svo,  with  90  Woodcuts,  21s. 
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QN  FOOD, 

Its  Varieties,  Chemical  Composition,  Nutritive  Value,  Comparative  Diges- 
tibility, Physiological  Functions  and  Uses,  Preparation,  Culinary  Treat- 
ment, Preservation,  Adulteration,  &c.  Being  the  Substance  of  Four 
Cantor  Lectures  delivered  before  the  Society  for  the  Encouragement  of 
Arts,  Manufactures,  and  Commerce,  in  January  and  Febnuiry,  1868.  By 
H.  Letheby,  M.B.,  M.A.,  Ph.D.,  &c.  Professor  of  Chemistry  in  the 
College  of  the  London  Hospital,  and  Medical  Officer  of  Health  and  Food 
Analyst  for  the  City  of  London,    Crown  8  vo.  \In  the  press. 


C'b-cmtsti'ij, 


J)ICTIONARY   OF   CHEMISTRY   AND  THE 

ALLIED  BRANCHES  OF  OTHER  SCIENCES. 

By  PI  EN  RY  Watts,  F.R.S.,  Editor  of  the  Journal  of  the  Chemical  Society, 
assisted  by  eminent  Scientific  and  Practical  Chemists.    5  vols.  8vo,  2,s. 

"  The  greatest  work  which  Engliind has  j'et  I  manner,  and  every  chemist  will  he  proud 


produced  on  chemistry,  one  of  the  greatest 
indeed  which  she  has  produced  upon  any 
scientific  subject,  is  finished  at  last,  and  we 
are  able  to  congratulate  JIr.  Watts  most  sin- 
cerely upon  its  completion,  The  general  con- 
fidence in  the  learning  and  energy  of  the 
Editor,  which  his  previous  labours  had  in- 
spired,  has  been  justified   in  the  fullest 


to  acknowledge  the  debt  of  gratitude  which 
he  owes  to  him.  Very  few,  even  among  the 
few  who  were  fitted  for  such  a  task,  would 
have  cared  to  undertake  it,  and  no  one  v/ho 
had  undertaken  it  could  possibly  have  exe- 
cuted it  more  ably  or  thoroughly." 

Clumical  News. 


ELEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical.  By  Willi.\m  Allen  Miller,  M.D.,  LL.D., 
F.  R.  S. ,  Professor  of  Chemistry,  King's  College,  London.  Fourth  Edition, 
thoroughly  revised.    3  vols.  8vo,  price  3/.    May  be  had  separately  : — 

Part  L— CHEMICAL  PHYSICS,  price  15^-. 
„    IL— INORGANIC  CHEMISTRY,  price  21s. 
,,  in. —ORGANIC  CHEMISTRY,  price  24-?. 


A 


manual  of  chemistry. 

Descriptive  and  Theoretical.  By  William  Odling,  M.B.,  F.R.S., 
Fellow  of  the  Royal  College  of  Physicians,  Secretary  to  the  Chemical 
Society,  and  Lecturer  on  Chemistry  at  St.  Bartholomew's  Hospital. 
Part  I.  8vo,  gj.  sewed.    Part  II.  Nearly  ready. 

Works  by  the  same  Author. 

OUTLINES  OF  CHEMISTRY;  OR,  BRIEF  NOTES 

OF  CHEMICAL  FACTS.  {Now  ready. 

A  COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  with  express  reference  to  the 
3  Months'  Summer  Practice.  Fourth  Edition.  Crown  8vo,  with  71  Wood- 
cuts, "js.  6d. 
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glX     LECTURES     ON     THE  CHEMICAL 

CHANGES  OF  CARB  ON,  delivered  before  a  Juvenile  Auditory 
at  the  Royal  Institution  of  Great  Britain. 

By  Dr.  Odling,  F.R.S.,  Fullerian  Professor  of  Chemistry,  Royal  In- 
stitution. Reprinted  from  the  Chemical  N'cws,  with  Notes  by  W. 
Crookes,  F.R.  S.    Crown  8vo,  4J.  del. 

LECTURES  ON  ANIMAL  CHEMISTRY, 

Delivered  at  the  Royal  College  of  Physicians.  By  the  same  Author.  Crown 
8vo,  d,s.  6d. 

J^ANDBOOK  OF  CHEMICAL  ANALYSIS, 

Adapted  to  the  Unitary  System  of  Notation.  By  F.  T.  Conington, 
M.A.,  F.C.S.    Post  8vo,  7^.  e^/. 

QONINGTON'S     TABLES    FOR  QUALITATIVE 

ANALYSIS.    Designed  as  a  Companion  to  the  above.    2s.  6d. 


(];hemical  notes  for  the  lecture 

ROOM— ON  HEAT,  LAWS  OF  CHEIVIICAL  COMBINA- 
TION, AND  CHEMISTRY  OF  THE  NON-METALLIC 
ELEMENTS. 

By  Thomas  Wood,  Ph.  1).,  F.C.S.,  &c..  Chemical  Lecturer  at  the 
Brighton  College.    Second  Edition.    Crown  Svo,  3^.  61/. 

JSI"OTES  ON  THE  METALS  ;  a  Second  Series  of 
"  CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM."  By  the 
same  Author.    Crown  Svo,  ^s. 

CHEMICAL  NOTES  FOR  THE  LECTURE  ROOM, 

Two  Series  as  above,  in  i  vol.,  8.r. 
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Treatise  on  the  Manufacture  of  Aniline  and  Aniline  Colours.  By  M. 
Reimann,  Ph.D.  Edited  by  WiLLlAM  Crookes,  F. R.S.  Svo,  witli 
5  Woodcuts,  price  10s.  61L 
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gRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 
RATURE AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 
general  iise,  together  with  the  Histoiy  and  Descriptions  of  the  Scientific 
Principles  of  nearly  every  branch  of  Human  Knowledge.  Fourth  Edition, 
reconstiucted  and  extended  under  the  Joint-Editorship  of  the  late  Author 
and  the  Rev.  George  W.  Cox,  M.  A.  ;  assisted  by  Contributors  of  eminent 
Scientific  and  Literaiy  Acquirements.    3  vols,  medium  Svo,  63^-. 
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IJRE'S  DICTIONARY  OF  ARTS,  MANUFAC- 
TURES, AND  MINES; 

Containing  a  clear  Exposition  of  tlieir  Principles  and  Practice.  Sixth 
Edition,  re-written  and  enlarged  by  Robert  Hunt,  F.R.  S.,  Keeper  of 
Mining  Records,  assisted  by  numerous  Contributors.  With  above  2000 
Woodcuts.    3  vols,  medium  8vo,  4/.  14^-.  6d. 

£LEMENTARY  TREATISE  ON  PHYSICS, 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
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sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Royal  Military  College,  Sandhurst.  New  Edition,  with  a  Plate 
and  620  Woodcuts.    Post  8vo,  i<,s. 

JsTATURAL    PHILOSOPHY    FOR  GENERAL 

READERS  AND  YOUNG  PERSONS; 

Being  a  Course  of  Physics  divested  of  Mathematical  Formula:,  expressed 
in  the  language  of  daily  life,  and  Illustrated  with  Explanatory  Figures, 
familiarly  elucidating  the  Principles  and  Facts  brought  before  the  reader. 
Translated  and  Edited  from  Ganot's  Cours  de  Physique,  with  the  Author's 
sanction,  by  E.  ATKINSON,  Ph.D.,  F.C.S.,  Royal  Military  College, 
Sandhurst.  [/«  the  Press. 

^RNOTT'S    ELEMENTS    OF    PHYSICS  OR 

NATURAL  PHILOSOPHY. 

Written  for  General  Use  in  Plain  or  Non-technical  Language.  Sixth 
Edition,  thoroughly  revised  by  the  Author  ;  and  containing  in  the  Second 
Part  the  new  completing  chapters  on  Electricity  and  Astronomy,  with  an 
Outline  of  Popular  Mathematics.  8vo,  in  Two  Parts,  which  may  be  had 
separately,  price  10s.  6d.  each. 

'J^HE  CORRELATION  OF  PHYSICAL  FORCES. 

By  W.  R.  Grove,  Q.C.,  M.A.,  V.P.R.S.  New  Edition,  being  the 
Fifth,  followed  by  a  Discourse  on  Continuity.  Svo,  ioj-.  6d.  The  Dis- 
course on  Continuity  may  be  had  separately,  price  2S.  dd. 

f^EAT  A  MODE  OF  MOTION, 

By  John  Tyndall,  LL.  D.  ,  F.  R.  S. ,  Professor  of  Natural  Philosophy  in 
the  Royal  Institution  of  Great  Britain.  Third  Edition,  with  Additions 
and  Illustrations.    Crown  Svo,  with  Plate  and  108  Woodcuts,  ioj.  bd. 

COUND ; 

A  Course  of  Eight  Lectures  delivered  at  the  Royal  Institution  of  Great 
Britain.  By  the  same  Author.  Second  Edition.  With  a  Portrait  of  M. 
Chladni,  and  169  Woodcuts.    Crown  Svo.  9.r. 
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LIGHT;    ITS   INFLUENCE   ON   LIFE  AND 

HEALTH. 

By  Forbes  Winslow,  M.D.,  D.C.L.  Oxou.  (Hon.)  Fcp.  Svo,  ds. 


N   ESSAY  ON   DEW,  AND    SEVERAL  Ap- 
pearances CONNECTED  WITH  IT. 

J!y  W.  C.  Wells.  Edited,  with  Annotations,  liy  L.  P.  Casella, 
F.R.A.S.,  and  an  Appendix  by  R.  Strachan,  F.M.S.    Svo,  5^. 


OUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart.,  K. If. ,  &c.,  Member  of  the  Insti- 
tute of  France.    Ninth  Edition,  with  Corrections.  Svo,  with  g  Plates,  lS.r. 


(^ELESTIAL    OBJECTS    FOR    COMMON  TE- 

LESCOPES. 

By  the  Rev.  T.  W.  Webb,  M.A.,  F.R.A.S.,  Incumbent  of  Hardwick, 
Herefordshire.    Revised  Edition,  with  Illustrations.     l6mo,  7^".  6</. 

^  TREATISE  ON  ELECTRICITY, 

In  Theory  and  Practice.  By  A.  De  la  Rive,  late  Professor  in  the 
Academy  of  Geneva.  I'ranslated  for  the  Author  by  C.  V.  Walker, 
F. R.S.    3  vols.  Svo,  with  numerous  Woodcuts,  3/.  ly. 


jyjANUAL  OF  GEOLOGY. 

By  Samuel  Haughton,  M.D.,  F.R. S.,  Fellow  of  Trin.  Coll.,  and 
Professor  of  Geology  in  the  Univ.  of  Dublin.  Second  Edition,  with  66 
Figures  engraved  on  Wood.    Fcap.  Svo,  7-f-  6'''- 


GUIDE  TO  GEOLOGY. 

By  John  Phillips,  M.A.,  LL.D.,  F.G.S.,  Professor  of  Geology  in  the 
University  of  Oxford,  &c.  Fifth  Edition,  revised  and  corrected.  Fcap., 
with  4  Plates  and  53  Diagrams,  4^. 


^HE  PRIMITIVE   INHABITANTS  OF  SCAN- 

DINAVIA  : 

Containing  a  description  of  the  Implements,  Dwellings,  Tombs,  and  Mode 
of  Living  of  the  Savages  in  the  North  of  Europe  during  the  Stone  Age. 
By  SvEN  NiLSSON.  Third  Edition,  revised  by  the  Author  ;  with  an 
Introduction  by  Sir  John  Lubbock,  Bart.,  F.R.S.  Svo,  with  16  Plates  of 
Figiucs  of  Remains,  iSj, 
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^HE  SCENERY  OF  ENGLAND  AND  WALES, 

Its  Character  and  Origin  ;  being  an  attempt  to  trace  the  Nature  of  the 
Geological  Causes,  especially  Denudation,  by  which  the  Physical  Features 
of  the  Country  have  been  produced.  Founded  on  the  Results  of  many 
years'  Personal  Observations,  and  illustrated  by  86  Woodcuts,  including 
Sections  and  Views  of  Scenery  from  Original  Sketches  or  from  Photo- 
graphs.   By  D.  Mackintosh,  F.G.S.    Post  8vo,  12s. 


^PRACTICAL  TREATISE  ON  METALLURGY, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Rletallitrgy, 
by  William  Crookes,  F.R.S.  and  Ernst  Rohrig,  Ph.D. 

Vol.  I.  Lead,  Silver,  Zinc,  Cadmium,  Tin,  Mercury,  Bismuth, 
Antimony,  Nickel,  Arsenic,  Gold,  Platinum,  and  Sulphur, 
with  207  Woodcuts.    8vo,  price  31^.  ()d. 

Vol  II.  Copper  and  Iron,  with  273  Woodcuts,  price  36^. 

Vol.  III.  Completing  the  Work,  is  in  the  Press. 


jyjANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchell,  F.C.  S.  Third  Edition,  in  which  are  incorporated 
all  the  late  important  discoveries  in  Assaying  made  in  this  countiy  and 
abroad  ;  including  Volumetric  and  Colorimetric  Assays,  and  the  Blowpipe 
Assays.  Edited  and  for  the  most  part  re-wri  tten  by  WILLIAM  Crookes, 
F.R.S.  &c.    8vo,  with  188  Woodcuts,  price  28^. 

J^ANUAL  OF  THE  METALLOIDS. 

By  James  Apjohn,  M.D.  Edited  by  the  Rev.  J.  A.  Galbraith,  M.A., 
and  the  Rev.  S.  Haughton,  M.D.,  F.R.S.  Second  Edition,  revised. 
Fcap.  8vo,  with  38  Woodcuts,  7^.  bd. 


J^ANUAL  OF  CORALS   AND  SEA  JELLIES 

(Caknterata).  By  J.  R.  Greene,  B.A.  Edited  by  J.  A.  Galbraith, 
M.A.  and  S.  Haughton,  M.D.    Fcap.  8vo,  with  39  Woodcuts,  5^-. 

]y[ANUAL  OF  SPONGES  AND  ANIMALCULE 

(Protozoa) ;  with  a  General  Introduction  on  the  Principles  of  Zoology. 
By  the  same  Author  and  Editors.    Fcap.  8vo,  with  16  Woodcuts,  2s. 


'J^HE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE  KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Tei-ms.  Edited  by 
J.  LiNDLEY,  M.D.,  F.R.S.,  and  T.  Moore,  F.L.S.,  assisted  by  numerous 
Contributors.  With  20  Steel  Plates,  and  numerous  Woodcuts  from  Original 
Designs  by  W.  H.  Fitch.    2  Parts,  fcap.  8vo,  20s. 
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^HE  BRITISH  FLORA: 

Comprising  the  Phpenogamous  or  Flowering  Plants  and  the  Ferns.  Eighth 
Edition,  revised  and  enlarged,  with  many  figures  illustrative  of  the  Umbel- 
liferous Plants,  the  Composite  Plants,  the  Grasses,  and  the  Ferns.  By  the 
late  Sir  W.  J.  Hooker,  F.R.A.  S.,  and  the  late  G.  A.  Walker- Arnott, 
F.L.S.     I2mo,  with  12  Plates,  14.1-.  ;  with  Coloured  Plates,  Zis. 


LOUDON'S  ENCYCLOPAEDIA  OF  PLANTS: 

Comprising  the  Specific  Character,  Description,  Culture,  History,  Applica- 
tion in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
by  Mrs.  LouDON,  assisted  by  George  Don,  F.L.S.,  and  David 
WOOSTER.    Svo,  with  above  12,000  ^Yoodcuts,  price  \2s. 


fJOMES  WITHOUT  HANDS  : 

A  description  of  the  Habitations  of  Animals,  classed  according  to  their 
Principle  of  Construction.  By  the  Rev.  J.  G.  Wood,  M.A.,  F.L.S. ,  with 
about  140  Vignettes  on  Wood  (20  full  size  of  page).  Second  Edition.  Svo, 
price  2 1  J. 

gIBLE  ANIMALS  ; 

Being  a  Description  of  Every  Living  Creature  mentioned  in  the  Scriptures, 
(from  the  Ape  to  the  Coral.)  By  the  same  Author.  With  24  full-page 
Engravings  and  78  Illustrations  in  the  Text.  Forming  One  Volume, 
unifornr  with  "Homes  without  Hands."    Svo,  price  2\s. 


^HE  HARMONIES  OF  NATURE  AND  UNITY 

OF  CREATION. 

By  Dr.  G,  Hartwig.    Svo,  with  numerous  Illustrations,  iSj-. 

'pHE  SEA  AND  ITS  LIVING  WONDERS. 

By  the  same  Author.  Third  Edition,  enlarged.  Svo,  with  many  Illustra- 
tions, 7.\s. 

'piIE  TROPICAL  WORLD. 

By  the  same  Author,  with  S  Chromoxylographs  and  172  Woodcuts.  Svo, 
price  2i.r. 

'pHE  POLAR  WORLD  : 

A  Popular  Description  of  Man  and  Nature  in  the  Arctic  and  Antarctic 
Regions  of  the  Globe.  P.y  the  same  Author.  With  8  Chromoxylographic 
Plates,  3  Maps,  and  85  Woodcuts.    Svo,  price 
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